
Chapter 5
Data Visualization

5.1 Introduction

Visualization via graphics like charts, graphs, and images is an effective and efficient
way to interpret and understand data and help spot valuable information such as
patterns, trends, and anomalies [1]. The reason is that, unlike tables and written text,
graphs are primarily visual in nature, and approximately 70% of our sense receptors
are dedicated to vision [2]. Moreover, our eyes are drawn to patterns and colors, can
easily differentiate red from blue and a circle from a square, and can quickly see
trends and outliers [3].

While the invention of data visualization may not be easily attributed to one
individual, William Playfair (1759–1823) is generally viewed as the inventor of
many common graphical forms, such as bar and pie charts [4]. One of his well-
known visualizations is his balance of trade and chart of the national debt of
England, one of the earliest line charts used to represent time series (Fig. 5.1).

Playfair was also one of the first people to use charts not only to educate but also
to persuade and convince, for example, by comparing the “weekly wages of a good
mechanic” and the “price of a quarter of wheat” from 1565 to 1821 (Fig. 5.2) [7].

Another classic example of an old visualization is the illustration of Napoleon’s
failed Russian campaign of 1812 by Charles Minard (Fig. 5.3). The graph displays
the number of French soldiers marching toward and then retreating from Moscow,
overlaid on top of a map. The thickness of the band is representative of the number of
soldiers, which decreased as the army moved from France on the right to Russia on
the left. Underneath the map is a line chart displaying the temperature that soldiers
faced as they moved during the campaign.

Florence Nightingale visualized in 1858 the factors affecting the lives and death
rates of the British army in a graphic known as “Nightingale’s Rose” or “Nightin-
gale’s Coxcomb” (Fig. 5.4). She showed Queen Victoria in her visual graphic that it
was infections (in blue) killing the highest number of soldiers and not wounds [7].
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In the remainder of this chapter, we introduce the basics of data visualizations,
including a taxonomy of basic graphical objects and charts and their uses. We
include several visualizations from different fields generated with different software

Fig. 5.1 William Playfair’s balance of trade and chart of national debt of England (Source:
Wikimedia [5])

Fig. 5.2 William Playfair’s 1821 chart (Source: Wikimedia [6])
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packages using different sources of open data. We also cover infographics and
dashboards, which are visualization-rich tools that are increasingly being used in
many industries. We finish with guidelines for building good visualizations.

Fig. 5.3 Napoleon’s failed Russian campaign of 1812 by Charles Minard (Source: Wikimedia [8])

Fig. 5.4 Florence Nightingale’s 1858 diagram of the causes of mortality in the army in the East
(Source: Wikimedia [9])
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5.2 Presentation and Visualization of Information

The type of data sometimes dictates the type of graph that can or cannot be used. As
a quick reminder, data are broken into two types: quantitative and categorical.
Quantitative values measure things and consist of a quantity and unit of measure
(e.g., 300 km). Categorical data divide information into useful groups and are
nominal (e.g., fall, winter, spring, summer), ordinal (e.g., low, medium, high),
interval (e.g., 0–9, 10–19, . . .), and hierarchical (e.g., year, quarter, month, week,
day). In many cases, the type of data dictates the type of graph and visualization to
be used.

5.2.1 A Taxonomy of Graphs

Of the different available taxonomies of graphs, we will follow the one proposed by
Stephen Few [2], a well-known expert in data visualization. According to Few,
quantitative data can be basically represented in graphs by the following six basic
objects: points, lines, bars, boxes, shapes with varying 2D areas, and shapes with
varying color intensity.

A point is a simple dot on a graph representing two values, one on each axis, and a
graph consisting of such points is referred to as a scatterplot (Figs. 5.5 and 5.6).
Scatterplots, which are representations of many distinct data points on a single chart,
give a general idea about the distribution of the data and are useful in highlighting
relationships between different variables, showing if the two variables tend to vary
independently or not. Scatterplots are also useful in showing correlations and in
detecting data outliers [1, 2, 11].

