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Abstract 

The temporal dimension of spatia-temporal datasets is often an important 

component in exploring and answering questions about geographic phenomena. With the 

ability of modern technologies to capture and store very large spatia-temporal datasets, 

being able to effectively navigate these datasets becomes increasingly important. While 

geographic information systems have focused on developing spatial navigation tools, 

approaches to temporal navigation have not received the same level of attention. Current 

temporal navigation tools also do not take full advantage of recent technologies such as 

multi-touch devices. This thesis proposes two approaches, Dynamic Radial Navigation 

and Multiple Linked Time Sliders, for navigating the temporal dimension of spatia­

temporal data within a multi-touch environment. These approaches were evaluated, along 

with two more common and simple approaches, in a laboratory-based user study. This 

study indicated that while the proposed approaches enabled the participants to temporally 

navigate the data, and the participants valued the advanced visualization features, these 

advanced features need to be balanced with ease of use and would require additional 

iterations of design and testing before being put into practice. 
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Chapter 1: Introduction 

1.1 Research context and problem 

Representations of geographic phenomena are often complex and multi­

dimensional. In addition to the spatial and thematic dimensions, geographic data also 

usually have an intrinsic temporal dimension (Sinton, 1978). These dimensions are used 

by analysts to answer the questions 'where', 'what', and 'when' (Peuquet, 2002). The 

ability to answer all three of these questions is often important in achieving a complete 

view of a problem or process. The temporal dimension in particular is important in 

answering questions in diverse fields such as health and epidemiology (A vRuskin et al., 

2004; Castronovo et al., 2009; Richardson et al., 2013), climate studies (Edsall et al., 

2000), emergency management (Jern et al., 2010; MacEachren et al. , 2011), urban 

planning (Joo et al., 201 0), and natural resources management (Andrienko et al. , 2006; 

Hoeber et al., 2011 ). 

Tools such as geographic information systems (GIS) and virtual globes help users 

with their data navigation, analysis, and exploration. Navigation within large datasets is 

of particular importance. In large datasets, there may be too much information to 

coherently view it all at one time. Data may overlap if there are too many points within an 

area, or if data were collected multiple times at one location. If a dataset covers a large 

area, the data may appear too small on the screen when all of the data are viewed 

simultaneously. Navigation tools enable users to select and display the data that are 

relevant for their purpose. While GIS have developed with a focus on navigating the 
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spatial and thematic dimensions, navigation within the temporal dimension IS less 

developed within these systems (Kraak, 2005; Neumann, 2010). 

Temporal data can be collected and visualized at different temporal granularities. 

The temporal granularity is the level of temporal detail that data are collected or stored at, 

and generally takes the form of calendar and clock units, for example, years, months, 

days, or hours (Bettini et al., 1998). The temporal granularity of the data must match the 

temporal granularity of the question that the data are being used to answer. 

Zoom and pan tools are used for spatial navigation within GIS. Zooming changes 

the scale of the map and allows a larger or smaller area to be viewed on screen, while 

panning moves and re-centres the map within the display window while maintaining the 

same spatial scale. Zooming and panning may be done in different ways depending on the 

system in use (Harrower & Sheesley, 2005). For example, some typical approaches for 

zooming are clicking on the map with a 'magnifying glass' cursor, or typing the desired 

map scale into a text box. For panning, a 'pan hand' cursor might be used to move the 

map within the display window, or the user might click on directional arrows to change 

the focus of the map to an adjacent area. 

Navigation within the thematic dimension can be achieved through adding or 

removing layers for different attributes or by using queries and filters to display or 

highlight data on the screen (Neumann, 2010). These queries can either be defined by the 

user, such as those made using structured query language (SQL), or made from a series of 

predefined options, such as a hierarchical menu. 

Despite its recognized importance in answering geographic questions (Andrienko 

et al., 2007; Peuquet & Duan, 199 5), temporal navigation is not as well supported. It is 
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usually achieved either by treating time as an attribute and navigating it the way one 

would navigate the thematic dimension, or by using simple temporal sliders. Navigation 

through multiple temporal granularities (e.g., weeks, months, and years) is not always 

supported. With an increasing amount of spatia-temporal data available (Keirn et al., 

2008), it is imp01iant that users are able to navigate the temporal dimension of their data 

with the same ease that they currently navigate the spatial dimension. Many complex 

questions have a fundamental temporal component that must be addressed in order for the 

questions to be answered. For instance, a climate change researcher may wish to analyze 

changes to an area and phenomena over multiple periods of time and at multiple temporal 

scales. An epidemiologist may need to see outbreak locations of an illness at different 

time periods, as well as analyze how the locations change over time. 

The popularization in recent years of interaction methods such as multi-touch has 

also created the opportunity to develop new approaches to interacting with spatio­

temporal data (Schoning et al., 2008). Multi-touch interfaces allow users to interact 

directly with the screen with multiple, simultaneous points of contact (Han, 2005). While 

traditional temporal navigation approaches can be imported into this environment, there is 

still a need for multi-touch specific approaches. These interfaces have the potential to 

enable intuitive data interaction since pointing devices, such as a mouse, are eliminated 

and users are able to touch the screen directly with multiple fingers at the same time 

(Butkiewicz et al., 2009). 
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1.2 Research questions 

This research has been guided by the overarching question 'What is an effective 

approach to applying the well-known spatial zoom and pan paradigm to temporal data to 

help analysts navigate the temporal dimension of their spatia-temporal data within a 

multi-touch environment?' 

