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Abstract

Interaction techniques for information visualization systems require control elements
to interact with the data. These elements consume visual space and this is one of the
major limiting factors of a visual analytics dashboard. This work introduces interaction
methods to control the visualizations of a dashboard without the need of additional
visual space. These in-place control elements give the dashboard designer the possibility
to design more compact dashboards, while maintaining the same functionality without
using space filling controls. This is achieved by hovering areas in the visualizations which
opens controls or triggers events.
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CHAPTER

Introduction

The speed data is generated increases every year. This results in a huge amount of raw
unfiltered data, which is useless for most applications, because the user is not able to
analyse the data fast enough. This information overload is typically caused by parts of
the data being irrelevant, or inappropriately processed or presented for a particular task
at hand. [KAFT0§|

It takes a lot of time to analyse these masses of data and to query them efficiently.
Information visualization is one approach of dealing with the information overload
problem. Thereby the data is presented in a visual form, which can be interpreted by a
human fast and efficient. By interacting with the visualization, the user is able to gain
new insight into the data. [Kei02]

Interactive information visualization systems provide a large set of different types of
visualizations, like scatter plots, histograms or parallel coordinates. It can be difficult for
novice users to choose the diagrams which are most efficient and suitable for their task,
because the system provides a too large range of functions. [MAP15]

To support the users, their tasks are analysed and a task-tailored dashboard is
designed [MP14]. With this designed interface the information is more structured and in
an easy to read manner [EB11].

An implication of this simplicity is that dashboards typically provide less space for
widgets to interact with the data. Additionally to the limitation of the visual space too
many control elements in an application create extensive visual clutter, poor information
readability and information overload, which distracts the screen user. [Gal07, p.110f]

But the interaction is essential to complete the user tasks to reach their goals. This
work introduces interaction methods to control the parameters of visualizations without
the need of additional visual space. These in-place interaction techniques give the
dashboard designer the possibility to design more compact, orderly, clean, clutter-free
dashboards with the same functionality, while avoiding permanent, space-consuming
controls.




The main idea is to define dedicated event-triggering areas within the visualizations.
Hovering these areas with the input device (typically the mouse) triggers interactions or
displays controls on-demand. A well known example for a hover triggered control is the
ToolTip, which is a small pop-up window that appears when the mouse pointer is moved
over an area. It contains additional information of the area. It is often used to identify
controls which do not have a caption because it has been omitted for lack of space.

The disadvantages of the ToolTip are very similar to the key-challenges of the later
presented in-place interaction methods. The user does not know where the area is, so he
has to discover them and if they appear unwanted they can be distracting for the user.
[Gal07, p.111{]

Chapter [2|introduces the used definitions: Direct Interaction , the visual analytics
and information visualization system Visplore and Dashboards (2.3)).

In Chapter [3] the tasks and requirements of control elements in Dashboards are
preseneted:

e Adjusting mappings of numerical scales [3.1]
e Reordering columns in tabular layouts [3.2]
e Adjusting visual parameters [3.3]

As the core contribution of this work, Chapter [] introduces control elements for in-place
interaction in dashboards which are implemented in Visplore.
Chapter [5| contains the discussion of the implemented methods and the conclusion.



CHAPTER

Related Work

The visual analytics process is an approach with multiple different definitions. This
chapter defines the terms that are used in this work.

Section 2.1 defines the term of direct interaction and the used methods. Section 2.2]
presents the application Visplore, which is used as the application to implement the
direct interaction methods and in Section the method of dashboards is described by
the state of the art example of Visplore.

2.1 Direct Interaction

[Dix09, p.4] defines direct interaction as the involvement of “a dialog with feedback and
control throughout performance of the task”. Indirect interaction in contrast contains
batch-processing, where the user enters the data to the system and waits for the results
for hours or days.