A line connects a series of values or distinct points in a graph and is a good
representation of how values change or evolve over time (called a time series)
[1]. Line charts are used to view trends and cycles in data, usually over time or
other ordinal data (Figs. 5.7 and 5.8) [11].

A bar, one of the most common types of data visualizations, is a rectangle that
encodes quantitative information by its length (Fig. 5.9). Bars are easy to see and
compare and should always begin at the value of 0 [2]. Bar charts are used to quickly
compare data across categories, show trends and outliers, and highlight differences
at a glance. Bar charts are especially effective when data can be split into multiple
categories [11]. Graphs composed of vertical bars are referred to as column charts.

A box is also rectangular but encodes a wide range of values, such as the
minimum, maximum, and median values (Fig. 5.10). Graphs of such boxes are
referred to as box-and-whisker plots or boxplots and are used to show distributions
of data. Typically, the box contains the median of the data, the first quartile (25% less
than the median), the third quartile (25% greater than the median), and the whiskers
represent data within 1.5 times the interquartile range (i.e., the range between the first
and third quartiles). The whiskers can also be used to show the maximum and
minimum points within the data [11]. Boxplots are often used to compare the
distribution of different datasets [2].
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Shapes with 2D areas represent values in proportion to their area rather than their
location on the graph. A popular example is the pie chart (Fig. 5.11), where each
sector of the pie represents a percentage of the whole. However, despite its frequent
use, a pie chart is not recommended when the compared values are close or when
there are many categories or sectors to compare [1, 2].

Another example of shapes with 2D areas is the bubble, which is a scatterplot that
quantifies three values, two by their relative location on each axis and the third by the
size of the bubble. A fourth variable can be quantified by applying variable intensities
of the same color to the bubbles [2] or simply by using different colors (Fig. 5.12).

5.2.2 Relationships and Graphs

Graphs are used to display relationships in data by giving them shapes. There are
eight main types of relationship graphs that are typically used: time series, ranking,
part-to-whole, deviation, distribution, correlation, geospatial, and nominal compar-
ison [2]. Time series graphs show how something changed (increased, fluctuated,

Fig. 5.5 This simple example of a scatterplot shows the 2021 population estimate of Canadian
provinces. With this scatterplot, the significantly large size of the population in Ontario is imme-
diately evident, as is the very low population of Prince Edward Island. This graph was generated
using Tableau Desktop software and Statistics Canada population open data [10]
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Fig. 5.6 This example of a scatterplot shows the population of Canada in 2021 by age group and
by sex. We notice that until the age of 40, the number of males exceeds the number of females and
that this is reversed afterward. We also see a dip in the population aged around 40–60 years. This
graph was generated using Tableau Desktop software and Statistics Canada population open data
[10]

Fig. 5.7 This example of a line chart or time series displays the incidence of the West Nile virus in
California on a weekly basis from 2012 to 2015. It clearly shows a yearly cycle where the incidence
peaks between weeks 39 and 42. This graph was generated using Tableau Desktop software and the
California Department of Public Health Open Data [12]
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Fig. 5.8 This example of a line chart highlights the trend of slow population increase in three
Canadian Maritime Provinces, and a decreasing trend in the fourth, from 1972 to 2021. The
software generated a forecast statistic until 2032. This graph was generated using Tableau Desktop
software and Statistics Canada population open data [10]

Fig. 5.9 This example of a bar graph, also called a column chart, or a stacked bar chart, shows the
population of Canada in 2021 by age group and by sex. It is a different visualization of the same
data in Fig. 5.6. This graph was generated using Tableau Desktop software Statistics Canada
population open data [10]
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declined, etc.) over time (e.g., Figs. 5.7 and 5.8). Graphs display ranking relation-
ships such as larger than, smaller than, and equal to, sorted in increasing or
decreasing order (Fig. 5.9, though, is not sorted). Graphs display part-to-whole

