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Abstract 
A lot of data is being gathered all the time. How can the data be explored to enable analysis of the data 
and reveal patterns and features? One way is to visualize the data. This project aimed to develop an 
application, which enables simultaneous analysis of time, space and multivariate data by the use of 
information and geographic visualization techniques. Interaction was built into the application to make 
exploration, filtering, picking, etc possible. The implemented application was named Time. The chosen 
work method was the sense-making loop, a well known phenomenon in visual analytics, the area in which 
information and geographic visualization is a part of. Since the project also had a research character it was 
of interest to learn about related work.  
 
To evaluate the application some data sets were gathered from among others SCB, Statistiska 
centralbyrån, Statistics Sweden and loaded into the application. The evaluation consisted of a usability 
study performed by expert reviewers and a case study performed by the creator of the tool. The evaluation 
revealed that it is a powerful tool for medium large data sets. Medium large in the sense of number of 
years and attributes present in the application. The usability study and the case study also resulted in 
suggestions of improvements to be carried out, which were also performed.   
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1 Introduction 

1.1 Background  
Exploring collections of data is getting more difficult as the data set becomes bigger. Finding patterns, 
outliers or clusters is hard to do by just looking at a spreadsheet full of data. When data is visualized the 
human ability to perceive things through vision, the human visual system, are used [1]. This makes the 
analysis easier since the visual domain can handle a greater amount of information than any other sense. 
This approach is called visual analytics. A common expression is “a picture is worth more than a thousand 
words.” and therefore it can be assumed that a visual presentation is easier to comprehend than a 
corresponding textual description. 
 
It is not always obvious what type of questions to ask or what a data set can reveal [1]. Sometimes the user 
has a hypothesis to test but sometimes exploratory analysis is necessary to find what types of questions to 
ask. The goal with information visualization with belonging user interfaces is to help the user to find what 
question to ask.  
 
It is an area of research to visualize data consisting of several dimensions such as time, space and 
multivariate attributes. Multivariate intends several attributes. The structure of this kind of data is very 
complex due to the multiple dimensions and to visualize it in a comprehensible way can be difficult in 
many ways. How can all dimensions be visualized at the same time? Despite that the human visual system 
is very good, too complex visualization methods cannot be applied. An example of when a less complex 
method is preferred is the scatter plots. 3D-scatter plots may look impressive yet they can be difficult to 
interpret for the user and the 2D-scatter plot is preferred. Further the screen space is also limited: the data 
set are often large and sometimes many different visualization tools are needed and the whole screen 
space needs to be used to enable a complete examination. 
 
Since the purpose of the application is to enable investigation and analysis of data by a user, the design of 
the user-interface is important. Therefore the users were involved during the developing process. In this 
case an expert user with great knowledge in the area informally tested the application during the 
development process and gave suggestions on necessary improvements. To do further improvements of 
the application a usability study was done as soon as a working application was finished. The usability test 
was performed by three experts who informally tested the application and suggested improvements. The 
implemented application was named Time.  

1.2 Objectives 
The purpose of this master’s thesis was to develop a technique to enable simultaneous analysis of data 
comprising time, space and multivariate attributes. Furthermore the analysis should be possible in multiple 
ways and allow the analyst to dynamically detect and locate trends with specific features such as increase 
or increase for a time period. By the use of information and geographic visualization techniques and with 
a user integrated approach held in mind the development was performed. The main idea was to create a 
way of exploring this type of data to discover changes between years. Interaction was important to render 
possible exploration of changes between years.  

1.3 Problem overview  
The amount of collected data is growing in many situations and can be overwhelming. How can features 
and patterns be found in large data sets? There is a lot of research concerning multivariate attributes and 
georeferenced data, where georeferenced data indicates data related to a location for example a country. 
Furthermore there are a lot of research concerning time-series combined with georeferenced and 
univariate data and time-series together with multivariate data. The combination of time-series, 
georeferenced and multivariate data exploration is an area of research. Some of the work performed 
within this area will be displayed in chapter 3 Related work.  
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1.4 Methodology 
For solving an analytic reasoning task the sense-making loop can be used (see figure 1), which consists of 
the following steps [2]: 
 

 Gather information. 
 Re-represent, choose which tools to use.  
 Develop insight through exploration. 
 Produce results and present the results [2].  

 
This process should be performed iteratively but due to time constraints each phase was performed once 
[2]. 
 

 
 

Figure 1. The sense-making loop. 
 Source: [2] 

 
Gather information 
First the data was gather as well as information about related work. The data involving Sweden was 
gathered from SCB, Statistics Sweden, and the world energy data was retrieved from BP, British 
Petroleum. World population data was gathered from Earth trends, the environment information portal 
hosted by world resources institute.  
 

  www.scb.se 
 http://www.bp.com 
 http://earthtrends.wri.org 

 
Other data sets were compiled by students in the Information visualization course in 2008, TNM048, at 
Linköping University. All data was not explored with the application but the structure was adjusted to 
prepare for future exploration. 
 
Re-represent the data and choice of tools 
The chosen tools were parallel coordinates plot and a choropleth map, see chapter 2.3.2 The map, 
integrated with dynamic queries to enable interaction. This project could be seen as a further development 
of the case study explained in Franzén and Jern’s article [3]. Similar to Franzén and Jern’s work three 
parallel coordinates plots were used in this project. They were given the names TimeGraph, AttributePC and 
TrendGraph. Interaction methods added are adjusting the time interval, picking items, brushing items, 
filtering, change focus on axes, choose regions to be visible, choose attributes to be visible and more. The 
interaction is further described in 2.4 Interactivity and 4.2 Interactivity. The main idea in the project was 
to create a tool for exploring time, space and multivariate data and therefore this step was allotted most 
time.  
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Develop insight through exploration 
Two data sets were explored briefly during the case study. The insights that were developed are found in 
5.2 Case study. It was also a way of testing the application to see if it is useful and makes sense. 
 
Produce results 
The produced result is the implemented application but it will also be future findings, which will come out 
when the application is used with different data sets.  

1.5 Outline 
This report is structured according to a formal, technical report [6]. It starts with an introduction and a 
background chapter. In chapter two some information visualization concepts are described as well as 
visualization tools used, to make the report suitable for a wider target group instead of experts. The third 
chapter describes related work which is an important issue for this thesis since it has a research character. 
The fourth chapter describes the implementation done by explaining the application and its different parts 
and it can be seen as a user manual. The fifth chapter contains evaluations and results from a usability 
study and a case study to see how well the application works. Chapter six is called discussion and consists 
of the author’s own thoughts and suggestions concerning the project. The result is discussed and 
compared with the objectives. Also future work is mentioned and issues that could have been done 
differently. The last chapter is the list of reference, which follows the Vancouver system [6].  

1.6 Delimitations 
The main purpose of this project was not to create new visual components for visualizing time-series, 
georeferenced and multivariate data. Instead existing components were used and focus was laid on how to 
examine time data.  Enhancing the performance was not prioritized, even though it is an important issue 
to enable studies of large data sets. When programming the project no real standard was followed to 
create readable code. Neither was a standard used for when a class was designed nor for when a function 
was used. The creator’s own knowledge decided the structure of the programming. There was no software 
developing method held in mind when developing the application. Instead the sense-making loop was 
utilized. The project also had a time limitation of six month.  

