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1 Motivation and Problem Statement
As urban regions are getting more and more crowded and public transportation is indispensable, 
the analysis of temporal variations of the use of public transportation becomes vital to effective 
planning. With the omnipresence of smartphones, movement data is now rather easy to obtain 
and there has been significant research done within the field of Visual Analytics concerning its 
analytic visualization. However, collaboration with the transportation sector has been lacking 
(G. Andrienko, Andrienko, Chen, Maciejewski, & Zhao, 2017) which is what the proposed 
research will address.

The main context of this research is hence situated within the field of Visual Analytics, specifically 
making use of state-of-the-art visualization techniques for flow-graph data. Since the focus will 
be on the temporal component of said data, it will also be taking into account a wider historical 
perspective on the visualization of time and temporal data. Furthermore, the context of urban 
public transportation planning will be significant as the research will be conducted employing a 
user-centred-design approach.

2 Research Identification

2.1 Research Objectives and Research Questions
The aim of this research is to develop and evaluate different interactive visualizations of attributed 
time-variable flow-graph data in the context of urban public transportation planning. The data 
used will be provided by Fraunhofer IAIS as this thesis is part of an ongoing project on Extended 
Mobile Network Data. The project is concerned with making mobile network data accessible 
and usable for public transportation companies. Within the scope of this project, the proposed 
research is placed at the end of the data-pipeline as it is concerned with the usability of the data. 
Planners and decision makers working at the public transportation associations in Munich will 
be contacted for a survey and interviews to facilitate a user-centred design approach.

The research will be divided into the two main research objectives (1. and 2.) which are further
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structured by four sub-objectives (1.1, 1.2, 2.1 and 2.2). Each of the sub-objectives will be
tackled by answering the corresponding research questions (a) to (k). The research objectives
and questions are as follows.

1. Exploration of different ways of visualizing spatio-temporal data for planning purposes

1.1 Context assessment

(a) How have time and temporal data been visualized historically?

(b) What is the state-of-the-art of visualizing movement-data in Visual Analytics?

1.2 Exploration and Visualization of time-variable attributed flow graph data

(c) How is the data at hand structured?

(d) What kind of visualizations are applicable in the specific case?

(e) How can those visualizations be generated, taking the intended level of interactivity
into account?

2. Evaluation of the usability of different visualizations of time-variant flow graph data for urban
public transportation planning

2.1 Assessment of current analysis practices in urban public transportation planning

(f) How are the intended users presently working?

(g) Which visualizations, if any, are they used to?

(h) How well does the current framework align with the users’ needs and analytical
questions?

2.2 Evaluation of the usability of different visualizations of flow graph data for urban public
transportation planning

(i) Which methods for testing usability are appropriate in this specific case?

(j) How good is the usability of the visualizations?

(k) How can the visualizations be improved to possibly increase usability?

The scope of this research is limited by the available data as well as the time allocated. It
will hence not attempt to compare the usability of different data sets or ways of generating
these. Neither is the aim to develop a ready-to-use tool for decision makers within urban public
transportation planning but rather to contribute to making such a development possible.

2.2 Innovation Aimed At
The innovation this research aims at lies in applying a user-centred design approach to visualizing
flow-graph data for public transportation planning purposes. It aims to help establish a closer
collaboration between the field of Visual Analytics and the transportation sector. This will
help guide future visualization practices within the domain of cartography concerned with
visualizations of spatio-temporal data to be used by decision makers.
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2.3 Related Work
A full list of references can be found at the end of the document. Selected pieces of related work
grouped by context area are as follows.

In the context of Visual Analysis of movement-data and time-variable flow-graph data, much
research has been conducted. Central related pieces are (in chronological order):

• Exploratory Analysis of Spatial and Temporal Data: A Systematic Approach (N. Andrienko
& Andrienko, 2006)

• Visual Methods for Analyzing Time-Oriented Data (Aigner, Miksch, Müller, Schumann,
& Tominski, 2008)

• A conceptual framework and taxonomy of techniques for analyzing movement (G. An-
drienko et al., 2011)

• Visual analytics methods for categoric spatio-temporal data (von Landesberger, Bremm,
Andrienko, Andrienko, & Tekušová, 2012)

• Visual Analytics of Movement (G. Andrienko, Andrienko, Bak, Keim, & Wrobel, 2013)

• MobilityGraphs: Visual Analysis of Mass Mobility Dynamics via Spatio-Temporal Graphs
and Clustering (von Landesberger et al., 2016)

• Visual Analytics of Mobility and Transportation: State of the Art and Further Research
Directions (G. Andrienko, Andrienko, Chen, et al., 2017)

