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Time-Varying Word Clouds

Category: Research

ABSTRACT

We visualize time-varying text information with physically based
simulation. Word-clouds are a popular means of visualizing the
frequency of different concepts in a text document, but there is little
work using text that has a time component, for instance, news feeds,
twitter, or abstracts of papers published in a given journal or con-
ference by year. We use physically simulated words that grow and
shrink with time as an interactive web based visualization tool. We
choose to use an existing 2D simulation framework Matter.js to de-
velop the interface, with carefully designed forces to ensure a robust
animation. We perform an informal user study to understand the
ability of users to understand information presented in this dynamic
way.

Index Terms: word cloud—time-varying—real time—dynamic
visualization

1 INTRODUCTION

Word clouds are a method of visually portraying text-based infor-
mation by using size as a means of depicting frequently occurring
words in a document. Current word clouds that are available are
mostly static and make use of text where time is not a variable. How-
ever, it can be useful to view various text documents compared using
time as a variable. For example, visualizing keywords in a sports
news magazine for every month throughout the year reveals which
sports gain popularity over the course of the year (e.g., February
may have more football due to the Superbowl versus May and June
having more hockey and basketball due to playoffs). We design
a system that allows us to observe these changes using a dynamic
time-varying word cloud, where the words grow and shrink in size
depending on the point in time. This way of displaying information
allows for a new and engaging method of interpreting and comparing
how text-based information changes over time.

Previous work has explored methods for visualizing time-varying
text data. For example, Cui et al. [3] created a time-based word cloud
coupled with a chart that lets the user see different time points of the
word cloud. However, this time-based word cloud is not continuous,
but presents different static word clouds at discrete points in time.
Therefore, the change is only evident at each point in time but not
evident between any the time points. What we propose allows the
user to see a gradual visualization of change over time because the
words slowly grow and shrink depending on their frequency at any
point in time.

In order to create a dynamic word cloud with this type of be-
haviour, we use a physics based simulation with a collection of
carefully designed forces that has words grow, shrink, and physi-
cally interact with each other while staying organized in a cluster.
Our secondary goal is to create a web-based interactive tool available
to everyone. Thus, we use a JavaScript physics engine called Mat-
ter.js with words existing as rigid bodies in the simulation world, and
where the user can interact with different words (dragging with the
mouse), and either play time forward or change the time with a slider
interface. This real-time and dynamic approach is our contribution
in comparison to other existing word clouds techniques.

Figure 1 shows an example of the software being used to visualize
word trends of the SIGGRAPH annual conferences from 1974 to
2017. Words are forced to the center of the canvas and the current
year is shown at bottom right. As time moves forward or backwards,
these words will grow and shrink respectively depending on their
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Figure 1: A snapshot of our method visualizing titles and abstracts
from SIGGRAPH technical papers.

frequency at that point in time. See accompanying demo video to
view the software running this in real-time.

Finally, we try to understand the advantages and limitations of a
continuous temporal word cloud through a user study. We attempt to
answer the following question: does our dynamic word cloud allow
for a quicker or better interpretation of the data compared to con-
ventional techniques? We observe that our method does give users
the ability to identify importance and variance while maintaining its
aesthetic and visually stimulating method of portrayal. Although it is
not part of our study, we believe that our approach could be effective
for building an understanding of data that is changing rapidly over a
short period of time. This kind of data would otherwise require many
discrete and small time-steps to get a proper idea of the evolution,
requiring numerous static word clouds if using the software of Cui et
al. [3]. Using a continuous method allows for an easier interpretation
by the viewer and a more efficient way of visualizing the data.

2 RELATED WORK

There has not been much research on the visualization of time-
based information with word clouds. There are numerous static
word clouds readily available to all online, but to the best of our
knowledge, none have the ability to dynamically visualize data
(time-varying or otherwise).