1.7 Reliability of sources 
Most of the references used in this report are books and scientific articles. The internet sources are mainly 
gathered from universities and are therefore deemed as reliable. The same goes for the papers used since 
they were retrieved from the database IEEE Xplore, which according to their website, delivers full text 
access to the world’s highest quality technical literature. Altogether, the references used in this report were 
considered reliable. 
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2 Background overview 

2.1 Visual analytics 
Visual analytics is as mentioned in 1.4 Methodology a step in the sense-making loop and is an important 
part of data analysis [2]. This project involves the parts of visual analytics called information visualization and 
geographic visualization. Information visualization works as an interface between the user and the machine 
and combined with computational data analysis it supports the sense-making process. Other areas 
belonging to visual analytics are scientific visualization and geographic visualization. The latter is included 
in this project since the data is georeferenced.  
 
One definition of visual analytics is [2]: 
 “Visual analytics is the science of analytical reasoning facilitated by interactive visual interfaces.”  
 
Visual analytics is a multidisciplinary field that includes the following focus areas [2]: 

 Analytical reasoning techniques: Enable users to obtain insights that support evaluation, planning and 
decision-making. 

 Visual representations and interaction techniques: Use the human visualization system to allow users to 
see, explore, and understand large amounts of information at once. 

 Data representations and transformations: Translate all types of conflicting and dynamic data in ways to 
support visualization and analysis. 

 Production, presentation and distribution: Includes techniques to support production, presentation, and 
distribution of the results from an analysis. This in order to communicate the retrieved 
information to a variety of audiences.  

 
Information visualization also has a definition [9]: 
“The use of computer-supported, interactive, visual representations of abstract data to amplify cognition.” 
 
The strength of information visualizations is to amplify cognition, which is done in six basic ways [2]: 

 Increase cognitive resources by using visual aids to expand human working memory. 
 Reduce search by placing a large amount of data in one place i.e. the screen. 
 Enhance recognition of patterns by organizing information in space by its time relationship. 
 Simplify relationships that are otherwise more difficult to produce by visually monitor a large 

number of potential events. 
 Provide a maneuverable medium, unlike static diagrams, which enables the exploration of the 

data. 
 
Conclusively visualization enables parallel processing of data by increasing processing resources [10]. It 
forces the human perceptual system to handle the cognition. When the human visual system is used, the 
working memory and the storage of information can be expanded by recognition instead of recall. The 
search is reduced through information visualization by arranging information in a small and dense space, 
such as the screen.  

2.2 Technical aids 
The tools used for implementing this project were the GeoAnalytic Visualization (GAV) Framework 
together with the Microsoft visual C# 2005 express edition. The GAV was used since it already contains 
many of the visualization methods necessary for this project. This resulted in that the focus could be on 
how to link the components and how to design the interaction in an appropriate way. Focus was also laid 
on how to visualize time and display increases and decreases between years. The programming language 
C# was chosen since the GAV-framework is developed in C# and it is essential to use C# to utilize GAV. 
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2.2.1 GeoAnalytic Visualization (GAV) Framework  
The GAV-framework is a toolkit being developed within NVIS1 and it forms a base for visual analytic [4] 
[5]. It handles a wide range of visual representations applied in visual analytics. It consists of components 
that can be used for dynamically exploring time-varying, geographical referenced and multivariate 
attributes. The components are combined with interaction, which enables the dynamic exploration. It 
involves concepts from several areas of visual analytics such as information visualization, geographic 
visualization and scientific visualization. It also supports mechanism such as transformation by 
mathematical and statistical analysis. The goal with GAV is to make it easier to develop visual analytic 
applications. The toolkit is developed in C# based on Microsoft’s low-level DirectX graphics library and is 
based on many of the requirements for a visual analytic framework.  

2.3 Visualization methods 

2.3.1 Parallel coordinates plot 
A parallel coordinates plot is a graph that transforms a multivariate data set into a two-dimensional 
representation with parallel axes, see figure 2 [11]. 
  
The parallel coordinate plot consists of an arbitrary number of parallel axes of equal length but with 
different scale [12]. Each axis corresponds to an attribute i.e. variables in the data set. Therefore the axes 
have different scales since the attributes can represent different things and this will give the attributes 
different maximum and minimum. Every data item is represented as a polygonal line, which intersects 
every axis at the point of the axis that corresponds to the data item’s value for that attribute. The purpose 
is to view relations in multivariate data.  
 
In figure 3, no lines intersect each other which reveal a positive correlation. In figure 4 all lines intersect 
each other which reveal a negative correlation.  
 
 

 
 
Figure 2. Parallel coordinate plot. 
A1, A2, A3 and A4 are attributes. The 
lines i1, i2, i3 and i4 represent a data 
item for example a country or a 
municipality. 
 

 
Figure 3. Positive correlation. 
No lines intersect each other which 
reveal a positive correlation.  

Figure 4. Negative correlation. 
All lines intersect which reveal a 
negative correlation.  

                                                      
1 NVIS, Norrköping Visualization and interaction Studio, was founded in 2000 and is a centre hosted by VITA [7], 
Visual Information Technology and Applications, which is a part of the Department of Science and Technology at 
Linköping University [8]. 
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The parallel coordinate plot is useful as long as the data set contains about 10-20 attributes [13]. It is a 
powerful technique but the learning period is long and if there are too many data items the plot will 
become cluttered. One drawback is that correlation analysis is only possible between two adjacent axes.  
 
In the GAV-framework the user can move the axes in the parallel coordinate plot and place any two axes 
next to each other to enable correlation analysis. This is done by right-clicking an axis and then dragging it 
to a suitable position. Another feature in the parallel coordinates in the GAV-framework is that the focus 
on the axes can be change. This method is useful when there is one item that is an outlier, a data item with 
a much higher or lower value for one attribute than the others. The outlier line will be placed at the top or 
at the bottom of the axis while the other lines will lie in a collection at the bottom or at the top of the axis. 
This makes it difficult to explore the items gathered in a collection. When changing focus on the axis the 
outlier line will be placed outside focus and the scale for the axis will be adjusted so the items in a 
collection becomes sparser. If all the lines lie in a lump, picking one specific line is more or less impossible 
but when they are sparser picking one item is possible. 
 
Filtering 
Filtering on the parallel coordinates is also possible by dragging sliders placed on the axes, see figure 5. In 
figure 5 the upper slider for the first axis has been dragged down, making all items with a higher value 
than the filter position invisible. The lower filter slider for the second axis has also been moved.  
 
Histograms 
The histogram is also a functionality added to the parallel coordinates plot in the GAV-framework. The 
user decides when they should be visible or invisible. The number of bins can also be set by the user. A 
bin is one area of the axis. Three bins means that the axis will be divided into three equally sized areas. 
The width of the bin is decided by the number of items passing through the bin. When a bin is clicked the 
lines within are filtered out, see figure 6. The middle bin for the third axis has been clicked and all items 
within this bin have been filtered out. By holding shift and clicking at the same bin all filtered lines will 
appear again. 
 
Percentiles 
Added to the parallel coordinates in GAV are marks, which indicate where the percentiles are. The 
percentiles divide the data into equal parts regarding number of items i.e. the same number of countries or 
municipalities. The user can set how many percentile areas to be present and whether the percentile 
should be visible or not. These areas also work as a filtering tool. By clicking on one of the triangle shaped 
handles filtering is performed, see figure 7. A darker color on the triangle shaped handle indicates that 
filtering has been accomplished. 
 
 

 
 

Figure 5. Parallel coordinates showing slider filters. 
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Figure 6. Parallel coordinates showing histograms with three bins. 
 
 

 
 

Figure 7. Parallel coordinates with percentiles. 

 

2.3.2 The map 
The maps used in this project are the world map with different countries or a map of Sweden with 
different municipalities. This is decided by the type of data loaded into the application. The map is a 
component in GAV and consists of a choropleth map, a border layer and a polygon layer. A choropleth 
map is a map that shows regions or areas with some features [14]. The areas are colored or shaded to 
reflect a value from a chosen attribute. Time-series data can be used to color a map for a certain year and 
attribute. The map facilitates spatial correlations comparisons.  

