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ABSTRACT
Currently, spatial geographic data can be collected for many ap-
plications that involve data on the planet earth. These collected
data typically have coordinates (x, y), or longitude and latitude in
map space, and thus can be located and displayed on maps. Data
alone represents facts and has no meaning on its own but becomes
meaningful when it is associated with application knowledge, such
as elections, crimes, disease, etc. For example, there is no meaning
behind those numbers (1, 23, 125, 355, . . .), yet they are data that
can get meaning when correlated with the total number of cases of
COVID-19 in Texas per day starting on a certain date. Many devices
can provide sequences of object location data over time (GPS in
vehicles or mobile devices, etc.). However, no device can visualize or
display them on its own without a visualization App. Both numeric
and location data are raw data that need to be pre-processed and
cleaned to become meaningful. Currently, collected data is a very
valuable source of information which, after collection, can be pro-
cessed, stored, analyzed, and visualized. In this paper, the available
techniques of spatial data visualization will be overviewed. More-
over, a case study of COVID-19 spatio-temporal data visualization,
using one of the techniques will be demonstrated. The COVID-19
data will be spatially visualized when data on a specific date is
queried for analysis. On the other hand, spatio-temporal visual-
ization will be displayed when a time series of COVID-19 data is
queried for analysis.
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1 INTRODUCTION
Currently all matters pertaining to daily human life, like daily
errands, weather conditions, medical systems, communication pat-
terns, economics, social media, politics, scientific research, etc., are
becoming highly technology dependent. Daily Collection of data
from such human activities is an important source of information
and is increasing dramatically. Data collection and the information
that can be gained out of them is often recognized as the most valu-
able resource in the world, not oil [1]. For end-users to properly
interact with and analyze such data, the best way is to have the col-
lected data organized, processed, cleaned, analyzed, and visualized.
Despite its importance, data remains facts with no meaning. Raw
data like the numbers (1, 14, 100, 1500, etc.) must be examined and
cleaned to obtain meaning. Once raw data is given a meaning it
becomes useful information. For example, 100 m above sea level,
here we know what the number 100 means, so now we can analyze
the collected raw data and obtain new information out of it. In the
real world, there exists a lot of geographic (spatial) data, which can
be grouped based on features. This grouping results in different
types of layers (customers, roads, buildings, elevation, land use,
etc.). In fact, each layer will correspond to different types of objects.

For the end-user to have a correct explanation of the data he
should be able to have an easy and clear communication with the
data. This is best achieved through data visualization. Presenting
data in tables or maps are examples of data visualization. Using
maps will give the end-user more information than when using
tables. Presenting collected spatial data graphically (visualizing it
on a map) makes it easier to interpret and analyze and allows the
user to identify areas of interest in the data to perform additional
computation and further analysis.

In this paper, the presentation will mainly focus on spatial data
visualization. There are several techniques that can be used to visual-
ize spatial data. Six techniques that are commonly used to visualize
spatial data will be discussed namely: Choropleth maps, Heat maps,
Hexagonal binning, Dot maps, Bubble maps, and Cartogram maps.

1.1 Spatial Data
Spatial data, also known as geospatial or geographic information,
is the data or information that identifies the geographic location of
features and boundaries on Earth, including natural (oceans, lakes,
mountains, etc.) or constructed features (boundaries of countries,
roads, buildings, etc.). Spatial data is usually stored as coordinates
and topology, which are data that can be displayed on a map. Spatial
data is often accessed, manipulated, or analyzed through several
Geographic Information Systems (GIS) [2].
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1.2 Spatio-Temporal Data
Spatial refers to space and temporal refers to time. Spatial-temporal,
or spatio-temporal, is used in data analysis when the collected
data has both space and time features. Spatio-temporal data de-
scribes phenomena that occur in certain locations and at certain
time points or periods such as movements of shipping vessels across
a geographic sea location or ocean area over time. Spatio-temporal
data can be displayed using special references in various reference
systems, but the most common way is to display them on maps. On
these maps, temporal features are typically represented via a calen-
dar system. A person can use spatial-temporal reasoning to solve
multi-step problems by envisioning how objects move in space and
time [3].