The most notable research that does consider time as a variable is
that of Cui et al. [3], which specifically addresses the portrayal of
temporal content evolution of a set of documents. In their work, the
change in word cloud is visualized through the help of a trend chart.
This chart has the purpose of indicating which one of several periods
of time have more significant word clouds, where this significance
is simply deduced by how much data is gathered from that time
point. Using this method, the viewer is able to observe the different
static word clouds at given point in time and compare one time
point with another time point. To simplify this comparison, the
same words are maintained in different clouds at the same location,
regardless of a change in size. In addition, words of similar words
definitions and occurrence over time are also grouped together and
maintain the same location in the cloud, which allows for better
interpretation. Finally, they also add color to the background of each
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word to provide further information on the temporal quality of each
word. Different colors signify if they are present in the previous
cloud, the next one, both, or unique to this cloud in the timeline.
In contrast, with our physics based simulation approach, the user
can interact with words as they change size and interact with one
another.

In follow up work, Cui et al. [2] further explored different methods
in order to better understand evolving topics in text. They imple-
mented what they termed TextFlow to demonstrate how a particular
topic develops gradually and evolves in a set of time-dependent
documents using a text-visualization method known as a river-flow-
based visual metaphor. This visual representation allows for quick
understanding of the topic flow and illustrates to the viewer at what
point in time as well as why a splitting and merging of topics is
triggered.

Wang et al. [13] address broadly the problem of visualizing time-
varying data and suggest effective techniques to present and com-
prehend this type of data. As stated by Liu et al. [7] in their survey
of information visualization, using word cloud representations and
river metaphors have widely been used in attempts to improve the
visualization of the evolution of topics in a set of documents. An-
other version of the river metaphor was implemented by Dubinko et
al. [4] with the purpose of visualizing tags associated with photos
posted in social media and their evolution over time.

Seyfert and Viola [12] create a dynamic word cloud where, for
every point in time, each word gets a certain color and tilt in angle
depending on if the word has grown or shrunk compared to the
previous time point. Russel [9] graphs user tags over time on a
web bookmarking service. Horizontal lines in the graph depict non-
changing tags over time whereas diagonal lines represent changes in
the tags. According to Russel, a change in the tags is attributed to
either a change in content on the site, a change of description of the
content or a change of behaviour by the users.

Chi et al. [1] created a word cloud with a morphable boundary
over time to ease interpretation. For instance, the growth of a human
over its life span, starting as a baby and growing into an adult.
The word cloud is within the boundary of the shape of a baby and
over time that boundary becomes the shape of a grown man while
the word cloud inside also changes depending on the keywords
associated with that phase of a human’s life.

Kane [5] uses a physics engine in Python called Box2D to create
a live depiction of how the words grow and shrink over time. This is
a very similar project to ours, with the exception that it is not on the
web, not interactive, and the words do not stack up onto each other,
they simply hover in the air.

A problem that is also related to creating word clouds is the
problem of packing shapes. Saputra et al. [10] use repulsion forces
to fill up shapes with a set of given elements in a project called
RepulsionPak. Each element in the target container shape considered
as a mass-spring system, with the it’s body being mapped by a
triangle mesh. Initial random placement of these elements in small
size is done and then, by iteration, the white space between them
gets eliminated. This is done by deformation and growth of these
elements with the help of repulsion forces, which balance both the
level of deformation of each element and the tightness of the packing.
The mesh map allows for accurate packing and prevents overlapping
and leaving the container boundary. Saptura et al. [11] also did a
similar packing project using flow to pack container shapes. FlowPak
uses vector fields to shape, deform and stretch elements from a small
set of shapes. Like in RepulsionPak, a series of iterations allows
for gradual and accurate packing until the desired container shape is
filled.

3 METHOD

The project was put together with the help of two JavaScript libraries:
Matter.js and p5.js. The first is a physics engine, which is the

backbone of the project. Each word is in fact a body in the engine’s
world. Bodies in this world can interact with each other, can be
subject to forces like gravity, and can be given constraints. The latter
is a processing library, which allows for customized rendering and
ease of HTML functions like adding sliders and buttons onto the web
page. It was necessary to allow for personal changes to the canvas
and the rendering. Matter.js has its own renderer, however it is not
very flexible and cannot complete many of the desired functions
required for this project. For example, it does not have the capability
to add word textures onto the bodies, and does not have the ability
of writing the date on the canvas.