Fig. 5.10 This example of a box graph, also known as a box plot, represents death by heart disease
by sex in Canada (2000–2016). Each box displays the minimum, first quartile, median, third
quartile, and maximum values in the dataset. This graph was generated using SAP Lumira software
and Statistics Canada leading cause of death open data [13]

Fig. 5.11 This example of a pie chart depicts the distribution of the Canadian population by
province, clearly highlighting the relative population size in each. It is a different visualization of
the same data in Fig. 5.5. This graph was generated using Tableau Desktop software and Statistics
Canada population open data [10]
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relationships by showing how individual values make up the whole of something
(for example, by percentage or rate of total) and how they compare to each other
(Figs. 5.9 and 5.11). Deviations represent how one or more sets of values differ from
a reference set of values (Fig. 5.13) [2].

A distribution represents how values are distributed across an entire range, from
the lowest to the highest, and is called a frequency distribution when it shows the
number of times something occurs. When bars are used, it is referred to as a
histogram (Fig. 5.14) [2]. Histograms group the data into specific categories
known as bins and assign a bar size that is proportional to the number of records
in each bin [11].

A graph displays a correlation when it shows whether two sets of values vary
(increase, decrease, follow) in relation to each other, positively or negatively, and to
what degree (e.g., Figs. 5.6, 5.9, and 5.12). Geospatial relationships between values
are displayed by plotting them on a map (Fig. 5.15). Finally, a nominal comparison
is the simple display of a set of discrete quantitative values so that they can be easily
read and compared (e.g., Fig. 5.13) [2].

To display a specific relationship graphically, different objects and types of
graphs can be used, with some being more adequate for the task than others, while
others should be avoided. Table 5.1 is a summary of the recommended graphical
objects used to display each type of relationship described above.

Fig. 5.12 This example of a bubble chart displays the average life satisfaction level (y-axis) and
work stress level (bubble size), by age group (x-axis) and sex (color) in Canada (2012). Among the
visual observations are that after a certain age, females have a lower life satisfaction and higher
stress level, but that there is no clear relationship between life satisfaction and work stress in
general. This graph was generated using Tableau Desktop software and Statistics Canada Commu-
nity Health open data [14]
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Fig. 5.13 This graph represents the number of deaths per 100,000 citizens from HIV in Canada by
age group and sex (2000–2016). It shows a significant and very clear deviation for males, compared
to females, after the age of 25. This graph was generated using Tableau Desktop software and
Statistics Canada leading cause of death open data [13]

Fig. 5.14 This example of a histogram displays the distribution of households’ median after-tax
income (2016). This graph was generated using Tableau Desktop software and Statistics Canada
2016 Census open data [15]
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In addition to the visualizations shown so far, there is a large number of possible
visualizations, many of which are very popular and useful. Below are some addi-
tional examples of popular or interesting advanced visualizations (Figs. 5.16, 5.17,
5.18, 5.19, 5.20 and 5.21).

There are infinite additional ways to visualize data and information. What has
been covered so far in this chapter is an introduction to the basic and most popular
visualizations. To view additional examples of interesting and rich visualizations,
you can explore numerous sources such as the Information Is Beautiful website
(https://informationisbeautiful.net/), the Data Visualization Catalogue (https://
datavizcatalogue.com/), and Tableau’s public gallery (https://public.tableau.com/
en-us/s/gallery).

A popular guide for selecting a chart based on the number of variables, the kind of
comparison needed, and the time frame can be found at the Extreme Presentation
website (https://extremepresentation.typepad.com/blog/2006/09/choosing_a_good.
html).

A number of excellent interactive visualizations can be found at different
websites, such as Statistics Canada’s Interact with Data site (https://www.statcan.
gc.ca/en/interact). Two examples can be found in Figs. 5.22 and 5.23. Another good
example is the website of the Institute for Health Metrics and Evaluation (IHME),
which is an independent global health research center at the University of
Washington (http://www.healthdata.org/results/data-visualizations). Most visualiza-
tions are interactive with filters that allow the viewer to select from a variety of graph

Fig. 5.15 This example of a geospatial map displays the population by province in Canada, where
a larger font indicates a larger population in the different Canadian provinces and territories in 2016.
This graph was generated using Tableau Desktop software and Statistics Canada population open
data [10]
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types, regions, dates, measures, indicators, etc. Some are also dynamic and display
data evolving over a period of time. Another very common type of interactive
visualization is the dashboard, which is introduced next.

