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Chapter 1l
The World of Data Visualization
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What's in This Chapter

e Overview of chart design options

 Comparison of different business applications for
data visualization

 Rundown of technological advancements that have
made data visualization what it is today

- J/

When thinking about data visualization, it's hard to resist
the comparison to natural metamorphosis. Consider raw
data as the caterpillar: functional, multi-faceted, able to get
from here to there, but a little ungainly and really
appreciated only by a select few. After data is transformed
via visualization, it becomes the butterfly: sleek, agile, and
highly recognizable to the point of inspiring and evoking an
emotional response. The world of data visualization is an
ecosystem unto itself, constantly spawning new nodes of
details that—under the proper nourishing conditions—
evolve into relatable depictions that consolidate concepts
into an understandable, and hopefully compelling, form.

And where does the web professional fit in this metaphor?
Why, they are the spinners and caretakers of the cocoon
that transforms raw numbers into meaningful
representation, of course. Putting the linguistic
paraphrasing aside, web designers and developers are a
vital component in visualizing data. Naturally, the current



and evolving technological landscape has made this role
possible—and increasingly efficient.

Overall, JavaScript and jQuery for Data Analysis and
Visualization serves as a practical field guide to the robust
world of data visualization, from the acquisition and
nurturing of data to its transfiguration into the optimal
visual format. This chapter is intended to provide an
overview of the present environment, highlighting its
capabilities and limitations and discussing how you, the
web professional, are a key player in visualizing data.

Bringing Numbers to Life

Appreciating numeric data can be a challenge. Data
visualization with relational graphics and evocative
imagery helps make raw data meaningful. But before you
can transform the data into a meaningful representation,
you have to get it first.

Acquiring the Data

The data sphere is enormous and growing dramatically, if
not exponentially, every day. Data is streaming in from
everywhere—and when you consider that the Mars Rover,
Curiosity, continually sends its data findings back to Earth,
you understand that “everywhere” is no exaggeration.

With the tremendous amount of data already available, its
acquisition is often just a matter of logistics. If the
information is in a non-digital form—that is, written records
—it will need to be transcribed into the proper format.
Should the desired data be accessible digitally, it may need
to be converted from its current structure to one
compatible with the display or visualization application.

When your information is in the proper format, you next
need to ensure it is exactly the data you need and nothing



more. The wealth of data available today makes targeting
your data selection, typically through a process known as
filtering, pretty much a requirement in all situations. Even
when organizations fine-tune their data input from the
beginning, changes in the sample or desired output over
time will force a filtering adjustment.

Why is it so important to restrict your data stream? One
clear reason is processing efficiency. Working with an
overload of unnecessary information increases application
execution time—which corresponds directly to increased
bandwidth and, thus, costs. Additionally, filtering makes
raw data more meaningful. Focused information is easier to
analyze and also more easily digested by end users.

Visualizing the Data

In a sense, the most difficult aspect of data visualization is
deciding exactly how the information should be depicted.
The web designer must select the optimum representation
that communicates the data in the clearest, most desired
manner with the highest degree of impact. More
importantly, the representation should be a discovery tool
that leads the user to meaningful insights. Here's an
incomplete list of available formats:

e Area chart

e Bar chart

e Bubble chart

e Candlestick chart

e Gauge chart

e Geographic chart

« Heat map

» Hierarchical edge bundling



» Infographics

e Line chart

e Marimekko chart

» Network node map

e OLHC (Open-high-low-close) chart

We've really just scratched the surface with ways data can
be presented. Most of these formats can be shown in either
2D or 3D. You can include interactive elements and
animation to add dimensions to the data. But be careful to
balance these bells and whistles with meaningful data. No
amount of eye candy is worth compromising the
representation of information.

NOTE It's important to realize that a key factor in
visualization is intent. Raw data on almost every subject
can be interpreted in any number of ways. What
message is intended to be communicated should be
among the first decisions made when beginning the
process of representing data visually.

There are other primary options to consider as well. Do you
expose the underlying data or not? If so, are the numbers
always visible or are they visible only when some
interaction occurs, such as when the viewer's mouse hovers
over a data point? Is the initial visualization all there, or
does the online version allow the user to drill down for
more details? Is animation used to represent a dynamic
change? Is there other interactivity available, such as
horizontal scrolling along a timeline or zooming into it?

Then, of course, there is styling. With simple bar and pie
charts, you'll not only need to decide which colors
represent which elements, but also the size, color, style,



and font to be applied for labels and legends, if any—yet
another choice. Many such selections will be governed by
other factors, such as the creating organization's branding
or in-house standards; however, just as many will have no
such foundation to work from, and the designer's vision will
become paramount.

Moving beyond the basics of charting primitives, the
visualization designer can choose to include graphics. Not
only can background images frame a presentation—both
literally and thematically—but symbols can be used as data
points, like logos pinned in a map of third-quarter sales. An
entire field of data visualization—infographics—is devoted
to the combination of information and visual imagery.

The truth is that the web professional's current options for
depicting data are a bounty of riches. Although the
possibilities may appear to be overwhelming, it's up to the
visualization designer to identify the optimum
representation and bring it into reality.