Direct interaction uses visual representations of the action the user wants to achieve
and he interacts with it by pointing on it. Furthermore this actions have to be rapid,
incremental and reversible and the results of the generated query need to be displayed in
real-time. [AS94]

Typically the user can interact with the data through a control panel, which contains
visual widgets. These widgets could be sliders, buttons or text fields. By interacting with
them the visual representation of the data changes in the views. [EBN13]

In the case of a control panel these widgets are constantly visible in the interface. In
contrast to this approach it is also possible to display them only on demand. Well known
examples for on demand interaction methods are the Popup Window and the Popup
Menu. This work focuses on this type of direct interaction.
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Figure 2.1: 1) A figure inside the text editing program “Microsoft Word” 2) A context
specific Pop-Up Menu 3) Control elements for direct interaction [RBH'12]

2.1.1 Popup Windows and Popup Menus

A Popup Window is used similar to a ToolTip which was presented in the previous
Chapter. A new window with additional information is only displayed when the user
triggers a specific event like hovering an icon. This window does typically not contain
the standard window components, such as the title bar or the close button. Additional
to textual information, this window can contain controls for direct interaction. [Gal07,
p.3641f]

A popup Menu is a special implementation of a popup Window and used to “present
alternatives or choices within the context of the task” [Gal07, p.318f]. The presented
options in the Popup Menu are often also available from other control elements, which
are usually hidden in a complex menu structure. Therefore, the Popup Menu enables the
user to achieve his task faster, because the needed commands appear in the working area.
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Another advantage of Popup Menus and Popup Windows is that they do not need
additional window space, which is important for the use of Dashboards (see Section .
The disadvantages of these control elements are: [Gal07, p.318f]

e They have a shallow learning curve, because the user has to remember the existence
and the location of these elements, as well as how to trigger them (e.g, by a
right-click)

e They may be displayed by accident and/or occlude the screen working area.

Figure shows an implementation of a context specific Popup Menu in the word
processor “Microsoft Word”. By clicking on an element, or hovering it, a context specific
control panel appears, which features more than just a menu. It includes other widgets,
such as buttons, icons or sliders, that can be used to interact with the clicked or hovered
element. [RBH"12]

2.1.2 Science of Interaction

“We need to develop a ‘science of interaction’ rooted in a deep understanding of the
different forms of interaction and their respective benefits.” [TC05]

Thomas and Cook made this recommendation in the year 2005 and since then several
improvements were made.

[YaKSJ07] created general categories of interactions based on the notion of user
intent:

Select Users want to select data points that are interesting to them to highlight them
as important. For example by colouring data points in a visualization which fulfill the
selection criteria with a different colour. A selection is often used before other interaction
techniques are executed.

Explore It is not possible to visualize all data points of a large data set at the same time,
because of screen- and fundamental perceptual- and cognitive- limitations. Therefore
the user needs an interaction technique to change the visualized subset of data. For
example by panning the viewed subset by dragging the visualization with the mouse.
(see Section for an implementation of this concept)

Reconfigure The spatial position of the data items is the most accurate of all visual
variables [Mac87]. But a static visualization can present only one perspective onto the
data set. By changing the spatial arrangement the user can analyse the data further. For
example, by rearranging columns of a table. (see Section for an implementation of
this concept)



Figure 2.2: The Dynamic Home Finder is a query system to find a home which suites
the needs. It uses direct interaction sliders to query the filter. [AS94]

Encode By showing a different representation to the user, he is able to understand new
relationships and distributions of the data items. Changing a pie chart to a histogram
is a simple example of encoding the data with two different types of presentation. (see
Section for an implementation of this concept)

Abstract/Elaborate This interaction technique allows the user to adjust the level of
abstraction of the data to show him more or less detail. The ToolTip, a very simple and
previously mentioned interaction technique, belongs to this category.

Filter To restrict the displayed data items the user defines a condition or a range. Only
the data items that meet this condition are presented. An example of this would be
direct interaction sliders. In Figure the application Dynamic Home Finder uses this
direct interaction sliders to query a filter. [AS94]
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Figure 2.3: Screenshot of the visual analytics and information visualization system
Visplore. It shows a car engine design from AVL List GmbH.

Connect This interaction technique enables the user to get insight into the associations
and relations of data items. This includes hidden data, which is relevant for the specified
data. Brushing is an often used interaction technique to visualize the selection in all
displayed views. In Figure the selected data entries are displayed as red lines and
dots and the currently hovered data entries are rendered with a blue colour in all views.

Furthermore the goal of the science of interaction is the guidance of the analysis and de-
sign of visual displays and to define and recognize best practices of interactions. [PSCO09]

2.2 Visplore

As already mentioned Visplore is a visual analytics and information visualization system
which features:

e A copious amount of diagrams, which are called views, for example: scatter plots,
histograms, parallel coordinates, etc...

e direct interaction with more than one million entries and with thousands of func-

tions [PTMB09, PPBT12]
e Brushing and linking between the different views [PBHOg]



e the creation of computational analysis models, like regression models ([PBK10,
MP13])

e The design of dashboards by visual programming of existing modules, such as views,
selections, or derived data.