Table 5.1 Graphical object to use for each type of relationship (adapted from Few (2012) [2])

Graphical Objects

Relationship Points Lines Bars Boxes

Time series (cate-
gorical data on the
x-axis and quantita-
tive values on the y-
axis)

Dot plot only
when values were
not collected at
consistent inter-
vals of time

For emphasis
on the overall
pattern (e.g.,
Figs. 5.7 and
5.8)

For emphasis on
individual values

Only when
showing distri-
butions that
change over
time

Ranking Dot plot when the
quantitative scale
does not start at 0;
otherwise, use bar

Avoid Horizontal or
vertical (e.g.,
Fig. 5.9, but
preferably
sorted)

Only when
ranking multi-
ple distribu-
tions; horizon-
tal or vertical

Part-to-whole Avoid To display
how parts of a
whole change
over time

Horizontal or
vertical (e.g.,
Fig. 5.9)

Avoid

Deviation Dot plot when the
quantitative scale
does not start at 0

Useful when
combined
with time
series

Horizontal or
vertical; always
vertical if com-
bined with time
series

Avoid

Distribution
(single)

Known as a strip
plot; emphasis on
individual values

Known as a
frequency
polygon;
emphasis on
overall pattern

Known as a his-
togram; emphasis
on individual
intervals (e.g.,
Fig. 5.14)

Avoid

Distribution
(multiple)

Known as a
frequency
polygon.
Limit to a few
lines

Avoid Known as a
box plot (e.g.,
Fig. 5.10)

Correlation Known as a
scatterplot (e.g.,
Fig. 5.6)

Avoid Horizontal or
vertical

Avoid

Geospatial Different point
sizes encode
values (e.g.,
Fig. 5.16)

Used to mark
routes (e.g.,
Fig. 5.16)

Avoid Avoid

Nominal
comparison

Use a dot plot if
scales do not start
at 0

Avoid Horizontal or
vertical; use
when the scale
starts at 0 (e.g.,
Fig. 5.9)

Avoid
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5.2.3 Dashboards

The dashboard is “a visual display of the most important information needed to
achieve one or more objectives, consolidated and arranged on a single screen so the
information can be monitored at a glance” [20]. It is a collection of related visual-
izations that are tied together through interactivity and are displayed on a single page
and can combine multiple different types of data in a single location [21]. Dashboards
can be used, for example, to monitor marketing campaigns’ landing pages, conver-
sion rates, visitors by location, lead by campaign source, and other key performance
indicators (KPIs) (Fig. 5.24). This interactive analytical dashboard allows the user to
select dates and regions for analysis. Another example is an e-commerce dashboard
(Fig. 5.25), which can be used to analyze and monitor sales and revenue from
different perspectives. More examples of dashboards from different industries and

Fig. 5.16 This example of a geospatial graph shows the typical distance that can be reached in
5 minutes from the police stations in the city of Calgary in Canada (blue dots). The orange circles in
different sizes represent the relative crime rate in the different municipalities of the city. This graph
was generated using the ESRI ArcGIS Online tool [16] and the city of Calgary open data [17]
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job functions can be found on the websites of business intelligence companies such
as Qlik (https://www.qlik.com/us/dashboard-examples) and Sisense (https://www.
sisense.com/dashboard-examples/).