Although most data are spatio-temporal, parts of the data be-
come spatial when considered on a particular time point or time
period. The second section focuses on spatial data visualization,
whereas the third section gives a case study of spatio-temporal data
visualization.

2 SPATIAL VISUALIZATION TECHNIQUES
As we discussed in the Introduction section, there is an abundance
of collected data that are available for researchers and other end-
users in different areas of knowledge (medical, weather, scientific,
communication, economics, social media, politics, etc.). Such col-
lected raw data are typically pre-processed and cleaned, so that
exact information can be extracted out of them. Analysis of these
data requires that researchers and data analysts have very good
computational skills. Data analysts will find data analysis easier
if collected data can be displayed on maps. Presenting collected
spatial data graphically by visualizing it on a map makes it eas-
ier to interpret and analyze and allows the user to identify areas
of interest in the data to do additional computation and further
analyses.

Maps are a common way of data visualization. Features of rele-
vant objects and areas are easily visualized through different kinds
of maps (geographical maps, building plan maps, website layouts,
etc.). Several tools and applications for spatial data visualization
have been developed and are widely used. Among the most pop-
ular map-based visualization techniques are the choropleth map,
heat maps, dot maps, and cartograms [4]. In this survey, we will
overview six popular, yet simple tools that visualize spatial data,
namely: Choropleth maps, Heat maps, Hexagonal binning, Dot
maps, Bubble maps, and Cartogram maps.

Currently, the world is witnessing the spread of a virally trans-
mitted infectious disease known as COVID-19 “the Corona Virus
Disease 2019”. A huge number of individuals were infected by
COVID-19, until March 2021 a significant number of the infected
people have died (2.5 million deaths according to WHO). The World
Health Organization (WHO) has declared a sudden increase in the
occurrence of COVID-19 cases in different countries starting the
22nd of January 2020. Since then, there was a daily increase in the
number of COVID-19 confirmed cases and deaths. This has resulted
in big datasets that can be analyzed and studied. There are lots of
personal, professional, and academic sites and agencies that provide
access to COVID-19 datasets. A well-known, easy to access, daily

updated dataset is maintained by the Centre for Systems Science
and Engineering at John Hopkins University (CSSE at JHU) [10].

The six visualization techniques will be illustrated using COVID-
19 data in the state of Texas. For each technique, the data will be
processed, analyzed, and visualized on a map of Texas counties.
The state is divided geographically into 254 counties on the map,
and we display the COVID-19 data by county over the whole state
of Texas map.

2.1 Choropleth Map
Choropleth map is a thematic map that uses different colorings,
color shades, or pattern fills in various areas of a map to represent
the value or range of values of some variable. Color shades are
patterned differently for the represented geographic areas. The
shaded areas are patterned according to statistics and values that
are displayed on the map. For instance, a map of the USA might
show population density for each state with a darker or lighter
shade.

Choroplethmaps are used for data presentation and visualization.
For example, on the map of a certain county, population density,
women participation in labor force, per capita income, presidential
election vote percentages, etc., are good examples of such statistical
values that can be displayed and visualized using color shades.
Significant efforts have been invested into development of various
methods of data classification using choropleth mapping [5].

Some advantages of choropleth maps are that they are in wide-
spread use, can be created easily, and they are easy to read and
understand by different audiences. Regardless of these advantages,
choropleth maps don’t give a good representation of statistical val-
ues on the boundaries of the shaded areas. In a choropleth map,
colors and shading patterns are chosen according to a prearranged
key, and as a result the choropleth maps cannot show total values
very well. Instead, they show ranges of values, where each range
is assigned to a different color or shade. They also cannot show
variation within the boundary of each bordered area (county in a
state, for example) on the map.

Figure 1 shows COVID-19 confirmed cases per county in Texas
using the choropleth map technique. Each county has a different
number of cases, so it is colored differently based on the legend
found on the top right of the figure. In Figure 1 , dark colors rep-
resent counties with more confirmed cases by a particular date, in
this case September 19, 2020. Lighter colored counties represent
counties with fewer cases by that date.