Like mentioned in Section it is important that the response time of the exploration
task is under 100 milliseconds to ensure that the change is perceived as a smooth
animation. If the response to an user interaction needs longer than 1 second the user
performance might reduce. [T'C0O5, S. 73-81, Chapter 3] To ensure that the user receives
real-time feedback for his actions the Visplore system uses a multi thread architecture
and an approach called early thread termination, where it is possible to interrupt the
rendering within the standard visualization pipeline [Chi00] because changes, usually
done by the user, invalidated the final image. This makes it possible to render only
partial results of the visualization, which may not be as computationally expensive to
compute as the final image or the partial results can be cached. [PTMBO09]

The system supports various different visualizations [PPBT12]. This work introduces
in-place interaction techniques to some of this views.

2D scatter plot Two data attributes can be assigned to the X- and the Y-axis and
their relation is visualized as a collection of points, where the position of a point is
determined by the data value of the horizontal and the vertical axis. In Visplore an
additional data attribute can be assigned to the visualization, which is shown by color.
Additionally it is possible to use the scatter plot as a time series view by connecting
the data points with a line-strip provided by an data attribute. Figure presents an
example of a scatter plot in the bottom left- and top left- visualization.

Parallel coordinates are used to relate multiple data dimensions. In Visplore a user
is able to add remove and move data dimensions to the axes and add an additional data
attribute to the color of the lines. [Ins09]

1D Overview This view provides a statistical overview of a set of user-defined data
dimensions. Additionally a small histogram for every data dimension is displayed. This
view is capable of interactively building regression models. [PBHOS]

2D Overview This view is used to analyze pair-wise relationships of data attributes.
The data attributes are displayed as a matrix and are ranked by statistical properties.
This ranking allows focusing on the statistical relevant attribute pairs. To get an overview
it is possible to use this view as a 2D scatter plot matrix.

The Visplore framework is used in different technical areas. It is used for optimizing
and designing complex engines to improve efficiency, in the area of facility management
to optimize maintenance cycles and to analyse the gas consumption of cities.
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Figure 2.4: Screenshot of a dashboard build with Visplore for the analysis of the correlation
of natural gas consumption and meteorological factors. [MP14]

To enable interaction in the exported dashboards this work defines the tasks and the
goals of the user and introduces direct in place interaction solutions.

2.3 Dashboards

The range of functions and the area of applications of Visplore enable expert users to
solve a variety of tasks in analysis and statistical modelling. However inexperienced and
novice users are often overwhelmed by the broad range of functions of the system. [MP14]
Task-tailored dashboards are one approach of helping a new user to solve a given
task.

A dashboard in an auto mobile is a compact and intuitive combination of different
visualizations of various data sources. In visual analytics this term is also used for the
designed interface, which connects different views, widgets and data sources to organize

them. [EB11]



Typically visual analytics experts design a dashboard for a specific task in a way that
the user of the dashboard is able to visualize the data in an easy understandable way.
Like in the dashboard of a car, the designer knows what kind of data is expected and
chooses the best way to visualize it. Figure shows a dashboard of the Visplore system
which enables the user to easily analyse the correlation of natural gas consumption and
meteorological factors. The three views are on fixed positions, but the user is able to
load a different data set, select data and export the selection as a new data set.

One of the key challenges of designing a dashboard is choosing the ideal number of
views and their arrangement. By adding more views the user is able to solve a broader
set of tasks with the same dashboard with the drawback that it increases the complexity.
In addition to that, the available screen space per view gets smaller if more views are
displayed. [Sof15] Another challenge is choosing which controls should be displayed in
the dashboard.

In a business intelligence dashboard the designer is also able to use interactive
exploration to enhance the understanding of the information. However, as a specific
drawback in the context of this thesis, interaction requires widgets to interact with the data
which use visual space. This is one of the major limiting factors of a dashboard. [cKEFY11]

Applications that support the design of dashboards are for example Tableau [MHS07]
and Visplore (Section . In this work Visplore was used to implement direct interaction
methods for dashboards to save visual space.
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CHAPTER

Tasks and Requirements

In Section diverse categories of interactions were presented. This work focuses on
three of these categories, which support the user to solve visual analytics tasks. This
chapter presents a more detailed overview of these three tasks and the requirements of
interactions within a dashboard.