2.3.3 Data view 
The data view is a grid of rows and columns and it displays the data in detail. It shows all the values for all 
attributes and items for one selected year. Rows represent data items and can be either countries or 
municipalities in this project. When filtering is done in the parallel coordinates plots this view will be 
affected as well. 

2.3.4 Color Legend 
The color legend is a component that describes what color each value represents. When choosing colors 
one should have in mind that some colors is associated with certain things [15]. These conventions are 
different in different places of the world. Here in the west red can be associated with hot or danger, blue 
with cold, green with life or go. 
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When a perceptual meaningful ordering is needed for coloring, it is appropriate to use a sequence that 
varies monotonically on at least one of the opponent color channels for example red to green, yellow to 
blue [15] [16]. Further the saturation should vary from low to high and from dark to light. Variation on 
one channel is often better such as pale yellow to dark blue. If the wish is to show variation below zero a 
neutral value should be chosen to represent zero. Consequently, an increase in saturation toward opposite 
colors should be chosen to show positive and negative values. Generally, darker colors are used to 
represent higher data values and lighter colors represent lower values. There is a substantial color-blind 
population that cannot see red-green. Some have problem seeing blue-yellow. The color-blind population 
should be held in mind when choosing colors for the color scale. Examples of pairs of hues that are not 
confusing for people with the most common types of color blindness are: 
 

 Red and blue 
 Red and purple 
 Orange and blue 
 Orange and purple [16].  

 
If there is a small change of value in the data set, a color map with same hue but changes in the saturation 
and lightness might not be enough [16]. Then two divergent hues can be used to reflect the data set. The 
highest values is represented by one of the hues with darker color, the lowest values is represented with 
the other hue with darker color. In between the two darker hues, the same hues are added but with lighter 
color. This will highlight the extremes. The red and blue color scale and the scientific color scale used in 
this project are examples of divergent hues (see figure 8 and 9). 
 
Red and blue color scale 
This color scale is often used by the people working for the information visualization department at 
NVIS. It is a divergent color scale and can been seen by most color blind people as well. The saturation 
vary from low to high and from dark to light and the highest and lowest values are represented with 
darker hues, see figure 8. This scale does not have one neutral value for representing zero when showing 
positive and negative values, instead zero is represented with very light red or very light blue.  
 
Scientific color scale 
ColorBrewer is an online tool designed to help people select good color schemes for maps and other 
graphics, see Appendix 1 ColorBrewer. Concepts and color scheme on ColorBrewer is developed by 
Cindy Brewer. On the ColorBrewer three different color schemes are mentioned [17]. Sequential schemes 
which are suited to ordered data that progress from low to high. Data with low values is colored with light 
colors and high values with dark colors. The second scheme is diverging schemes which put equal emphasis 
on mid-range critical values and extremes at both ends of the data range, the used scheme for this project. 
The critical class that breaks the middle of the legends is emphasized with light colors. Further low and 
high extremes are emphasized with dark colors of contrasting hues. The third scheme is called quality 
schemes, which does not imply magnitude differences between legend classes and hues are used to create 
the primary visual differences between classes. Qualitative schemes are best suited to represent nominal or 
categorical data. On ColorBrewer.org the Scientific color scale was collected, see figure 9. 
 
 

 
 

 

Figure 8. Red-blue color scale.
 

Figure 9. Scientific color scale. 
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Linear coloring 
This scheme divides the color legend with belonging color map into equal parts based on the values in the 
interval. The interval is divided into four equal parts. This scheme works well when items are spread over 
the interval and do not contain outliers. With a linear coloring, the outlier item will have one color forcing 
the other items to have the same color even though they do not have exactly the same value. 
 
Percentile coloring 
The main reason for having this option is to get an equal amount of each color in the map and in the 
other components. This will create a more appealing appearance where distinguishing values from each 
other becomes more easy. This method works well when for example the data contains outliers.  
 
Set edges 
This option is included since a user of the application may have some special knowledge about the data set 
and is especially interested in how the items behave in relation to these values. The user can set the values 
where the edges should be placed i.e. where the colors should switch to another color.  
 
Global maximum and minimum 
Global maximum and minimum is an option to match the color legend and the values in the color map 
with the TimeGraph’s global maximum and minimum. As mentioned in 4.1.2 TimeGraph, the 
TimeGraph has the same maximum and minimum for each axis to create the appearance of a linear graph 
as well as to facilitate comparisons for the chosen attribute for the different years. When the checkbox is 
unchecked it is more appropriate to match the color legend with the axis representing the chosen attribute 
in the AttributePC, see chapter 4.1.1 AttributePC. 

2.4 Interactivity 

2.4.1 Filtering 
Filtering is implemented to enable the possibility for the user to remove items of no interest. The items 
can be removed from the visualization and added back again. The filtering uses the concept of dynamic 
queries, which means that the result of an action is immediately visible. The user moves a slider and the 
position determines the threshold for which items to remain visible. 
 
Filtering is primarily done on the parallel coordinates plots by moving the sliders on the axes. The sliders 
are optional for the TimeGraph since filtering on a specific year is not as common as filtering on the 
AttributePC and the TrendGraph. Filtering is also possible with the histograms and the percentiles in the 
parallel coordinate plots. 

2.4.2 Picking 
To be able to select specific data items picking was implemented. By clicking on one item in a 
visualization component the item becomes selected and highlighted.  
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2.4.3 Brushing 
Brushing is an interactive technique which enables subsets of the data elements to be highlighted [15]. 
When placing the mouse curser upon an item it will be highlighted. The highlighting could be done by 
changing color or showing a tool tip text with the name of the item. The difference between brushing and 
picking is when picking is carried out the left mouse button is pressed and when brushing is carried out 
the mouse curser is placed on the item. In figure 10 brushing is shown.  
 
 
 

                
 

Figure 10. Brushing in the map and a parallel coordinates plot. 

2.4.4 Multiple views and linking 
When displaying multiple views the views should be regarded as a whole [18]. Linking the views is 
necessary to make the information in individual views integrated into a coherent image. In figure 11 
linking is shown. When filtering is carried out in the AttributePC it is shown in the other views as well and 
when one item is picked in for example the map it is highlighted in the other views as well.  
  
The purpose of multiple views is to allow the same data set to be viewed with different visualization 
techniques [19]. Different visualization methods have different strengths and weaknesses and by linking 
them together the analysis becomes improved. 
 
 

 
 

Figure 11. Linking, multiple views and picking. 
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2.4.5 Dynamic queries 
When designing user-interface, benchmarking tests have shown that it is better for the user to be in 
control rather than letting a computer change the data [1]. When the user is in control the understanding 
of the data is kept.  One way to do this is to use dynamical queries to change the data. Dynamic queries 
are tools that enable interactive exploration. By the use of sliders, buttons, check boxes and other control 
widgets the display is updated immediately without the need of pressing a submit button. It is also crucial 
that the computer gives an appropriate feedback to the performed task. The interface cannot be to 
complex nor too simple. If it is too complex it keeps the user from focusing on the task and if it is too 
simple the user becomes bored.  

2.4.6 Snapshot 
In GAV-framework one of the components is called snapshot. With the snapshot class it is possible to 
store a state of the application, for example when some filtering adjustments have been done and 
interesting findings have occurred. Then the current state of the application can be stored and retrieved at 
another time.   

2.5 Visual information-seeking mantra 
When designing information visualization applications the visual information-seeking mantra should be 
held in mind [1]. The mantra says: “overviews first, zoom and filtering, then details-on-demand”. Three 
more things can be added to this mantra “relate, history and extract” [1]. 
 