3.1 Design S
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and have a static ground and static walls to keep them in the frame as
seen in Figure 3. However, we moved away from the use of gravity
to allow for a more conventional “word cloud look”. Ultimately we
let larger words (more frequent words) have a greater attraction to
the center as opposed to smaller words, therefore the more important
words tend to the middle and the less important ones to the outside
(see Figure 1).

Another design decision was made with respect to the colors.
We decided to create a variance heat map for the words, where the
variance over the whole time span for each word is calculated, as
opposed to simply random colors like in Figure 3. The color red is
attributed to low variance words and blue to high variance words.
If a word is somewhere in the middle, it is given a shade of purple,
where the shade is scaled depending on its variance. For example, if
it is more on the high variance side, it will be a more reddish purple.

Furthermore, during the creation of the word cloud, we noticed
that words tend to flip upside down due to contact with other bodies.
This is not ideal, as flipped words are difficult to read. To solve this
problem, we created an inverse rotation force that is activated in the
condition where the angle of the body is larger or smaller than 7/2
and -7/2 radians respectively.

Finally, we decided to add interactive tools, such as mouse control
over the words, if one wishes to move around the words with their
mouse. In addition, a slider is presented below the graph to allow
the user to slide through different time points quickly and easily.
When using the slider, one can easily observe how words grow and
shrink over time. There are also buttons are added for increased
interaction. An “add” button allows to add more words to the screen,
a “reset” button allows the user to clear the canvas and re-add words,
and a “play” button lets the user sit back and watch the time period
increment and observe the trends over time. Also, the p5 function
“MouseWheel” is used to enable functions using the mouse wheel.
When lots of words are added to the canvas, some words are outside
the frame. Therefore, using the mouse wheel, the user can scroll and
zoom in and out. This allows to capture all the words in the canvas
at a larger scale.

We also consulted Munzner’s book [8] to help validate certain
decisions. She describes techniques and methods to consider when
implementing computer-based visualization systems. For example,
a change in a visualization system is important when considering
large and more complex data to avoid viewing the information in an
overwhelming manner. In other words, having a changing tool to
demonstrate all the data as opposed to featuring all the data in one
instance eases interpretation of the information. This allows us to
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Figure 2: Word cloud evolution of the sports featured on Sports Illustrated at three time points

validate our idea of having a time-varying cloud. Another example is
when she states that zooming is very useful when considering large
datasets, to allow the user to change views between smaller subsets
and the big picture. She also says that validation is very difficult
when it comes to visualization, as there are so many questions to be
asked regarding the system. Does it work? Is it really better than
other methods? What does better even mean? Thus, despite not
having much information regarding the effectiveness of our method,
we can at least justify certain decisions.

3.2 Word Placement

Words are added to the world by the click of an “add” button on
the screen. The purpose of this is to allow the user to decide how
many words are desired to be on the screen since too many words
can cause the data to be unclear and hard to interpret.

Once the button is clicked, a word is created and added to the
world inside the canvas, as stated before. This is purely aesthetic
and was simply a choice we made to give a stimulating effect.

Due to the Hookean force added to each body, the farther they
are from the center, the larger the force towards the center. The
horizontal coordinate of its placement is simply randomized over
the span of the canvas’ width.

3.3 Size of Words

Initially, the size of the word is a simple proportional function, where
the initial frequency is scaled compared to the maximum possible
frequency, and the font size is the same proportion to the max font
size, that is,

fmax

Here, F represents the font size, and f represents frequency. The ini-
tial and max frequencies are retrieved from the text files containing
the data, and the max font size is a parameter stated at the beginning
of the program.

