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Kurzfassung

Die Unterschiede zwischen verschiedenen Visualisierungen zu erkennen und zu iden-
tifizieren ist eine kognitive anspruchsvolle Aufgabe. Unterschiedliche Visualisierungen
kénnen zu verschiedenen Interpretationen von Daten fiihren, deshalb ist es wichtig, den
Zusammenhang zwischen den einzelnen Visualisierungen zu verstehen und wie diese
moglicherweise unterschiedliche Einsichten in die Daten geben kénnen. Ein Ansatz, um
diese Korrelation besser zu verstehen und zu vermitteln ist die Verwendung von animier-
ten Ubergéngen zwischen den verschiedenen Visualisierungen. Dies ermdglicht es dem
Betrachter die Verédnderungen genau zu verfolgen. Der Fokus dieser Forschung liegt auf
animierten Ubergingen zwischen klassischen Visualisierungen wie in etwa den Balken-,
Kreis-, Ring- und radialen Sdulendiagrammen und deren Implementierung als kontrollier-
bare Animation. Eine kontrollierbare Animation erlaubt dem Nutzer, die Animation iiber
eine Suchleiste wie bei einem Videospieler zu steuern. In dieser Arbeit werden zwei neue
animierte Uberginge vorgestellt, eine davon zwischen Balken- und Kreisdiagrammen
und die andere fiir hierarchische Balkendiagramme. Beide Animation nutzen andere
Diagramme als Zwischenstufe um einen nachvollziehbaren Ubergang zu erreichen. Somit
soll die Effektivitit und die grafische Wahrnehmung von animierten Ubergéingen weiter
verbessert werden. Eine qualitative Nutzerstudie erbrachte jedoch keine signifikanten ver-
besserungen abgesehen von einer kleinen Verbesserung in der Effektivitdt der Animation
bei dlteren Personen.
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Abstract

Understanding and identifying the alternations between different visualisations are
cognitively demanding tasks. Distinct visualisations can lead to a different interpretation
of data, thus it is important to understand how visualisations correlate with each other
and how the insight to the data gained might vary. An approach to achieve the correlation
understanding is to introduce animated transitions between different visualisations that
allows to precisely follow changes, pursuing the research in the field of animated transitions.
In particular, the focus of this research is on animated transitions between commonly
used visualisations like bar, doughnut, pie and radial column charts with the addition of
implementing them controllable. A controllable animation allows the user to control the
animation with a seek-bar like in a video player. This work proposes and implements two
new animated transitions, one animation between bar and pie charts and another one for
hierarchical bar charts, both utilising other charts as intermediate steps. Expectations
are to further improve the effectiveness and graphical perception of animated transitions.
Though, a quantitative user study yielded no significant improvements apart from a little
effectiveness gain among elder persons.
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CHAPTER

Introduction

Since more and more people use digital devices to read the news or do research online, it
allows the providers to show them animated graphics instead of static visualisations in
printed versions. Animated graphics are a good way for providers to engage more people
to read their publications. But this raises the question if those animations are beneficial
apart from the encouraging argument. Or might those animations even confuse readers?
To answer this question research has already been done for animation in statistical data
graphics, or for motion charts. Further, the growth of graphics hardware also allows
implementing animation, which is not pre-rendered and allows to implement animation
which can be controlled. Those opportunities lead to the question if controllable animated
transitions will bring further advantages like a better insight into the underlying data
and a better understanding of the visualisations and their relation.

1.1 Overview

Animations are known to spark interest and encourage users to further explore a visu-
alisation [TMB02]. The focus of this thesis is on animated transitions, more precisely
about controllable animated transitions. An animated transition is an animation that
transforms one visualisation into another smoothly, allowing the user to better understand
how the different visualisations represent the same data. Bar charts and pie charts are
arguably the most commonly used visualisations and therefore animated transitions for
those chart types will be further investigated in this thesis. While bar charts are very
effective for value comparison and absolute value estimation, pie charts are an effective
tool for conveying information about relative proportions [CM86]. Animated transitions
promise to combine the strengths of both chart types. Two new approaches on bar-chart
to pie-chart animated transitions will be introduced, of which the arguably better one was
implemented. Parts of this implementation were also used to create another animated
transition, a hierarchical pie chart. Further, the effectiveness of being able to control




1.

INTRODUCTION

the animation were evaluated by comparing a controllable implementation to a non
controllable one in a user study.

The implementation and evaluation of those animations will be described in detail,
followed by a discussion about the results and whether or not controllability in animation
and the animated transitions might be advantageous.

