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Abstract

Open data is a blessing to modern scientific exploration. This study was conducted
using General Transit Feed Specification (GTFS) data of Germany. GTFS data has the
potential to explore spatial disparities as it covers hourly data. Along with this
OpenStreetMap and administrative data have been used in this study. This thesis seeks
to visualize spatial disparities in mobility service frequency in a web-based map. A
reproducible workflow for raw GTFS data processing has been developed in this study.
Nevertheless, there is still scope for improvement in the designed workflow, especially
Distance Indicator modeling needs quick processing. A systematic literature review
process was adopted to find the state of the art. Data and visualization designs have
been adopted from the literature. PubTraDis Visualization is the outcome of the study
that uses ArcGIS online-based Dashboard technology. The user-centered design
process has been followed in PubTraDis Visualization. Data and visualization designs
have been adopted from the literature. The tool is suitable to perform comparisons
between different Municipalities as well as between weekdays and weekends, and
different times of the day. The commonly used disparity index Local Moran’s Index has
been calculated to show spatial disparities in grid-level Frequency Indicators. The
expert-based evaluation shows that this tool would contribute to spatial disparity
analysis in public transit research. However, there is scope for improvement in the
current state of PubTraDis Visualization. Handling automatic updates of the GTFS data

can be an important improvement of this tool.

Keywords: Open Data, GTFS, Public Transit Service, Interactive web-map, Spatial

Disparities
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Chapter One
INTRODUCTION

1.1 Motivation and Problem Statement

Open Data are publicly available data that are stored and distributed without any restrictions for usage
and dissemination (Geiger & Von Lucke, 2012). With the progress of the internet, Open Data is
evolving in the development process since the late 90's (Sikder et al., 2019). For the first time in
2005, Google and TriMet published transit data for the Portland Metro area by adopting Google
Transit Feed Specification (GTFS) standard (Antrim & Barbeau, 2013). Later, GTFS was renamed
as General Transit Feed Specification and has become the standard for the exchange of transit data?.
GTFS data provide public transport information coupled with the location and direction of transit
lines (Goliszek & Potom, 2016). These data are useful for spatial analysis as it provides hourly data,
allowing automatic identification of variation in services, e.g., peak hours during the morning,
afternoon, or night (Bast et al., 2014; Puchalsky et al., 2011). Third-party agencies are now using
GTFS data for a variety of purposes, for example, real-time visualization of traffic movements, delay
analysis in public transport, ridesharing, real-time information, and so on (Antrim & Barbeau, 2013).
Nevertheless, GTFS comes with some restrictions involved in data format, e.g.: preparation and
harmonization. Also, there is a lack of cross-border information that creates uncertainties and must
be taken into consideration (Sikder et al., 2020). On the other hand, having comprehensive transit
network data, particularly for large dense regions is difficult (Puchalsky et al., 2011).

Literature shows several studies were conducted at different scales and contexts using public transit
data (Sikder et al., 2019; Bast et al., 2014; Puchalsky et al., 2011). Mobility services can contribute
to disparity when an area is better served than the others. Rural areas face noteworthy contrast over
urban areas in terms of essential opportunities. Gaps include accessibility to public services and
resources that leads to social inequality (Camarero & Oliva, 2019). Some platforms use GTFS data
for visualizing different phenomena related to transit service. However, the above discussion directs
that there are opportunities to explore spatial disparities in public transit service frequency and
interactively visualize them in a web-based map.

Taking the facts mentioned above into consideration, visualizing spatial disparities in mobility
service frequency is therefore the main aim of this thesis. In this research “Spatial Disparity” refers
to unequal transit frequency in different service areas. User-centered evaluation of a visualization
tool is necessary for the field of Cartography to determine if the interactive design works (Roth et al.,
2017). Therefore, the study concluded with the evaluation of the utility and usability of the
visualization tool.

! https://beyondtransparency.org/part-2/pioneering-open-data-standards-the-gtfs-story/ (Accessed April 2022)
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1.2 Research Objectives and Questions

The primary objective of this study is to visualize spatial disparities in mobility service frequency
using open public transit feed data (GTFS) in Germany. This research work is of particular interest
to the experts working in transportation, spatial planning, and cartographers intended to analyze
disparities in transit service frequency. This will also be of special interest to cartographers
concerning interactive web-map-based visualization. To complete the research, the study comprises
with following objectives:

1. To identify and determine methods of exploring spatial disparities in public transit.

This objective will drive to aggregate different research work done have been done on spatial
disparities in public transit. Before applying and developing visualizations these questions will help
to understand available methods to explore spatial disparities in public transit research. Moreover,
these research questions will help to understand the user-centric design requirements of an interactive
web-map-based visualization considering existing tools for transit service visualization from GTFS
data.

Research Questions:

A) What are the methods to explore spatial disparities in public transit?
B) What are the available visualization tools can be found online that used GTFS data?

C) What are the user requirements and design parameters for interactive web-map-based
visualization?

2. To adopt open-source data for interactive web-map-based visualization of spatial disparities
in mobility service frequency.

This objective will be dealing with the required data that will be needed to develop an interactive
web-map-based visualization tool. This research will analyze the frequency of public transport for
some specific time frame in Germany (please refer to section 3.3.3.1 for more details). For this
research GTFS data, street network, administrative, and population data will be collected. The
associate research question will depict how to process GTFS and other data and make use of available
information for interactive web-map-based visualization.

2|Page



Research Questions:

A) How can the GTFS data be integrated to calculate mobility service frequency in the best
possible spatial resolution?

B) What are the major challenges to harmonize required multi-sourced input dataset in the
calculation process of mobility service frequency in Germany?

3. To develop and evaluate a tool for interactive web-map-based visualization of spatial
disparities in mobility service frequency.

This objective will complete the research by successful implementation and evaluation of a web-
map-based interactive visualization application.

Research Questions:

A) How can the mobility service frequency be represented in the interactive web-map-based
visualization application?

B) What are the evaluation outcomes of the designed application based on expert
opinions?

1.3 Innovations Intended

There are several research that has been done on public transit data, in particular, real-time movement
visualization, accessibility analysis, and transportation service. However, there exists (at least to the
author’s knowledge) no large-scale analysis and visualization of spatial disparities in mobility service
frequency using open public transit feed data for the whole of Germany. This research intended to
apply cartographic methods of spatial data visualization and create a tool that can interactively
visualize spatial disparities in mobility service frequency. This will link cartographic research to the
public transport, planning, and spatial analysis sector.

1.4 Thesis Structure

This thesis consists of five chapters. The contents of the chapters are as follows:

Chapter 1: This chapter consists of the general context of the thesis. It discusses the motivation and
identifies the problem with the relevance to the topic. Research objectives and research questions are
illustrated in this chapter followed by the intended innovation of the research. Finally, this chapter
ends with the thesis structure.
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Chapter 2: This chapter familiarizes the reader with the theoretical information of the research. It
also addresses all the research questions of the first research objective. The first section explores the
methods of exploring spatial disparities in public transit. Existing visualization tools are discussed in
the second section. Finally, design principles for an interactive web map have been reviewed in the
last section of this chapter.

Chapter 3: This chapter discusses briefly the method adopted in this research. This is further divided
into 5 sections. The first section explains about theoretical approach, the second section reflects on
the collected data and the third section discusses raw data processing, which also answers the first
research question of the second objective. Interface design is introduced in the next section and this
chapter ends with the method of interface evaluation.

Chapter 4: This chapter discusses the method and result of the visualization tool. The first three
sections are about developing the visualization tool: its data design, visualization, and aggregation.
After that user interface and interactive elements of the tool are discussed. This chapter ends with the
outcomes of the evaluation.

Chapter 5: This chapter is concerned with discussion in the context of objectives. The first three-
part summarizes the research questions. This chapter also discusses the limitations of the study. The
last section of the chapter states the challenges of the study.

Chapter 6: The last chapter of the thesis discusses the prospects of the study and ends with the
concluding statements.
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Chapter Two
THEORETICAL FRAMEWORK

This chapter provides a brief description of theoretical information to the reader. This includes
methods of exploring spatial disparities, a review of existing applications, and design principles.

2.1 Exploring Spatial Disparities in Public Transit

2.1.1 Taxonomy

2.1.1.1 Spatial Disparities

The concept of spatial disparities is the differences that are observed in different geographical
locations within a country or region, for example, unequal distribution of infrastructure, economy, or
other activities (Kabur and Venables, 2007 cited in Jain & Korzhenevych, 2017). Different studies
have defined spatial disparities in various forms. For instance, differences in locational accessibility
of medical facilities in various ethnic groups (Comber et al., 2008). In section (2.1.1.3), the term
“Spatial Disparities” used in this research will be discussed.

2.1.1.2 Public Transit

In public transport research, the terms ‘transport’ and ‘transit’ are often used interchangeably, which
includes buses, coaches, rail trams, ferries as well as shared cars (Balcombe et al., 2004; Parkan,
2002 cited in, Redman et al., 2013). However, ‘public transport’ is mostly used in Europe, Japan, and
Australia to refer to the same. On the other hand, North America, and Southeast Asia use ‘public
transit’ for the same case (Redman et al., 2013).

However, in this study ‘Public Transit” refers to the collection of available transportation modes for
a certain geographic region, specifically for Germany. The term “Mobility Service” is also used as
“Public Transit” and vice versa throughout the study.

2.1.1.3 Spatial Disparities in Public Transit

As discussed in the first chapter spatial disparities are also observed in public transit. Combination
of numerous factors are the reason for disparities in public transit. These include spatial mismatch,
modal mismatch, etc.

Disparities may include differences in different public transit quality attributes. Redman et al., (2013)
defined different attributes of public transit service quality.
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Table 2.1: Definitions of Public Transit Service Quality Attributes

Attribute Definition
Physical | Reliability How closely the actual service matches the route timetable

Frequency How often the service operates during a given period

Speed The time spent traveling between specified points

Accessibility | The degree to which public transport is reasonably available to
as many people as possible

Price The monetary cost of travel
Information | How much information is provided about routes and
provision interchanges
Ease of | How simple transport connections are, including time spent
transfers/ waiting
interchanges
Vehicle The physical and mechanical condition of vehicles, including
condition the frequency of breakdowns

Perceived | Comfort How comfortable the journey is regarding access to seats, noise

levels, driver handling, air conditioning

Safety How safe from traffic accidents passengers feel during the
journey as well as personal safety

Convenience | How simple the public transit service is to use and how well it
adds to one’s ease of mobility

Aesthetics The appeal of vehicles, stations, and waiting areas to users’
senses

Adopted from (Redman et al., 2013)

Travel time is considered a key indicator to quantify public transit service quality (Xin et al., 2005)
as shorter travel time can make public transport more attractive (Eriksson et al., 2008). While
calculating travel time, it is important to consider the fluctuations in service provision of transit
service (Farber et al., 2014). Similarly, price and frequency are the most important public transit
quality attribute (Eboli & Mazzulla, 2008). Jain & Korzhenevych (2017) argued that there is a great
difference in travel time in route choices and time of the day. Many studies have been done on
different attributes listed in table (2.1). However, this study focuses only on spatial disparities in
mobility service frequency. The following section discusses more details about it.

Public Transit Service Frequency: Public transit service frequency defines the number of times for
an hour that a transit service user has access to transit mode (Xin et al., 2005). A single trip of public
transit consists of all public transportation modes (bus, tram, train, subway, etc.) (Liao et al., 2020)
which can vary from one transport service operator to another.
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Xin et al. (2005) argued that to measure transit service frequency between two points, three issues
need to be addressed. These are as follows:

1. How to recognize the different transit paths between two activity centers that are plausible from

passengers’ point of view,

2. How to identify the transit service frequency for a corridor that is connected by more than one
path,

3. How to account for those routes that require transfers.

The following sections will provide detailed information on the studies related to Public Transport
Research, the materials and method they have used, statistical evaluation involved in the study, and
visualization techniques identified from the literature study.

2.1.2 Materials and Method

The literature primarily demonstrates three types of tools used to deal with public transit data. These
are:

1) OpenTripPlanner

2) Esri ArcGIS Network Analyst

3) Graph-based network analysis

2.1.2.1 OpenTripPlanner (OTP)

OpenTripPlanner (OTP) is an open-source Java-based multi-modal routing engine (Credit et al.,
2021). Several studies have used OTP for GTFS data analysis (Credit et al., 2021; Liao et al., 2020;
Heppe and Liebig, 2017, Owen & Levinson, 2015; Liebig et al., 2014). OTP can provide routing,
headway, and arrival information. This also can calculate the fastest door-to-door trip for every pair
of origin-destination of a designated departure time. In this calculation consideration of all the
available transport modes and walking speeds (Liao et al, 2020; Liebig et al., 2014) is possible. For
example, Liao et al., (2020) set the maximum walking distance to 800 m and used a mixed sampling
methodology of 15-minute resolution to prevent the Modifiable Temporal Unit Problem (MTUP).

An Application Programming Interface (API) and a web application (interfaces the API using
RESTful services) are two components of OTP. Traffic network graph loading, and route calculation
are done by the API. An interactive user interface fusing with the map is provided by the web
application (Liebig et al., 2014).
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2.1.2.2 Esri ArcGIS Network Analyst

Esri ArcGIS Network Analyst extension offers a wide range of powerful spatial modeling and
analytical capabilitiest. This has been used in different studies (Karner, 2018; Farber & Fu, 2017) to
deal with GTFS data. It can calculate travel times (Farber & Fu, 2017), transit frequency, etc.