Fig. 5.17 This is an example of a heat map, displaying the distribution of the Canadian population
by age group (2021). The larger the rectangle and the darker (or “hotter”) the color, the higher the
population. We see here that the 55–59 years old is the largest group in Canada. This graph was
generated using Tableau Desktop software and Statistics Canada population open data [10]

Fig. 5.18 This is an example of a heat map displaying the leading causes of death by age in Canada
(2000–2015). The darker the color, the higher the total number of deaths. The main difference
between a heat map and a treemap is that the latter can enable a hierarchical presentation of
additional variables [1]. This graph was generated using SAP Lumira software and Statistics
Canada leading cause of death open data [13]
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Dashboards can be broken down into three roles: strategic, analytical, and
operational. At the executive level of an organization, dashboards support long-
term strategic decisions and focus on high-level measures of performance, including
forecasts. They tend to be simple and not interactive and do not require real-time data
updates. Dashboards that support data analysis demand rich comparisons, more
extensive history, and interaction with data, such as drilling down for more details.

Fig. 5.19 This example of an area chart displays the growth of the population by province in
Canada between 1971 and 2021. This graph was generated using Tableau Desktop software and
Statistics Canada population open data [10]

Fig. 5.20 This is an example of a tag cloud used to display the leading causes of death in Canada
(2000–2015). The larger the text and the darker its color, the higher the total number of incidents.
Tag clouds are useful for displaying words or phrases based on their frequency and hence
importance [1]. This graph was generated using SAP Lumira software and Statistics Canada leading
cause of death open data [13]
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They can help detect patterns in the data to identify the causes of problems, for
example. Similar to strategic dashboards, analytical dashboards work with static, not
real-time, data. Finally, operational dashboards are dynamic and immediate in their
nature. They present real-time data in a simple way but also have the means to attract
attention in cases when an operation falls outside the range of the acceptable
threshold of performance [20].

A good dashboard should be designed with the most important view in the top left
corner, not include too many views, use a consistent color scheme or compatible
ones, and have all the filters grouped together [21].

5.2.4 Infographics

The term “infographics” is an abbreviation of “information graphics.” They are a
combination of data visualizations, text, and images, presented in a logical manner
similar to storytelling, and are used to convey information and messages in an
attractive and easy-to-understand format [1, 24]. Infographics use many different
visual cues to convey information. With the overwhelming amount of data and
content generated and shared online, infographics have become very important
due to their ability to present information to an audience in a way that can capture

Fig. 5.21 This is an example of a chart combining different graphical objects. It displays via lines
the number of deaths by influenza and pneumonia by sex from 2000 to 2015. It also includes a box
plot displaying the upper and lower whiskers, median, and upper and lower hinges. This graph was
generated using Tableau Desktop software and Statistics Canada leading cause of death open data
[13]
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and keep the audience’s attention, engage them, and aid in their comprehension and
retention of the material [25]. Infographics are used in multiple disciplines, such as
public policy, journalism, business, and politics. In the healthcare field, infographics
are used for health communication and engagement, particularly to support compre-
hension among individuals with low health literacy [26]. They are helpful tools for
communicating key messages clearly, challenging people’s thinking, and changing
behaviors and attitudes [24].

Figure 5.26 shows two examples of infographics by Statistics Canada. The first
one was created to inform the public of its new 24-hour movement guidelines for
children and youth [27]. It includes general information, basic statistics about the
current physical activity levels in the country, and the factors that can increase them,
all in a simple, clear, easy-to-understand, and visually stimulating fashion for both
parents and young people. The second example is an infographic on rail transpor-
tation in Canada in 2020 [28]. Its role is to inform the public of the expenses and
revenues, the origin and destination of shipments, and the volume and type of
products in a simple and clear way that is easy to understand.

Fig. 5.22 This is an example of an interactive visualization consisting of a table, bar chart, and map
representing the distribution of household wealth in Canada. The site allows users to select wealth
indicator, distribution, and statistics. The graph was generated on Statistics Canada’s Interact with
Data—Data Visualization site [18]
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Fig. 5.23 This is an example of interactive visualizations consisting of combined bar (change) and
line (index) charts representing the new housing price index for houses and land in Canada. The site
allows users to select the reference period, region, and type of change. The graph was generated on
Statistics Canada’s Interact with Data—Data Visualization site [19]