3.1 Restricting the shown range
This type of interaction enables the user to adjust the scaling of a continuous axis in

order to display a certain interval. Common use cases include to “explore” [YaKSJ07]
the data step by step or to avoid distorting the scaling by outliers.

‘ 20 Scatter Plot 2D Scatter Plot

aaaaaa

e VarobieZ wwf || e Ve

Figure 3.1: 1} shows a scatter plot with two outliers, which axes are arranged that
all data points are visible in the visualization. (3.1b)) A more detailed view of the scatter
plot by changing the data mapping of the x-and y-axis.
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Figure 3.2: Two different representations of the same axes of parallel coordinates visual-
ization where different correlations can be observed.

Figure shows a scatter plot which displays all data points of a certain dataset.
Due to outliers the data points on the left are overlapping and it is not possible to detect
any patterns. After a restriction of the shown range, by adjusting the scaling of the x-
and y-axis, as shown in the user is able to discover a previously hidden relationship
between the two variables.

3.2 Reordering columns in tabular layouts

Tabular layouts are used in various domains to store data in columns and rows to be able
to easily compare and look up values. This layout is also used in various visualizations
and visualization systems. An example for a tabular layout in visualizations is the 2D
overview, where multiple scatter plots are displayed in a grid to compare them. Other

12



examples are the table lens view or parallel coordinates, where only one row or column
with multiple entries exists. (see Section

Furthermore the design of a whole dashboard can be structured as a table, so that
the used views are arranged in rows and columns.

The user needs interaction techniques to change the spatial arrangement of the
representations, to enable the user to look at the data at a different perspective. Because
it is possible that a single representation is not sufficient enough for gaining the insight
into certain characteristics and relationships of the data. [YaKSJ07]

As an example, Figure [3.2] shows two different representations of the same data
as parallel coordinates. On the left image it is hard to see the correlation between
Horsepower and Miles Per Gallon (MPG) and after reordering the axes it is easy to see
this correlation.

3.3 Adjusting visual parameters

The last interaction technique that was implemented as in-place interaction method by
this work is categorized as “encoding” by [YaKSJ07]. Data item attributes are mapped
to visual attributes such as position, colour, shape, etc... [Mac87]. The mapped data
items are rendered into the screen space of the visualization. This space is the limiting
factor of the visualization. For example if the rendered shapes are displayed too big, they
overlap and if they are rendered too small, they can not be interpreted correctly by the
user. Changing the visual mark attribute enables the user to experiment with different
representations.

The upper left Figure shows a scatter plot with many data points. On the
x-axis the data attribute Gas Consumption is assigned and on the y-axis Temperature.
Only the position is encoded, but the true distribution can not be perceived due to the
overlapping of the data points, because the size of one point is too big. The user is not
able to interpret this visualization and needs to change some visual mark attributes to
explore the data further.

In Figure the opacity of the points is changed which enhances the perception of
clusters in the data. In Figure [3.3D] the same effect was reached by reducing the size of
the points to 1 pixel. Two clusters can be observed by a user and further analysis shows
that these two clusters belong to the data of the day and the night.

In Figure the shown range was restricted as described in Section Zooming
into the visualization enhances the according screen space per data point ratio and the
rendered points no longer overlap. In contrast to the previous mentioned techniques, the
global overview of the data is lost and it is not possible to gain the same insight into the
data.

3.4 Export and Present

After the user was able to gain insight into to data and received new knowledge, he wants
to present the gained information to other people. The dashboard should be able to

13
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support this task or even screen capturing should give good results. To support this the
dashboard should not include any usability controls that encode redundant information
(e.g. Input fields with values that are also present in the visualization) or no information
at all (e.g. buttons). [Few(09] Of course that includes the buttons for exporting the
visualizations.

Figure shows a screenshot of a dashboard build with Visplore. The upper
visualization features two control elements to restrict the shown range. These controls
encode a redundant information and are not needed to represent the dashboard for
presentation purposes.
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CHAPTER

Control elements for In-Place
Interaction

This chapter focuses on the implementation of in-place interaction controls in views of
the Visplore system to support explorative user tasks in dashboards. Visplore is a system
written in C++ uses the GTK+ widget toolkit for creating graphical user interfaces and
OpenGL for rendering. In this work an additional class of controls were developed that
are integrated in the existing system.