Moreover, with the OD Cost Matrix tool, researchers combined GTFS data and pedestrian network
files to measure accessibility from an origin (Farber and Fu, 2017; Farber et al., 2014). A set of
Origin-Destination (OD) and departure time is set to calculate the shortest travel time on the
multimodal network (pedestrian and transit). It also allows the creation of a buffer zone to create
walking distances of transit users around transit stops and stations. Ingress, egress, waiting, transfer,
and in-vehicle journey times need to be considered in the calculation. A consistent speed of 4.8 km/h
(Farber and Fu, 2017), and 5 km/h (Karner, 2018) was considered for ingress, egress, and transfer
walking times along the pedestrian network. A Euclidian buffers of 0.4 km around bus stops and 0.8
km for the rails stations is recommended by The US Federal Transit Administration (Federal Transit
Administration, 2012, cited in Karner, 2018).

On the other hand, calculating OD short path with ArcGIS Network Analyst seems to have efficiency
issues subject to an increase in data components (all times of the day, larger network size) (Fayyaz
et al., 2017). It will take 60 days on a quad-core processor in ArcGIS to calculate a network with
1400 stations with 100 transit routes (Farber et al., 2016). Several studies also used custom Python
code along with ArcGIS Network Analyst for their studies (Farber and Fu, 2017; Farber et al., 2014).

2.1.2.3 Graph-based Network Analysis

Network science is a research field based on graph theory. This allows the researcher to study the
connection and collaboration between elements in complex systems (Newman, 2010 cited in Luo et
al., 2019). Many studies have been done on the public transit service using network science (Luo et
al., 2019, Maduako et al., 2018). Transit network topological structure represents different transit
features, for example, streets, stops, and dynamic features represent buses, trains, etc. on the transit
network (Maduako et al., 2018). It can accomplish complex network analysis of public transit
services such as service frequency and travel time (Lou et al., 2019).

Figure (2.1) shows two most used graph representations (Lou et al., 2019), named: L-space and P-
space topology.

! https://pro.arcgis.com/en/pro-app/2.8/help/analysis/spatial-analyst/basics/what-is-the-spatial-analyst-extension.htm
(Accessed July 2022)
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Figure 2.1: Two Common Topological Representations of the Public Transport Network
adopted from (von Ferber et al., 2009 cited in Lou et al., 2019)

« L-space: This is defined as a simple representation of the Public Transport Networks (PTNs) from
the perspective of structure. Each node of this graph symbolizes a stop. The link between two stops
is made when they are nearby on at least one transportation section (i.e., road or rail).

« P-space: This representation is exclusively built on public transport service routes. In this graph,
the nodes correspond to stops. They would be associated when they are operated by at least one
ordinary route. Consequently, the neighboring node in this space can be reached without any shift.
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Figure 2.2: Logical Graph Model of the Time-Varying Graph (TVG) for Transit Network
adopted from (Maduako et al., 2018)
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Figure (2.2) represents the logical graph model of the transit network of the city of Moncton, New
Brunswick, Canada TVG. This is a Neo4j graph database-based model. It shows the graph objects
(nodes plus relationships) with semantic labels and grouping. This enables users to perform
topological calculations such as the shortest path, network diameter, and mobility configuration
identification for example traffic movement in a transit network.

2.1.3 Statistical Approach

Literature suggests that statistical evaluation should accompany the study of disparities. The
following section portrays, different statistical measures applied to study disparities observed in the
literature.

2.1.3.1 Standard Exploratory Data Analysis Techniques

Standard exploratory data analysis techniques have been used in most studies. These include

2.1.3.1.1 Measure of Central Tendency

Measures of central tendency are also identified as summary statistics. Mean, median, and mode are
calculated to describe the data by identifying its central position?.

Farber and Fu (2017) compared the number of transit stops, and routes between two-time frames to
discuss disparities. Similarly, a number of studies (Huang, 2020; Luo et al., 2019; Maduako et al.,
2018; Owen & Levinson, 2015) used different central tendency measurements for their studies.

2.1.3.1.2 Measures of Dispersion/Variability

These analyses are helpful to understand the data spread. Commonly used measures are coefficient
of variation, standard deviation, and variation (Luo et al., 2019; Farber & Fu, 2017; Owen &
Levinson, 2015; Farber et al., 2014).

2.1.3.2 Disparity Index
Along with standard exploratory data analysis techniques, some sophisticated statistical operations

were also found in the literature. These are as follows:

2.1.3.2.1 Moran’s Index |

Moran’s Index | used to calculate the spatial autocorrelation of a dataset. Like the correlation
coefficient, Moran’s Index has a value ranging from -1 to 1. Statistical means of the values are as
follows:

! https://statistics.laerd.com/statistical-guides/measures-central-tendency-mean-mode-median.php (Accessed July 2022)
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e -1 isthe perfect clustering of dissimilar values (perfect dispersion).
e 0 means no autocorrelation exists (absolute randomness.)
e +1 indicates perfect clustering of similar values (opposite of dispersion) (Stephanie, 2017).

Moran’s |
- >
Moran’s I < E(I) Random Moran’s | > E(l)
indicates tend Moran’s [= E(/) indicates tend
to dispersion to clustering

Figure 2.3: Level of Dispersion by Moran’s Index
adopted from (static.cambridge.org?)

The equation to calculate Moran’s I is shown in equation 2.1:

Equation 2.1: Moran’s Index Calculation

n 2
I=5 DY wijoxi — ) (xj — ) / Y (i — )
P 1
In this equation,
n = total number of observations,
So=7Yi> jwijis the sum of all the elements of the spatial weight matrix,
K = mean of x over all the observations.

Note that if W is row-standardized, then So = n, and the ratio n/Sop is equal to one (Anselin & Piras,
2009).

Various transportation studies have used Moran’s Index I for calculating spatial autocorrelation in
their studies (Niedzielski, 2021; Allen & Farber, 2020; Huang, 2020; Wessel & Farber, 2019; Heppe
& Leibig, 2017).

! https://static.cambridge.org/binary/version/id/urn:cambridge.org:id:binary:20200421144010724-
0711:9781108614528:49898fig4_1.png?pub-status\u003dlive (Accessed July 2022)
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2.1.3.2.2 Gini Coefficient

It is a statistical measure that quantifies the amount of inequality present in the distribution of an
attribute (Stephanie, 2020). Gini-coefficient is used to capture the disparities in different studies
(Panzera & Postiglione, 2020; Stepniak et al., 2019; Xing et al., 2018).

100%

Cumulative % of attribute Y

100%

Cumulative % of ranked population

Figure 2.4: Graphical Representation of the Gini-coefficient
adopted from (Ben-Elia & Benenson, 2019)

Note: The Gini index Gini (S) is calculated as the ratio between the areas - A/(A + B).

For an ordered sample S of the population attribute y of a size n, y1 <y2 <... <yi <Vi+1 <... <yn-1 <yn,
the Gini index is calculated by equation 2.2:

Equation 2.2: Gini Index Calculation

2 Z?=1 iy,

n
n—1 Z?=1yi

Gini(S) = 1 —

The Gini index value lies between 0 and 1. Index value 0 means complete equality (each population
member has the same value of an attribute y), on the contrary, value 1 suggests entire disparity (one
member has all). Lower Gini index suggests equal distribution of characteristic y in a sample S (Ben-
Elia & Benenson, 2019).
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2.1.4 Result Visualization

In this section, the visualization of transport characteristics will be discussed. From the literature, it
is evident that there are 3 major types of visualization used to show transport data. These are as
follows:

1) Graph

2) Map

2.1.4.1 Graph

Almost everywhere graphs are used for data visualization. Similarly, transportation researchers used
graphs for their result analysis. These figures (2.5) have been used to portray different information
related to public transport studies.

Sao Paulo Stockholm Sydney Amsterdam

| ‘ ‘ | \

0 0 - 0 (
0 3 6 9 121518 21 0 3 6 9 121518 21 0 3 6 9 12151821 0 3 6 9 121518 21

Figure 2.5: Temporal Variations of Travel Time by Public Transit
adopted from (Liao et al., 2020)

Figure (2.5) is showing the temporal variation of travel time for a normal weekday by public transit
in four different cities: Sao Paulo, Stockholm, Sydney, and Amsterdam. The travel time includes the
average cross-departure location of each city weighted by its population density. In the figure, shaded
area represents the 25th to 75th percentile range. On the right side, the percentage denotes the
accessibility of each grid cell by public transit. Additionally, the inset figure shows the travel time
from 5:00 am to 11:00 pm.
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Figure 2.6: Scheduled Travel Times in Florida
adopted from (Wessel & Farber, 2019)

This figure (2.6) is showing scheduled travel times of four different transit service agencies Toronto
Transit Commission (TTC), the San Francisco Municipal Transportation Agency (SF Muni), the
Massachusetts Bay Transportation Authority (MBTA), and the Jacksonville Transportation
Authority (JTA) in Florida. It conveys a lot of information. For instance, the difference in average
travel times between different transport agencies can be observed.
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Figure 2.7: Frequency of Public Transport in Szczecin, Poland
adopted from (Stepniak et al., 2019)
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Figure (2.7) is used to show the total number of buses and trams per hour in the city of Szczecin,
Poland. This type of histogram can provide the target user with the actual number of transit services
available in an area.

From the above discussion, it can be concluded that graph visualization should accompany while
working with transport-related data. It can provide supplementary information to the users through
statistical analysis.

2.1.4.2 Map

A map is an important element of data visualization, especially when it comes to spatial data. Almost
all the literature reviewed in this study uses maps for showing disparities in public transport
frequency, distribution of transit stops, etc.

ey X 3

Figure 2.8: Results of Route Calculations
adopted from (Liebig et al., 2014)

Figure (2.8) shows calculated routes depending on the traffic situation in Ireland. In this calculation,
authors considered a weekday (Monday, 8th April 2013) and calculated routes from a permanent OD
at different time stamps (from left to right: 7:00, 8:00, 8:30 in the morning). From this map, it can be
said that basemap plays a significant role in data exploration. So, the visualization tool must have
different basemap so that the users can choose them according to their preferences.

In figure (2.9), the author has shown the frequency of public transport for four different time frames
(02:00-03:00, 07:00-08:00, 10:00-11:00, and 22:00-23:00) in the city of Szczecin, Poland. From the
map, it is also evident that the associated legend of vehicles per hour helps the reader to differentiate
between two-time frames.
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Figure 2.9: Frequency of Public Transport Network in Szczecin, Poland
adopted from (Stepniak et al., 2019)

In this figure (2.10), the researchers have shown the average service frequency per hour in Cincinnati
City in the US. They have used graduated color to symbolize different classes, while the map is
showing the transit area boundary and facility locations (Supermarkets).
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Figure 2.10: Transit Service Frequency Map of Cincinnati City
adopted from (Farber et al., 2014)
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Figure 2.11: Average Travel Time Change Map
adopted from (Farber & Fu, 2017)

From Al

In this figure (2.11), the authors have shown the changes in travel times of three different zones in
the US. These changes are shown in the bivariate choropleth map in the percentage. This type of
visualization would be useful to show grid-level frequency indicator in the visualization tool.

Figure (2.12) is showing accessibility ratio between transit and auto at 7:00 am in Miami-Dade
County, US. This type of visualization would be useful to show grid level frequency indicator in the

proposed tool.
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Figure 2.12: Transit and Auto Accessibility Ratio in Miami-Dade County, US
adopted from (Yan et al., 2022)
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Figure 2.13: Local Moran's | Result by the Time of Day across All Metrics
adopted from (Niedzielski, 2021)
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Furthermore, Niedzielski (2021) used 5 different colors to show different clusters (figure 2.13). This
technique would be particularly helpful for the user to understand the spatial disparity in public transit
frequency.

Table 2.2: Selected Papers on Spatial Disparities in Public Transit

Bibtex Key/ Category T1|T2 (T3 |T4 (D1 (D2 [D3|D4|D5]|2DG|2DM TP1|TP2 |TP3|SA [SA2|SA3|SA
Liao et al., 2020

Leibig et al., 2014
Farber and Fu, 2017
Farber et al., 2014
Heppe and Liebig, 2017
Credit et al., 2021
Fayyaz et al., 2017
Karner, 2018

Louetal., 2019

Owen and Levinson
Yan et al., 2022

Higgins et al., 2021

Chia and Lee, 2020
Niedzielski, 2021
Wessel and Farber, 2019
Allen and Farber, 2020
Stepniak et al., 2019
Lyons and Choi, 2021
Huang, 2020

Saghapour et al., 2016
Maduako et al., 2018
SUM 8 10] 2| 8 18] 13| 3| 10

14 5

Note: T1-T3 (Tools): OpenTripPlanner, Esri ArcGIS Network Analyst, Graph based network; D1-
D5 (Data): GTFS, Street network, GPS, Census, Others; 2DG: 2D Graph; 2DM: 2D Map; 3DV: 3D
visualization; TP1-TP3 (Topic): Accessibility, Disparities/Equity, Others; SA1-SA4 (Spatial
analysis): Central tendency, Dispersion/Variability, Local Moran’s Index, Others.
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2.2 Existing Applications
This section reviews available visualization tools found online that use GTFS data.
a) PubtraVis

Prommaharaj et al., (2020) created a visualization tool (PubtraVis) to display a spatiotemporal pattern
of transit services from GTFS data. They used Calgary Transit as a case study. This tool can provide
qualitative information to the user.