 Overview: To get an overview of the complete data set.  
 Zoom: Enable the user to zoom in on items of interests. 
 Filter: Remove items of no interests. 
 Details-on-demand: Get details of a selected group of items or an item when wanted. 
 Relate: The possibility to view relationship among items. 
 History: Enables undo and redo. 
 Extract: Being able to save the state of the application and reload it [1]. 

 

2.5.1 The information-seeking mantra applied in this project 
 

 Overview: In this project this is accomplished with the different components added to the 
application. 

 Zoom: The user can zoom in on the map and change the focus on the axes for the parallel 
coordinates plots. 

 Filter: Several filtering mechanisms are present. Filtering is possible with sliders, percentiles and 
histograms. 

 Details-on-demand: This is solved by the Data view and by the window containing detailed 
information about a picked data item. 

 Relate: Since multi-select is available in the implemented application by holding down the shift 
button two or more items can be picked and compared.  

 History: This concept is not implemented completely. It is possible to reset filtering and the map 
position and zoom. However, it is not possible to return to the previous step or redo actions.  

 Extract: This is accomplished by saving and loading snapshot. 
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2.6 Description of the data 
Data can be multidimensional meaning the data comprises several dimensions [12]. The dimensions can 
be: 

 Time  
 Space 
 Attributes 

 
 The data can also be multivariate for example [12]: 
 

 Energy 
 Transport 
 Household 

 
The GAV-framework uses a concept of a data cube to describe the structure of the data. Therefore the 
data cube concept was used in this project as well. First of all the data is placed in an excel file. In this 
project the data can be arranged in two different ways in the excel file:  
 

 Country or municipalities as rows, sheets as time and attributes as columns. The corresponding 
data cube will be as in figure 12.  

 Country or municipalities as rows, sheets as attributes and time as columns. The corresponding 
data cube will be as in figure 12 but attributes and time will change places. 
 

 
Figure 12. The data cube. 

 
The application starts by reading the excel file and places the data in a three-dimensional array. A slice of 
the three-dimensional array, i.e. a two-dimensional array, is the input to the data cube. A data cube is one 
of the classes in GAV-framework, which is the input to the different components for example the parallel 
coordinates plot. The AttributePC has a data cube with data for the chosen year, rows are countries or 
municipalities and columns are attributes. To change the data in the data cube another slice of the three-
dimensional array representing the chosen year is set as input to the data cube for the AttributePC. Some 
components in GAV handle a data cube with a three-dimensional array. Since not all components handle 
this and not the parallel coordinates plot, the two-dimensional array was used as input to the data cube. 
The data cube for the TimeGraph has a data cube where a slice represents an attribute, rows are 
municipalities or countries and columns are years. In the TrendGraph a slice of the three-dimensional 
array is an attribute, rows are municipalities or countries and columns are a time-interval.  
 
Different spatial data can also be examined. This application handles both world data where each data 
item represents a country and Swedish data, where each data item represents a municipality.   
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2.7 Usability study 
One method to do evaluation of an interface is to perform expert reviews with colleagues [20]. Such 
informal tests can give useful feedback even though more formal reviews have proven to be far more 
effective. Expert reviews can occur early or late in the design phase and the outcome can be a formal 
report with recommendations for changes. The method used here was the cognitive walkthrough. The 
danger with expert reviews is the lack of an adequate understanding of the task domain or user 
communities.  

2.7.1 Cognitive walkthrough 
The experts simulate users utilizing the interface to carry out typical tasks [20]. High-frequency tasks are a 
starting point, but rare critical tasks, such as recovery, also should be performed.  
 
Expert reviews can be scheduled at several points in the development process [20]. Different things can 
be commented, such as a different method, checking spelling errors, placement of components and 
discovering missing parts. Different experts tend to find different problems in the user interface, so three 
to five expert reviewers can be highly productive as complementary usability testing. Expert reviewers 
should be placed in the situation most similar to the one intended for the user. They should also read 
manuals and do tutorials etc before the testing in order to have the same starting point as a future user. 
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3 Related work 
An important aspect of this project was to view related work to learn from them. Presented below are five 
different projects within the same area as this project. This chapter does not need to be read to get the 
main idea of this project but it can be of interest to know more about the area of research.  

3.1 Integrating InfoVis and GeoVis Components 
In Franzén and Jern’s article [3], they mention a case study of the framework, which involved a study of 
the same complex data as being discussed in this project. A concept brought to the reader’s attention is 
space-time-attribute awareness meaning that all the three dimensions can be visualized and analyzed at the 
same time. In the case study five components were used to enable space-time-attribute awareness, see 
figure 13. Three parallel coordinate plots with different properties were created, one showing time for a 
chosen attribute, one showing trends for a chosen attribute and one showing attributes for a chosen year. 
The other two components were two choropleth maps where one is colored by a chosen attribute for a 
specific year. The other one reveals trends, meaning it is being colored by the difference between two 
years. Filtering is available for all the three parallel coordinate plots. When filtering is carried out by 
moving one of the axis sliders irrelevant information will be concealed in all components. Here an 
animation option is added, which animates the view by time steps.  
 
 

 
 

Figure 13. A screenshot from Jern and Franzén’s work. 
 

3.2 Visual Exploration of the Spatial Distribution of Temporal Behavior 
In Gennady Andrienko and Natlia Andrienko’s article, they discuss how to explore spatially distributed 
time-series data [21]. A time-graph is used to visualize the temporal behavior of an attribute. The time-
graph is linked to a map. One item is a state in the United States and several states can be selected at the 
same time, enabling comparisons between items. Since the user only can see the behavior of the selected 
items they added glyphs to each state on the map. The glyph is a modification of the time-graph where the 
time-graph is represented with a closed curve. This simplifies the recognition of how different behaviors 
are distributed over the map. They do not handle multiple attributes but focus on large time-intervals and 
a large spatial space. In order to facilitate observations of the general behavior of a chosen attribute for the 
whole territory over time. They placed a view underneath the time-graph, which shows the aggregated 
changes for each year.  
 
An envelope is also drawn in the time-graph [21]. The envelope surrounds all the lines representing the 
local behaviors. To create the envelope the maximum and minimum over the country for each year is 
needed. The median and quartiles is also marked in the graph by painting the polygons in different shades 
of gray. Studying the envelope, overall increases and decreases can be found.  
 



15 
 

These were the main ideas in the article [21]: 
 Getting the general picture of the behavior on the entire territory. 
 Finding spatial patterns of similar local behaviors. 
 Detecting spatial-temporal patterns of similar changes. 

 
By the use of dynamic querying the user can see only the line segments with a certain inclination [21]. The 
inclination is set by setting the lower or/and the upper limits for the absolute or relative change (i.e. 
difference or ratio) in comparison to the previous year. When clicking on a year all the states with the 
specified inclination for that year will be marked in all views. When two years are chosen lines having the 
specified inclination in all these years becomes marked. In figure 14 the map and the time-graph is shown 
with different highlighting. The method is useful to answer questions like “Find spatial clusters of states 
with continuous increase of values during a given time”.  
 
 

 
 

Figure 14. A screenshot from Andrienkos’ application. 

3.3 Dynamic query tools for time series data sets: timebox widgets 
In their article, Hochheiser and Shneiderman describe their program TimeSearcher which uses timeboxes 
[22]. Timeboxes are rectangular widgets used for direct-manipulation graphical user interfaces on a time-
series data set. This means that the user draws a rectangle on a visual component showing the time series 
data and as soon as the rectangle is drawn the plot will be updated. The timeboxes specifies constrains in 
two directions. Constrains set are for the time periods and for values. TimeSearcher also support queries 
over multiple time-varying attributes. Extensions to the timebox model have been done such as variable 
time timeboxes, which can express variability in the time interval. Angular queries are an extension, which 
search for range of differentials, rather than absolute values. Timeboxes can be used to find items that rise 
for example from a value of 80 to a value of 120 during four time periods. It cannot be used to identify all 
items that rose by 40 in value – regardless of the starting value – over that same time period; this kind of 
query is handled by the angular query.  
 