1.2 Contribution

Extending previous work about animated transitions this thesis contribution can be
describes as follows:

Introduction of two new animated transitions between bar-charts and pie-charts as
schematic drawings.

Implementation of two animated transitions in WebGL.

e Design, implementation and execution of a quantitative user study about controlla-
bility in animated transitions

Evaluation of the user study and drawing of a conclusion.

1.3 Structure of the thesis

The thesis starts off with a chapter about the introduced approaches and terminology
which is used in the following chapters. After the description of the proposed animations,
chapter 4 explains how the animated transitions were implemented in detail. In chapter
o| the results of the implementation are illustrated, containing images of the animated
transition as well as a link to a YouTube video which shows the animations in action. After
chapter 6, the evaluation explains, how the user study was designed, which hypothesis
was tested and states the results of the evaluation. In the last chapter, the results of the
thesis get concluded and further improvements are described. But before all of that, we
will take a look at what has already been done in the field of animated transitions.



CHAPTER

Related work

While the topic of animation has already been broadly researched, less research was done
on animated transitions between different chart types. The main reason for this might
be because such animations need to be data-driven, and tools for creating data-driven
animations are sparse[TLLS20]. Though, a recent publication|GZL"20] introduced a
high-level domain-specific language for creating data-driven chart animations. While the
main purpose of this language is to build animations within a chart type, the authors state
that animated transitions, like those proposed by [HROT7], can be built with their system.
This is achieved by an animation the authors call "magic move", which smoothly morphs
one SVG visualisation into another one. Though, this morphing effect is very powerful,
the variety of multi-staged transitions that can be achieved by it is still limited. As already
mentioned, a very relevant contribution to the topic of animated transitions has been
done by Heer and Robertson [HROT7], where they introduced and implemented several
animated transitions between basic visualisations. They also performed a controlled
user study to test the performance of their animated transitions. Further Fisher[Fis10]
proposed two animated transitions between bar and pie charts. In those approaches,
Fisher describes commonly made mistakes in animated transitions and how to embed
important animation principles. Consecutively, more animated transitions were proposed
and the introduction of the D3 framework[BOHI1], which simplifies building interactive
visualisations, implementing animated transitions became easier. While [HRO07, [Fis10]
introduce animated transitions between bar and pie charts, none implemented them to be
controllable. Further, their proposed animated transitions between bar- and pie-charts
have occlusions, which motivated this research. This chapter will be structured into
similar animated transitions (2.1) and studies on animation (2.2).
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Figure 2.1: Danyel Fisher’s approach on bar to pie chart animation [Fis10]

2.1 Animated transitions between bar and pie charts

As already mentioned, Heer and Robertson[HR07] implemented animated transitions.
One between scatter plots and bar charts, a transition between stacked bars and grouped
bars and another one between bar and pie chart. For this purpose, they developed a
framework called DynaVis, a visualisation system featuring animated data graphics. In
their user study, they compared staged animated transitions to plain animation to the
static visualisations. The difference between the staged animated transitions and the
plain animation is, that in the plain animation only one stage exists where all elements
move to their destination at once, while in the staged version there is a time delay
which should allow the user to follow the elements more easily. For the bar to pie chart
animation, they transformed all bars in the bar chart at once into a doughnut chart,
which might be confusing and left space for improvement. With the two controlled
experiments they performed they found that animation makes it easier to follow two
targets across different visualisations and it makes it easier to estimate changes in value.

In 2010 Danyel Fisher [Fis10] used the DynaVis framework to create two animated
transitions between bar and pie charts. One he described being less successful because in
the animation the length of the bar is not transformed into the length of the segment
in the pie chart, which he then describes that it violates the animation principle of
maintaining the invariant. This principle describes that the representation of a data
value should not change in height during the animation. In his second approach, which
can be seen in Figure [2.1], he followed this rule and created an easy to follow animated
transitions between bar and pie chart. But unfortunately, he did not test his approaches
if they are beneficial to the visualisation and he did not implement them controllable.
Most likely because the DynaVis framework does not support this.

2.2 Studies on animation and other animated transitions

A general question in animation is which transition timing functions should be used for
animation or if a linear timing function is sufficient. Research on this topic and the use
of timing functions in animated transitions showed that ease-in/ease-out is the most

beneficial timing function [DBJ™11|. Dragicevic et al. concluded that this might be
because this timing function maximises the predictability of the motion. Because of their
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findings, ease-in/ease-in was also used for the animations in this thesis.