Figure 2.14: Interface of PubtraVis
adopted from (Prommaharaj et al., 2020)

The tool offers 6 visualization components that show the operational characteristics of the transit
system. These are mobility, speed, flow, density, headway, and analysis. Side-by-side evaluation of
two modules is possible in PubtraVis. The usability test was done with real-world users.

b) Swiss Railways Network

Swiss Railways Network is an animation-based map of the Swiss Federal Railways (SBB) network.
The real-time data used in the visualization are obtained from (opentransportdata.swiss) in GTFS-
RT format. Users can switch to 3 different basemaps including satellite view. Users can also choose
specific transit service operators. The overview map also shows the number of trains operating during
that period. Movement speed can be increased by 500 times. Zooming and searching for specific
location is also possible in this tool. Different color has been used to distinguish between different
train types.
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Figure 2.15: Interface of Swiss Railways Network
adopted from (https://maps.vasile.ch/transit-sbb/)

¢) TRAVIC (Transit Visualization Client)

TRAVIC Transit Visualization Client About  Overview © University of Freiburg
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Figure 2.16: Interface of TRAVIC
adopted from (https://travic.app/)

Brosi (2014) has developed the TRAVIC (Transit Visualization Client) tool that visualizes the
movement of public transit services from GTFS data. Users can select a base map from 6 available
options. In this visualization tool, there is a possibility to overlay 3 different layers (Railway Map
Infrastructure, Signals, and Maximum Speed). Identification of different transport modes (Trams,
Subways, Rail, Bus, and Ferries) is possible in this tool. Different colors and sizes have been used to
distinguish between different transit modes. Users can also select different zoom levels in the tool.
However, the tool also provides the user to set a maximum 30x speed of the movement visualization.
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2.3 Design Principles

2.3.1 Interactive Web-map Design

From the ancient wall-carved map to spatial diagrams, all maps are inherently interactive (Brown,
1949 cited in Roth, 2012). Researchers also argued that static maps and sketched maps are also
interactive ( Roth, 2013a; MacEachren & Ganter, 1990). For instance, a paper map user interacts by
folding it to change mapped extent, bring it close or far from his or her eyes, and may be use color
for important locations (Wallace, 2011 cited in Roth, 2012). However, the interactivity was limited
and not impactful as it is today (Andrienko and Andrienko, 1999; Dykes, 2005; Harrower, 2008 cited
in Roth, 2012). Creation of real-time interactive maps is now possible because of the advancement
in personal computing and internet technologies (MacEachren & Monmonier, 1992 cited in Roth,
2012). In the following sections required map elements of an interactive web-map, cartographic
interaction and operator primitives are discussed.

Map Elements

Table (2.3) convey information on important map elements and associated application in web
mapping (Tolochko, 2016).

Table 2.3: Map Elements

Map Element Possible web map adaptation(s)

Map title Web maps can use a temporary splash screen
that disappears when the user begins to
interact with the map rather than using a static
map title that remain in view.

Mapped area Because of the ability to pan some web maps,
the map uses can have control of which pact
of the map they are looking at. Click-add-drag
is the most common form of panning, or
adjusting the mapped area in the current view.

Many web maps with thematic data overlays
often use base maps composed of map tiles,
which may be provided by corporate or open-
source contributors. Thematic design is
discussed in more detail below.

Map scale With interactive maps comes the possibility of
multi-scale mapping, i.e., the design of a map
to be seen at multiple zoom levels.
Mapmakers should design their map
differently for different zoom levels and only
allow for zoom levels that are necessary for
the purpose of the map.
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Zoom buttons are the most commonly visible
map element to allow users to change the scale
of the map.

Some web maps display the given map scale
at each zoom level, but many do not.

Supplemental information Supplemental information can include
embedded text, links, images, graphics, videos
and be displayed interactively, e.g., when the
user clicks on a button or map feature.

This information can be presented as
information windows or as a tooltip (on top of
the map itself, moves with the pointer).

Labels The quantity and size of place name labels can
change at different zoom levels.

Inset/Locator map The locator map can change to match the
current view as the user interacts with the
map.

Locator map can help with zooming, allowing
the user to zoom into the main map by drawing
a rectangle of the desired area on the inset.

Map metadata Metadata includes the cartographer(s)’
name(s), data sources, map projection, etc. It
does not need to be shown directly on the map
but can be easily available in a splash screen
or on a linked webpage.

North arrow Rotates interactively as the user rotates the
map.

Many interactive maps do not have north
arrows, as it is assumed that north is up.

Neat lines/ frame lines For mobile, when the map takes up the full
size of the screen, the neat line is the screen
itself.

Supplemental graphs Users maybe have a better understanding of

thematic data through the inclusion of graphs
or chats that are linked to the thematic map
through  simultaneous  highlighting  or
brushing.

These linked graphs or charts to the map
should not be shown directly on top of the
map, but rather in a side or bottom panel.

Legend Allow for interaction with the legend to affect
the map, such as being able to turn/off layers,
adjust the timeline of temporal map data, etc.

23|Page



*Menus Provide the map user with additional options
and interactivity in the form of menus.
*Help Provide link to information for map users who
need help learning how to use the map.

Adopted from (Muehlenhaus, 2013 cited in Tolochko, 2016). Map elements with (*) solely
applicable to web maps.

Cartographic Interaction

Cartographic interaction can be specified as the communication of human and a map using a
computing device (Roth, 2012). Figure (2.17) shows the components for a successful cartographic
interaction.

human(s) computing device map
£\ 4
4
S | b4
& | ;)
user-centered technology-centered interface-centered

Figure 2.17: Components of Cartographic Interaction
adopted from (Roth, 2012)

The (i) human (left) who is the same time develop and usage the interactive map (ii) the map (right)
which is the end product and (iii) computing device which is the technology involved in the
production.

The limitation for such kind of interactive maps lies on map user’s objective, developer skills and
hardware configuration (Gahegan, 1999).

Operator primitives

Following table (2.4) shows two major operator primitives adopted from Roth (2013b). Although
these primitives play important role in the interactive web map design, are not necessarily offered in
all maps hence developer should decide proper primitives to include or discard (Tolochko, 2016).
Map maker can decide depending on the type of maps and purpose of map use.
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Table 2.4: Cartographic Operator Primitives

Operator Card Example

Enabling Operators

Import Get started by loading a stock map design of the world

Export Export the maps as .pdf

Save Save the map so that you can come back later to make a
modification

Edit Select a point to change the attribute data

Annotate Mark up the map to show where to send resources

Work Operators

Reexpress Switch among multiple map representation strategies

Arrange Arrange a large number of maps for simultaneous comparison

Sequence Display one time slice after another on the map

Resymbolize Change the relative sizing of circular proportional symbols

Overlay Click on the layer panel to show layers of different types of
crimes

Reproject project the map using Albers equal area conic projection

Pan Pan the map to different location

Zoom Zoom in to see what is around the point source

Filter Perform a query that specifies the range of contaminant
concentration levels

Search Enter search words into Google Maps to find target
communities in Pittsburg

Retrieve Brush over the first district of California to see how people
voted

Calculate Select two cities and calculate the distance between them

Adopted from (Roth, 2013b)

2.3.2 User-centered Map Design

User-centered Design (UCD) refers to the interface design while considering the user’s needs. This
includes special focus on ease-of-use and effectiveness of the designed interface (Norman, 1988;
Nielsen, 1992; Nielsen 1993 cited in Roth et al., 2015). In this way the end product is induced by
end-users (Abras et al., 2004).

The following table shows how to involve the target users in UCD process (Preece et al., 2002 cited
in Abras et al., 2004)
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Table 2.5: Users Integration in the UCD Process

Technique Purpose Stage of the design cycle
Background Collecting data related to the needs and | At the beginning of the
Interviews and expectations of users; evaluation of | design project
questionnaires design alternatives, prototypes and the
final artifact
Sequence of work | Collecting data related to the sequence of | Early in the design cycle
interviews and work to be performed with the artifact
questionnaires
Focus groups Include a wide range of stakeholders to
discuss issues and requirements
On-site Collecting information concerning the
observation environment in which the artifact will be
used
Role Playing, Evaluation of alternative designs and | Early and mid-point in the
walkthroughs, gaining additional information about user | design cycle
and simulations needs and expectations; prototype
evaluation
Usability testing | Collecting quantities data related to | Final stage of the design
measurable usability criteria cycle
Interviews and Collecting qualitative data related to user | Final stage of the design
questionnaires satisfaction with the artifact cycle

Adopted from (Preece et al., 2002 cited in Abras et al., 2004)

But, UCD is not always considered in designing, and it may be because of lack of access to user and
time or money. But it can help the map developer to save resources by considering users opinion in
the early stage of interface rather than making fundamental changes after development (Roth et al.,
2015). Nielson (1988) emphasized the significance of iterative evaluation and revision during UCD
(Roth et al., 2015). There are ten elements in his usability engineering lifecycle listed below:

0] Knowing the user: Task or work domain analysis

(i)  Competitive analysis: Explore current application that support similar use case
(iii)  Setting the goal: Use previous steps result to form a required functionality

(iv)  Participatory design: Include target user in the design concept

(V) Coordinated design: Coordinate design to create a consistent product identity
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(vi)

(vii)

Guideline and heuristic analysis: Include expert during development process to maintain
design guidelines

Prototyping: Design static or interactive mockups of the user interface.

(viii) Empirical testing: Include target user to evaluate utility and usability

(ix)
(x)

On the

Iterative design: Improve the interface based on feedback

Collect feedback from field use: Collect feedback about the user interface after the
launch and use them in the next release.

other hand, Robinson et al., (2005) simplified these ten elements into six which is shown by

figure (2.18).

Interaction

Work Domain Prototyping ™= & Usability Gad Implementation 8 Debugging

; Conceptual -
Analysis

Development

Studies

<@ user Participation/Input At Each Stage of Design I

In this

Figure 2.18: User-centred Design Process
adopted from (Robinson et al., 2005)

process Robinson et al., (2005) adopted six stages to develop geo-visualization tools for

Epidemiology. These stages are as follows:

a)
b)

c)
d)

e)
f)

Work domain analysis: It is the preliminary interaction of ideas and client requirements.
Conceptual development: Outline of the desired features such as layout, tools, and
architecture.

Prototyping: Working model of the application.

Interaction & usability studies: Test the application with user incorporating formal and
informal feedback.

Implementation: Adopting the result from the feedback and make required changes.

Debugging: The application is modified to increase stability and compatibility.
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Chapter Three
METHODOLOGY

This chapter provides brief information about the methods used in this study. This discusses
theoretical approach used in the study. Data processing also elaborately explained in this chapter.
It also introduces the expected outcomes of the web-map and evaluation method.

The research questions are different in dimension, so it is important to choose an appropriate research
design and method that fulfill the goal. Combination of different research design and adjustment for
research purpose is possible (Bryman, 2012). To complete the research systematically, a mixed
research method has been adopted to achieve the research objective and answer the research
questions. Figure (3.1) illustrates the workflow of the methodology used in this research.

Analyzing
Literature study existing
application

approach

=
-2
2
v 8
4' v J' =
o - - - L
Spatial disparities Interactive web- User centred Concept for
in public transit |e— »| map design |« » map design interface design
(RQ1A) (RQ1B) (RQ1C) (RQ1C)
©
& Mobility servi 3
o Data Collection » Data Processing pf VOLHY Service E
i = frequency p
w
a

l

Interactive web-map-based visualization (RQ3A)

l

Expert based evaluation (RQ3B)

Prototype
Developmet

Usability
testing

Figure 3.1: Workflow of the Methodology
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3.1 Theoretical Approach

In this research systematic literature review (SLR) approach has been applied to identify the current
state of art and answer the RQ1A. In this process Kitchenham’s guidelines (Kitchenham et al., 2002)
were followed. Initially 5 steps have been determined. These are (i) data sources and search strategy,
(i) inclusion and exclusion criteria, (iii) quality assessment, (iv) data extraction, and (v) selected
studies.

3.1.1 Data Sources and Search Strategy

There are number of digital libraries and search engines that are available to collect papers (Chotisarn
et al., 2020). As there are no dataset that present complete published materials, multiple databases
(Web of Science and Scopus) have been chosen for this study (Xiao & Watson, 2019).

Keywords used for the search:

The keyword has been generated from the research question. The research question used for the
search is “What are the methods to explore spatial disparities in public transit?”’. To obtain maximum
number of articles, the search term also includes different synonym used in related research.

These terms were selected for final search:

“spatial disparity”, “spatial disparities”, “spatial inequality”, “spatial equity”, “public transit service”,
“public transport” and “public transit”

These keywords are the formulated as search terms according to the specific search engine guideline.

Search has been done on 22" June 2022.

Web of Science:

1%t search (with title only)

((((((T1=(spatial disparity)) OR Tl=(spatial disparities)) OR TI=(spatial inequality))
OR Tl=(spatial equity)) AND TI=(public transit service)) OR TI=(public transport))
OR TI=(public transit)

2"d search (with abstract only)

((((((AB=(spatial disparity)) OR AB=(spatial disparities)) OR AB=(spatial
inequality)) OR AB=(spatial equity)) AND AB=(public transit service)) OR
AB=(public transport)) OR AB=(public transit)
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Combine search (Title + Abstract): In third step the combine result of 1% and 2" search was
generated to extract most relevant papers. 4127 papers have been found from the search.

Scopus:

spatial disparity OR spatial disparities OR spatial inequality OR spatial equity
AND public transit service OR public transport OR public transit

From Scopus 3940 papers have been found with the above search criteria.

3.1.2 Inclusion and Exclusion Criteria

According to (Kitchenham & Charters, 2007 cited in Xiao & Watson, 2019) inclusion and exclusion
criteria should be stablished based on research question(s) and should be practical. This research is
limited to open public transit data (GTFS), which has started from 2006. Consequently, papers which
published before that period has been omitted. Moreover, in this method all papers other than article
has been excluded. Final exclusion removed papers which are not in English.