2.2 Heat Maps
Heat maps use colors to communicate numeric data by varying the
underlying values. Heat maps can be used to represent large sets of
spatial data. Data values are represented red, green, and blue (RGB)
as a linear function of the data values [6]. In this way, the color
variations represent continuous changes in the values on the map
rather than discrete changes by boundaries as in choropleth map.

Using heat map spatial representation makes it easier to un-
derstand relationships between data points and draw conclusions
about overall trends. The viewer can interpret the chart at multiple
scales, from the individual data point to the entire data set, due to
the use of color gradients and clear organization. At the other end,
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Figure 1: Choropleth Map showing the total COVID-19 cases in Texas by county until September 19, 2020.

Figure 2: Output for python code, showing heat map visualization for COVID-19 data in the state of Texas by county until
September 19, 2020. Panel C, is a zoomed-in heat map of North Texas counties

the excessive use of colors can negatively affect the legibility of the
visualization. Also, the color schemes must factor in cultural asso-
ciations with various traits, such as red, which has connotations of
heat, anger, passion, lust, as well as various political interpretations.
Furthermore, color gradients transcend boundaries on the map so it
can be difficult to visualize the information by each bordered area,
like the counties in Figure 2

In Figure 2, confirmed cases of COVID-19 in the state of Texas
per county are presented. The visualization used python coding
of COVID-19 data to obtain the heat maps. From the figure, it can
only be determined which counties are hot spots of COVID-19
infection. However, the actual number of confirmed cases cannot
be determined. Figure 2C, shows that even when the heat map
image is magnified to show the counties of North Texas only, still
no statistical numbers can be inferred.

2.3 Dot map
Dot maps, alternatively known as point maps, dot density maps,
or dot distribution maps, use dots to represent the data. Dots are
placed into an approximate location where the data value was
obtained. In general, dots are equally sized and are placed based
on the geographical location. The user can obtain information by
hovering around the dot on the map.

Dot maps are good at showing spatial patterns, since dots are
distributed over the map in different geographic locations. They
are best used to display locations of interest of a particular type
at a certain location. The data for the distribution of population,
dairy farms, shopping centers, coffee shops, schools, universities,
mineral deposits, etc. can be displayed well using dot maps.

While developing a dot map, two parameters need to be con-
sidered: number of dots at a certain location and the value they
represent. So, on the map some areas may have a higher number of
dots, indicating that these areas have a high concentration of the
chosen and less dense areas have low concentration.
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Figure 3: Dot map visualization of confirmed cases in Texas counties by September 19, 2020.

Dot maps are optimal for showing the geographical distribution
of things and can reveal spatial patterns on the map. They are easy
to read, construct, and one can easily interpret total value of the
presented data. Yet, it is time consuming to construct such dot maps,
as it requires a lot of time for determining the number of dots, and
additional time for displaying the georeferenced data.

Figure 3 shows a dot map of the state of Texas with nearly 600,000
confirmed COVID-19 cases until September 19, 2020, spread in
different counties. A single blue dot was assigned to each county,
yet the actual confirmed case in that county cannot be interpreted
from the size of the dot as they are equally sized. The statistics can
be displayed by hovering over the dot on the map, where a small
pop-up window will show the name of the county and how many
confirmed COVID-19 are present. In Figure 3, the popup window
illustrates that the confirmed cases of COVID-19 in Dallas County
is 77118.

2.4 Hexagonal Binning
To understand the spatial distribution of a large set of data, one can
use a point distribution map. But there will not be enough space
between displayed points to show where points of the same data
value set end and another set of values start. A better way to explore
the distribution of such big data on a map, of the same size, is by
using regular polygonal bins such as hexagons, circles, or squares.
Using hexagons one can form continuous bins, unlike circles and
squares.

Hexagonal binning is a visualization technique that creates
hexagons as a framework in the map to display the needed infor-
mation [4]. Different colors and shades can be used for the created
hexagons, like what is used in choropleth map. Hexagonal bin-
ning has been used to show pick-location of certain taxi cabs, uber
clients, amazon delivery locations, election results, etc.