Once the words are added to the canvas, they must be scaled to
the correct size at different time points. The target scaling factor T’
is computed at every time step based on the desired height and the
change in height depending on the current height,

F; (1)

_ ft+1fmax
vy == —

I’lA[ - Oth, + (1 - a)h[+1 5

Here, h represents the height at certain time points, where 7 is for
the current time point, ¢ + 1 is the next time point, and At is for
the change between the two. In addition, the current, the next, and
the max frequencies are required, and k is a scaling constant. The
parameter & controls the growth and shrink rate. This factor is
added to allow for smoother size changes, as the words will grow
and shrink at an inverse exponential rate.

4 EXAMPLES AND DISCUSSION

The main goal of this project was to create an interactive, in-browser
visualization tool. The following results demonstrate a working
dynamic word cloud that allows for visual interpretation of informa-
tion.

The software was run on four separate files, each of different
sizes and and time periods. The first one is a representation of the
word trends of the SIGGRAPH yearly conferences from 1974 to
2017 (example used in Figure 1). The second is a count of all the
instances of a certain sport featured on the cover of the weekly issue
of the Sports Illustrated magazine, from 1955 to 2013. The third
is all of the keywords from every month’s edition of the American
Association for the Advancement of Science (AAAS) magazine from
January 1980 to August 2014. The last is the number of COVID-19
cases per country per day since the beginning of 2020. Each set of
documents has a unique aspect which allows a different analysis. For
instance, the sports data contains much fewer words compared to the
other three data sets, however, it spans a larger time period, which
is very interesting. On the other hand, the AAAS magazine data is
taken per month not per year, therefore despite the time period being
shorter, the slider spans many more points in time.

4.1 Examples

Figure 2 demonstrate an example of the software using the sports
data. In the figure, we see the progression of three different time
points and can see the change of trends depending on the year quite
easily. In addition, looking at the slider we can see an indication
of the current date on the timeline for the word cloud, as well as
the actual date written on the bottom right. The changes between
each frame happen organically; words slowly grow or shrink and
get pushed around to make room. This example works nicely, as
the information is quite easy to understand. For instance, in 1955,
horse racing and skiing are quite large, therefore had many more
appearances. In later years however, they are smaller or even dis-
appear, which indicates that they were never even featured those
years. Following just one topic, for instance, ice hockey is not even
visible in 1955, but gradually becomes larger due to its increase in
popularity over the second half of the century. In 1967, there was
an expansion which doubled the number of teams in the National
Hockey League, which explains why the tag is present in the second
figure. In addition, in the third snapshot, representing the year 1980,
it has become one the most prominent sports. This makes sense
as this is the year “Miracle on Ice” took place, an iconic Olympic
championship game still mentioned to this day. This example of the
word cloud shows that this simple and aesthetic method of viewing
information works. In a live presentation, starting from the first
cloud in 1955 and simply clicking “play” would allow the time to
slowly increment each year and the progression over 59 years would
be observable in a short period of time.

Figure 4 demonstrates another example frame of the software
mid-use using the AAAS data. This example tracks the evolution
of many more words than the one above, therefore the contrast
between this and the previous can be observed. Having more tags
produces more immediate information, however it is more difficult
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Figure 4: Visualization of word frequency changing monthly in
American Association for the Advancement of Science (AAAS)
magazine keywords.

ENgy
25, PROAERING
Sroist: 5
T. fgy’

to discern the details due to the large number of words. In contrast,
when presented with less tags, it allows for easier, quicker, and
more accurate processing of the details, but contains less overall
information.

Finally, another example of the software can be observed in Figure
7, representing the number of COVID-19 cases per country per day
since the beginning of the pandemic. This example is different
than the others, as it represents a demographic change over time as
opposed to the other three data sets which represent news sources
and publications. Again, three different time points were taken to
demonstrate the trends over the years. This example is a perfect
demonstration of how simpler and more efficient this method of
visualizing information is than other methods usually used for this
kind of data. In the article from the Our World in Data website [6],
where the data for this example was taken from, the authors discuss
how countries have been evolving in numbers and they used a line
graph as a visual representations to aid the readers in in viewing the
data. Figure 5 is a snapshot of their interactive tool to demonstrate
the number of cases over the given time period.