Exclusion criteria
Published in 1991-2005 [M=332]

Document Type (not Article) [N=1212]
—>

Language (other than English) [N=144] ]
i o Mon relevant Categories [N=511] o
Inclusion criteria Remaining Fapers
Total exclude [N=2199]
WoS [N=412T7] — —» WoS [N=1928]
Scopus M=3940 Scopus MN=1934
° [ ! Exclusion criteria B ° [ ]
—» Published in 1975-2005 [M=114]

Document Type (not Article) [M=883]

Language (other than English) [M=71]

Mon relevant Categories [N=5938]

Total exclude [N=2008]

Figure 3.2: Stages of the Search Process and Number of Selected Studies at Each Stage
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In this stage a details preview has been done on obtained research papers. The author has decided to
work with papers retrieved from the Scopus database for further analysis. The decision has been
made upon the following criteria: similarity between two data sources, time limitation of the research,
and satisfactory collection of research papers in Scopus database search results.

3.1.3 Quality Assessment

Within the scope of this study and time limitation, the total number of articles to be reviewed needed
to narrow down. Thus, quality assessment criteria have been set with the scientific guidelines
(Chotisarn et al., 2020; Xiao and Watson, 2019) and adopted for the specific need. It is important to
know the top journal in the relevant field. This will help to identify the proper literature for the study.
Although initially 1934 articles were retrieved in the later stage top ten journals with more than or at
least 30 articles have been considered for further step.

Table 3.1: Top 10 Journals & Their Impacts Based on the Number of Publications (> 30)

Rank | Sources N TC |C/A |h-in
1 Journal Of Transport Geography 242 | 6656 | 27.50 | 43
2 Sustainability (Switzerland) 190 | 1724 {9.07 |21
3 Transportation Research Part A: Policy And Practice | 113 | 2900 | 25.66 | 29
4 Transport Policy 109 |1886 | 17.30 | 28
5 Transportation Research Part D: Transport And

Environment 82 838 |10.22 | 17
6 Transportation Research Record 54 476 1881 |14
7 Journal Of Transport And Land Use 42 645 |15.36 | 12
8 Sustainable Cities And Society 42 540 |12.86 | 15
9 Case Studies On Transport Policy 36 173 481 |8
10 Transportation 32 576 |18 12

Note: N: Number of total publications; TC: Total citations; C/A: Average citation per article; h-in.:
Hirsch (h)- index.

From table 3.1 it is observed that the Journal Of Transport Geography is leading with 242 articles,
followed by Sustainability (Switzerland) (N = 190), Transportation Research Part A: Policy And
Practice (N = 113), and Transport Policy (N= 108). In terms of h-index, the Journal Of Transport
Geography has secured the highest h-index score of 43. Transportation Research Part A: Policy And
Practice ranked second in this category with an h-index of 29 and Transport Policy ranked third with
an h-index of 28. Table 3.1 also shows that the Journal Of Transport Geography and Transportation
Research Part A: Policy And Practice secured the first two positions based on total number of
citations. From the table, it is also evident that the Journal Of Transport And Land Use and
Sustainable Cities And Society has 42 articles with more than 12 citations per article even though
they have published a smaller number of articles. Moreover, Transportation has more than 18 C/A
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with only 32 articles, this suggests that they can be more influential and should consider for the
literature study.

Although the keyword has been set up only for a related topic, it is observed that some papers returned
irrelevant keywords. Thus, 491 papers have been omitted.
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Figure 3.3: Three-field Diagram of the Collected Literature

Note: In this figure ID (left) represents the keywords, SO (middle) represents the journal name and
AU_CO (right) represents the source country of the correspondent authors’.
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Figure 3.4: Collaboration Network
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Figure (3.4) illustrates the correspondent authors’ country. The countries that are in blue color
represent contribution in papers that were selected in the previous stage.
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Figure 3.5: Co-occurrence Network among Authors’ Keywords (occurrence > 25)
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Figure 3.6: Relevant Keyword’s Network

Note: In this figure, the 4 most relevant keywords for the study and their interconnection with other

keywords has shown. (a) public transport, (b) mobility, (c) spatial equity and (d) public transit.
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Lexical network analysis has been done to represent interconnection of keywords. In the analysis
author’s keywords were considered and minimum co-occurrence was set to 25. Figure (3.5) shows
Co-occurrence network among authors’ keywords. Also, most relevant keywords and their linking
network for the study has been shown by figure 36 (a)-(d).

From the (3.6) it can be said that search result is scientifically eligible for the research aim. For each
paper selected the author read the title and where it seems to be out of the scope for the current
research has been discarded. Rest of the papers were collected for data extraction.

3.1.4 Data Extraction

From each paper selected author extract 4 items. Those are:

1) Theme

2) Materials and Method
3) Statistical Approach
4) Result Visualization

Extracted information from the papers has been discussed elaborately in the section 2.1.

3.1.5 Selected Studies

Finally, in this study 21 papers were selected from this process to explore spatial disparities in public
transit. Along with these papers, this study also includes all the papers that were collected during
extended research proposal writing.

3.2 Data

3.2.1GTFS

Primary data for this study is the open public transit feed data (GTFS). The GTFS data was collected
from (https://gtfs.de/de/feeds). They offer 3 different types of data for Germany. These are: 1) Long
Distance Rail 2) Local Transit and 3) Regional Rail. For the current study local transit and regional
rail data were downloaded. This data comes in .zip format. GTFS data of Germany contains 8 text
files in .txt format. Table (3.2) shows details information of each text file. Though, it was supposed
to be updated every week, author noticed during the study period same data was provided until
10.08.2022.
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Table 3.2: Properties of the Collected GTFS Data

Feed Name File size Unique trips | Stops Date
Local transit Germany 181 1.3 M 460 K July, 10 2022
Regional trains Germany | 6.7 MB 64 K 15K July, 10 2022

3.1.1.1 Structure of the Collected GTFS Data

It is seen from table (3.3) that each of the collected GTFS dataset has 7 .txt files, apart from them
GTFS data also have feed_info.txt file. Details of each file are given below:

Table 3.3 Structure of the GTFS Files

File | rows |Field | Field | Field | Field | Field |Field | Field | Field | Field | Field
1 2 3 4 5 6 7 8 9 10
agen | 293* | agen |agenc |agenc |agenc |agenc
cy.tx oo cy_i |y_nam |y url |y tim |y lang
t d e ezone
cale | 135 | mon |tuesda | wedne | thursd | friday | satur | sunda |start |end_d | servi
ndar. = l1day |y sday |ay day |y _date | ate ce_li
128
txt d
cale | 9* servi | extens | date
ndar grx ce_i |ion_ty
_dat d pe
es.tx
t
route | 19944 | route | route_ | agenc | route_ | route_
s.txt | * _lon |short_ |y id type id
393+ | 9-na | name
me
stop | 10485 | trip_ | arrival | depart | stop_i | stop_s | pick | drop_
_tim | 76* id _time |ure_ti |d equen |up_t | off_ty
es.X 15012 me ce ype | pe
| e
stops | 45003 | stop | stop_i |stop | | stop |
Axt | 2* _na |d at on
15187 | M€
**
trips. | 10485 | route | servic | directi | trip_id
txt 76* _id | e_id on_id
65961
**

Note: Local transit Germany*, Regional trains Germany**
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agency.txt: It provides information about the public transport operator of this feed. They are uniquely
identified with the agency_id field. This file also provides the timezone in the format of HH:MM:SS.
It is important to the have same timezone when there are multiple agencies.

calendar.txt: This file provides service time for each day of the week. Starting and end dates of the
feeds are also provided in this file. This file has a unique service_id that relates trips.txt file.

calendar_dates.txt: In this file, any exception of the service is provided. This allows to know
considerable service variation. This file also relates the trips.txt file with a unique service_id field.

routes.txt: This file group trips into single services that are shown to users. The route_type field
holds the mode of the transportation used for that route. Different route types available in the
collected GTFS data are as follows:

Table 3.4: Route Type and Associated Transport Mode

route_type (GTFS field) | Mode

0 Tram, Streetcar, and Light rail. Any light rail or street level
system within a metropolitan area.
1 Subway, Metro. Any underground rail system within a

metropolitan area.

Rail. Used for intercity or long-distance travel.

Bus. Used for short- and long-distance bus routes.
Ferry. Used for short- and long-distance boat service.
Funicular. Any rail system designed for steep inclines.

N BN

Adopted from gtfs.org*

stop_times.txt: This provides the exact station sequence for each trip. arrival time and
departure_time fields provide arrival and departure time for each station. This relates the stop.txt file
with the stop_id field.

stops.txt: This is a list of all available stops of the service areas served by different transport agencies.
Stops are uniquely identified with the stop_id field. In this file, names of the stops (stop_name) and
their geographical locations are also provided with stop_lat and stop_lon field.

trips.txt: This provides available trips of the areas served by transport agencies. This file is related
to routes.txt file with route_id field and stop_times.txt file with trip_id field. The service_id field
connects the calendar.txt and calendar_dates.txt files, this enables to identify in which days a specific
trip operates.

! https://gtfs.org/schedule/reference/#routestxt (Accessed June 2022)
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3.2.2 Street Network Data

Regarding street network data, for this study, it is important to model the transit service frequency in
grid level. There are different sources for street network data. For this study, OSM data was collected
from Geofabrik! for whole Germany as it is an open-source data made by volunteers and accessible
without any complexity. This OSM data comes with the WGS 1984 projection.

3.2.3 Administrative Data

This study aims to visualize the spatial disparities in an interactive map. To do so, administrative data
IS necessary, so that users can get the information on different administrative boundary. In order to
assign the transit service frequency layer to different administrative levels, “V(G250” shapefile was
downloaded from the Federal Agency for Cartography and Geodesy. This is available at 1:250000
scale. The dataset includes the administrative units of Germany from the country (state) to the
“Gemeinden” (municipalities) level (Bundesamt fiir Kartographie und Geodasie, 2021).

= Staat (country) STA

= Lander (states) LAN

= Administrative districts RBZ

= Districts KRS

= Administrative associations VWG
= Municipalities GEM

This data is updated once in a year. For this study latest available data was collected (01.01.2021).
This dataset has the standard spatial reference for Germany, which is UTM projection in zone 32,
Ellipsoid GRS80, Datum ETRS89 (Bundesamt flir Kartographie und Geodasie, 2021).

3.3 Data Processing

To calculate transit service frequency from GTFS data, ArcGIS Pro version 3.0.1 has been used for
this study. Required license was provided from IOER. Details processing steps for the transit service
frequency calculation are discussed in this section.

! https://download.geofabrik.de/europe/germany.html (Accessed June 2022)
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System Properties

All the collected data were processed at IOER lab with the following system capabilities.

Table 3.5 System Properties

Device PC I (ArcGIS Pro) PC 11 (QGIS)

Processor Intel(R) Core(TM) i5-8500 | Intel(R) Core(TM) i5-8400
CPU @ 3.00GHz 3.00 GHz |CPU @ 2.80GHz 2.81 GHz

RAM 16 GB 16 GB

Operating System Windows 10 Pro Windows 10 Pro

3.3.1 Transit Service Stops Identification

It is important to include public transit stops location with their name in the visualization tool, so that
users are able to know stops name when they select a specific stop. ArcGIS built-in Public Transit
Tools offer transformation of stops.txt data to shapefile. GTFS Stops to Features is used in this regard
to convert stops.txt file of local and regional GTFS data of Germany. The output feature class is
georeferenced as WGS 1984, so it is important to change the projection. Both local and regional stops
feature layers were then projected to IOER standard projection system (UTM projection in zone 32,
Ellipsoid GRS80, Datum ETRS89). The following figure (3.7) is showing stops location for local

and regional transport.

Figure 3.7: Stops Location in Germany, Note: local transport (left) & regional transport (right)
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3.3.2 Public Transit Data Model

To calculate public transit service frequency in ArcGIS Pro, GTFS data must be fit in a way so that
ArcGIS Pro can perform the analysis. As discussed earlier this study deals with two different GTFS
data for Germany, it is necessary to create two different transit data model so as two geodatabases.
So, to start the processing, two empty network geodatabases have been created for local and regional
transport with defined spatial reference as the Germany and IOER standard projection system (UTM
projection in zone 32, Ellipsoid GRS80, Datum ETRS89).

In this process whole GTFS folder is used as the input to create the transit network data model. The
target feature dataset is the network geodatabase that was created earlier. The resulting Public Transit
Network Data Model contains two feature classes (Stops, LineVariantElements) and 7 standalone
tables namely:

1) Calendars

2) CalendarExceptions
3) Lines

4) LineVariants

5) Runs

6) ScheduleElements
7) Schedules

These tables are related to input GTFS data and modeled for further calculations.

The created network datasets were named identically (local & regional) so that no confusion arises
in further processing.

3.3.3 Transit Service Frequency

In this study transit service frequency is modeled in two different levels. These are station level and
grid levels. Following section provides detail processing steps for the modelling of transit service
frequency at station and grid level.