Querying on multiple attributes is solved by tabbed displays [22]. An attribute can be added to a tabbed 
display and the user can switch between them by clicking on the tab. The pane for each attribute acts as a 
query space for that attribute. A query can be based independently for each attribute and only items that 
match all queries will be included in the result not only the attribute, which is currently visible.  
 
The basic timebox is limited to express queries with fully defined time and value constraints [22]. Variable-
time timeboxes removes these constraints by supporting searches for items that fall within a given value 
range during some interval of a given duration. An example can be that a stock analyst wants to identify 
stocks that traded between 30 and 60 for some three months period any time between January and 
August. 
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3.4 Towards a conceptual framework for visual analytics of time and 
time-oriented data 
Wolfgang Aigner et al. introduce a concept for designing visual analytic frameworks for time and time-
oriented data [23]. The authors claims that an application can be improved by supporting time-intervals or 
built-in aggregations along granularities as well as <time-point, value> pairs.  
 
The conceptual framework includes categorization of what the created tool/application can do and in 
each category several options are available [23]. 
 
Modeling in the time-domain [23]: 
 

 Scale: Ordinal vs. discrete vs. continuous. 
 Scope: Time points vs. interval. 
 Structure: Linear vs. cyclic time. 
 Viewpoints: Ordered time vs. branching time vs. time with multiple perspectives. 
 Granularities: None vs. single vs. multiple. Examples of granularities are minutes, hours, weeks and 

etc. 
 
Modeling time-oriented data [23]: 
 

 Number of variables: Univariate or multivariate. 
 Frame of reference: Spatial-georeferenced or abstract. 
 Relation to time: Direct vs. indirect. Direct values are directly associated to elements in the time 

model. Indirect are instants on varying granularities, explicitly modeled intervals e.g. composed of 
two points in time or a time point and duration.  

 Kind of data: Events vs. states. Example of events is departure of a plane. States can be 
characterized as a phase of continuity between events e.g. plane is in the air.  

 
There are also different ways to map time [23]. Time can be mapped to space or to time. Mapping time to 
space is the case for a 2D time-series plot and time to time is the case for an animation. The conceptual 
framework also includes data mining tasks and they can be of different form. 
 
Data mining tasks [23]: 
 

 Prediction 
 Classification 
 Clustering 
 Search and retrieval 
 Pattern discovery 

 
Finally the data types can be either qualitative data or quantitative data and the design space can be 2D or 
3D [23].All these concepts can then be used to categorize the tool or application one has created.  
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3.5 Visual methods for analyzing time-oriented data 
Aigner et al. have written two articles concerning how to visualize and categorize the time-oriented data 
and the way it is visualized [24] [23]. In the article called “Visual methods for analyzing time-oriented 
data” some visual representations methods are mentioned such as time-series plot, spiral graph, 
timeWheel in 2D and 3D, see figure 15, planning lines and timeRiver, see figure 16 [24]. Some useful data 
mining methods are brought to the reader’s attention such as principal component analysis and clustering. 
The third thing mentioned is user-centered analysis via events. The user defines conditions and when this 
is true an event will occur. The basic idea of event-based visualization is to let users specify their interests 
as event types i.e. encapsulation of conditions to see if and where these conditions match in the data. It is 
based on three steps: event specification, event detection and event representation. By the use of event 
formulas the user describes its conditions.  
 
 

 
 

 

Figure 15. TimeWheel. Figure 16. ThemeRiver. 
 

3.6 Similarities and differences between this project and related 
projects 
The similarity with this project, Time, and the project in 3.1 Integration InfoVis and GeoVis Components 
is that three parallel coordinate plots are used, an AttributePC, a TimeGraph and a TrendGraph. The 
differences are the dynamic queries; in Time the user can set the time-interval, the focus of the 
TrendGraph and how many years it should be between when the calculation of the trend is performed. In 
Time only one map is present in the application instead of two and no animation is possible which is 
possible in the other project. Further, more filtering methods are added to Time. 
 
One big difference with Time and the project in 3.2 Visual Exploration of the Spatial Distribution of 
Temporal Behavior is that in Time multiple attributes can be studied while the other project focuses on 
large time-series with a large number of data items. Time does not function very well with large time-series 
but handles a large number of data items. Both projects enables search on the ratio but the other project 
also enables search on the difference. They compute the difference and the ratio based on the previous 
year. Here in Time the year do not necessary have to be the previous year; it can be the year before the 
previous year etc. In Time the interval is decided by the user.  
 
In the project 3.3 Dynamic query tools for time series data sets: Timebox widgets for interactive 
exploration, a query can be based on several attributes. This is not possible in Time when looking at the 
ratio between two years. In Time filtering on multiple attributes is possible for one year at the time by 
performing filtering in the AttributePC. Another difference is that they use a timebox to perform queries, 
here in Time track bars are used. Further they handle abstract data and in Time georeferenced data is used. 
Similarities are that the queries can vary in time and values. They use the timebox to perform queries; here 
in Time sliders, text boxes and buttons are used.  
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When the methods behind 3.4 Towards a conceptual framework for visual analytics of time and time-
oriented data is applied to Time the following structure is found. 
 
Internal data structure 
 

 Scale: Discrete, measurements are stored as <time-point, value> pairs. 
 Scope: Point based, each value corresponds only to a certain moment in time and nothing is 

known about time in between the measurement time-points. 
 Structure: Linear, time is structured linearly from the past to present. 
 Viewpoints: Ordered, only one temporal perspective is used. 
 Granularities: Single, values are measured in one definable step, which in this case is years. 
 Number of variables: Multivariate, multiple attributes per data item can be dealt with.  
 Frame of references: Spatial-georeferenced. 
 Relation to time: Direct, measurements are directly related to values of the time domain, each 

measurement belongs to a single value of the time domain.  
 Kind of data: State, the state of the observed variable is measured at discrete steps in time. 

 
Analytical and mining components 
The data mining tasks performed here are search and retrieval. By using the different filter methods 
specific items with specific values can be retrieved since the other values will be filtered out. Certain time-
periods can also be specified by setting a time-interval and then filtering on a specific axis. Several filtering 
methods can be combined and refine the query further. A query is only based on one attribute at the time. 
 
Visualization and interaction components 
 

 Mapping space: The mapping is time to space and data is represented via time-graphs where 
horizontal time-axes are used. 

 Type of data: Quantitative, numerical values (floats) are dealt with in the application. 
 Dimensionality: 2D, the visual representation is 2D. 

 
Visualization and communication analysis parameters and the analysis process 
Analysis parameters are set via direct manipulation, dynamic queries. 
 
The similarities in Time and in the project described in 3.5 Visual methods for analyzing time-oriented 
data are not many. None of the visual representations, neither the suggested data mining task nor the user-
centered analysis is used. Here dynamic queries are used as interaction and the parallel coordinates plot is 
chosen as the visual representation method.  
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4 Implementation 

4.1 Overall picture of the application 
The application is named Time and consists of four components: a map, an AttributePC, a TimeGraph 
and a TrendGraph. It actually also has a component called Data view, which as mentioned in 2.3.3 Data 
view shows the data in detail. It is placed behind the AttributePC and will become visible by clicking the 
tab saying Data view. The components are all linked together meaning that when filtering is performed in 
one component it will be shown in the other components as well. Furthermore, picking a data item, a line 
in one of the graphs or a region in the map, will result in a highlighting of the item in all components. In 
figure 17, the application can be seen with data from Sweden. To the left the map is placed and next to the 
map the color legend can be seen. The top graph is the AttributePC and behind the AttributePC the Data 
view is placed, the graph in the middle is the TimeGraph and the graph in the bottom is the TrendGraph. 
Next to the TrendGraph the global focus control is placed and the delta axis control etc. In the top menu 
the time interval and the opacity control is placed.  
 