This graph represents the exact same countries as the word cloud,
yet it is quite difficult to analyze the data in the graph. The lines
are very intertwined and overlapping, and it becomes visually hard
to follow. Whereas, using a dynamic word cloud allows the user
to easily view which countries get larger over time. This type of
visualization can also be more appropriate when presented on a
screen to a group such as at conferences or workshops in which a
close examination of a complex graph is not always possible. In
addition, clearly all countries have a high variance in number of cases
throughout the time period, therefore a different configuration for the
colors was implemented. In this example, we set the color based on
the date when they first passed 10 deaths. We used red to represent
the first countries to surpass 10 deaths, blue to represent the last ones,
and again, shades of purple to represent the ones in between. This
enables the cloud to display more important information pertaining
to the pandemic that is easy to interpret by the user.

4.2 Discussion

This project aimed at creating an information visualization tool to
enable users to comprehend time-dependent data and view how it
changes over time. The above examples demonstrate the capabilities
of this software and how the information is displayed through the
means of a real-time dynamic word cloud. Apart from represent-
ing changes over time by analyzing word frequency or trends in
documents, this application can be useful for the representation of
demographic data as well. In particular, a dynamic cloud is an in-
teresting and clear way to represent demographic data that explores
large geographical areas (such as many cities or countries). Econ-
omy related data such as changes in income for various populations,

Total confirmed COVID-19 cases
The number of confirmed cases is lower than the number of total cases. The main reason for this is limited testing. -
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Figure 5: Snapshot of interactive tool displayed in the “Coronavirus
Disease” article on the Our World in Data website [6].

or changes in house prices in various cities would also be well repre-
sented this way. While graphs tend to be more accurate and show
specific numbers they are less effective in providing a visual repre-
sentation when there are many factors in one graph representation,
as seen in the example above. Another advantage to a real-time
dynamic word cloud is that because it is visual and concrete it is
easier to understand when data is presented to large groups or for
non-scientific purposes, such as in the media. Using a dynamic word
cloud can quickly demonstrate a particular trend in an interesting
and stimulating way that can be easily interpreted.

5 IMPLEMENTATION

In this section, we demonstrate in detail how the project was imple-
mented in JavaScript using libraries Matter.js and p5.js.

5.1 Matter.js

Every word added to the world is in real-
ity a bounding rectangular box (see Fig-
ure 6). The dimensions of each word are
calculated and depend on the initial fre-
quency of the word when it is added to
the world. Once added, the “scale” func-
tion from the Matter.js library is used
to adjust their size depending on their
changing frequencies over time. A mouse
constraint is also created to allow mouse interactions with the words
themselves. With a simple click and drag, the user can move the
words to a desired location on the screen.

nello

Figure 6: Bounding box
enclosing the word

5.2 p5.js

The p5.js library is used to “draw” over the Matter.js world that
is created. Without the Matter.js renderer, it is impossible to see
the world that is created, therefore the work done by this library is
simply to mirror everything that is done by the physics engine so
that it becomes visible. The canvas was created in WebGL mode,
which is a mode that allows 3D rendering and textures. The 3D was
not necessary for our purposes, although textures are a crucial aspect
of this project.

First, a canvas is created with the desired dimensions, the same
dimensions as the Matter world. In addition, every time a body
is added, p5 creates an identical shape, in this case a rectangle,
that follows the coordinates of the Matter body. Alone, the shape
cannot interact with anything as it is simply a drawing, but since it is
“attached” to a physical body, it mimics all of its motions. When this
identical rectangle is created, it also prints a texture onto it. Using
a p5 function called “createGraphics”, the desired word is made
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Figure 7: Three snapshots showing the evolution of a word-cloud visualizing the number of COVID-19 cases by country.

into a texture and then scaled to the desired size to be pasted onto
the rectangle. The background of the texture is transparent, and the
word is given a color depending on its variance over time, therefore
all that is remaining in the p5 canvas is a word that falls from the
sky and that can interact with other ones.