The new class of controls provides the functionality of accessing and hiding the existing
control element on demand (Section . Additionally it performs the positioning of the
controls, which is described in Section

Multiple in-place interaction controls were implemented and tested in different views.
Section describes how these controls support the user tasks in dashboards.
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Figure 4.1: “Two-Stage Popup Controls” used to reduce the point size of a time series
visualization
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4.1 Triggering Controls on Demand

In the previous Section the need for in-place interaction is described. The whole interface
of Visplore is composed of so-called “widgets”, which are on one hand the existing control
elements and on the other hand the GL-areas. To access the controls as a trigger, a
so-called “trigger widget” needs to get defined. If necessary it is also possible to restrict
the area of interaction of this widget to a certain “trigger area”, which is defined by an
upper left and lower right corner point. The GL-area of the scatter plot for example,
where the visualization is rendered, can be configured as a trigger widget. A rectangle
around the name of a rendered axis can be defined as its restricted trigger area.

In Section the problem of accidental appearing of popup controls was presented.
This might happen due to not intended mouse movements by the user or just passing by
with the mouse pointer.

To avoid this unintended behaviour, a timeout is provided by the control. The mouse
pointer of the users has to stay uninterrupted inside the trigger area for the whole timeout
to open the control.

After the user adjusted the visual parameters, changed the arrangement, restricted the
shown range, used the displayed popup control in another way or opened it accidentally,
the popup should disappear. This is handled similar than accessing it.

If the user exits the popup with the mouse pointer, the popup is not hidden instantly,
but a hide timeout is started. If the user does not re-enter the control within this
time interval, the popup hides. This is needed especially for small popup controls, to
prevent the issue that the control hides itself unwanted, because of accidental small
mouse movements by the user.

Besides from mouse movements, the displayed controls should also hide themselves
when the focus of its trigger widget changes. For example when the user switches between
top-level windows without using the mouse while a popup is open, it should hide when its
underlying widget is not visible anymore. Another example would be, that the controls
from the last active view should hide, when the user clicks onto another view.

The used timeouts can be configured to match the requirements of different controls.
Obtrusive controls that possibly occlude other interesting parts, typically benefit from
longer timeouts. A short or even no timeout at all can make sense for subtle visual cues
indicating a possible action over the currently hovered area, e.g., by highlighting.

Another way to prevent the unwanted appearance of the controls is to introduce a
“two-stage” popup interaction: If the user hovers the trigger area a small representation
of the control in form of an icon appears, instead of the actual control. This icon is
much smaller than the control itself and thereby doesn’t disturb the user as much as the
original popup, when displayed by accident or as a visual cue.

In Figure this approach is shown. The user hovers the scatter plot and the two
icons for adjusting its visual parameters are displayed. Hovering one of the icons then
displays the actual control, i.e., a slider for changing the transparency or the point size

(see Figure [4.1b)).
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Figure 4.3: Two examples of combined positioning of the popup in a 1D Overview

[PBHO§|. (4.3a) right of the trigger widget and relative to the mouse position and (4.3b))
right of the trigger area

4.2 Positioning of Controls

A second design question refers to the positioning of the displayed popup control. When
the initial on-demand action is done, like hovering a trigger area and the control is about
to be displayed the position where it should be displayed has to be defined.

Therefore a popup control is able to specify a set of “anchor lines”. Figure shows
the different lines: left, horizontal center, right, top, vertical center and bottom. This
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anchor lines can be set in relation to either the current mouse position or the trigger
area. A relation to the trigger area additionally has to contain a set of anchor lines to
specify where the anchor of the control should be displayed. For example bounding a
popup control to the right edge of a trigger area and center it vertically, it is necessary
to specify the relation from the popup anchor lines left and wvertical center to the trigger
area achnor lines right and vertical center. (see Figure

Additionally it is possible to specify an offset in the x and y direction. This is necessary
to move the displayed control in a way that it does not hide informative elements such
as legends or labels.

Figure shows two examples of combined positioning of in-place controls. The
diagram shows small-multiple plots visualizing the relationship of one target variable
with different independent variables [MP13]. In-place controls are used to adjust the
scaling of the common target variable on the y-axis, as well as for the x-axis scaling of
the individual independent variables of each row.