Simultaneous Acquisition and Visualization

The world of data visualization doesn't just consume
existing data: New data is constantly being added to the
stores, even in real time. Information can be collected
directly through an HTML form on a website and
incorporated into the representation programmatically. One
of the most common examples of this is an online poll, such
as the one shown in Figure 1.1. After a site visitor has
chosen his or her desired response and clicked Vote, the
current relative standing of all entries, including the one
just entered, is displayed.



POLL POLL

Do you support Rep. Hank Jahnson's (D-GA) bill ta demilitarize local
Do you support Rep. Hank Johnson's {D-GA) bill to demilitarize local police forces by limiting the surplus battlefield vehicles and equipment
. B . . . the t the Pent; ?
police forces by limiting the surplus battlefield vehicles and eguipment SRS NTESC SN0
they get from the Pentagon? Yes
51% 4818 votes
= Yes Laan yes
5% 263 votes
Lean yes o
Not sure/No apinion
Not sure/No opinion 0% 48 votes
Lean no
0% A48 vobtes

Lean no

No No
1% 81 votes

Vote | 5260 votes |
L3 | 5260 votes |

Figure 1.1 Some polls allow the user to instantly see the
current results.

Source: www.dailykos.com/story/2014/08/18/1322337/-Cheers-and-Jeers-Monday

Collecting live data has a number of challenges, but the
recent advances made by the widespread acceptance of
HTMLS5 have ameliorated many of them. When combined
with a few key JavaScript libraries, it is now possible to use
advanced form elements, such as slider controls, across the
full spectrum of modern browsers.

Acquiring the data in real time is just the first step. The
web developer is also responsible for validating and
standardizing the data. Validation is critical in two ways:
first, to ensure that all required information is supplied,
and second, to verify that the data is in the proper format.
Naturally, if you're trying to find out where your clientele is
based, you can't if the requested postal code is left blank.
Likewise, if the postal code is in the wrong format, such as
a four-digit entry for a U.S. address, the data is worthless.
Both of these issues can be corrected by proper validation,
whether handled on the client-side with JavaScript, server-
side via PHP or another server language, or some
combination of the two.

Standardized data is just as important and typically applies
to time and date details. There are numerous ways to enter
a date: March 10, 2011 could be 03/10/11, 10/03/11, or
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11/03/10 depending on whether you're in the United
States, Australia, or China, respectively. To make sure the
intended date is collected correctly, the entered
information will need to be standardized to a format the
visualization application recognizes before it is saved. Read
Chapter 6 for more information about data validation.

Applications of Data Visualization

So there's all this wonderful data out there, just waiting to
be brought to life by this almost magical transformative
process. But why should it? The question really is cui bono?
Who benefits? In a sense, the answer is everyone.
Whenever information is made clearer and more
understandable, it's better for all. But the web professional
doesn't get paid by “everyone,” so let's narrow the scope
and focus on the key groups who stand the most to gain
from data visualization.

Uses in the Public Sector

Groups in the public sector include all levels of government
(those in it and those trying to get in it), as well as police,
military, transportation agencies, and educational and
healthcare facilities. Just a few folks, right? Oh, and let's
add philanthropy and philanthropic projects, a.k.a.
charities, into the mix, just for fun.

All these organizations have a key interest in discovering
what is happening (the data) and then conveying that
information internally to others in their own group and/or
externally to the broader public (the visual). Many such
efforts are mandated and essential to the organization's
existence. Take, for example, the U.S. census. The data is
collected on a massive scale every 10 years—by law—and
then impacts multiple facets of American life such as state
and regional funding and, of course, congressional



representation. The U.S. Census Bureau maintains a
treasure trove of the aggregate data, now visually
accessible to everyone through its online presence at
www. census.gov. Not only are there government-sanctioned
representations of the collected census information, like
the map in Figure 1.2, but the site also makes APIs
available (api.census.gov) for public web developer access.

U.8. Depariment of Commerce | Blogs | Index A-Z | Glossary | FAQ:

cUnited States™ - Search

Toples Geography Library Data About the Bureau
Populafion, Economy Waps, GeogragHc Dotn Irfographics, Publcofi one Tools, Developers Ressarch, Survrm

— T

Developers

About this Section To improve access to data and encourage innovation, the Census Bureau
has begun to provide AP access to some data sets. We invite developers to
App Gallary use these APls, join our Developer Forum, and provide feedback to help us

Data Sets Improve your experence.

Read Mare

Geograpty

News

Updates

Figure 1.2 You'll need to request a no-charge digital key to
access the APIs from api.census.gov.

Business-to-Business and Intrabusiness Uses

If the business of business is business, how do you do
business? Mostly through marketing, whether you're a
vendor targeting another company or one department
lobbying internally for increased resources. And the heart
of marketing is persuasion—which is often bolstered, if not
solely accomplished, by making your case through the
compelling presentation of data.

As with the public sector, many such presentations are
required. Look through any annual report to see the latest
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encapsulation of the company's standing, graphically
depicted in quickly graspable charts. Today, creating an
online report is standard practice. Similar data
visualizations are undertaken daily in department and
division meetings to plot sales progress, reveal public
reaction to products, and adjust business direction.