Fig. 5.24 Example of a lead generation (marketing) dashboard (Source: Sisense.com with permis-
sion [22])
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Fig. 5.25 Example of an e-commerce dashboard (Source: Sisense.com with permission [23])

Fig. 5.26 Examples of infographics (Source: Statistics Canada [27, 28])
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In general, infographics are designed without complex terminology, allowing the
public to understand the message without explanation from professionals [24]. A
study on the design of health-related infographics for engaging community members
with varying levels of health literacy found that successful designs are rich in
information but without distracting details. They support comparison, between
treatments, for example, with a clear recommendation. They provide valuable
contextual information and use familiar colors and symbolic analogies such as the
battery charging level to represent a patient’s sleep and energy levels [26].

5.3 Building Effective Visualizations

Clear communication of quantitative information is the essence of a graph. Six
principles, known as ACCENT, are at the basis of effective visual display of data [4]:

• Apprehension: the ability to correctly recognize relationships between variables
• Clarity: the ability to visually differentiate the different elements of a graph
• Consistency: the ability to build your understanding of a graph on similarities

with previous ones
• Efficiency: the ability to identify a complex relationship in a simple manner
• Necessity: the need for the graph
• Truthfulness: the ability to determine the true value represented by the graph

It is important to remember that despite the richness of graphs, sometimes the use
of a simple table is more efficient and effective in achieving the goal of data
interpretation. Tables are recommended when you want to look up individual values,
compare individual values, use precise values, or use summary and detailed infor-
mation in a single display [2]. Graphs are best used when the message is contained in
the shape of the values, such as trends and patterns, and to reveal relationships
between sets of values [2].

While graphs and charts are excellent tools for conveying information and telling
stories, you should be aware of many bad visualizations that are encountered
regularly. Among the sources of deficiency is the use of certain types of popular
graphs that should be avoided and the bad design of appropriate graphs. Among the
charts to avoid are donut charts, radar charts, circle charts, funnel charts, 3D charts,
and in some cases, pie charts [2, 29]. These somewhat popular charts are visually
appealing and are available in many software packages, but they fail to present
information accurately, clearly, accessibly, and efficiently [2]. In terms of design,
one of the most important guidelines is to avoid clutter, which includes visual
elements that use space and do not increase our understanding, which increases
our cognitive load or the mental effort required to learn new information [29]. Exam-
ples of clutter are too many elements, such as lines and bars, axes, data labels, colors,
and text. In addition to simplicity, the data need to be put in context, so the reader can
understand its meaning. The numbers that give a more faithful representation, be it
percentage change or absolute value, should be used. Color and fonts should convey
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information and not be used for decoration. Natural increments for the y-axis scale
are required, as is a zero baseline in all bar charts. Finally, it is best to use as few
graphical elements as possible to keep the visualization crisp and clean [30].

5.4 Data Visualization Software

The creation of appealing and beautiful visualizations can be achieved with a very
large number of software tools, starting with the common Microsoft Excel. Today,
Excel can create many different basic charts and graphs, such as columns and lines,
and complex charts and graphs, such as treemaps and waterfalls. It can also create
combinations of charts, such as clustered columns and lines (Fig. 5.27). For the
novice user, Excel recommends the most appropriate charts to use based on the data
selected in the spreadsheet.

Business analytics tools such as Tableau Desktop, Microsoft Power BI, and
Lumira by SAP provide a very large number of visualizations that are easy to use
and do not require advanced technical knowledge. Most of the work done is via
simple pointing, clicking, and dragging with the mouse. These advanced analytics
tools can also interpret the data to identify dimensions and measures, which are
comparable to the categorical and quantitative data discussed earlier in the book. The

Fig. 5.27 Example of a visualization with Microsoft Excel
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charts to use are recommended based on the data available. Tableau Desktop, for
example, has a Show Me button (Fig. 5.28) that highlights the available charts that
can be used based on the data and makes suggestions for using them. Such tools also
allow you to easily create presentations, infographics combining different charts, and
dashboards connected to dynamic data sources.