In Figure the trigger area of the common vertical scaling control is configured
as the whole left column of the table, i.e., the union of all small-multiple-plots. The
positioning is defined as relative to the right edge of the trigger area for the x coordinate
and relative to the mouse position for the y coordinate. For the horizontal axis slider
in Figure the trigger area is only the label in the cell of the second column stating
the name of the respective independent variable. In this case, the relative positioning is
chosen vertically centered at the right border of the trigger area.

4.3 Controls to support exploratory tasks

This section introduces controls and interaction techniques to support the exploratory
tasks of the user within dashboards of the Visplore system.

4.3.1 Restricting the shown range

In Section [3.I] the motivation for the user task “restricting the shown range” was presented.
For this user interaction, a widget enables the control of the visual mapping.

In Visplore this control element is called the “data mapping widget”. This widget
enables the user to set the visible data range as well as the location, the extend and the
degree of distortion of the data range [ARP14]. It is designed as a range-slider, which is
a well-known concept for dynamic data filtering [AS94].

For visualizations with only a small number of displayed data attributes, which visual
mappings need to be changed, it is possible to permanently display the data mapping
widgets of this attributes in the visualization (e.g. a scatter plot). But when the number
of attributes increases, the visual space is not sufficient to display all controls permanently
(e.g.: in parallel coordinates).

One common approach is to access this widget via a control panel, which contains
visual widgets depending on the currently selected view and attribute. The disadvantage
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Figure 4.4: Positioning of the trigger area of the popup controls is by convention on
labels. This figures show examples of popup controls in different visualizations.

of using a control panel is that it is not available in a dashboard and additionally it takes
time finding the right control for the current task.

Instead of permanently displaying the widget, popup controls are used to access the
data mapping widget.

As convention, the label of the data attribute whose displayed range is about to get
changed, is used as the trigger area. Examples are presented in Figure [£.4 The two
Figures on top are screenshots showing the function view, which is used to
validate multivariate regression models with respect to their input variables [PBK10].
Data mapping widgets for adjusting the displayed range of each model input variable are
displayed vertically for vertical labels and horizontally for horizontal labels.

Figures 4.4d}4.4d|}/4.4¢e| show the position of the data mapping widget relative to the
labels of aggregated measures in the “aggregation view”, a diagram for pivotizing and
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Figure 4.5: Dragging an axis from the parallel coordinates creates a thin cyan line as
visual feedback and the changed representation if the axes is dropped at the current
position is indicated by a thick cyan line between two other axes.

aggregating data tables. In these examples, data mapping widgets can be used in-place
to adjust the displayed range of measures mapped to the height or width, as well as the
color of bars. Further views featuring in-place data mapping widgets for adjusting ranges
of numerical data attributes include:

e 1D Overview (Figure [4.3) [PBHOS]
e Scatter Plot Matrix or 2D Overview [PBHOS]

e Parallel Coordinates

e Radial View: a 2D- Scatter Plot, but one axis is mapped to the angle and the other
to the distant from a center point.

4.3.2 Reordering columns in tabular layouts

In Section [3.2) the motivation for the user task “reordering columns in tabular layouts” was
presented. Previously, Visplore enabled to re-order the axes of the parallel coordinates
view and the columns of the Table Lens view by common GUI elements like lists.

As like in the previous section this implies the need of a control panel, which is on
one hand not available in the dashboard version of Visplore and on the other hand not
an intuitive way of reordering a tabular layout.

The in-place interaction technique which replaces the need for an additional control
is Drag and Drop. By pointing onto an area which is close to the visual representation of
the data attribute, the representation changes to give the user a visual feedback that it is
possible to interact with it. By clicking onto the area and holding the mouse button down
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another feedback signals the user that the dragging of the data attribute has started.
This feedback is a simplified representation of what the visualization would look like if
the user would release the mouse button (drop) at the current position.

Figure shows the implementation in the parallel coordinates view of Visplore.
The labels underneath the axes are already a trigger area for the data mapping widget,
which makes them unusable as a trigger area for the changing of the arrangement of the
axes. In this case, the area above the label is used as the trigger area. Figure [4.5 shows
the dragging of the axis “Global Radiation” to the left. The thin cyan line indicates the
current mouse position and the thick cyan line represents the position where the axis
would be if the user dropped it at this moment. In this example, the dropped axes would
be inserted between the axes “Month of Timestamp” and “Wind Speed”. Furthermore,
drag and drop was implemented for the columns of the table lens view [RC94]. This is
handled similar to the parallel coordinates.