A summary of many animation studies has been done in 2002 [TMBO02]. The authors
tried to conclude when animation might be useful in general and when it might not be
beneficial. Their major findings, which are also relevant for this work, are that animation
might only be beneficial when the animation convey additional information[BB99] and
when the animation is not too fast and complex for the user to properly perceive and
follow it.

Tools for animation, for instance, google motion chart, help to build animated transitions
more easily. A comparison of those and when they are helpful was done by Battista in
2011 [BC11]. But those tools are primarily useful when doing animations within one
type of visualisation, like value changes or sorting operations, for example for trend
visualisation [REFT08].

Before animated transitions for simple charts were implemented and studied, researchers
developed animated transitions for other purposes as well, for instance for radial graph
layouts [YEDHOI1], or looking at animation in trend visualisation and the benefits of
small multiples displays [RFET08|. Or animated transitions in tree-map visualisations
for learning spatial relationships [BCKO05].

When introducing new visualisations it is useful to teach the visualisation by analogy
[RM15]. For this purpose animated transitions might also be useful to break up new
visualisations into more familiar charts. When designing new visualisations it is also
important to consider the efficiency of screen usage, because the size of the visualisation
also has a great impact on the usefulness of a visualisation [HKAQ09]. Another approach
to convey changes in the visualisations more clearly is to break up the changes in
atomic changes and animate those consecutively [MWTI19]. To minimise the amount
of occlusions during the animation Mizunol et al. cleverly ordered the atomic changes.
Others applied transitions to map representations of graphs [HET™20].






CHAPTER

Controllable Animated
Transitions

In this chapter three animated transitions will be introduced. Two approaches for a bar
to pie chart transition and one transition between the different levels of a hierarchical
bar chart.

3.1 Terminology

Apart of common terms used in computer science the meaning of some terms in this
thesis have a more specific meaning in the context of animated transitions. Therefore a
brief definition of the terms in this thesis:

e Controllable: We consider an animation controllable if the user can start and
stop the animation at any time, control the animation speed and jump to any
point in the animation. For this purpose, a seek-bar is used along the implemented
animated transitions. A seek-bar is a bar which allows the user to control the
progress of the animation which a slider, similarly to the control bar of a video
player. The term in this context does not include being able to control parameters
of the animation (e.g. sizes, scales, spacing, colours, etc.).

e Animated transition: An animated transition refers to the animation which
transforms one visualisation into another one by applying a series of transformation
matrices.

e Steps and stages: The term step is only used in this chapter and refers to the
labels in the different approaches for the bar to pie chart animation (Figure 3.1 and
3.2), while the term stage describes an animation part that transforms between

7
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two visualisation types. For example in the bar to pie chart animation four stages
exist, bar chart to Gantt chart, Gantt chart to stacked bar chart, stacked bar chart
to doughnut chart and doughnut chart to a pie chart.

e Element: An element is the visual representation of a data value, for example, a
single bar in the bar chart is an element as well as a pie in the pie chart.

3.2 Bar to pie chart animation

The purpose of a bar to pie chart animation is to smoothly transition between the
bar representation of a data set to its pie chart representation. Since bar charts are
used to compare absolute and pie charts to compare relative values, this transition
promises to better convey the relationship between absolute and relative values. There
are multiple ways to perform this animation. The most straight forward way would
be a linear interpolation between the bar and pie chart. Linear Interpolation leads to
overlaps between the bars of the bar chart/ segments of the pie chart. This overlapping
is confusing and makes it difficult to track the bars along the animation. Which is why
one focus of designing the transitions was to prevent overlaps, which we will later see
is guaranteed for the bars in the proposed approaches. Another point of focus was to
move as few elements in the animation as possible at a given time so the user can follow
the animation more easily. Since we want to maintain the invariant, which is the length
of the bar in the bar-chart, this length should be transformed into the arc length of a
segment in the pie-chart. Using the fixed length side of a bar in the bar-chart is also
possible, but this would result in the transformation of a fixed length into a variable
length and vice versa. In other words, using the height of a bar as the radius of the
pie-chart makes no sense, because the height of the bars is variable while the radius of
the pie-chart always stays the same. Due to those limitations, it seems that using a
doughnut-chart as an intermediate stage is mandatory.

In Figure [3.1 and Figure |3.2| the two schematics of the approached transitions between
bar- and pie-chart can be seen. Later referred to as rotating bars approach (RBA)
and sugar cane approach (SCA). Note that the schematics stop with a doughnut-chart
instead of a pie chart. This is due to the trivial closing transition between doughnut and
pie-charts. Figure 3.1 was the initial proposed animation. It utilises a radial bar chart
as an intermediate stage in order to reach a circular state, which happens in step 1-4.
Afterwards, the bars rotate and bend to form a doughnut chart, which is shown in steps
5-8.