Fig. 5.28 Tableau analytics tool interface with the Show Me button
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While we have discussed Tableau, SAP Lumira, and Microsoft Excel in this
chapter and used them to generate the visualizations above, it is important to note
that there are many large software companies, such as SAS and IBM, and relatively
smaller niche players, such as QlikView and Sisense, that have software with
remarkable visualization capabilities. According to Gartner’s 2022 Magic Quadrant,
the leading platforms in analytics and business intelligence are Microsoft, Salesforce
(Tableau), and Qlik [31]. An article by PC Magazine lists Microsoft Power BI,
Tableau Desktop, Sisense, Domo, Google Analytics, Salesforce Einstein, Zoho,
SAP Analytics Cloud, and Chartio as the nine best data visualization tools [32].

In addition to the visualization tools or applications mentioned above, there are
many open-source libraries that allow analysts to present data in an interactive way
and engage a broad audience with new data [33]. An example of open-source
visualization libraries is D3.js (https://d3js.org/), where D3 stands for “Data Driven
Documents.” It is a JavaScript library for producing dynamic, interactive data
visualizations in web browsers, with features for interactions and animations. D3.
js uses HTML, CSS, and SVG to create data visualizations to be viewed on any
browser [33]. Another example is Google Charts (https://developers.google.com/
chart), which provides interactive charts for browsers and mobile devices. It uses
JavaScript and has a rich gallery of charts, is customizable, connects to dynamic
data, and provides interactivity and dashboards.

5.5 Conclusion

Data visualization is a critical capability for understanding and interpreting complex
data and relationships. Graphs and charts can tell a story, highlight trends, identify
outliers and deviations, make comparisons, and more in a simple and effective way.
There are many types of graphs and charts available, and selecting the one that best
matches the data and the questions you are trying to answer is crucial. Bad visual-
izations are difficult to understand and can distort what the data are trying to tell
us. Today, it is easy to create very rich visualizations using modern analytics tools
with simple pointing and clicking; however, it remains critical to have a good
understanding of the data to select the best visualization and be able to interpret it.

5.6 Key Terms

1. Scatterplot
2. Line charts
3. Bar charts
4. Box-and-whisker plots
5. Boxplot
6. Pie chart
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7. Bubble chart
8. Time series graphs
9. Ranking relationships

10. Part-to-whole relationships
11. Deviations
12. Distribution
13. Frequency distribution
14. Histograms
15. Correlation
16. Geospatial relationships
17. Nominal comparison
18. Dashboard
19. Infographics
20. Analytics tools
21. Tableau Desktop
22. Power BI
23. Lumira

5.7 Test Your Understanding

1. Cite an example where would you use a scatterplot.
2. When would a line chart be a better fit to the objectives than a bar chart?
3. What is the benefit of a boxplot? Draw two boxplot examples to make your point

clear.
4. Your city is looking for the best way to plot poverty levels on a map. What type of

visualization tools would you suggest?
5. What is the difference between a bar chart and a histogram? Give a few examples

that illustrate the difference.
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5.9 Lab

5.9.1 Working Example in Tableau

In this chapter, you will learn how to perform basic visualizations using Tableau
Desktop. Tableau Desktop is one of the few major data visualization applications
that work on both Windows and Mac computers. You will be provided the instruc-
tions to get a student copy of Tableau Desktop and be guided to a number of tutorials
where you will follow up with the demonstration videos and practice with the
provided data files.

5.9.1.1 Getting a Student Copy of Tableau Desktop

Go to Tableau for students (https://www.tableau.com/academic/students) and click
on the “Get Tableau for Free” button. You will be asked to provide your student
information in order to get a one-year free Tableau Desktop license. Until your
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credentials are verified, you can use a free 14-day license. You will be provided
instructions to download Tableau Desktop for Windows or Mac.

Once your one-year student license expires, if you are still a student, you may
request an extension by resubmitting a request at www.tableau.com/studentlicense.