Using hexagonal bins has some advantages because patterns
in data (like the edge of field) can be seen more easily than if
using squares, since a hexagon can have more neighbors on its
edge boundaries. Hexagons offer more accuracy in sampling than
squares.

However, when using hexagons, the cost connectivity analysis is
less precise than when using squares. Hexagons have six adjacent
neighbors versus eight with the square, but the types of square
neighbors are not identical since four have a common line boundary
and the other four have a common dot only. In addition, in case
of upscaling or downscaling of a data sample with hexagons, data
values can’t be easily subdivided like what can be done with a
square by dividing it evenly into 4 smaller squares.

The map in Figure 4 represents the confirmed COVID-19 cases
in Texas counties by 09-20-2020. Each county is represented by a
hexagon, using different colors based on the number of confirmed
COVID-19 cases in each county.

2.5 Bubble map
In a bubble map, a data source is properly represented with a bubble
(circle) of variable. The size of the bubble represents the number of
cases at a particular location. Bubbles are distributed over the map
according to their geographical coordinates.

Bubble maps are simple and easy to read. From the size of the
bubble, one can infer the how high the data it represents is. Also,
bubble maps can show several pieces of information in a single
view by using a different color for each type of information. The
size of the bubble shows the value of the data. A color gradient can
be added to show the type of the corresponding value according
to map legend. Other advantages of using a bubble map is it can
be created from Excel data, different geographic regions can be
summarized, the used icons and colors can be customized, and data
values can be visualized by region. However, when the size of data
varies with in high ranges, then large bubbles need to be displayed
on the map. Large bubbles have the problem of overlap with other
bubbles and regions [7].

Figure 5 shows a map of Texas. The size of each bubble repre-
sents the number of death cases from COVID-19 in different Texas
counties until September 19, 2020. From the figure, it can be in-
ferred that bubble maps visually display data better than dot maps.
The county with higher number of COVID-19 cases can be easily
obtained. Additionally, a popup window tells the statistical number
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Figure 4: Hexagonal Binning showing number of confirmed COVID-19 cases in Texas counties by September 20,2020.

Figure 5: Bubble Map showing COVID-19 death cases in Texas counties.

of COVID-19 cases in each county. Dallas county has 1083 death
from COVID-19 till September 19, 2020.

2.6 Cartogram map
Cartograms are maps that deal with geographical regions (coun-
tries, states) with respect to a certain variable of interest (popu-
lation, income, number of confirmed COVID-19 cases, etc.). They
have been used as a visualization means for geo-referenced data
for over a century. Cartograms are widely used by newspapers,
magazines, textbooks, blogs, and presentations to display election
results, popularity, and regional patterns in general [8]. To convey
related information clearly, the real size and shape of geographical
regions are distorted in cartogram maps [9] Cartograms contain
both statistical and geographical information.

The confirmed and death cases of COVID-19 by August 11, 2020,
are shown in the cartograms of Figure 6. The maps show accurate
shape of the states of the USA, yet the size of each state is distorted
to show corresponding COVID-19 statistics. This causes a change
in the borders of the states of the real map. These are known as
non-contiguous cartograms. The geometrical regional shapes were
distorted by scaling down the size in the original maps.

2.7 Default “Traditional” map
Certain features of data values cannot be visualized using the tech-
niques discussed previously. When data is collected and is available
to be analyzed and visualized, traditional map can be a good choice
for visualizing the analyzed data. Traditional maps offer a simple
method of visualization where shading/coloring/highlighting the
area of interest for a particular feature is used. The analyzed data
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Figure 6: Cartogram Map showing the confirmed and death cases from COVID-19 in the US by state.

Figure 7: Traditional Map showing COVID-19 cases in Texas
counties by September 19, 2020.

is visualized individually without being compared to any other
feature or data point. Google maps is a good example of traditional
maps. New locations, routes and landmarks can be added as over-
lays for visualization. Also new shapes can be drawn to show the
details of the data to be visualized. Most of the techniques defined
by spatial data visualization researchers have been listed, yet some
users may not follow any of these techniques. They will use their
own technique of visualizing the data resulting from a spatial query.
Figure 7 shows traditional map visualization technique, where a
green icon is chosen to show the geo-location of the county, and
when a user hovers on the icon, it will pop-up with the available
data.