The arguably better approach (SCA) to perform the animated transition is shown in
Figure 3.2. It utilises a waterfall bar chart or also known as Gantt chart where the axes
are swapped and the elements are non-overlapping, as an intermediate stage (step 3),
even though it is a waterfall bar chart with strictly monotonously increasing values. Steps
1-3 show the transition between the normal bar chart and a waterfall bar chart by simply
translating the bars up. Note that in step 2 five bars are still aligned, meaning that in
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Figure 3.1: Rotating bars approach (RBA) - Initially proposed animated transition
between bar and pie charts
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Figure 3.2: Sugar cane approach (SCA) - Better and implemented animated transition
between bar and pie charts
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this case every bar starts the translation at the same time but the endpoints are reached
at different times. In step 4 the bars get stacked together, forming a stacked bar chart
with only one long bar. Notice that the bars are aligned in this transition as well. Step 5
shows a more complicated animation, by rolling the stacked bar chart into a doughnut
chart.

The two approaches for the bar to pie chart animation both have advantages and
disadvantages, which were discussed to decide which animation to implement. Advantages
of the RBA are that the animation takes less screen space then the SCA since the waterfall
bar chart takes up a lot of vertical space. Another advantage of the RBA is, that no or
little zooming out/ zooming in is required during the animation, since the animation
can only extend to the sum of the two largest elements, and only if they happen to be
opposite of each other in step 4, while in the SCA the vertical space needed is always the
sum of all elements. A major disadvantage of the RBA compared to the SCA is, that it
requires a lot of rotations, while in the SCA the only rotations are needed between the
stacked bar chart and the doughnut chart (step 5). Another good point about the SCA
is the simplicity of step 1-4, making it easier to follow the animation as well as easier
for the implementation. Further, the SCA guarantees, that the elements never overlap
during the animation, while in the RBA elements may overlap in step 5-8 (this depends
on how and when the rotation of the bars is done). Another advantage of the SCA is
labelling. When the bars of the bar chart are labelled vertically on the left side of each
bar the labels never overlap the bars during the animation, while in the RBA there is no
simple solution to add labels that will never overlap the bars. How the labelling problem
was solved in the SCA can be seen in the results section.

A summary of the advantages of the SCA and why this approach was picked for imple-
mentation:

e Simple animation in step 1-4 (only translations needed)
e Only 1 rotation stage

e Labels do not overlap the bars (but may overlap each other though)

3.3 Hierarchical bar chart animation

The animation for the hierarchical bar chart is derived from the SCA of the bar to pie
chart animations. It is not a single chart but an animation between the different levels
of hierarchical data. The problem with displaying all levels of the hierarchy at once is
that it creates clutter (Figure 3.3 illustrates this problem), which makes the chart harder
to read. Further, information is displayed which might not be needed. For instance in
Figure 3.3 the two lower levels (product categories and the consumer, corporate, home
office and small business categorisation) might not be needed, instead the user is only
interested in the data per destination (central, east, south, west). An animation for
hierarchical bar chart should solve this problem, by only displaying a single layer at once
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Figure 3.3: A hierarchical bar chart with all layers visible [Trel9)

and transitioning between adjacent layers. For this purpose grouped stacked bar-charts
are formed as intermediate stages to represent the hierarchical data. This means that
all elements which share the same parent element get grouped together using the first
animation stage of the approached animated transition between bar-chart to pie-chart.
Therefore the transition has as many stages as the data has layers. At each given point
only the labels of the current level are visible. The stacked bar-chart is then further
transformed into a bar-chart by blending from the bar colours of the previous level to
the colour of the next level. The labels of the previous level, which are located at along
the left side of each stacked bar at this point, are simply fading out and the label of the
next level is fading in for each bar. Note that the transition between a stacked bar-chart
to a regular bar-chart requires the bars to have distinct colours or some other way to
differentiate them in the stacked bar-chart. For instance a border around the bars or
vertical spacing could be used. For this thesis a colour distinction was used. For this
purpose each element got assigned a colour from a colour-set which is predefined.

11
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Implementation

The animations were implemented using JavaScript together with WebGL. The lightweight
utility library WebGLUtils was included to simplify the usage of WebGL. Further, the
CSS Framework W3.CSS was used for styling the GUI of the animation as well as the poll.
WebGL was used for rendering because it allows implementing interpolation calculation
on the GPU instead of the CPU, which creates a much smoother and faster animation.
Using HTML canvas would only utilise rendering on the GPU, but the calculations
for the interpolations would need to be done entirely on the CPU. The system the
implementation was tested on has an Intel Core i7-6700k and a NVIDIA GTX-1060 6GB
together with 16 GB of DDR-4 memory.