On the topic of user-centred design and usability within spatio-temporal data visualization,
central pieces are:

• The usability engineering lifecycle (Mayhew, 1999)

• User-Centered Design for Interactive Maps: A Case Study in Crime Analysis (Roth, Ross,
& MacEachren, 2015)

• User studies in cartography: opportunities for empirical research on interactive maps and
visualizations (Roth et al., 2017)

• Designing Geovisual Analytics Environments and Displays with Humans in Mind (Çöl-
tekin, Christophe, Robinson, & Demšar, 2019)

• Improving spatial decision making using interactive maps: An empirical study on interface
complexity and decision complexity in the North American hazardous waste trade (Vincent
et al., 2019)

Concerning the use of public transportation planning, the following literature has been found. A
deeper review will follow in the research process.

• Visualizing Mobility of Public Transportation System (Zeng, Fu, Arisona, Erath, & Qu,
2014)

• Visual Analytics of Mobility and Transportation: State of the Art and Further Research
Directions (G. Andrienko, Andrienko, Chen, et al., 2017)

• Revealing Patterns and Trends ofMassMobility Through Spatial and Temporal Abstraction
of Origin-Destination Movement Data (G. Andrienko, Andrienko, Fuchs, & Wood, 2017)
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• Spatial Decision Support Systems: Three decades on (Keenan & Jankowski, 2019)

This project will deviate from the above mentioned related work as it is attempting to bridge the
gap between Visual Analytics research and the application of Visual Analytics within the sector
of public transportation planning. To do this, a limited dataset will be used. It will therefore
not cover the possible width of visualizations that is generally explored within Visual Analytics.
It will instead combine selected visualization methods for evaluation using methods from the
context of user-centred design and usability research.

3 Project Setup

3.1 Methods Adopted
Literature reviews will be conducted to understand the context and obtain background knowledge
in order to answer the research questions (a), (b) and (i).

An exploratory style of work in combination with consultation of the supervisors and advisors
will be adopted to answer questions (c), (d) and (e). Choosing an exploratory methodology
to develop the visualizations is appropriate since the type of visualization that is applicable
largely depends on the structure of the data at hand and patterns within the data. Both have to be
understood in depth before decisions on how to effectively visualize that data can be made.

As for questions (f), (g) and (h), a survey and interviews will be conducted among potential users.
Finally, a usability test will be conducted to answer questions (j) and (k). It will most likely
be making use of the thinking-aloud method and qualitative interviews with the test subjects.
Adopting a qualitative way of testing usability is appropriate due to the limited number of possible
test subjects and the complexity of questions that have to be answered using the visualizations.

3.2 Planned Schedule of the Project
The planned schedule of the project can be seen on the following page. Weekly meetings with
the supervisors are planned and for now executed via video call. Depending on the topics up for
discussion, different supervisors or advisors will be present.
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3.3 Risks and Contingencies
One unknown is how well the cooperation with test subjects will go. In case of major difficulties
in establishing contact to and / or working with potential users, the focus of the research might
shift towards a deeper understanding of the historical development of visualizations of temporal
data culminating in state-of-the-art visualization techniques within the field of Visual Analytics.

Another factor that might impact the evaluation of the usability of the visualizations is the data
quality. Uncertainties and limitations will have to be communicated and taken into account when
developing the visualizations to mitigate a potential negative impact on the evaluation.

4 Resources Required
The following resources will be required to carry out the proposed research.

Information

• Background information on the project that this research is part of will be provided by Dr.
Georg Fuchs at Fraunhofer IAIS

• Detailed information on the data, its structure and preprossing will be provided by Fabian
Patterson at Fraunhofer IAIS

• Information on the present style of work within the public transportation sector will be
obtained through a survey and interviews

Data

• The underlying data set: preprocessed attributed time-variable flow-graph data on the
Munich area, derived from aggregated extended mobile network data will be provided by
Fraunhofer IAIS

• Possibly supporting context data with the same temporal extent

People

• Dr. Mathias Jahnke at TU Munich will be primarily supervising the thesis process

• Dr. Georg Fuchs and Fabian Patterson at Fraunhofer IAIS will be supervising and advising
the research process

• About 4 test persons who are potential users of the visualizations will be needed for the
user-centred design process including the evaluation of the visualizations

Software and hardware

• The data will be manageable on a laptop since it is already aggregated and preprocessed
and therefore not exceeding manageable dimensions

• Depending on how the usability testing process will be designed, specific hardware such as
a eye-tracking device might be needed. Such a device is accessible at TUM

Finances

• At this point, no financial resources are needed
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