Finally, with the help of p5.js functions, interactive tools are
created. A slider allowing to move through different time points
is added along with three buttons: the “add”, “reset”, and “play”
buttons. The current time point is also drawn on the bottom right of
the canvas (see Figure 1).

5.3 Optimization

It is important to note that there are a few imperfections with the
software at this point, related to the optimization of computation. A
few factors can cause this program to not run smoothly and have been
taken into account when creating this project. The computer it was
run on was an ASUS laptop (3.00 GHz AMD A9-9420 RADEON
R5 processor, 8.00 GB RAM).

Initially, words were meant
to be soft bodies as opposed to
rigid bodies like they are now.
This difference was purely vi-
sual, to give the words a bounc-
ing and twisting effect and to
allow them to better fill in gaps
between words, as rigid bodies
sometimes create large empty
spaces. However, these bodies were actually composites of many
small rigid squares (each a degree of freedom) connected by a con-
straint mesh. Therefore, resolving collisions required lots of compu-
tational power (see Figure 8).

The way the JavaScript physics engine works is that it takes every
body in the world and checks if it collides with another body. This
means that every square within one word had to get checked, so after
adding only six or seven words, the program began to run very slowly.
In addition, soft bodies tended to invert or overlap on each other,
which posed another problem. Therefore, given our capabilities and
time restrictions, a change was made and the skeleton of the words
became one large rectangular bounding box, which is much easier
to compute for the physics engine.

In addition, for the purposes of this project, the input file is simply
a text file, not the actual set of documents. The set of documents are
processed in Python and the results are copied into these text files.
When the program is initialized, using the p5.js function “preload”,
the text files are loaded and parsed before the program even appears,
and this is done very quickly, almost imperceptibly. Since the goal of
the project is to create a dynamic word cloud and not a data parsing
software, this was done to allow for more efficient run time.

FHEE R

Figure 8: Composite of small
squares to allow many degrees of
freedom for the body of the word
as seen from the Matter.js renderer

6 USER STuDY

We carried out an informal user study to comprehend the efficiency
of this method of information visualization. The goal was understand

to what level information is retained from this method of presen-
tation. It is very interesting to see how efficient a dynamic word
cloud is at demonstrating trends and getting the viewer to absorb
information.

Method The user study was presented as follows: first, the
users would be prompted to view our dynamic word cloud and
given instructions for interactions and a time limit. The users would
then be asked questions testing their knowledge on what they just
learned by using the software. After the users completed this section,
they moved on to the next part, which consisted of a very similar
procedure, but using the more conventional multi-line graph instead
(like in Figure 5).

Observers 10 subjects participated in the study. All subjects
were undergraduate university students.

Procedure In the first section of the study, the data presented
is the keywords from the titles and abstracts from the SIGGRAPH
yearly conferences. Three multiple choice answer questions were
asked:

1) Select the top 3 most popular words throughout the timeline.
2) Which of these words has the highest variance?
3) Which of these words has the lowest variance?

In the second section, a conventional graph was presented to the
users. This graph shows how the norms of household technology
changed over time by representing the percentage of households in
the US that use a certain technology from 1975 to 2019. After the
users analyzed the graph for a set amount of time, they were asked
the same three questions.

6.1 Results

Tables 1 and 2 demonstrate the results from the user study. Table 1
represents the question asking for the three most popular words and
Table 2 represents the questions regarding the highest and lowest
varying words throughout the timeline.

Regarding the dynamic word cloud section, in selecting the three
most frequently occurring words, the top two were demonstrated
an 80% success rate, while the third showed a lower 60% success
rate. For question three regarding the lowest varying word, 70% of
the participants answered accurately. However, when identifying
the highest varying word, success rate was only at 30%. We believe
this is due to the difficult nature of keeping track of things that are
changing. It is important to note that questions one and three only
asked the user about the largest words and the words that change the
least respectively, therefore easier for the user to retain.