 

 
 

Figure 17. The application. 
 
Here follows a deeper description of each component and the tools present in the application as well as 
the different interaction methods added.  
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4.1.1 AttributePC 
The AttributePC, see figure 18, is a parallel coordinate plot, which shows all the attributes as axes and the 
data items’ values are decided by the selected year in the TimeGraph. When one of the headers in the 
AttributePC is clicked the data in the TimeGraph, the TrendGraph, color legend and the color map will 
be changed. This is how the graphs are linked together. The clicked header will be colored orange to pop-
up from the other headers, which are colored black. Next to the AttributePC a grey rectangle is placed and 
when the mouse curser is placed on top of the rectangle a tool bar will appear. As can be seen in figure 18 
the tool bar is visible and the currently selected attribute is the first axis.  
 
The tool bar controls the AttributePC so that functionalities can be added to the plot to enhance the 
opportunities to explore the data. The tool bar controls features for the AttributePC such as lines, axes, 
background, histograms, percentiles, reset filters, focus control and headers. The features can be turned on 
or off or set to visible or invisible. The number of bins in the histogram and the number of percentiles are 
also controlled by this tool bar. For more information on how histogram, percentiles and focus layer 
works see 2.3.1 Parallel coordinates plot.  
 
 

 
 

Figure 18. The AttributePC. 
 

4.1.2 TimeGraph 
The TimeGraph, see figure 19, is also based on the parallel coordinates in GAV but the axis has the same 
maximum and minimum to look like a time-graph. The axes represent years and the data items’ values are 
decided by the chosen attribute in the AttributePC. By clicking on a header in the TimeGraph, the data in 
the AttributePC and in the color map will be changed and show data for the chosen year. Filters were first 
removed since filtering on one year was assumed to not be of a great interest. Later this feature was added 
as optional. The user can turn on the filters by clicking on the menu item filters in TimeGraph under the 
menu item parallel coordinates. Another feature available for the TimeGraph is the focus control, see 
figure 20, which can be turned on and off in the menu by going to parallel coordinates and then clicking 
on focus layer for TimeGraph and TrendGraph. In figure 20 the focus layer is turned on and the focus is 
changed. For this plot when the focus is changed for one axis all axes are affected.  
 

 
Figure 19. The TimeGraph. 

 
Figure 20. The TimeGraph with focus changed. 
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4.1.3 TrendGraph 
The TrendGraph, see figure 21, is also based on the parallel coordinates plot and the axes have the same 
maximum and minimum to get the structure of a line-graph. In the background two rectangles are drawn 
to reveal where zero is. When a header is clicked in this plot the data in the color map will change. The 
TrendGraph shows the ratio in percent between two years.  
 
The ratio, the relative change between two years or two axes, is computed as follows:  
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The variable delta is decided by the user when moving the slider on the delta track bar and determines 
how many axes it should be to the next step. Delta can be delta year if the data set has a regular time step 
between each axis. In figure 21 the data set do not have a regular time step. The first axis shows the ratio 
from 1990 to 1995, while for example the third axis shows the ratio between 2000 and 2001. In the 
equation n is the data item i.e. a municipality or a country. 
 
To calculate the difference meaning the absolute change between two years or axes the following 
computations should have been performed. The absolute change was never implemented due to time 
limitations. 
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Figure 21. The TrendGraph. 
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4.1.4 The map 
The map, see figure 22, reveals spatial relations in the data set. Picking, brushing and linking are all 
concepts used for the map. In figure 22 coloring is based on coffee consumption ratio between the years 
1998 to 2003, where red indicates an increase while blue stands for a decrease. 
 

 
Figure 22. The map. 

 

4.1.5 Data view 
The data view, see figure 23, is used to get detailed information of the data. The user decides when more 
details of the data are needed by clicking the tab called Data view and the view will become visible. It is 
placed behind the AttributePC. In figure 23 Sweden is selected and highlighted. 
 
 

 
 

Figure 23. The data view. 

4.1.6 Color Legend 
In the window where the color legend is positioned, see figure 24, some functionalities are included, 
enabling the user to set properties for the coloring and color legend.  
 

 Red and blue color scale: The colors will be set to red and blue. This is the default mode. For more 
details see 2.3.4 Color legend. 

 
 Scientific color scale: The colors are based on a scientific color scale. For more details see 2.3.4 Color 

legend.  
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 Flip colors: The color scale can be flipped. Perhaps it makes more sense for the current 
user to have red indicating an increase instead of blue. This could be the case for when 
energy data is used since an increase of energy consumption could be seen as a danger. 
This is decided by the user. 

 
 Linear: Linear coloring is used and moving the edges is possible. For more details about 

linear coloring see 2.3.4 Color Legend. When an edge is moved the coloring is changed. 
In figure 24 an edge is represented with a white line placed between the hues.  

 
 Percentile: Percentile coloring is used and moving the edges is not possible. For more 

details about percentile coloring see 2.3.4 Color Legend. 
 

 Set edges: The user enter values where the edges should be placed. Moving the edges is 
possible. For more details about set edges see 2.3.4 Color Legend. 

 
 Global max and min: This option indicates whether global maximum and minimum ought 

to be used. This means that the maximum and minimum is not the maximum and 
minimum for the specific attribute and year. Instead it is the maximum and minimum for 
the chosen attribute over all years. When unchecked the maximum and minimum is 
based on the chosen attribute and chosen year.  

 
The AttributePC will also get global maximum and minimum when this box is 
checked. Local maximum and minimum will not change when a header in the 
TrendGraph is selected as coloring. For that scenario only global maximum and minimum exists 
for the coloring. 

4.1.7 Information window 
When a data item is picked a window is opened showing detailed information about the picked item, see 
figure 25. This gives the user details-on-demand. 
 
 

 
 

Figure 25. The information window. 

4.1.8 Layouts 
The user can choose between four different layouts. Layout4 is more suitable when Swedish data is used 
and layout1, layout2 work well with world data. Layout3 works well for both Swedish and world data. All 
layouts can be utilized for both types of data. The layouts can be viewed in Appendix 2 Layouts. 

Figure 24. Color legend. 
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4.2 Interactivity 
Except for the interactivity explained in 2.4.1 Filtering, 2.4.2 Picking, 2.4.3 Brushing and 2.4.4 Multiple 
views and linking some other interactivity was added based on the concept of dynamic queries described 
in 2.4.5 Dynamic queries. 

4.2.1 Menu bar 
The application has a menu bar with the following options: 
 
File 

 Load data: Two radio buttons needs to be checked. One decides whether it is world data or 
Swedish data. The other one determines how the data is arranged: either with attributes placed as 
columns and time as sheets or attributes placed as sheets and time as columns. 

 Choose layout: Layout1, layout2, layout3 and layout4. 
 Load snapshot: Choose a snapshot to load into the application. The application needs to be started 

with the same data as in the snapshot to be loaded.  
 Save snapshot: Save a snapshot, meaning all settings are stored such as filtering, selected items and 

selected headers. This snapshot can be loaded to the application again. 
 
Settings  

 Data settings: A window is opened. The user simply chooses which attributes to be visible by 
checking a checkbox. 

 Font settings: The user can change the font settings for headers, percentile text and maximum and 
minimum value.  