More detailed and specific questions that are addressed within this thesis are: 

• How can the spatial zoom and pan paradigm be applied to an approach for 

navigating the temporal dimension of spatia-temporal data within a geospatial 

application? 

• How can the zoom and pan paradigm be implemented to enable users to 

temporally navigate their spatia-temporal data within a GIS or virtual globe in 

a multi-touch environment? 

• Do the approaches developed for temporal zoom and pan in GIS assist users 

in navigating the temporal dimension of spatia-temporal data? 

• How do the proposed approaches compare to other approaches for temporal 

navigation? 

1.3 Research objectives 

The goal of this thesis is to develop an approach for navigating through multiple 

temporal granularities of spatia-temporal data with zoom and pan using a multi-touch 

interface, and to assess the degree to which it assists and supports users in locating and 

displaying the temporal data they require at the granularity they need to answer their 

temporal questions. 
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The specific objectives of this research are to: 

• Identify existing and proposed methods for navigating through the temporal 

dimension of spatia-temporal data and examine how others have attempted to 

navigate within this dimension. 

• Design new approaches that implement temporal zoom and pan capabilities in 

a multi-touch environment. 

• Implement the approaches in software prototypes. 

• Validate the approaches through user evaluations. 

1.4 Research methods 

The research methods for this thesis followed the approached outlined in 

Figure 1.1. The first phase consisted of a literature review that covered the fields of 

spatia-temporal data structure, navigation, and visualization as well as geovisual analytics 

and multi-touch interaction. This refined the initial thesis ideas and assisted in defining 

the scope of the thesis. The literature review.continued throughout the life of the thesis. 

The second phase consisted of incorporating the knowledge gained throughout the 

literature review into designs for approaches to temporal zoom and pan for navigation of 

the temporal dimension of spatia-temporal data. Two approaches were fully developed. 

This allowed the development of multiple ideas while restricting the number of 

approaches to an amount that would be possible to implement and test within the timeline 

of this thesis. The details of these approaches are discussed in detail in Section 3.3. 
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participants from the Memorial University of Newfoundland student community. The 

students used the prototypes with fisheries data to complete assigned tasks and answer a 

series of questions. They were timed during the tasks and completed a series of 

questionnaires that gathered information on the usability and usefulness of, as well as 

participants' opinions on, the prototypes. 

The fifth phase involved communicating the progress and the results of this 

research. The initial proposal for this thesis was presented to the Department of 

Geography at Memorial University of Newfoundland (April 2011). The two proposed 

approaches were presented at the workshop 'Geovisual Analytics, Time to Focus on 

Time' at the GIScience 2012 Conference in Columbus, Ohio (September 2012) (Lee et 

al., 2012), to the Department of Geography at Memorial University of Newfoundland as a 

part of the department's seminar series (October 2012), and at the Esri Canada Regional 

User Conference in St. John's, Newfoundland and Labrador (November 2012). The 

proposed approaches and the results of the user evaluation were submitted as a journal 

article in May 2013 . The final step of this phase is the submission of this thesis. 

1.5 Thesis organization 

This thesis follows a manuscript format. Chapter 2 consists of an extended 

literature revtew of spatio-temporal research m geographic information systems, and 

geovisual analytics while specifically focusing on temporal navigation. Chapter 3 

presents two novel approaches for spatio-temporal navigation within a multi-touch 

system. The implementation of the approaches in prototypes and the results of a 

laboratory-based user evaluation of the approaches are also discussed. This chapter was 
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submitted in May 2013 as an article to the International Journal of Geographical 

Information Science Special Issue on Space-Time Research in GIS. Chapter 4 concludes 

the thesis and discusses opportunities for further work. The task descriptions and 

questionnaires from the user evaluation are presented in Appendix A. The approval letter 

for the user evaluation from the Interdisciplinary Committee on Ethics in Human 

Research (ICEHR) is included as Appendix B. 

1.6 Co-authorship statement 

This project was primarily funded by a Natural Sciences and Engineering 

Research Council of Canada (NSERC) Strategic Projects Grant looking at the use of 

geovisual analytics in fisheries held by my co-supervisors Orland Hoeber, Department of 

Computer Science, and Rodolphe Devillers, Department of Geography, and was part of 

that overarching project. The initial concept for this thesis (i.e., navigating in a GIS 

through dimensions other than space) was suggested by co-supervisor Rodolphe 

Devillers. The candidate then refined the specific research problem during the literature 

review. The approaches were designed by the candidate and reviewed and refined in an 

iterative process with both co-supervisors. Programmers were hired and volunteered to do 

the majority of the programming to implement the candidate's designs into software 

prototypes. Xu Liu (Department of Computer Science, Memorial University of 

Newfoundland) did the initial programming for the Dynamic Radial Navigation 

prototype, Renyu Li (Department of Geomatics Engineering, University of Calgary) did 

the initial programming for Multiple Linked Time Sliders using Xu Liu's prototype as a 

base, and Derek Leblanc (Department of Computer Science, Memorial University of 
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Newfoundland) programmed the Date/Time Spinners and Drop-Down List prototypes, 

and fixed bugs in and updated the initial two prototypes. The candidate made minor 

changes to the prototypes and supervised the programming process. The user evaluation 

design was outlined by co-supervisor Orland Hoeber. The candidate created the user tasks 

and questionnaires for the user evaluation, recruited the participants, conducted the user 

evaluation, collected and analyzed the data, and interpreted the results. The initial draft of 

the journal article presented in Chapter 3 was written by the candidate and was then 

reviewed and edited in an iterative process with both co-supervisors. The candidate is 

listed as first author on the journal article and both co-supervisors are listed as co-authors. 
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