Figure 4.1 illustrates the basic workflow. The user starts by picking a CSV (comma
separated values) file containing data in a simple format. Examples for the file formats
can be seen in Figure 4.2 and Figure 4.3l Both contain the animation type in the first
row, followed by the data. The file format for the bar to pie chart animations consists
of 2 entries per row, the name of the bar followed by its value. The file format for the
hierarchical bar chart is defined similarly. The second row contains the number of levels

Animation Animation
File Reader o Object L Object
Creation Rendering

A

User Input

[y

Figure 4.1: Basic Workflow of the Implementation
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bartopie

Anton 20
Berta 40
Ceasar 100
Daoris 30
Emil 25
Friedrich 20

=

S
=]
2
i

Figure 4.2: Bar-to-pie file format example and its output

the hierarchy has, afterwards, the data starts level by level. In the example given (Figure
4.3) the top-level hierarchy is "food", containing two sub-categories, the second level,
"coffee” and "bread'. This schematic leads down to the bottom level, containing the
names of the bars together with their values. The file reader simply stores this data into
a two-dimensional array and calls the corresponding animation object creation method
depending on the animation type. Those methods create all animation objects needed
for the animation and calculates their properties. Afterwards, the rendering loops simply
renders all the objects depending on the progress of the animation, which is controllable
by the user.

4.1 Animation primitives

In the context of this thesis an animation primitive consists of a class containing all its
parameters, for instance, the start and endpoints, the interval in which the primitive
is visible, the colour etc.. Each animation primitive has its own dedicated shader,
which calculates the actual positions an animation object has at a given time. Meaning
the shader defines the path the object moves along as well as the interpolation type
used (linear, ease). For the implementation of the bar to pie chart animation and the
hierarchical bar chart animation, only two animation primitives were needed (Figure |4.4).
A linear animation primitive, which simply does linear interpolation between the start
and the end position, and a circular animation primitive, which is used to perform the
transition between the stacked bar chart and the doughnut chart. The circular animation
primitive uses linear interpolation together with circular interpolation. This creates
the rolling movement needed for the stacked bar chart to a doughnut chart transition.
Note that in Figure 4.4 rectangles were used for illustration, but the animation object
can consist of arbitrary shape and number of triangles. For the two animations, only
rectangles were used.
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hierarchicalbar
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Figure 4.3: Example for the hierarchical bar chart file format (second level of the data is
shown in the bar chart)

4.2 Animation construction

In the animation construction (in Figure [4.1]it is called animation object creation), all
the animation primitives are initiated by calculating all the positions and time values
needed for each animation stage. Further, this step adds camera points, which describe
the movement and zoom of the camera, making the camera follow the animation and
always keeping the whole animation visible. Since the spatial extension of each animation
stage can be calculated from the bar chart data, the camera zoom can be pre-calculated.
Figure 4.5| illustrates the initiation of the first animation stage of the SCA. Note that
the camera aspect ratio is not getting changed, changing the aspect ratio seems to be
confusing and changes the bars XY proportions. A downside of this is that it leaves
empty spaces on both sides of the chart.

For the third Stage of the bar to pie chart animation many small segments are generated
to create the illusion of a bar bending into a circle, but, as common in computer graphics,
the circle is approximated by many triangles. A disadvantage of this method is, that
the vast amount of small triangles create aliasing problems, which can sometimes reveal
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Figure 4.4: Animation primitives used in the animations

parts of the background between the segments.

4.3 Camera, text and labels

The camera implemented for the animations is a simplified version of a regular OpenGL
camera[Lea]. The camera movement is restricted to a plane and its projection matrix
consists of X and Y translations values and a zoom value, therefore not supporting
roll, pitch or yaw movements. The camera includes an array of translation and zoom
values with a corresponding time value. These values are used for linear interpolation to
perform a smooth camera transition. For example in Figure 4.5/ the camera performs a
X translation as well as a zoom.