3.3.3.1 Transit Service Frequency at Station Level

Public transit frequency can be calculated for any time frame and any day of the week as GTFS data
contains 24 hours schedule of a week. Previous studies used specific time-frame for the calculation
of different transit features (travel time) (Stgpniak et al., 2019; Credit et al., 2021, Karner, 2018; Xin
et al., 2005; Niedzielski, 2021, Owen & Levinson, 2015). To minimize the calculation time and
maximize visualization tool performance, this study considered weekly and daily basis frequency.
These are as follows:
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Weekly Basis Frequency
Weekdays
Weekend
Daily Basis Frequency
Morning rush hour: 06:00 to 08:59
Afternoon rush hour: 14:00 to 16:59

It is possible to count arrival or departure in transit service frequency calculation. For this study
author adopted departure count. In the output, prefix field AM used for morning rush hour and PM
for evening rush hour. Consequently, the output of this processing step are 28 transit service
frequency layers, of which 14 layers for local transport of each day of the week (Morning and
Afternoon) and remaining 14 layers for regional transport.

The resulted feature layer contains number of trips visited by public transit services per hour in the
selected time frame at every public transit stops.

Figure 3.8: Station Level Transit Service Frequency

Note: From this figure (3.8) it is seen that default color palette for the visualization of transit service
frequency per hour doesn’t carry meaningful information. This problem has been solved and
discussed in section 4.1.
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3.3.3.1.1 Weekdays Layers Merge

In these processing steps the transit service frequency layers of weekdays are merged, consequently
the resulted layers are reduced in number. This step saves computation time in further processing.
The values of the transit service frequency layers are averaged. This step has been done with model
builder in ArcGIS Pro. The following models (3.1) and (3.2) were used to merge weekday’s
frequency and calculate average frequency of weekdays.

Join Field

D

Join Field (2)

Join Field (3)

Jain Field (4) -

0006

Model 3.1: Merge Weekdays Frequency Layer

Adding Average
Frequency Per
Hour Field

P P
Average
Frequency Per
Hour

P

Model 3.2: Calculate Weekdays Average Frequency
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3.3.3.1.2 Assignment of the Administrative Areas and Stops Name

It is seen from the figure (3.7) that there are some stops that lie outside of the Germany’s
administrative boundary. So, it is necessary to remove them before further processing.

In the visualization tool stops name will be shown in the pop-up. Which is why stops name has to be
imported in the transit service frequency layers. Even though, section (3.3.2) generates stops feature
still section (3.3.1) was carried out because stops feature from the Transit Data Model does not
contain stops_name field.

Administrative areas also need to be included with the transit service frequency layer for user
interactions. By the following model (3.3) transit stops outside of Germany’s boundary has been
removed as well as assignment of public transit stops name and administrative areas has been done.

Removing

Freguency Layer > oudtgelerns‘.r%nd » [Intermediate

(Input) administrative S

/ area
P
Administrative
Layer (Input) Stops Layer

Join Operation —® Spatial Join

e

Match Option

P

__, Final Frequency
Layer

P
Remove non
relavent fields

Model 3.3: Assign Administrative Areas and Stops Name

Collected administrative data does not provide States and Municipalities name in same layer. Instead
in VG250 _GEM layer, SN_L field contains associated states number. So, in this step, States name
were assigned from VG250 L AN with each frequency layer using Join Field in ArcGIS Pro. This
tool was run in batch so that processing takes less effort and time.

3.3.3.2 Transit Service Frequency at Grid Level

To calculate transit service frequency at grid level, weekend frequency layers generated from section
(3.3.3.1) and weekdays frequency layers from section (3.3.3.1.1) were used. In this section modelling
of grid level transit service frequency are discussed.
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3.3.3.2.1 Assigning Weight in Transit Service Frequency

There are differences in capacities of transport modes used in local and regional transport. Ehrig
(2020) used mode factor to solve this issue. Present study addresses this difference by using same
mode factor for regional transport. In this step, transit service frequency of regional transport was
multiplied by mode factor (equation 3.1).

Equation 3.1: Weighted Transit Service Frequency

Fw=Fch* M.F

Note: In this equation, Fw refers to weighted frequency per hour for regional transport; Fch refers to
frequency per hour and M.F refers to mode factor which is 5 in this case.

Add Field

]
Calculate Field

0

Model 3.4: Calculate Weighted Transit Service Frequency
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3.3.3.2.2 Merging Local and Regional Transit Service Frequency

For modelling transit service frequency at grid level local and weighted regional transit frequency
were merged in this step. This has been done using following model (3.5).

P P
Input Datasets — Merge —* Merged Layer

p

Field Map

Model 3.5: Merge Local and Regional Transit Service Frequency

Note: During the model execution, field map was used to calculate sum of local and weighted values
of regional transport service frequency.

3.3.3.2.3 Assignment of the Administrative Areas and Removing Outliers

In this step, administrative areas were assigned to combined frequency layers and frequencies that
are outside of Germany’s boundary were removed.

Removing P

outliers and
Frequency Layer __ defining

(Input) administrative

/ area
P

Administrative
Layer (Input)

Combined Layer
with Boundary

Model 3.6: Assign Administrative Areas and Remove Outliers

3.3.3.2.4 OSM Data Preparation

There are many available layers in OSM data, such as: highway, barrier, cycle way, track type,
waterway, railway, airway, aerial way etc. (Al-Bakri, 2018). From the collected OSM dataset
gis_osm_roads_free 1 layer was used to build street network dataset. This data is then georeferenced
as the IOER standard projection system used for Public Transit Data Model.
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3.3.3.2.5 Modeling Distance Indicator

To model the pedestrian accessibility to the transit service stops location, origin-destination cost
(distance indicator), stops locations of local and regional transport were merged.

Iso-Area as Interpolation (from Layer):

Following processing step has been done in QGIS version 3.6.0 using QNEAT3 IsoArea Algorithms
(Raffler, 2018). The output is an interpolated distance that starts from multiple points (in this case
stops location). The algorithm applies TIN-Interpolation method. The output is a distance-based
raster layer. This method is useful for multi-criteria analysis related to accessibility1. This algorithm
has been used in several studies (Demaria et al., 2022; Kucukali et al., 2022; Vendrametto Granzotti
et al., 2022).

Parameters:

Network Layer: OSM filtered road data was used as the network layer.

Start Points Layer: Combined stops locations for Verkehrsverbund Oberelbe (VVO) service
area was used as start point layer.

Size of Iso-Area: As discussed in previous section (2.1.2.2) a Euclidean buffer of 400m is
recommended (Federal Transit Administration, 2012), previous studies used 450m (Ehrig, 2020),
700m (Fayyaz et al., 2017) and 800m (Liao et al., 2020) in their studies. This study considers
500m as the walking distance that a transit service user wants to consider as the maximum
distance from his location to transit service stop. So, in this case 1000 m distance was used as the
input of I1so-Area size.

Cellsize of Interpolation Raster: The cellsize depend on the analysis criteria. In this study
1000m (1KM) has been used, as modeling of the grid level transit service frequency will be done
for 1KM grid.

Data Preparation:

This study proposed to calculate transit service frequency at grid level for Germany and until this
step all processing was done for whole Germany. But, due to computational cost and time limitation
only the VVO service area has been selected to model at station level frequency (please refer to
section 5.4 for more details). The service area map was manually prepared by author, with reference
to Topographic route network map? and VG250 _GEM, VG250 KRS data. Combined stops location
as well as OSM data were clipped using previously created VVVO area layer for further processing.

! https://root676.github.io/IsoAreaAlgs.html (Accessed August 2022)
2 https://www.vvo-online.de/img/VVVVO-Liniennetzplan-topografisch.jpg (Accessed August 2022)
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OSM Data Filter:

As pedestrian do not have access to some roads, they are excluded from the calculation (Bduttner,
2018). In this case “motorway”, “motorway link”, “trunk” and “trunk link”. The following block
shows the filter used to exclude these road types.

"fclass™ 1="motorway' AND "fclass" !="'motorway_link' AND
"fclass” 1= "trunk’ AND "fclass" = "trunk_link'

Figure 3.9: Filtered OSM Data and Transit Service Stops Location

Note: Above figure (3.9) shows the combined stops locations and filtered OSM road data at VVO
service area.
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*! |so-Area as Interpolation (From Layer)

Parameters Log
Metwork Layer
" wvo_osm_projected [EPSG:25832]
Selected features only
Start Points
stops_vvo [EPSG:25832]
Selected features only
Unigue Point ID Field
123 OBIECTID

- 5 (’%

- 5 (’%

Iso-Area as Interpolation
(from Layer)

Generak

This algorithm implements iso-area analysis to
return the network-distance interpolation
for a maximum cost level on a given
network dataset for a layer of points.
It accounts for points outside of the
network (eg. non-efwork-slements) and
increments the iso-ar cost regarding to
distance/default speed value, Distances are
measured accounting for ellipsoids.

Flease, only use a projected coordinate
system (eg. no WGS84) for this kind of

analysis.
Size of Iso-Area (distance or time value)
Parameters (required):
Following Parameters must be set to run the
algorithm:

1000.000000 a |3

Cellsize of interpolation raster

- * Network Layer

1000 a > * Startpoint Layer

* Unigue Point ID Field {(numerical)

* Maximum cost level for Iso-Area

* Cellsize in Meters (increase default
when analyzing larger networks)

® Cost Strategy

Optimization Criterion
Shortest Path (distance optimization) -
p Advanced Parameters

Qutput Interpolation

Parameters (optional):

There are also a number of apfional parameters
to implement direction dependent shortest

paths and provide information on speeds on
the netwnrks ednes

M: fZuarbeiten/Imtiaz/data/ODmatrix fiso_interpolation_vvo. tif a

V| Open output file after running algorithm

| 0% Cancel

Run as Batch Process... | Run | Close

Figure 3.10: Modeling Distance Indicator

Note: Figure (3.10) shows the data and parameters of modeling Distance Indicator by 1SO-Area as
Interpolation

3.3.3.2.6 Data Transformation

The resulted output is a raster layer. To use the output raster in further processing, data transformation
is mandatory, as ArcGIS dashboard doesn’t support raster data. In this step raster output transformed
into vector layer.

Float to integer: Before transforming the raster layer into vector layer, data conversion became
necessary. Float values were converted into integer for further operation.

Raster to vector: In this step converted raster layer was transformed to vector layer using built
QGIS function Polygonize (Raster to Vector).
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Figure 3.11: Distance Indicator Vector Layer and Stops Location

3.3.3.2.7 Joining Distance Indicator and Weighted Frequency Layer

The converted distance indicator vector layer was joined with each weighted frequency layers using
following model (3.7).

P
Spatial Join

Model 3.7: Join Distance Indicator and Weighted Frequency Layer
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Note: During the model run, field map option was used to sum frequencies of all stops location in
one grid cell.

3.3.3.2.8 Transit Service Frequency Indicator

To calculate transit service Frequency Indicator the following model (3.8) has been used.

Equation 3.2: Transit Service Frequency Indicator

FI = YFw/DlI

Note: In this equation (3.2) FI refers to Frequency Indicator; Fw refers to weighted transit service
frequency (calculated in section 3.2.2.2.1) and DI refers to Distance Indicator.

P
Input Frequency
Vectar Layer

N

FieldType —» AddField ~— Updated Input

Table

7 .

Field Name - Frequency
—> —> .
(Existing or New) Cellalietts (L Indicator Layer

e

Field Alias Expression

Field Name

Model 3.8: Calculate Frequency Indicator

3.3.3.2.9 Disparity Index (Anselin Local Moran’s I) Calculation

Studies shows that Local Moran’s Index can show spatial disparities (please refer to section
2.1.3.2.1). In this study Anselin Local Moran’s Index was used to analyze cluster and outliers.
ArcGIS Pro built in tool Cluster and Outlier Analysis (Anselin Local Moran’s I) used in this case.

Data Transformation: Moran’s Index assume normally distributed values (Stieve, 2012 cited in
Ehrig, 2020). To start the analysis normality is checked first. Figure (3.12) shows that the Frequency
Indicator is not normally distributed. To obtain normal distribution the square root value was
calculated from Frequency Indicator, still the value was not normally distributed. So square root
performed for a second time. Figure (3.13) shows the normal distribution of Frequency Indicator
after transformation.
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Distribution of Frequency Indicator

g B — M 5921

0 0,2 03 0,5 0,6 08 1 11 13 14 1,6 18 19 2,1 2,2 F’Z:quenzc,: Indil(,;tor 2,9 3 32 34 3,5 3,7 38 4 4,2 4,3 4,5 4,6 4,8 5 51

Figure 3.12: Frequency Distribution without Transformation
Distribution of Frequency Indicator Square Root 2

é o — Mean : 0,54819
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Figure 3.13: Frequency Distribution with Transformation

Parameters:

Distance Method: Euclidean

Distance Band or Threshold Distance: For polygon feature, centroids are used in distance
computations. In this study, 2000m threshold was considered. Figure (3.14) represents a grid cell
with its neighboring 8 cells within 2000m threshold.

Figure 3.14: Distance Threshold for Local Moran’s Index
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Number of Permutations: This is used to determine how likely it would be to find the actual
spatial distribution of the Frequency Indicator®. In this case permutations (9999) used for the
calculation.

weekdays_co..
P
4
Input Layer
A Index Field
Name
A /
[ A
Input Field . !/
[/
\ \-. / /.
SN [/ ZScore Field
A I MName
P e "4 Clusterand /7
of Spalial U\ Ouflier Analysis -7
Relationzhi A (Anselin Local
onships /,d Moran'sI) 1\ “a
gy, \\\ | Probability Fisld
i LY
I AT
{ \ N
DlsthE‘ﬂl7/ \i
/ I\ul
/| Cluster Qutlier
u] o/ /O Type
Distance Band
O orThresheld O X
Distance
o O m|
Source ID
P
Nu'lllmr_ of

Model 3.9: Calculate Local Moran’s Index

Even though the input weighted Frequency Indicator layer had administrative field, the output

Local Moran’s Index layer doesn’t have administrative layer. So, in this step, State and

Municipalities field were added to Local Moran’s Index layers.