 Hide TimeGraph: The TimeGraph plot can become hidden to give more room to the TrendGraph. 
It can also be set to visible again. 

 Hide TrendGraph: The TrendGraph plot can become hidden to give more room to the 
TimeGraph. It can also be set to visible again. 

 Reset: The map position and zoom can be reset and all filtering can be reset. 
 Regions to show: A window will be opened and the user simple chooses which regions to be visible 

by checking a checkbox. This option is only available when world data is used. 
 
Parallel coordinates 

 Focus layer for TimeGraph and TrendGraph: The focus layer will become visible in the TimeGraph 
and TrendGraph. This enables the user to change focus on the axes to be able to see a certain 
interval. The control is global for both TimeGraph and TrendGraph. 

 Filters in TimeGraph: Clicking this menu item filters in the TimeGraph will be set to visible or 
invisible. 

 Format of max and min: Here the user can decide which form the maximum and minimum value 
ought to be. The user can choose between general form and scientific form. Scientific form is for 
example 1.9 * E^3, while general form is 1900.  
 

Color legend 
If the window with the color legend is closed it will become visible again by clicking this menu item. If it is 
already open it will become invisible.  
 
Picked item 
This menu item cannot be clicked. It will display the name of the last picked data item.  
 
InfoForm 
This menu item will decide if the information window should pop-up or not when a data item is picked. 



25 
 

4.2.2 Track bars, buttons and textboxes 
Time-interval control 
The visible years can be set by changing the slider for the time-interval. This feature can be useful if a 
smaller time interval is of interest or the data set is very large and is hard to analyze with all years visible. 
The track bar controlling the time-interval can be seen in figure 26. 
 
 

 
 

Figure 26. Track bar controlling the time-interval. 
 
 
Opacity control 
This control sets the opacity for the line in all the graphs, see figure 27. 
 

 

 
 

Figure 27. Track bar controlling opacity for lines. 
 
 
Focus control 
One of the most important controls for this application together with the variety of filtering options is the 
focus control, see figure 28. It changes the maximum and minimum in the TrendGraph giving the user the 
opportunity to see lines of interest. For a line to belong to the new focus it has to have values within the 
interval for all axes. To show the current interval two textboxes were placed in relation to the track bar. 
These textboxes can also be used for setting the maximum and minimum by manually typing preferred 
values and pressing enter. 
 

 
Figure 28. Focus control. 

 
  
Delta axes track bar 
Here the user can set the time-interval, for which the ratio is calculated, see figure 29. The maximum size 
is finite by the fact that the time-interval is finite. Together with the time-interval control the user can get 
the ratio between any two years i.e. axes. 
 

 
Figure 29. Delta axis control. 

 
 
Reset button 
When this button is pressed the TrendGraph’s maximum and minimum will be set to the original 
maximum and minimum for the chosen attribute, see figure 30. 
 
 
 
 



26 
 

Filters on/off-button 
When the filters on/off-button is pressed, see figure 30, filters similar to the percentiles will become 
visible in the TrendGraph, see figure 31. The filtering tools can be adjusted to a preferred interval and to 
filter a triangle can be pressed. The lines within this interval will be filtered out. Clicking it again will bring 
the lines back. 
 
 

 
 
 

Figure 30. Options for the TrendGraph. 
 

 

 
 

Figure 31. The TrendGraph with filters visible. 
 
 
Keyboard keys 

 Shift key: Enables multi select. When the shift key is pressed several items can be selected at the 
same time. 

 C key: Clears the filtering. When c is pressed all filtering is cleared.  
 Enter key: Sets the interval for the focus on the TrendGraph. When entering values in the 

textboxes belonging to the focus interval slider the values are submitted by pressing enter key.  
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5 Evaluation and results 

5.1 Usability study 

5.1.1 How the usability study was performed 
During the development process the application was tested continuously by one expert reviewer. The 
reviewer gave suggestions on changes and this lead to continuous changes during the whole development 
process. No results from these reviews are described here. When the application was deemed to be almost 
finished three experts reviewed the application and gave comments. No predefined tasks were designed 
instead the reviewers freely tested the application. Both high-frequency tasks such as filtering and picking 
and more rare tasks setting edges on the color legend were performed. The reviewers were placed in an 
office-like environment which was assumed to be similar to the environment intended for the users. No 
user manual was read instead an oral description was given when necessary.  
 
Usability testing with future users was not done due to the lack of time since finding a test group similar to 
future users was deemed to be too time demanding. However it would have improved the application. 
Also a heuristics evaluation method could have been used to improve the user interface. This was also 
skipped due to time limitations.  

5.1.2 Results 
One of the reviewers stated that it was nice with the yellowish color between the panels, the areas where 
the components are placed. This color made it clear where a panel begins and ends since the background 
of the panels are white. Further this made resizing a panel easier. The headline “font for max and min 
values in Pc” in the font settings window was unclear and the reviewer suggested that this headline ought 
to be change 
 
Another suggestion was to remove the opacity option in the pc-settings next to the AttributePC since the 
opacity can be controlled globally with the opacity slider. An option was to only let the global opacity 
slider control to control the opacity for the TimeGraph and the TrendGraph. Further it was claimed that 
the focus control on and off button in the top menu under Parallel coordinates only should affect the 
TimeGraph and the TrendGraph. The AttributePC can turn on and off the focus layer by the use of the 
pop-out control next to the AttributePC.  
 
A question was asked why filtering was not possible on the TimeGraph. The explanation was given that 
filtering on a certain year was not considered necessary. The reviewer did neither agree nor disagreed with 
this statement and thought it was okay with no filters on the TimeGraph.  

 
Another reviewer stated that when the menu item color legend is clicked it should hide the color legend if 
it is visible and show it again when hidden. Before this review no action was implemented when the menu 
item was clicked and the color legend visible. The menu item should also be set as checked when the color 
legend is visible and unchecked when not. This to make it clearer what will happen when the menu item is 
clicked. Since the information pane always pops up it was suggested that it can be closed and opened in a 
similar manner as the color legend. The user can decide when it should be visible.  
 
It was also deemed annoying if an item was selected in the map and panning, meaning moving the map, 
was carried out. This resulted in all selected items becoming unselected. It is important that panning was 
possible without unselecting items. When no item is selected there should be a text in the menu bar saying 
“picked item”. 
 
The text “Fixed edges” on the radio button where the user can set edges was confusing. It was assumed 
that the edges could not be moved, which they can. The text was suggested to be modified to “Set edges” 
instead. One reviewer also considered that the picture next to the AttributePC, where the pc-settings are 
hidden, ought to be changed.  
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The tab where the text says AttributePC should be made larger since the text was unreadable. It was also 
unclear what the TrendGraph was showing, since the unit of the data was not stated.  
 
The label “Delta year” was a bit misleading since it is delta axes. The data is not always continuous 
considering that for example the step size from one axis to another is not always one. Instead, one axis 
can show values from 1990 and the adjacent one can be from 1995 while the third one is 1996. Therefore, 
the label should change to ”Delta axes” or similar, while a tool tip text with more information could also 
be utilized.  
 
The reset checkbox should be a button instead, since if the reset is unchecked it is believed that the 
application will go back to the previous step, which is not the case.  
 
When testing the application one overall impression stated by all of the participants is that the application 
works well on average large data sets but with greater time-series some problems occurs. The update is 
simple not fast enough.  

5.2 Case study 

5.2.1 How the case study was performed 
The case study done in this project had three purposes; to demonstrate the application, to find errors or 
improvements that can be done and to see what findings can be found i.e. if there are any trends, features 
or outliers in a data set. The case study was performed by the creator of the application. The data sets used 
were the data set showing energy usage in Sweden from 1990 to 2005 and world energy data set from 
1981 to 2006. During the case study based on the Swedish data set the track bar focus control, track bar 
delta axis and the filter option for the TrendGraph was demonstrated. The world energy data was mainly 
explored to demonstrate the use of the year interval. The purpose with the pictures in 5.2.2 Result is not 
meant to reveal details but to get an overview of how the exploration of the data was performed. 