In the multi-line graph section of the user study, when asked about
the three most popular words (question one), responses indicated
an almost 100% accuracy in selecting the most frequent word, but
for the next two words, the accuracy diminished substantially. This
could be due to the fact that the numerous lines in the graph are very
intertwined, and it is difficult to discern which ones stand out as
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Table 1: Success rate in percentage for identifying top three most frequently occurring words

Question Section 1: Word Cloud Success Rate (%) | Section 2: Multi-Line Graph Success Rate (%)
Identifying Most Popular Word 80% 90%
Identifying Second Most Popular Word 80% 60%
Identifying Third Most Popular Word 60% 50%
Table 2: Success rate in percentage for identifying highest and lowest varying words
Question Section 1: Word Cloud Success Rate (%) | Section 2: Multi-Line Graph Success Rate (%)
Identifying Highest Variance 30% 70%
Identifying Lowest Variance 22.2% 66.7%

the most popular. For the highest and lowest variance selections, a
similar pattern as in section one was observed. Responses indicated
a low accuracy level for selecting the highest varying word and a
relatively high accuracy for selecting the lowest varying word. Like
above, we believe this is due to the difficulty of absorbing complex
data versus simple data. The highest varying word is depicted by
the most vertical line in the graph, thus crossing many other lines,
whereas the least varying word is depicted by the most horizontal
line, having less intersecting lines. Therefore, this line is more
visible and easier to retain.

From the data collected in this informal user study, we can con-
clude that the dynamic word cloud can have some advantages over a
conventional multi-line graph, but only pertaining to a specific set
of queries. Clearly, if asking for a certain value at a given point in
time, then the graph is much more pertinent. However, based on
this small sample study, the dynamic word cloud enabled the user
to grasp the popular trends fairly well and may even have a slight
advantage for detecting the most constant words.

With respect to limitations of this study, we recognize the rel-
atively small sample size to gather the data. In addition, one of
the purposes for creating this cloud was to create a more visually
stimulating and engaging method of portraying information. While
we did not ask participants to rate these qualities when analyze the
data, we do believe that the interactive nature of the software and
the changing visuals tend to be more pleasing to viewers. This may
be something to be explored further.

7 CONCLUSION

In conclusion, we present a method for portraying time-varying
text information in a dynamic word cloud. This allows for the
user to view trends from a set of time-dependent documents in a
unique manner. While the method may not be the most optimal
manner of displaying data, it gives a potentially more entertaining
and stimulating visual effect than other methods of visualizing data
(e.g., graphs). We believe that a dynamic word cloud is ideal for a
live presentation where the viewers are kept engaged and interested
by this active data analysis tool or for a user to interact with on his
or her computer.

7.1 Future Work

Initially, the goal was to create an online interactive tool available
to all. Therefore, what would be left to do is to create a web space
where a data parsing software is available to take as an input a set of
time-dependent documents that parse the n-grams into the correct
text file format. At the moment, the data needs to be in a specific
format within a text file and all the time data is required from the
beginning of the program startup. A continuous input would be a
great improvement, as it would be able to adjust given real-time data.
Or, more simply, create a parsing software that allows the user to
input a set of documents (news articles, magazines, etc) and have the
program read those and then create the word cloud without the need
for the text file and its format. From there, anyone would be able

to input their own set of documents each with a timestamp and the
software will be able to read and portray the information received
through a dynamic word cloud.

In addition, fixing the run time issues of collision checking would
greatly enhance the project. Using broad phase collision detection
could be a solution to this, however Matter.js must be modified in a
manner to make this possible, which can be a whole project in itself.
From there, soft body words can even be implemented to complete
the initial desired image. Fixing the physical errors of inverted and
overlapping words would also be required.