3.4 Interactive Web-map Design

It is crucial to know the design guideline to create an interactive design so that the users can
manipulate according to their needs and preference of Cartographers. Web-map design was
carried out from the outcomes of the theoretical background related to design principles (section
2.3) and considering existing applications (section 2.2).

! Cluster and Outlier Analysis (Anselin Local Moran's I) (Spatial Statistics)—ArcGIS Pro | Documentation
(Accessed November 2022)
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3.4.1 Expected Outcomes

After carefully reviewing literature and related visualizations author decided to include the
following features in the web-map. With a view to provide necessary interactive functions the
visualization application will offer following features.

a) Labels and Legends: Labels and legends will be included in the interface so that user can
investigate.

b) Navigation Panel (Map Panel Name, Menu): Navigation panel will have Filter panel, Menu,
Map panel name so that user can navigate through different interactivity.

c) Search and Filter Function (State, Municipalities): Search function allows the user to find
any location on the map. Filter function enables the user to filter data on the basis of spatial

aggregation.

d) Retrieve: The application will allow the users to see small amounts of information with pop-
up.

e) Supplemental Graphs (Histogram): Supplemental graphs will show users the overall transit
service frequency in municipalities level.

f) Supplemental Information (Index, Table): Index and table will allow the users to see
generalized data on the basis of map extent.

g) Comparison Window: Comparison window will be included to allow the users to compare
data on the basis of weekdays or different time of the day as well as within different location.

h) Customizable Interface: With this option users can manipulate the interface that will allow
them more flexibility.

i) Overlay: Users will have opportunities to overlay some data to perform comparison and
detailed investigation.

j) Download Summary Data: With this option users will be able to download summary data.
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3.5 Evaluation of the Visualization Application

It is important to perform interaction/usability assessment activities to understand if the
developed application work well or not (Robinson et al., 2005). It is a process that requires
different actions such as collecting data, analyzing them, and suggesting solution (lvory & Hearst,
2001). Traditionally usability tests are done in usability laboratory involving experts in user-
interface design and testing (Abras et al., 2004). There are different approaches of interface
evaluation (Roth et al., 2015; Ivory & Hearst, 2001). Roth et al., (2015) classified them into three
categories. These are as follows:

a) Expert-based methods: Accept input and feedback from relevant expert.
b) Theory-based methods: Evaluate using theoretical framework.
c) User-based methods: Conduct user survey and accept input and feedback.

Expert-based evaluation: This method include expert in user interaction to analytically evaluate
the developed interface and make decision about the usability design. The expert makes
suggestion to improve the interface in case the developed design violate guidelines (Nielson,
1993 cited in Hix et al., 1999). This is an effective method in the cartographic design process,
particularly for interactive map (Kostelnick et al., 2008). This method was used in different
research (Roth et al., 2015; Kostelnick et al., 2008; Hix et al., 1999; Richard & Egenhofer, 1995).
In this study the author has adopted expert-based methods to evaluate the visualization tool. This
method is particularly helpful when small set of experts are available (Roth et al., 2015).

This section provides more details on the method of survey, participant information and
evaluation method.

Participants: For the qualitative evaluation of the designed interface two participants were
selected from IOER working on similar background (Visualization and Cartography). It is
important select someone which is not part of the team (Roth et al., 2015). These participants
were from same research area of IOER. But they were not communicated during the development
phase, so they had no prior knowledge about the visualization tool.

Assessment method: The author has participated in a discussion which started with short
presentation, following the similar approach in Kostelnick et al. (2008) and Richard & Egenhofer
(1995). Presentation also included demo of designed interface. After the presentation the
participants were involved in open discussions and gave feedback. They also had chance to
explore the visualization tool. However, feedbacks were also collected through a questionnaire
(please see appendix for more details). The participants were asked 5 questions about utility and
12 questions about usability of the application. There were 7 negative questions out of 17. These
questions were constructed to get ratings on the scale of 1 to 5 where 1 represent disagree and 5
means agree.
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Chapter Four

INTERACTIVE WEB-MAP DESIGN AND
EVALUATION

In this chapter the methodology for creating interactive web-map-based visualization application
is discussed in detail. The outlook of the designed application also explained in this section.
Finally, the outcome of the expert-based evaluation is presented in this chapter.

4.1 Data Design

The processed data, described in section 3.3 were uploaded into ArcGIS online server so that they
can be used to create ArcGIS Dashboard based visualization tool. This tool is named as
PubTraDis Visualization which stands for Public Transit Disparity Visualization.

4.1.1 Web-map Design

ArcGIS Dashboard require web-map when it comes to map visualization. In this step four
different web-maps were created so that they can be integrated into Dashboard.
These are:
a) Local (shows station level transit service frequency per hour for local transport),
b) Regional (shows station level transit service frequency per hour for regional transport),
c) Raster (1KM) (frequency indicator in 1KM raster grid),
d) Disparity Index (Local Moran’s CO Type in 1KM raster grid).

4.1.1.1 Group Layer

To allow more user flexibility, layers are grouped into two. These layers can be turn on or off
individually or by group. The following table shows the layer grouping for different web maps.
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Table 4.1: Layer Groups in PubTraDis Visualization

Local & Regional map Raster (LKM) map Disparity Index map

- Dot Map = Combined Frequency = Combined Frequency
‘Weekdays Morning Nee q Nea 1
Weekdays Afternoon Mea frei Moo fra
Saturday Maorming . o
Saturday Afternoon P— fternc
Sunday Morning o o
Sunday Afternaan clay Afternao clay Afternac

= Heat Map w Frequency Indicator - Local Moran's Index
Weekdays Morning Weekdavs Morning Wee q
Weekdays Aftemoon Moo fre Wee ft
Saturday Morming - g
Saturday Afternoon P— fternc
Sunday Morning d "
Sunday Afternoon dav Afternaor clay Afternac

4.1.1.2 Layer Visibility Range

In PubTraDis Visualization two different layers visibility range was set for Local and Regional
Map. As not all data requires same zoom level and therefore doesn’t need to be displayed in all
levels?, dot map and heat map layers visibility were set in different level.

Table 4.2 Visibility Range in PubTraDis Visualization

Dot Map Heat Map
Visible range . Visible range ~
G @ G0
States ™~ Room ™ States ™ Town ™

! https://doc.arcgis.com/en/arcgis-online/reference/set-visibility.htm (Accessed November 2022)
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4.1.1.3 Pop-up Design

Not all the information is equally important to the users. So, to configure the pop-up only relevant
information were chosen during the pop-up configuration. The following table shows the chosen
field in each layer group for pop-up design.

Table 4.3: Pop-up Design in PubTraDis Visualization

Frequency Layer: Local, Weekdays Morning: A X
Regional
Combined Frequency Layer: Stap Name Dresden Theaterplatz
Raster (LKM), Disparity Index Stop ID 290253
Frequency PerH 7.00
M & Dresde
e | > CNse|
Frequency Indicator Layer: ~ ]
- A X
Raster (1K|\/|) Weekdays Morning:
arid ID Ja48
Freque | I L

Local Moran’s Index Layer: Weekdays Morning:
Disparity Index

4.2 Data Visualization

As discussed in section (4.1.1) PubTraDis Visualization has 4 different maps groups, which
represent different data with different visualization styles. The following table shows the
visualization style applied in different layers and associated visual variable with their color
scheme. To make the data understandable to the users, different data classification methods were
chosen with respective to data properties. For example, data were manually classified in to 5 class
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(less than 1 transit service per hour excluded) for Dot Map. On the other hand, quantile-based

classification was chosen for Frequency Indicator layers.

Table 4.4: Visualization Style Used in PubTraDis Visualization

Visualization | Layer Name Map Name | Visual variable | Color scheme
Style
Color Dot map Local, Color
(Sequential) Regional Above 15
10-15
5-10
3-5
1-3
Color Heat map Local, Color
(Sequential) Regional High
Low
Color Frequency Raster Color
(Sequential) | Indicator (IKM) 3rd Quantile
2nd Quantile
1st Quantile
No Service
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High - High

Color Local Moran’s Disparity Color
(Diverging) Index Index I

Low - Low

High - Low
Low - High

Not Significant

4.2.1 Map Visualization

4.2.1.1 Dot Map

PubTraDis Visualization offers 12 dot maps (with visibility range from States-Room) visualizing
station level transit service frequency for local and regional transport. To reduce visual density at
smaller scales, this tool adopted scale-based symbol sizing while retaining an appropriate relative
size at larger scales.

Dot Map

Weekdays Morning

Frequency Per Hour
+ Above 15
+ 10-15
-10
3-5

1-3

Figure 4.1: Dot Map Showing Berlin during Weekdays Morning

Note: This dot map is showing transit service frequency per hour for local transport in Berlin,
Germany for weekdays morning.
4.2.1.2 Heat Map

Transit service frequency are calculated along the station level for the whole Germany, therefore
Heat map in PubTraDis Visualization will allow the users to have an overview of spatial
disparities among different areas. There are in total 12 heat maps along with visibility range from
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States-Town. Layer blending was kept normal, and transparency was set to 30% for all heat map
layers.

Heat Map

Weekdays Morning

Frequency Per Hour

<« High

Figure 4.2: Heat Map Showing Saxony during Weekdays Morning

Note: This heat map showing transit service frequency per hour for local transport in Saxony
state, Germany for weekdays morning.

4.2.1.3 Choropleth Map

PubTraDis Visualization offers 12 choropleth maps for the users. 6 of them visualize Frequency

Indicator in Raster (IKM) map and others show Local Moran’s Cluster/Outlier (CO) Type in
Disparity Index map group.

Frequency Indicator

Weekdays Morning

Frequency Indicator

. 0.0136-5
. 0.0031-0.0136

0-0.0031

Mo Service

Figure 4.3: Choropleth Map Showing Frequency Indicator

Note: This choropleth map is showing frequency indicator in VVO area for weekdays morning.
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Local Moran's Index

Weekdays Morning

CO Type
Iy High-High (245)

. Low-Low (73]

High-Low (26)

Py Low-High(17)

Not Significant (1361)

Dresden

Figure 4.4: Choropleth Map Showing CO Type

Note: This choropleth map is showing CO Type in VVO area for weekdays morning.

4.3 Data Aggregation

4.3.1 Spatial Aggregation (Map)

The interface offers 24 indicator tabs, which are by default, aggregated along the map interface.
The aggregation dynamically changes when users perform zooming, panning, or scrolling.

4.3.1.1 Administrative Boundary (State, Municipalities) Based Aggregation

PubTraDis Visualization will allow the user to see different degrees of details. Processed transit
service dataset is aggregated based on administrative level. As originally the data is for whole
Germany, it is primarily aggregated on country level which provide overview of visualized
dataset. Further aggregation has done based on State and Municipalities level. For the aggregation
field related to states and municipalities were used. This boundary-based aggregation allows the
users to use two different filter options to select states and municipalities in PubTraDis
Visualization.

Administrative boundary based also produce 12 charts and 12 tables in interface. These has been
done using municipalities field alias in the associated layers.
4.3.1.2 Grid Level Aggregation

Transit service frequency per hour for local and regional transport have been aggregated in Grid
level as well (please refer to section 3.3.3.2 for details methodologies). The Frequency Indicator
and Disparity Index map group PubTraDis Visualization shows the Grid level aggregated data.
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4.4 User Interface

This section discusses about the interface of the PubTraDis Visualization, accessible from
(https://tinyurl.com/2pmz6hw7). Screenshots are added from the interface to provide examples.

[ ] 4) Filter<—[ ] [ -
|
: l- ot f s 7) SM Frequency Per Hour (Weekdays Morning) 2) Menu
e 1) Title 8) Home ;
\ . : 60.3k &
9) Legend <= Loca12) Indicator
10) Layers
panel
11) Basemap switcher
s ey Int'\enra:‘zce " ables
sidebar (filter) e Ares
% .
6) Map scale 14)
§) Map navigation . - Reset
: G o W SR oo layeout

Figure 4.5: User Interface of PubTraDis Visualization

1) Title: Title of the tool is placed on the top-left corner of the interface.

2) Menu: Menu is placed on top-right corner of the interface. In the menu, user can choose
Comparison window, details information of the tool from About PubTraDis & User Guide.
Comparison window will take the user to a new interface where they can perform a comparison
between two map elements. Details are discussed in section 4.5 (i).

Signed in as: i.uddin_ioer

Comparison Window

About PubTraDis & User
Guide

Sign out

Figure 4.6: Menu in PubTraDis Visualization
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3) Collapsible Sidebar (Filter): This is placed in mid-left section of the interface. This will allow
the user to filter States.

Select a State

| Q. [earch..

Baden-Wirttemberg
Bayern

Berlin

Brandenburg

Bremen

Hamburg

Hessen
Mecklenburg-Vorpommern

Niedersachsen

Figure 4.7: Collapsible Sidebar in PubTraDis Visualization

4) Filter: On the left side of the menu, there is a filter option placed. User can select desired
municipalities from this filter option.

5) Map Navigation: Map navigation is placed at lower left corner of the interface. From this
panel user can switch between Local, Regional, Raster (1KM) and Disparity Index map.

Map Interface: Map Interface comprises with elements 6 to 11.
6) Map Scale: Map scale is placed just above the map navigation.

7) Search: Search is placed at the upper side of the map interface (4" from the right to left
side).

8) Home: Home is placed at the right side of the search option.
9) Legend: Legend is just right side of the home option.
10) Layers Panel: Layers panel is placed at the right side of the legend option.