5.2.2 Results 
The first thing that was explored was the relative change, the ratio, from 1990 to 2005 for the attribute 
Energy total, which reveals kilowatt-hour per inhabitant. To look at this the delta axes was set to the 
highest value and the coloring was set to be the ratio from 1990 to 2005 by clicking the header in the 
TrendGraph. The color scale was set so that increases were colored by reddish colors and decreases by 
bluish colors. As seen in figure 32 most of the municipalities in the map are blue indicating a decrease.  
 

 
 

Figure 32. A screenshot showing the ratio from 1990 to 2005. 



29 
 

The municipality with the biggest increase from 1990 to 2005 is Lysekil, which can be seen in figure 33. 
This was explored further to find out what the increase could be caused by. The other attributes, energy 
industry, energy transport, energy service and energy housing, were examined based on the same 
conditions as earlier i.e. the ratio between 1990 and 2005. Lysekil had decreased all energy usage from 
1990 to 2005 for all attributes except for energy industry. The increase in the total energy was due to an 
increase in energy industry.  
 
 

 
 

Figure 33. The map shows where the municipality of Lysekil is. 
 
To see when the largest increase took place the scenario in figure 34 was studied. The figure shows that 
the largest increase happened somewhere between 1995 and 2000. Since there is no data from 1996 to 
1999 it cannot be studied exactly when the largest increase happened. The reason for why the largest 
increase occurs here could be because it is such a large interval. Second largest increase is between 2001 
and 2002. The energy industry consumption for Lysekil did decrease from 2003 to 2005. Why the energy 
consumption for industries has increased was not studied.  
 
 

 
 

Figure 34. Studying when the largest increase took place. 
 
The focus control was used to see if there were any municipalities which had decreased their total energy 
consumption per inhabitants during the whole time interval. The upper limit was set to zero and the lower 
limit was kept. This led to that a municipality is only present in the TrendGraph if it lies within the focus 
control interval for all axes. In figure 35 only one municipality fulfills the criterion and it is Kävlinge. The 
same examination was done for increases and there were no municipalities with an increase of the total 
energy consumption ration for every axis of the TrendGraph.  
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Figure 35. One municipality has decrease for all years. 
 
 
The filter option button for the TrendGraph was used to explore the extremes for energy household 
ratios from 2000 to 2001. This was mostly done to demonstrate the filters. In figure 36 the filtering was 
done on the axis 2000 to 2001 and the items with values between 154.28 and 47.72 was filtered out and 
the extremes were remaining. There are six municipalities not filtered out:  Boxholm and Ydre in blue 
color, Gnesta and Botkyrka in red, Solna in red and Sundbyberg in blue, although the latter two could not 
be seen on the map due to size constraints (see figure 36).  
 
 

 
 

Figure 36. Filters in the TrendGraph 
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When starting studying the world data the year interval had to be reduced to make the view reasonable, 
see figure 37 and figure 38. Therefore the year interval was reduced to 1990 - 2006. Also some attribute 
was removed and only attributes showing consumption and population were kept in the application. The 
data is per person.  
 
  

 
 

Figure 37. World data all years visible. 
 

 
 

Figure 38. World data with reduce years and attributes. 
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When exploring the world data set it was revealed that Australia, Poland, South Africa, Czech Republic 
and the United States lay in top concerning coal consumption per person. Qatar is in the top concerning 
gas consumption and on second place comes the United Arab Emirates. Hydro energy consumption is 
highest for Norway and then followed by Island. Nuclear power is topped by Sweden followed by France 
and then come Finland and Lithuania. Singapore, Kuwait, Qatar and United Arab Emirates top the Oil 
consumption where Singapore is number one. The country consuming most primary energy is Qatar 
followed by United Arab Emirates and Canada. All the above was studied by viewing the TimeGraph for 
the different attributes. One study example can be seen in figure 39 where the primary energy is studied 
and Qatar is picked. 
 
 

 
 

Figure 39. World data primary energy consumption. 
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6 Discussion 
The objective of this project was to create a tool to enable simultaneous analysis of data comprising time, 
space and multivariate attributes, by the use of multiple views visible at the same time. It was also to 
enable analysis of decreases and increases between different time-intervals. By the use of information and 
geographic visualization techniques with a user integrated approach this was accomplished. The most 
powerful thing accomplished with this project is the possibility to analyze the increases and decreases 
between years. Trends can be analyzed both from a global point of view by the use of the global focus 
control where the user sets the maximum and the minimum. Also from a local point of view by setting the 
intervals on an axis in the TrendGraph, This application will be placed on the NVIS webpage and can 
therefore be downloaded and used by people in need of this kind of analyzing tool. By the results from 
the usability study and the case study it can be said that the implemented application is a successful tool 
for medium large data sets. Medium large in the sense of number of attributes and years present in the 
application. Still an important improvement would be to make it suitable for larger data sets since time-
series often are very large.  
 
All things pointed out in the usability study were changed. Some efforts were made on speeding up the 
application for larger time-series but still it is not optimal. Initially the user saw when each line was drawn 
but this was removed and made the update a little faster. The discussion whether the TimeGraph ought to 
have filters or not was solved by making it optional. The filters can be turned on and off by clicking the 
menu item in the menu item parallel coordinates. The scientific form or the general form of the values in 
the graphs was solved by making the user able to choose format. The opacity control was removed in the 
pop-out tool bar for the AttributePC. Only the global opacity track bar controls the opacity for the lines. 
A change was also made so that the focus layer menu item in the parallel coordinates menu only affects 
the TrendGraph and the TimeGraph. 
 
In the case study it was revealed that Lysekil suffered from an increase in the energy consumption for the 
industry perhaps a new industry did open sometime during the time-interval. A good indication is that it is 
decreasing again. The performed case study indicated that a lot of interesting trends and features can be 
discovered with the application. The case study could have been done deeper but was not since it was not 
the main focus of the project.  
 

6.1 Future work 
Future work could also be to enable querying on multiple attributes similar to the one described in 3.3 
Dynamic query tools for time series data sets: timebox widgets for. At the present time the user can do querying on 
multiple attributes but only for one chosen year. To do filtering on multiple attributes and for different 
time-intervals, the user could add tabs to the TrendGraph where each tab is a TrendGraph for a chosen 
attribute. When the user filters on the axes of TrendGraph the still visible items fulfill all the 
TrendGraphs’ filtering.  Another option could be added where the user can choose whether the 
TrendGraph should show the absolute or relative change (i.e. difference or ratio). Now only ratio is 
possible to see in this application.  
 
Perhaps a data mining algorithm could be added to make the tool even more powerful. Data mining 
algorithms are employed in many related works. Some glyphs could be added to reveal local behaviors or 
perhaps do some kind of aggregation to get the general picture of the behavior on the entire territory. 
Now the local behavior is revealed by coloring the map by the items values for a certain attribute and a 
certain year or interval, but perhaps a glyph would reveal something else. The general picture of the 
behavior can be seen for all attributes for a selected year by showing the background layer in the 
AttributePC. There are three choices: percentiles, mean and median.  
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Appendix 1 – ColorBrewer 
 

 
 

Figure 40. ColorBrewer. 
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Appendix 2 – Layouts 
 

 
 

Figure 41. Layout 1. 
 
 

 
 

Figure 42. Layout 2. 
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Figure 43. Layout 3. 
 

 

 
 

Figure 44. Layout 4. 

 
 