The advantage of this technique is that it does not need any further controls or
widgets and it is faster to use and to learn. [Bux86|] [HS12]

4.3.3 Adjusting visual parameters

In Section [3.3] the motivation for the user task “Adjusting visual parameters” was
presented. Previously, Visplore enabled the adjusting of these parameters with sliders
and input fields in the control panel.

To be able to adjust the visual parameters of the view with in-place interaction
controls, a “two-stage” popup interaction technique was implemented (see Section .
In Figure a menu like structure is used to group different visual parameters, that
share the same trigger area. However, this grouping is limited, because too many icons
would occlude a big part of the view.

To reduce the number of icons, the original used controls were simplified into one
control. For example the point size slider in Figure [£.1D] controls in fact not one, but
three related properties that are linked to this slider:

e A basic size of all data points displayed in the scatter plot.

e The size of currently selected data points as defined by brushing, which are drawn
slightly larger in red color on top of the non-selected points

e The size of all currently hovered data items [BP10], which are highlighted in blue
color, and drawn on top of the aforementioned point subsets.

This in place interaction techniques were implemented for:
e the 2D scatter plot: For transparency and point size
e the curve overview: For resizing glyphs representing curve data [PPBT12]

e the curve view: For line width and transparency of line graphs
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CHAPTER

Discussion

The problems that occurred during the implementation and while testing it with an
expert group are discussed in Section Section presents a conclusion of the work.

5.1 Discussion

This section discusses the implemented work. In Subsection the improvements of
this work for the visual analysis tasks are presented and in Subsection the problems
while implementing the in-place interaction controls and while using them are discussed.

5.1.1 Improvements

The previously presented changes to the Visplore system enables the user to fulfill
tasks in a dashboard which were not possible before. Additionally the popup controls
support the user in non dashboard contexts. The essential controls for interacting with
the visualizations are easier to find and to access, because they appear at convenient
positions, while they don’t require any additional visual space.

This new class of in-place interaction controls enables the designer of the dashboard
to easily add and configure the needed interaction tools.

5.1.2 Problems

Several problems occurred while implementing the popup controls. One major problem
was to find the right timeout for accessing the popups on demand (see Section [4.1)).

If the timeout is too short, it is possible that the popup controls appear unintended,
when the mouse pointer of the user only passes by the trigger area. In that case the
emerging controls are likely to occlude relevant information and additionally need some
time to hide themselves after the mouse is no longer over the trigger area, because it is
not possible to manually hide them.
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On the other hand if the timeout is too long it is hard for users to find the trigger
area without guidance. Furthermore if the user is familiar with the trigger area and
wants to access the control, but has to wait for a noticeable long time, his workflow is
disrupted.

A possible solution to this problem was presented in Section [£.1} The two-stage
popup interaction, where a small, unobtrusive icon is displayed immediately and the
actual control is shown only when hovering this icon. Preliminary experience feedback of
users suggested a general preference of this two-stage approach. Adopting it for all of the
implemented in-place controls might be considered in future work.

The visual space is also a restricting factor to the number of trigger areas for in-place
interaction controls. Too many trigger areas might confuse the user and have a flat
learning curve, because it is hard to remember the different functionalities. A solution
introduced by this work could be to simplify the original used controls into one control

(see Section [4.3.3)).

5.2 Conclusion

This work introduced different techniques to control the views of a dashboard without
reserving a permanent, dedicated visual space for them. This is achieved by hovering
areas in the view which opens controls or triggers events.

For three user tasks in-place interaction methods were implemented for the visual
analytics system Visplore. This work enables users to fulfill the exploratory tasks of
restricting displayed ranges, reordering columns in tabular layouts, and adjusting visual
parameters using the described methods.

These interaction techniques give the dashboard designer the possibility to design
more compact dashboards with the same functionality without using space filling controls.
Additionally to the reduction of the needed visual space the dashboard gets less cluttered,
easier to understand and it is possible to export it as an image without removing the
controls first.

A problem with this approach is that the user needs to know where the trigger areas
of the in-place interaction are located in the visualization and additionally too many
areas are confusing the user.
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