For labels and text, there are two ways to implement them in a Web application with
WebGL. One is by using HTML and CSS to render and position text. The disadvantage
of rendering them as HTML elements is that it only works in a 2D context because HTML
elements don not have a z location. Depth can only be achieved with this approach by
adjusting the render order. In this context, this would not be an issue since the animation
does not have any depth and is performed on a 2d plane solely. But this approach would
require to calculate the screen space coordinates for the text first, which is why the
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Figure 4.6: Construction of the animation stage 2 of the SCA

second way of text rendering in the browser was used, which is rendering it using WebGL
textures. A pseudo HTML element is used to render the text first, which is then saved
into a texture which later gets used to display the text in the scene. A disadvantage of

this is that it sometimes results in lower quality of the text because of aliasing issues.

Using textures as the text allows us to handle the labels just like all other elements in
the scene.

17






CHAPTER

Results

Unfortunately, it is laborious to showcase an animation with images, which is why a video
was also submitted as a supplementary, which shows both animation types. Though,
images of the animations are included here. The collage in Figure 5.1/ shows the key-
frames of the bar to pie chart animation (the collages are ordered in rows). Figure 5.2,
5.3 and 5.4 display the animation stages 1-3 in more detail. Figure 5.5/ illustrates the
second implemented animated transition, the hierarchical bar chart. In this example
with three levels as shown in 4.3. The green bar at the bottom on the seek bar indicates
the animation progress.

19




REsuLTS

d.

uni-Grer

P

2

ngars

Sanzan

ze19-un welLn

co_>>-_c@09

4«,2,6

uni-Gar

Hnjuabepy-un

ZU-un

Bingzies-iun

Monaqsuu-lun

Zei9-lun

usip-iun

Figure 5.1: Key-frames of the bar to pie chart animation

20



:eco_m_x._s._

20100

Bingzes-un

Yonigsuul-un

zeioun

Figure 5.2: Animation stage 1 - detailed view

uam-un

unjusbent-un

Zurun

Bingzies-iun

YORIGSUUUN

zeio-un

uaim-un

unuESEy-LA

247U Bangzes-un

YONGEULL- LA

unwate L

Bungzieg-ur

YN LA

unste g,,:._I
_l
m:_ﬁaméal

EEIEETTR

UNLUBBE-1Ir

20N

B.rszies un

oSN

2RI [EEE=IT

Zeig-n|

Figure 5.3: Animation stage 2 - detailed view

uslifelun

\15._::|

s Uy

z20Hur

BN

21



d.

REsuLTS

22

enfur:

Lni-Salzburg Uni-Lirz -4 &g

Un-Innstruc

Lni-Graz

Uni-#ien

g
2|
E
3

8
@

Un -¥ien
Jn Viier

Figure 5.4: Animation

s
e Uni-|
o

Unifonsbruck

2N

Uni-ien

stage 3 - detailed view



Frulli grair

[Ti==lil=]
whels whaat
W i ane

daii'ni

twio in one

Frulti

coffee
bread
shampoo

o
whole wheat

bread
bread

mr o
coffes

coffea

1]
£
[F]

Figure 5.5: Key-frames of the hierarchical bar chart animation (data with two levels)

23






CHAPTER

Evaluation

An animated transition like the once presented in this thesis might be engaging and
interesting to look at, but it is also interesting to see if those animations bring any
advantages with them. Interesting to evaluate is, if animated transitions perform better
in accuracy tasks compared to their static variants, if animated transitions spark users to
spend more time on the visualisations, or if controllability of the animation is a desirable
feature in animations. But before talking about the evaluation of the animated transitions
some words about the performance of the implementation.

6.1 Performance

Since it is an animation with a lot of objects to render in some stages, it is important
to note that devices without graphics cards the animation likely lags, i.e. the frame
rate drops. In particular, the circular stages in the bar to pie chart animation can
cause problems. Tests with more than 1000 elements were only smooth on devices
with a graphics card, while devices with only an integrated graphics processor (laptop,
smartphone) run smoothly with less than 500 elements. Figure 6.1 shows the rendering
performance of the circular animation stages. Around 5200 elements the animation
dropped below 60 frames per second. But of course, reducing the number of elements in
the circular stages affects the smoothness of the circle as well as reduce the accuracy by
which those segments can represent the original bars. A solution to this problem would
be to split the segments into two at the points where one bar ends and another one starts,
to represent them accurately. Technically, with a very large data-set, for example, with
approximately 500 data values, the animation would also start to slow down because of
the many bars. But since a bar chart with 500 bars is not readable anyways this cannot
be considered an issue.
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Figure 6.1: Performance of the circular stages on a GTX1060

6.2 Qualitative evaluation

Ideally, it would be desirable to test a hypothesis that compares the effectiveness of static
charts to the animated transition, but the problem with this more generic hypothesis is
that many parameters might affect the result but are hard to limit. For instance, the fact
that a vast majority of people are already trained in reading static bar and pie charts but
are not familiar with animation in charts. Or that in the static variants you can show
both charts at the same time on the screen while in the animation you cannot. For those
reasons, we decided to test the controllable animation against its non-controllable variant
by simply prohibiting to control the animation progress. This lead to the formulation of
the following hypothesis:

A controllable animated transition between bar and pie chart improves accu-
racy in absolute and relative value estimation of the same data-set compared
to a non-controllable animated transition.