11) Basemap Switcher: Basemap switcher is situated at the right side of the layers panel.
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12) Indicator: Indicator is placed below filter and menu options. There are 24 tabs for indicator.
These are named after the information shown by them. For example, Frequency Indicator
Weekdays Morning Local means the number of total frequency per hour of the map area (subject
to change when a filter is active). Users need to select the respective day and time manually to
investigate the relation in the map layer.

Indicator Parameters:

Frequency: Total number of frequency per hour
Frequency Indicator: Frequency Indicator (average)
Local Moran’s index: Local Moran’s Index (average) (Greater than or equal to 0)

13) Charts & Tables: Charts and Tables are placed beneath Indicator in the interface. There are
12 charts and 12 tables in the interface. Each chart shows the sum of frequency per hour by
municipalities in the map interface (subject to change when a filter is active). Only the top 5 are
shown here. The charts names are identical to the transit service frequency layers. For example,
Frequency Weekdays Morning Local represent transit service frequency of local transport during
weekday’s morning.

The frequency Indicator table provides statistics of the average Frequency Indicator at the grid
level and is grouped by Municipalities in the map interface (subject to change when a filter is
active). The table names are also identical to the related layers. For example, Frequency Indicator
Weekday’s Morning represent Frequency Indicator Weekday’s Morning layer information.

Table Parameters:
Local Moran’s Index table provides statistics of LM Index (Average) (Greater than or equal to

0), Z Score (Average), and P Value (Average) grouped by Municipalities in map interface
(subject to change when a filter is active).

14) Reset Layout: This is placed at bottom right corner of the interface.
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4.5 Interactive Elements

a) Zoom-in & Zoom-out Users can zoom in and zoom out in PubTraDis Visualization. They
can either scroll or use icon '+ |— from the map interface.

b) Default Map View: This option will allow the user to return default map view of PubTraDis
Visualization.

c) Retrieve (Pop-up): PubTraDis Visualization allows user for deeper examination by pop-up.
When they click a station or grid in the map interface, a pop-up window shows details about
that feature (please refer to table no 4.3 for more details).

d) Search and Filter (State & Municipalities): Users can search any place in PubTraDis
Visualization with search option.

State Selector (Collapsible Bar): Users can select one or more States at a time. To deselect
any State, they can double-click on that State name or use the reset option.

Municipality Selector: It will be activated after at least one state is selected. Users can select
only one municipality at a time. For example, with the Bavaria state selected users can select
any municipality from Bavaria.

Dot Map

Weekdays Afternoon

Frequency Per Hour

'1),,.‘7

B ,w&%ﬁu\%

Figure 4.8: Transit Service Frequency in Bavaria.

Note: Above figure (4.8) is showing transit service frequency per hour in Bavaria during
weekdays morning.
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Dot Map

Weekdays Afternoon

Frequency Per Hour

Figure 4.9: Transit Service Frequency in Augsburg, Bavaria.

Note: Above figure (4.9) is showing transit service frequency per hour in Augsburg, Bavaria

during weekdays morning.

e) Layer Visibility: PubTraDis Visualization offers the user to turn on and off any layer group
as well as an individual layer within the group.

Layers s
- & DotMap

@& Weekdays Moming

&> Weekdeys Afterncon

Figure 4.10: Layer Visibility Option in PubTraDis Visualization

f) Basemap Switcher: PubTraDis Visualization offers users to select a number of basemap. This
enables them to investigate the data with more flexibility. This is particularly helpful for
performing overlay.

g) Overlay: Some of the data are possible to overlay on top of one another. For example, in the
“Raster (1KM)” map users can overlay the combined frequency layer on top of the Frequency
Indicator layer. This helps them to investigate the changes of Frequency Indicator in different
grid. Same goes for “Disparity Index” map.
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Figure 4.11: Overlay of Combined Frequency and Local Moran’s Index layer

Note: Above figure (4.11) is showing the overlay of Combine Frequency and Local Moran’s
Index layer in Disparity Index map group. With this option users will be able to see the combined
transit service frequency per hour of each station in certain grid cell. And relate the disparity
index.

h) Customizable Interface: The interface is customizable. Users can change the size of the map,
index, and chart tab.

i) Comparison Interface: Comparison interface is one of the important interactivities available
in PubTraDis Visualization. The following figure (4.12) is showing the interface of comparison
window.

Comparison: Users can select any layer from the left map interface and either the same layer
or a different layer from the right map interface depending on their comparison criteria.

Filter: State and Municipalities filter also independent in both maps. For example, they can
select Berlin on the left map and Munich on the right map. Like the main interface of
PubTraDis Visualization, Municipality filter of comparison window activate after State
selection and depends on the selected State.

To investigate all information related to a map layer users need to select the same name in the
indicator and charts/table panel. These names contain either left or right which is identical to
the map. For example, a user wants to investigate Weekdays Morning Frequency Indicator for
VVO on the left map and Saturday Morning Frequency Indicator on the right map. Then user
need to turn on the layer Weekdays Morning in Frequency Indicator group layer from the left
side “Raster (1KM)” map tab and Saturday Morning in Frequency Indicator group layer from
the right side “Raster (1KM)” map. From the charts/table tab they also need to select
Frequency Indicator Weekdays Morning (Left) for the left map statistics and Frequency
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Indicator Saturday Morning (Right) for the right map statistics. The same goes for the indicator
tab.

Subject to click collapsible bar

Left Map

Sserlanc

Right Map

Left Map Filter

Right Map Filter

LcerftuMap

Right Map

| ===

Interface Interface
Left Map Charts Right Map ou (Weskdays Moming
& Tables Charts & Tables

176.6k R

Leﬁ Map

Indicator

200.3k @

Right Map
Indicator

Figure 4.12: Comparison Window in PubTraDis Visualization

Frequency Indicator
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Frequency Indicator Weekdays Morning Frequency Indicator Saturday Morning

Municipalities Frequency Indicator Municipalities Frequency Indicator
Dresden 02898 StadtWehien 00829
MeiBen 0208 Rathen 00655
Heideneu 01526 00645
Redebeul 01314 00545
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4 Fi kdays Morning (Left » ‘4 4 t n Rig » “ g

Frequency Indicator

Weekdays M

0.0592

orning

Frequency Indicator

Saturday Morning

Frequency Indicator

Frequency Indicator

0.0134

Saturday Morning

Figure 4.13: Comparison between Weekdays and Weekend

Note: Above figure (4.13) is showing the comparison window in PubTraDis Visualization. In
this comparison, Weekdays Morning Frequency Indicator is selected on left map and Saturday
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Morning Frequency Indicator is selected on the right map as well as associated tables and

indicators tab.

j) Reset Layout: Reset layout @ option allows the users to reset the interface after any
changes made by them. This will also reset any filter or selection made.

Table 4.5: Interactive Functionalities in PubTraDis Visualization

Tasks Interaction | Snapshot from PubTraDis Visualization
Zoom Clicking, '
SCfOlling, P, Basemaps X
Default map | Clicking -+ : Lt
view |
- - - - magery
Navigation Clicking — o
| BHE 4
Basemap BE .
SWItCh . ¥ Imegery Hybrid
Loca Regiona Raster (1KM) Disparity Index
Layer Clicking
visibility
Layers e
v @& Dot Map
@ Weekdays Moming
ey Weekdeys Afterncon
Search Typing ‘ ‘
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Filter Clicking, Select a State
typing
Q, Search...
Select a Municipality
Mone
Q. Search...
. None
Abenberg
Retrieve Clicking,
hovering Weekdays Morning: 3 X
Grid ID 3,788
Frequency Indicator 243
Municipalities Dresden
State Sachsen
c
Augsburg:3.9% .
£
) -
Minchen Nirnberg AugsburgRegensburgWirzburg
Overlay Clicking,
relating
Customizable | Clicking
interface
Comparison Clicking,
zooming,
relating
Reset layout | Clicking
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4.6 Evaluation Outcomes

4.6.1 General Information of the Participants

The participants have more than 10 years of experience in the field. They were asked about the
frequency of interactive web-based map use. Results shows that both of them uses interactive
web-based map at weekly basis.

4.6.2 Interface Interaction

The participants had chance to interact with the interface. They were asked five questions on the
basis of their interaction.

4.6.2.1 General Outlook

They were asked about the preference of general settings of the interface. It is seen from the
figure (4.14) that both of them prefer map at left and supplementary information at right which
is also present outlook of the interface.

@ Map at top and supplementary
information at bottom

@ Map at bottom and supplementary
information at top

Map at left and supplementary
information at right

@ Map at right and supplementary
information at left

@ Other

Figure 4.14: Interface Outlook Preference

4.6.2.2 Visualization Style

Mixed response found from the participants about the visualization style. One of them prefer only
Dot Map for the station level frequency. On the other hand, another opined that he would prefer
both Dot map and Heat map for the station level frequency.

For the visualization of Disparity Index one participant agree prefer the current CO Type map
visualization and another opined that he would prefer Local Moran Index (LM Index) map instead
of CO Type map.
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4.6.3 Utility and Usability Rating

As the written questionnaire formulated to get feedback from the participants, the following
section shows the outcome of the evaluation.

4.6.3.1 Utility

In this evaluation, 4 positive and 1 negative question were asked to get insights about the utility
of the PubTraDis Visualization. The following table 4.6 shows the result of utility rating.

Table 4.6: Participants’ Response to Utility Ratings

S.N. | Utility Rating 1 2 |3 4|5 | Average
Disagree Agree

1 | would use PubTraDis Visualization frequently for 1 |1 2.5
my work

2 This tool would contribute to spatial disparity 2 |5
analysis in public transit research

3 PubTraDis Visualization is a novel approach to 1 114
investigate spatial disparities in mobility service
frequency

4 It has sufficient information to explore spatial 111 3.5
disparity in mobility service frequency

5 PubTraDis Visualization does not provide useful | 1 1 2
interactivity to analyze spatial disparity in mobility
service frequency

Average Rating for Positive Questions (4) 3.8

Rating for Negative Questions (1) 2

Overall Average with Negative Questions Inversed 3.4

Overall ratings on the utility of PubTraDis Visualization were mixed (table 4.6). Positively
phrased questions received an average of 3.8 out of “5” and negatively phrased question received
2 out of “5”. Thus, overall average rating was 3.4 just slightly above the “3” or meaning which
is midpoint on the scale. It is seen from the table that the participant strongly agreed on the second
question related to contribution to spatial disparity analysis in public transit research. Also
question no. 3 and 4 got positive support. These questions were related to the novelty and
competence of PubTraDis Visualization.
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4.6.3.2 Usability

In this questionnaire equal number of positive and negative questions were asked to get insights
about the usability of the PubTraDis Visualization. The following table (4.7) shows the result of
usability rating.

Table 4.7: Participants’ Response to Usability Ratings

S.N. | Usability Rating 1 2 |3 4|5 | Average
Disagree Agree

1 PubTraDis Visualization was easy to use 2 3

2 Additional information required to use the tool 1 113

3 I was confused with the interactive tools and felt 1 1 3
uncomfortable
Customizable interface was unnecessary 1 1 2

5 Filter options are convenient to use and add value to 2
the tool

6 Pop-up windows add extra value to the tool 1|1 1|45

7 Supplementary information (Chart/Table) does not | 1 1 1.5
add any value in the interface

8 Data download option is not important for the tool | 1 113

9 The comparison window is easy to use and add value 1 114
to the tool

10 | Comparison window does not provide adequate 1 |1 2.5
options for detail analysis

11 | The visual design of PubTraDis Visualization is 1 1 (35
well standard

12 | PubTraDis Visualization ~comply  with  basic 2 4
cartographic principles

Average Rating for Positive Questions (6) 3.8

Rating for Negative Questions (6) 2.5

Overall Average with Negative Questions Inversed 3.2

From the table (4.7) it is seen that there is no similar pattern of the ratings, and they are mixed.
Positively phrased questions received an average of 3.8 out of “5” while negatively phrased
questions got an average of 2.5 out of “5”. It can be said that the participants were neither agree
nor disagree on the usability of the PubTraDis Visualization as the overall average ratings was
3.2 out of “5”. Participants were agreed (4 out of “5”) on the compliance of basic cartographic
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principles of PubTraDis Visualization. Question no. 6 got highest ratings which was about pop-
up. On the other hand, question no. 7 got lowest rating (1.5 out of “5”) which was negatively
phrased. They agreed that comparison window was easy to use and add extra value to the
visualization tool (4 out of “5”). Similarly, participants also agreed that filter options were
convenient to use and add value to the tool. Interestingly, participants ratings on question no. 2
and 8 were completely opposite to one another. These questions were about the necessity of
additional information to use the tool and data download options of the tool.

4.6.4 Suggestions

Participants also gave some suggestions during the discussions. These are as follows:

a) Set same scale for both map interface in comparison window and link them together so
that same scale follows in both interfaces.

b) Set a bookmark location so that map can load fast.
c) Make sub layer for the tab name in the interface.

d) Integrate functionality so that after user selection into one map layer reflect related chart
and indicator tab and automatically visualize them on top.

e) Performance could be better for end user.
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Chapter Five
DISCUSSION

This chapter discusses the results in context to research objectives and research questions.
Limitations and challenges of the study also included in the last part of the chapter.

5.1. Objective 1

To identify and determine methods of exploring spatial disparities in public transit.

5.1.1 Exploring Spatial Disparities

RQ1A: What are the methods to explore spatial disparities in public transit?

Within the scope of present study several materials and method identified for exploring spatial
disparities in public transit. As for the tools researcher relied mostly on Esri ArcGIS Network
Analyst and OTP. From the study it is found that 10 studies used the first one and 8 used OTP
for their analysis (please refer to table 2.2 for more details).