REFERENCES

[1] M. Chi, S. Lin, S. Chen, C. Lin, and T. Lee. Morphable word clouds
for time-varying text data visualization. /EEE Transactions on Visual-
ization and Computer Graphics, 21(12):1415-1426, Dec 2015. doi: 10
.1109/TVCG.2015.2440241

[2] W. Cui, S. Liu, L. Tan, C. Shi, Y. Song, Z. Gao, H. Qu, and X. Tong.
Textflow: Towards better understanding of evolving topics in text. IEEE
Transactions on Visualization and Computer Graphics, 17(12):2412—
2421, Dec 2011. doi: 10.1109/TVCG.2011.239

[3] W. Cui, Y. Wu, S. Liu, F. Wei, M. X. Zhou, and H. Qu. Context
preserving dynamic word cloud visualization. In 2010 IEEE Pacific
Visualization Symposium (PacificVis), pp. 121-128, March 2010. doi:
10.1109/PACIFICVIS.2010.5429600

[4] M. Dubinko, R. Kumar, J. Magnani, J. Novak, P. Raghavan, and
A. Tomkins. Visualizing tags over time. ACM Trans. Web, 1(2),
Aug. 2007. doi: 10.1145/1255438.1255439

[5] M. Kane. Wordswarm. http://www.thisismikekane.com/
proj_wordswarm.php?filter=1lab, pubs, people, research,
energy,wireless, scm, personal, teaching, hacks, fun,
outdoors, photos. Accessed: 2010-07-30.

[6] M. R. Lindsay Lee and E. Ortiz-Ospina. Coronavirus. Our World in
Data, 2019. https://ourworldindata.org/coronavirus.

[7]1 S. Liu, W. Cui, Y. Wu, and M. Liu. A survey on information vi-
sualization: recent advances and challenges. The Visual Computer,
30(12):1373-1393, Dec 2014. doi: 10.1007/s00371-013-0892-3

[8] T.Munzner. Visualization Analysis and Design. AK Peters Visualiza-
tion Series. CRC Press, 2015.

[9] T. Russell. cloudalicious: folksonomy over time. In Proceedings of
the 6th ACM/IEEE-CS Joint Conference on Digital Libraries (JCDL
’06), pp. 364-364, June 2006. doi: 10.1145/1141753.1141859

[10] R.A.Saputra, C.S. Kaplan, and P. Asente. Repulsionpak: Deformation-
driven element packing with repulsion forces. In Proceedings of Graph-
ics Interface 2018, pp. 10 — 17, 2018. doi: 10.20380/GI2018.03

[11] R. A. Saputra, C. S. Kaplan, P. Asente, and R. Méch. Flowpak: Flow-
based ornamental element packing. In Proceedings of Graphics Inter-
face 2017, pp. 8 — 15, 2017. doi: 10.20380/GI12017.02

[12] M. Seyfert and I. Viola. Dynamic word clouds. In Proceedings of
the 33rd Spring Conference on Computer Graphics, SCCG ’17, pp.
7:1-7:8,2017. doi: 10.1145/3154353.3154358

[13] C. Wang, H. Yu, and K. Ma. Importance-driven time-varying data visu-
alization. IEEE Transactions on Visualization and Computer Graphics,
14(6):1547-1554, Nov 2008. doi: 10.1109/TVCG.2008.140


http://www.thisismikekane.com/proj_wordswarm.php?filter=lab,pubs,people,research,energy,wireless,scm,personal,teaching,hacks,fun,outdoors,photos
http://www.thisismikekane.com/proj_wordswarm.php?filter=lab,pubs,people,research,energy,wireless,scm,personal,teaching,hacks,fun,outdoors,photos
http://www.thisismikekane.com/proj_wordswarm.php?filter=lab,pubs,people,research,energy,wireless,scm,personal,teaching,hacks,fun,outdoors,photos
http://www.thisismikekane.com/proj_wordswarm.php?filter=lab,pubs,people,research,energy,wireless,scm,personal,teaching,hacks,fun,outdoors,photos

	Introduction
	Related Work
	Method
	Design
	Word Placement
	Size of Words

	Examples and Discussion
	Examples
	Discussion

	Implementation
	Matter.js
	p5.js
	Optimization

	User Study
	Results

	Conclusion
	Future Work