We decided to only test the bar to pie chart animation against this hypothesis since it
is the main animation of this project and it simplifies the user study for the users by
only confronting them with one animated transition. Apart from that, it is reasonable to
assume that results from the bar to pie chart animation also apply for the hierarchical
bar chart animation since it utilises the first two stages of the bar to pie chart animation
and therefore from the animation viewpoint they are very similar. To consider a result
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significant, the significance level was set to o = 0.05. As the hypothesis already states
the user study tests the animation against absolute and relative value estimation, which
leads us to the design of the user study.

6.2.1 Design of user study

The user study consists of three different types of tasks, an estimation task on a bar
chart(1), an estimation task on a pie chart(2) and a value comparison of sums of
elements(3).

Figure 6.2 displays a question type (1). The goal of this task is to select the largest
and smallest element in the data, which is easiest to do in the bar chart stage of the
animation. The major point of this task is, that the first animation stage where the bars

get aligned on top of each other allows the user to easier compare different bar heights.

But this can only be done properly in the controllable scenario where the user can pause
the animation.

In Figure 6.3 the question (2) addresses the benefits of pie charts compared to bar charts
in terms of relative value estimation. Since the controllability allows to quickly jump
between the bar chart and the pie chart, it is easy to count the number of elements on
the one hand, and on the other hand, estimate the percentage of a segment in the pie
chart. This might especially be beneficial if the bars are similar in height because this

allows the user to calculate the percentage of a segment if all bars are the same height.

Which further makes it easier to estimate the percentage in the pie chart without the
need to convert degrees to percents.

Type (3) is shown in Figure 6.4. This task type aims to utilise the animation in stage 2.

In this task type, the user has to estimate which sum of elements is greater. The sum
of the blue elements or the sum of the red elements. In stage 2 of the animation, those
elements are aligned on top of each other which again allows the user to compare the
values more accurately once the bars are aligned on top of each other.

In total, participants had to answer 18 questions, 6 of each question type, of which 3 were

controllable and 3 non-controllable. Thus 9 tasks were controllable and 9 non-controllable.

6 different data-sets were used for the evaluation, 2 small, 2 medium and 2 large-sized
ones. We considered data-sets to be small with 10 elements, medium ones with 20 and
large ones with 30 elements. The data-sets were filled with arbitrarily chosen data:
"most common forenames in Austria 2017", "national council election Austria 2017",
"saving interests in Austria 2000-2019", "students per university Austria 2017/18"; "list
of metropolitan areas by population" and "all-time Olympic games gold medals". All
data-sets were used for each evaluation task type. therefore every data-set was used 3
times but for a different task. The tasks were shuffled to avoid that a learning effect
occurs.

Apart from the tasks, the user was able to choose between English and German as the
survey language and the users also had to enter their age and profession. The controls

27



6.

EVALUATION

28

were explained by analogy to a normal video player. Further, the user was shown a
training task with a data-set of 5 elements where he had to select the largest element.
Purpose of this task was to make sure the user understood the controls and how to select
elements in the animation. It is worth mentioning that the picking mechanism, which
allows the elements in the bar to be picked along the whole animation, is implemented
using another frame-buffer, where the id of an element is represented as a colour value,
also known as frame-buffer picking.

The data which was collected for the evaluation includes:

e Controllability - whether or not the task was controllable
e Error - if the user answered the question correctly
e Time - the total time needed to complete the task

e Time per stage - the time a user spent in a specific stage of the animation, therefor
four time-values for the four stages

e Input Events - the number of input events which were triggered by the user, a good
indicator of whether or not the user dragged the seek bar or not

e Clicks on Controls - basically same as input events, but does not indicate if the
user dragged the seek bar since in a drag event this counter only increases by one

e Confidence - the user was asked to enter a confidence level, from 1 - less confident
to 5 - more confident

o Age

e Profession

We now have discussed how the user study was set up and which data was collected,
which brings us to the evaluation of the data and the results.