Other traditional visualization techniques include highlighting a
boundary of a selected area such as a county or highlighting a path
such as a suggested route on the map between two locations.

3 CASE STUDY: VISUALIZING
SPATIO-TEMPORAL DATA BY EXTENDING
BUBBLE MAPS

Choropleth maps, Heat maps, Dot maps, Bubble maps, Hexagonal
binning, Cartograms and Traditional maps were used to visualize
data of COVID-19 for a specific date (time point) as provided by
CSSE at JHU. Moreover, some of these visualization techniques can
be extended to visualize spatio-temporal data. In this section, we
describe the implementation of extended bubble map visualization
to display spatial data as it changes over time. Bubble maps will be
used as a proof of principle example, but we will discuss how other
techniques can be extended for spatio-temporal data visualization
in future work.

The extended bubble maps will show a different visualization
when a different date is chosen. COVID-19 datasets change daily
[10]; there is a daily increase in the number of confirmed and
death cases. In our example, bubble map visualization will be used
to visual COVID-19 datasets for counties of Texas. The spatio-
temporal visualization will be initiated from the start of the COVID-
19 pandemic on January, 2020 and will include the following details:

• Dataset: time_series_county_JH.csv
• Programming language: Python.
• Libraries used: pandas, glob, os, plotly.
• Jupyter notebook will be used.

The dataset will be loaded from "John Hopkins CSSE Depart-
ment" for confirmed COVID-19 cases in the US Figure 8. The loaded
data contains information about the confirmed cases in all the states.
It contains lot of columns that will not be used in the visualization.
Data related to Texas state counties will be chosen. Data will be
cleaned and transposed so that it can be visualized.

The selected data frames are saved to a .csv file, so that data
can be accessed locally when needed. The data will be cleaned
leaving the columns containing the counties of Texas and the dates
of the COVID-19 cases only. Figure 9 shows the code used for data
cleaning.

Now the data frames are ready to be transposed where the
columns will be the name of the counties and the rows will contain
the number of confirmed cases according to the row name which
will be a date.
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Figure 8: Python code used to load COVID-19 data sets.

Figure 9: Python Code used for data cleaning.

The transposed data frames will be organized into three columns
(Date, Confirmed, and County). The organized data frames can be
visualized only if “plotly” bars are used. Yet, they need to be visual-
ized on the map. To do so, geographic coordinates need to be added
to the dataset. Such data is available online and can be downloaded.
It contains the geographic coordinates for all the counties in all the
US states. The data related to “Texas” will be selected only.

The Lat. and Long. dataset are now merged with the organized
dataset. The resulting data frames are then saved into a .csv file
“Time_series_county_JH.csv”’ to be accessed later in the visualiza-
tion step. In this step, Plotly Express and some of its plugins are
used.

Figure 10 is the output of the code used. It shows an animated
time series for COVID-19 data from Texas counties by applying
bubble map technique. The Mapbox plugin which is supported by
Plotly Express is used in the visualization. The size of the bubble
corresponds to the number of the confirmed COVID-19 cases in
each county. As can be seen, the color of the bubble matches the
actual corresponding numeric value according to the legend bar in
the map.

4 CONCLUSION
In this paper, six spatial data visualization techniques were illus-
trated by displaying COVID-19 data. The techniques were presented
and discussed based on the spatial feature of the data. Some of
these visualization techniques can be extended to visualize spatio-
temporal data when the temporal attribute is added. A case study
was presented where the bubble map method was successfully
extended to visualize spatio-temporal COVID-19 data.

For future work, we plan to implement a tool that can perform
spatio-temporal visualization using several of the visualization
techniques we discussed and presented. The planned tool will allow
the user to choose one of the techniques to visualize his or her data.
We plan to develop guidelines that help the user determine which
technique to use for their particular application. We will also try to
apply one of the spatial clustering algorithms on COVID-19 data
so that the reported data can be visually clustered on the map.
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Figure 10: Final output of the code showing the time series animation for confirmed COVID-19 case in Texas
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