Tools: In this study ArcGIS Pro was used for processing the raw data and GIS automation
techniques were used to develop a fast and reproducible data processing framework. All the tools
developed for this study are discussed in section (3.3) and submitted to IOER as per requirement.

In this study the author summarized different statistical approaches that used to explore spatial
disparities in public transit. Central tendency measurement was used in 7 studies whereas equal
number of studies also used measures of dispersion or variability. Local Moran’s Index used in 5
studies for the quantification of spatial disparities in public transit studies. Nevertheless, Gini-
coefficient also used in 3 studies for the spatial disparities analysis.

From the literature it is found that multiple types of graphs and maps used to display spatial
disparities in public transit. In this study, histogram was used to show aggregated data on
municipalities level. Moreover, section (2.1.4.2) reveals that Choropleth map used to show
disparities in different studies (Yan et al., 2022; Niedzielski, 2021; Farber & Fu, 2017; Farber et
al., 2014).
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5.1.2 Existing Applications Summary

RQ1B: What are the available visualization tools can be found online that used GTFS data?

A number of visualization tools are available on online that uses GTFS data. These tools are
mainly focused on visualizing spatiotemporal pattern. They are developed in order to visualize
operational characteristics of specific transit system (i.e., PubtraVis). That shows speed, flow,
density etc. of Calgary Transit system. On the other hand, Swiss Railways Network and TRAVIC
visualize movement of transit service.

There is a definite need of a visualization tool that can show spatial disparities in public transit.
PubTraDis Visualization is the first approach that can contribute to public transit research that
visualize spatial disparities in mobility service frequency.

5.1.3 User-centered Web-map Design

RQ1C: What are the user requirements and design parameters for interactive web-map-based
visualization?

Theoretical approach in combination with existing application played important role in work
domain analysis. Required functionalities for PubTraDis Visualization were identified from the
findings of work domain analysis. Also, data design and visualization ideas considered from the
literature and existing applications (please refer to section 2.2 for existing visualizations
examples)

5.2 Objective 2

To adopt open-source data for interactive web-map-based visualization of spatial
disparities in mobility service frequency.

5.2.1 GTFS Data Integration

RQ2A: How can the GTFS data be integrated to calculate mobility service frequency in best
possible spatial resolution?

GTFS data has been used in different studies (please refer to table 2.2 for more details). Findings
from section (2.1) suggests that no effort has been made so far in visualizing spatial disparities in
mobility service frequency. Within the scope of the current study, the author has developed
reproducible workflow so that the GTFS data can be integrated to calculate mobility service
frequency for whole Germany. The following figure (5.1) summarizes the workflow to calculate
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station level frequency and figure (5.2) represent the Frequency Indicator and Disparity Index
calculation.

Figure 5.1: Workflow to Calculate Station Level Frequency

Figure 5.2: Workflow to Calculate Frequency Indicator and Disparity Index
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Though in this study Frequency Indicator and Disparity index calculated only for VVO area due
to time limitation, the developed workflow will be applicable for any administrative level
(Country, States, Municipalities etc.)

5.2.2 Challenges in Multi-source Data Harmonization

RQ2B: What are the major challenges to harmonize required multi-sourced input dataset in

the calculation process of mobility service frequency in Germany?

5.2.2.1 Missing Data

Collected GTFS data of Germany comes with some missing data. Figure (5.3) depicts the
locations of missing data. In this study, no attempt has been made to calculate the percentage of
the missing data as there was no reliable source for exact number of public transits stops.

':l 5 ’~ \
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5.2.2.2 Geographical Reference

One of the challenges of multi-source data is the geographic reference of spatial data. Data should
maintain certain quality standard. Collected dataset for the study have different geographical
reference. For instance, OSM data comes with WGS 1984 projection, whereas administrative
data is projected in UTM zone 32, Ellipsoid GRS80, Datum ETRS89. In this study, IOER
standard geographical reference system has been followed to ensure the current practice and
further continuation of the research.
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5.3 Objective 3

To develop and evaluate a tool for interactive web-map-based visualization of spatial

disparities in mobility service frequency.

5.3.1 Web-map-based Visualization
RQ3A: How can the mobility service frequency be represented in the interactive web-map-based

visualization application?

In this study the author has adopted the UCD process from Robinson et al., (2005), where they
implemented a six stages of design process that involves user at each stage of the design.

5.3.1.1 Work Domain Analysis

To know the preset state of the research and user requirement and design principles this study
initiated with theoretical background which also fulfill the first objective.

5.3.1.2 Conceptual Development

This refers to the required feature outline derived from first stage (Robinson et al., 2005). The
author identified the required feature as well as the layout in this stage. The layout design and
functionalities iterate through the feedback of the supervisors.

QO

2
Indicator
Table

Tab 1 T3 |
First Idea Layout Mockup l
60.3k A =
° S
Final Interface First Prototype

Figure 5.4: Conceptual Development to Final Interface of PubTraDis Visualization

78|Page



5.3.1.3 PubTraDis Visualization

At this stage PubTraDis Visualization developed. In this study the final interface the author
adopted some feedback from the supervisors (First Prototype to Final Interface in figure 5.4) on
feature and functionality. Due to time limitation all suggestion were not implemented. JavaScript
Object Notation (JSON) file of the PubTraDis Visualization submitted to IOER as per
requirement.

Data design: In this study author combined standard exploratory data analysis techniques
and sophisticated statistical approach for the PubTraDis Visualization user. Frequency
Indicator data are aggregated by mean (Yan et al., 2022; Lou et al., 2019; Farber & Fu, 2017;
Farber et al., 2014). On the other hand, Local Moran’s Index was calculated and visualized
to show spatial disparity in public transit in grid level (Niedzielski, 2021; Allen & Farber,
2020; Huang, 2020; Wessel & Farber, 2019; Heppe & Leibig, 2017).

Map Visualization: Following the findings from theoretical approach, the author adopted
Choropleth map visualization to show spatial disparities in grid level. Moreover, PubTraDis
Visualization implemented Yan et al., (2022) techniques for the visualization of Frequency
Indicator. On the other hand, author has chosen CO Type data for displaying Local Moran’s
Index output following Niedzielski (2021).

5.3.1.4 Expert Evaluation
After the development of PubTraDis Visualization expert base evaluation carried out (please
refer to section 4.6 for more details).

5.3.1.5 Implementation

Once the feedback is collected, implementation stage begins. Due to time limitation the author
could not address all the suggestion in this stage (please refer to table 5.1 for more details).

Work Domain Conceptual PubTraDis Expert

; ) o ; ——>» Implementation
Analysis Development Visualization Evaluation P

Figure: 5.5 UCD Process Followed in PubTraDis Visualization
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5.3.2 Evaluation Summary

RQ3B: What are the evaluation outcomes of the designed application based on expert
opinions?

PubTraDis Visualization is the first visualization tool of its kind, that show spatial disparity in
mobility service frequency using public transit feed (GTFS) data. Expert base evaluation
outcomes suggests that general interface design is preferred by both of them. Though
visualization style followed previous studies, mix response found on that.

Utility outcomes indicate that PubTraDis Visualization is a novel approach and would contribute
to spatial disparity analysis in public transit research. Similarly, experts also agreed on the

compliance of basic cartographic principles in PubTraDis Visualization.

Experts’ suggestions on PubTraDis Visualization are listed in table (5.1) along with the
implementation state.

Table 5.1: Experts’ Suggestions on PubTraDis Visualization and Implementation

Suggestion Fixed?
Yes No
a) Same scale/link both windows No
b) Bookmark location Yes
c) Sub layer for tab name No
d) Functionality for linked selection No
e) Performance Yes (to some extent)

5.4 Limitations of the Study

a) Though, the research aim was to model spatial disparities for Germany, it could not carry out
grid level frequency calculation for the whole Germany. According to the initial plan, OSM data
was collected and processed for Germany. Due to computational cost Distance Indicator could
not calculated for whole Germany. It would take 14 days to complete with the high configured
computer facilities at IOER, which was not possible for author to monitor. On second attempt,
author reduced the study area to Saxony state which was also not possible to finish within desired
timeframe. Finally, relatively smaller VVerkehrsverbund Oberelbe (VVVO) service area in Saxony
were chosen. Following figure (5.6) showing the Distance Indicator modelling for Saxony.
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Figure 5.6 Distance Indicator by 1so-Area as Interpolation for Saxony

b) This research could not implement most of the suggestions from experts due to time shortage.

c) Since there was no new available GTFS data during the study period, automate update of
PubTraDis Visualization could not done, but in theory it is possible??

! https://learn.arcgis.com/en/projects/automate-updates-to-web-feature-layers-without-scripting/ (Accessed
December 2022)

2 https://www.esri.com/arcgis-blog/products/arcgis-online/administration/updating-arcgis-com-hosted-feature-
services-with-python/(Accessed December 2022)

8l|Page


https://learn.arcgis.com/en/projects/automate-updates-to-web-feature-layers-without-scripting/

5.5 Challenges of the Study

a) This research started with an understanding that it will adopt previously developed tool for the
raw data processing. But the tool was intended for specific transit service authority. After several
attempt, the author could not fit the tool to use that for GTFS data of whole Germany.
Consequently, author had to develop new workflow and tool for raw GTFS data analysis.

b) In the first phase of the study, author collected only local transit data for Germany (03-10th
July 2022). In the later stage, decision made to include regional transport data in the study. By
that time GTFS data was updated to (17-24th July 2022) at the source website. Unfortunately,
there was no data archive repository available for the previous GTFS data. So, author could not
collect regional transport data for the same period. As it was not known before author had to
collect new data for both local and regional transport and start data processing from the beginning.
A data repository should be developed so that one can make comparison between two-time
frames. This will also allow the researcher to make analysis on seasonal basis (if there is any
difference) as well as to find the ratio of missing data in each GTFS data.
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Chapter Six
CONCLUSION & OUTLOOK

6.1 Future Work

This study will contribute to further research related spatial disparities in mobility service
frequency. Current state of the PubTraDis Visualization can be used to perform analysis between
different States & Municipalities (station level frequency) as well as grid level analysis in
different Municipalities of VVO area. Nevertheless, following the same workflow, one can
perform country scale analysis. Further research would be possible by extending the present study
in different way. Some of the possible future research scopes are discussed here:

A) With the current Frequency Indicator one can analyze population impact in mobility services
frequency, for instance, to find out if population plays any role for high or low frequency.

B) Moreover, the Frequency Indicator can be combined with building level data. For instance,
research can be done to find the disparities in residential area and industrial are.

C) Furthermore, one can perform quantitative analysis based on current data to find transit
service users satisfaction on current service as well as measure the walk time index and
classify them in different zone.

D) One can create a reproducible workflow to automate new GTFS data integration (upon new
data availability) in PubTraDis Visualization from the current JSON file with little effort.

6.2 Conclusion

This study started with a systematic literature review to answer the method of exploring spatial
disparities in public transit. Interface ideas and required functionalities were then identified from
the analysis of the existing applications and reviewing design principles. This study uses ArcGIS
Pro and QGIS for the data analysis. GIS automation techniques were applied to enhance
processing and to develop reproducible workflow. At present, there is no visualization application
related to spatial disparities in mobility service frequency. Consequently, data design and other
visualization method fixed from findings of the theoretical framework. Evaluation outcomes
suggests that PubTraDis Visualization will contribute to relevant field. This novel approach can
be extended for further research that can play a role to explore spatial disparities in mobility
service in any region.
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Appendix
Questionnaire for Expert based evaluation of the PubTraDis Visualization

I. General Information

1) Year of Experience
a) Less than 10 b) 10-20 c¢) More than 20

2) How frequent you work with interactive web-based map?
a) Daily b) Weekly c) Other

I1. Interface Interaction

1) What do you prefer?

a) Map at top and supplementary information at bottom
b) Map at bottom and supplementary information at top
c) Map at left and supplementary information at right
d) Map at right and supplementary information at left

e) Other

2) Which type of visualization do you prefer for station level frequency?

a) Dot Map b) Heat Map c) Both

3) Do you prefer CO Type map for Disparity Index Visualization?
a) Yes b) No

If no, which information you prefer

a) LM Index b) Z Score c) P Value

I11. Utility & Usability Rating

PubTraDis Visualization = Name of the designed interface

Please answer the following questions:
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a) Utility Rating

S.N. | Utility Rating 1 |2 4 |5
Disagree Agree
1 I would use PubTraDis Visualization frequently for my work
2 This tool would contribute to spatial disparity analysis in
public transit research
3 PubTraDis Visualization is a novel approach to investigate
spatial disparities in mobility service frequency
4 It has sufficient information to explore spatial disparity in
mobility service frequency
5 PubTraDis Visualization does not provide useful interactivity
to analyze spatial disparity in mobility service frequency
b) Usability Rating
S.N. | Usability Rating 1 |2 4 |5
Disagree Agree
1 PubTraDis Visualization was easy to use
2 Additional information required to use the tool
| was confused with the interactive tools and felt
uncomfortable
4 Customizable interface was unnecessary
5 Filter options are convenient to use and add value to the tool
6 Pop-up windows add extra value to the tool
7 Supplementary information (Chart/Table) does not add any
value in the interface
Data download option is not important for the tool
The comparison window is easy to use and add value to the
tool
10 | Comparison window does not provide adequate options for
detail analysis
11 | Thevisual design of PubTraDis Visualization is well standard
12 | PubTraDis Visualization comply with basic cartographic
principles

IV. Suggestions