5.9.1.2 Learning with Tableau’s how-to Videos and Resources

The simplest way to learn how to create visualizations is to use the how-to videos
provided by Tableau at https://public.tableau.com/en-us/s/resources. While the
videos refer to Tableau Public, the cloud-based visualization application, you can
follow the instruction and use the provided data files with Tableau Desktop, which
you have downloaded and installed. The videos, which mostly range between 3 and
7 minutes, include step-by-step instructions that you can follow using the respective
data file.

The how-to-videos teach you how to connect to data in Excel and CSV formats,
Google Sheets, Web Data Connectors, spatial files (for maps), and PDFs. They will
teach you how to work with the data and prepare it by cleaning, structuring, pivoting,
and merging. You will learn to understand the logic of charts, how to create them,
and how to use the “Show Me” feature in Tableau. You will learn how to create and
format dashboards and stories. Finally, you will learn how to make visualizations for
multiple devices and for sharing on the web.

5.9.2 Do It Yourself

5.9.2.1 Assignment 1: Introduction to Tableau

Go to https://public.tableau.com/en-us/s/resources and watch the first video, entitled
“Tableau Public Overview.” Follow the instructions and apply them Tableau Desk-
top. There’s no need to create a Tableau Public account and upload your file. Insert
the two required screenshots below and submit this answer sheet and your saved
Tableau file (yourname.twb) to your instructor. Use a different color or format than
the one in the video demo.

1. Insert a screenshot of the map of Europe showing the CO2 emission per

capita (Hint: use these buttons: ).

2. Insert a screenshot of your dashboard (two charts) showing Canada’s
emission trend. (Hint: click on Canada on the map.)
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5.9.2.2 Assignment 2: Data Manipulation and Basic Charts
with Tableau

Go to https://public.tableau.com/en-us/s/resources and watch videos 7–12 inclusive.
Follow the instructions and apply them in Tableau Desktop. Insert the required
screenshots below and describe in a couple of sentences what you learned from each
video. Use a different color or format than the video demo. Submit this answer sheet
and your saved Tableau file (yourname.twb) to your instructor.

1. Insert a screenshot and summary from video #7: Data Preparation—The
Data Interpreter.

2. Insert a screenshot and summary from video #8: Data Preparation—
Pivoting your Data.

3. Insert a screenshot and summary from video #9: Data Preparation—Split-
ting your Data.

4. Insert a screenshot and summary from video #10: Data Preparation—Joins
and Unions.

5. Insert a screenshot and summary from video #11: Creating Your First
Chart.

6. Insert a screenshot and summary from video #12: Using the Show Me
Tool Bar.

5.9.3 Do More Yourself

5.9.3.1 Assignment 3: Charts and Dashboards with Tableau

Go to https://public.tableau.com/en-us/s/resources and watch videos 13–16 inclu-
sive. Follow the instructions and apply them in Tableau Desktop. Insert the required
screenshots below and describe in a couple of sentences what you learned from each
video. Use a different color or format than the video demo. Submit this answer sheet
and your saved Tableau file (yourname.twb) to your instructor.

1. Insert a screenshot and summary from video #13: Understanding the Logic
of Charts.

2. Insert a screenshot and summary from video #14: Combining Sheets on a
Dashboard.

3. Insert a screenshot and summary from video #15: Combining Sheets on a
Dashboard.

4. Insert a screenshot and summary from video #16: Dashboard Formatting.
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5.9.3.2 Assignment 4: Analytics with Tableau

Watch the four Tableau videos mentioned below and follow along with the provided
workbook. For each video, you follow along with on your computer using Tableau,
provide two screenshots showing that you did the work. Use a different color or
format than the video demo. Submit this answer sheet to your instructor.

Note: the first time you access the videos, you may need to create a free online
Tableau account if you do not have one.

1. Watch the Tableau Trend Lines video, follow along, and insert two
screenshots below.

2. Watch the Tableau Reference Lines video, follow along, and insert two
screenshots below.

3. Watch the Tableau Forecasting video, follow along, and insert two
screenshots below.

4. Watch the Tableau Clustering video, follow along, and insert two
screenshots below.
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