6.3 Quantitative evaluation

The goal of the quantitative evaluation was to reach n > 30 participants since this value
is an established boundary between small and large data samples and it allows to use the
sample standard deviations to estimate the population standard deviation. In total 33
people participated. With 18 tasks absolved per person, in total 594 tasks were absolved.
The average age of the participants was 26.42 years, which is not surprising since mainly
students participated. A histogram of the age can be seen in Figure 6.5. Note that this
forms 2 groups, a younger and an older group, which will get interesting later.

Now, the way the 594 were analysed, was by comparing the error rate of the controllable
to the non-controllable in different subsets of the tasks. Table[6.1]lists the full analyses of
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Figure 6.2: Evaluation question type with focus on bar charts(1)
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Estimate the percentage of the marked element.

Figure 6.3: Evaluation question type with focus on pie charts(2)
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Evaluation type Controllable Non controllable
Error rate Error rate
7 Tasks controllable # Tasks non-controllable
All tasks 297 0,269 297 0,313
First animation stage left | 115 0,278 123 0,260
Bar chart tasks 99 0,364 99 0,384
Pie chart tasks 99 0,354 99 0,414
Mixed tasks 99 0,091 99 0,141
Age > 40 27 0,26 27 0,518
Age <= 40 270 0,27 270 0,296
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Table 6.1: Evaluation results and whether or not they were significant (green: significant)

the data. As shown, the overall conversion rate, as well as 6 subsets were analysed. The
subsets include a subset with tasks where the first animation stage was left, meaning that
the user either started the animation and left the first stage (the upward translation of
the bars), or the user jumped to another stage by clicking onto the seek bar. The other
subsets include the three different types of tasks and subsets by age. The age 40 was
used as a threshold because as mentioned before, the participants formed 2 age clusters,
and 40 is a boundary between those clusters. For testing the statistical significance, an
A/B test in R [RTh] was performed. As the colour highlighting indicates only the test for
the participants above the age of 40 was significant (with v = 0.05). All other tests were
not statistically significant. Unfortunately, with 54 tasks, which corresponds to 3 persons,
the group of people above the age of 40 is very small. An analyses of the time needed
per task revealed, that controllable tasks were absolved quicker with an average time of
18.91 seconds while non controllable tasks were finished after 21.17 seconds (p = 0.0746).
This is most likely due to participants being able to jump to the wanted animation stage
where the tasks were the easiest to solve.
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Conclusion and future work

Due to the results, the hypothesis must be rejected. At least in its generalised version.
With 30 people below the age of 40, the result for the younger group reveals, that the
controllability does not lead to better accuracy in estimation tasks. But on the other
hand, the group of people aged above 40 performed better on the controllable version of
the animation, which may have a various reason, which leads us to the conclusion.

7.1 Conclusion

For the small group of the participants above the age 40 (in fact, the persons in this
group were even over the age of 50), the result suggests, that this group performs better
on a controllable animation. A plausible reason for this might be a difference in eyesight
because assumable the older participants had worse eyesight than the younger ones.
While it might not be necessary for people with a better vision to have a controllable
animation to estimate a value precisely, older persons might profit from being able to stop
the animation and extract information from the intermediate stages of the animation.
Which would support the findings of Barbara Twersky and Julie Bauer Morrison[TMB02]
that animation is superior in cases where the animation contains additional information
compared to the static visualisations. In our case, for instance, one intermediate stage
contains more information about the sum of elements.

Some of the younger participants reported they used rulers or other helpful tools to
answer the questions more precisely. But none of the 3 older people did, which might be
another reason for the different results of the two groups. They might have taken the
instructions to estimate the values more seriously, while the younger participants took
more effort into answering the questions correctly. The evaluation supports this idea
because the error rate differed in the two groups. With an error rate of 0.518 the older
participants had a higher error rate than the younger participants with an error rate of
0.26.
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7.2 Future work

From a technical viewpoint, the implementation could be extended to create a more
generalised animation framework. Or additional animated transition between other
static visualisation could be introduced and implemented. For example, more abstract
animation primitives could be implemented to make it easier to build a new animation,
instead of having to rely on graphic primitives where the mesh is user-defined. Another
improvement would be to implement the different stages of the animated transitions as
animation modules so they can be easily reused in other animated transitions.

The hypothesis, as described, only tested one case in which controllable animated
transitions might be superior, but other benefits may exist, therefore more evaluation
must be done to answer the general question if controllability or animated transitions
are useful and in what context. For instance the evaluation did not cover a comparison
of animated transition to its static counterparts. But also for the evaluation done, the
control group for size of 3 the group of participants above the age of 40 is very small.
Therefor to manifest the theorem that the age was relevant for the significant result more
older participants would be needed.
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