There are significant data visualization opportunities for
the web designer within the business-to-business arena.
Most of this type of work, like other website or intranet
work, will be handled by an internal team. Cultivating such
skills would definitely add value to any web professional's
resume.

Additionally, a wide variety of data visualizations are used
internally within organizations. These tools help businesses
grapple with and understand their own data.

Business-to-Consumer Uses

Obviously, marketing plays as big a role in the business-to-
consumer realm as it does in business to business, if not
more. Sharp, effective advertising, as well as other forms of
marketing, are pretty much required for a company's
message to cut through the omnipresent media noise. Often
a clearly defined representation of data can make the
difference.

Although there are plenty of uses for pie charts, stock
charts and other fundamental data representations in
business-to-consumer communications, infographics are
seen far more frequently. Infographics combine data and
information in a visually engaging manner. Sometimes, the
data is represented straightforwardly, such as the
percentage values shown in the infographic from
HealthIT.gov (see Figure 1.3), or more graphically, as shown
in the infographic from the CDC (see Figure 1.4).
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Healthl?éov*

Health Information Technology-

America’s Healthcare Providers are Using Health IT and EHRs

PERCENT OF PHYSICIANS AGREEING
THAT THE EHR HAS THE FOLLOWING IMPACTS:
My Practice Functions Produces

More Efficiently Financial Benefits

Ffar my Practice For my practice
A

Wititi': 790 Pibitits' 750 itids 554

ke i 675

EHR meats

Sl i ititiTs 924 it 850! Myt 72,

SYSTEMS DEMONSTRATING MEANINGFUL USE

Note: CMS—the Centers for Medicaid & Medicare Services
EHR—Electronic Health Record

They have a
system that meets
CMS meaningful
use criteria

EH R Uncertain

whether their

g system meets

] ™ meaningful
use criteria

Data represent office-based
physiclans who reported having
adopted EHR systems.,




Figure 1.3 The icons in this infographic graphically
reinforce the numeric percentages.

DID YOU KNOW?

Those living in may be at Most LEEIRCLELCT RUTESS S occur

a greater risk from the effects of a prolonged because of overexposure to heat or
heat wave than those living in rural areas OVET-8XErcising

M&m significantly slow the skin's mpenple diedinthe USasa
ability to release excess heat rasult of extreme heat in 2011,

L] AR ] N estimated total cost

of the 2012 US drought and heatwave.

Far more information on ways o beat the heat please visit:
http://'www.cdc.gov/extremeheat/

CEM1E30-A

Figure 1.4 Infographics are adept at combining
highlighted key terms, such as “urban areas” and “heat-
related illnesses” with numeric data, as shown in this
infographic from the CDC.

Infographics is a tremendously rich area with an almost
endless range of possibilities; because of the openness of
the format, it can be a designer's playground. To learn
more about creating this particular type of data
visualization, see Chapter 16.

Web Professionals: In the Thick of It



As noted in this chapter's introduction, web professionals
are at the heart of data visualization. Consider that it first
takes someone with web savvy to access and translate the
data into a usable form. Then, if the data collection is to be
ongoing, one or more forms have to be set up correctly
online to make sure the needed data is acquired, valid, and
—where necessary—standardized. Finally, someone with a
working knowledge of browser-compatible languages must
create the visual display of the data so that it can be
viewed on the Internet.

Control of Presentation

Web professionals—across the spectrum of their
functionality—are responsible for this growing sphere of
communication. Let's break down the process from their
perspective:

A web developer with server-side skills is needed to
handle the back-end processing of data to make it
accessible.

» A JavaScript coder is responsible for filtering, sorting,
and manipulating the data to prepare it for
representation. This role could also be handled server-
side or in combination with client-side technology.

e An HTML coder builds any required forms to allow
interactive data addition, often with JavaScript libraries
for validation.

e One or more web designers create the look-and-feel of
all data-related pages, including styling the output of
the visualized data.

A web coder, leveraging his or her own knowledge of
JavaScript, combined with core frameworks and data
visualization libraries, displays the data in a
representational format.



Although all the described tasks could possibly be fulfilled
by a single individual, it's just as likely that these tasks are
handled by a group working closely together. Whether it's
done by one (very busy) person or a networked team
spread around the world, the important take-away is that
web professionals own the data visualization process from
top to bottom.

TIP Curious as to what other web professionals have
been doing in the field of data visualization? There are a
number of sites online that provide a bevy of examples.
One of the best that we've found is at
http://visualizing.org/, which not only has compelling
galleries but also a robust community dedicated to data
and design.

What Tech Brings to the Table

Web professionals are dependent on robust web software to
accomplish any aspect of their work, but the need for
power tools is particularly vital to properly handle data
visualization. Recent years have witnessed a sea change in
online technology that has greatly expanded the
possibilities for representing data. Although there are many
contributing factors, the following discussion focuses on
three key ones:

o Faster, more efficient JavaScript engines in browsers

e The rapid proliferation of HTML5 compatible browsers

e The increased availability of JavaScript frameworks and
libraries

Faster and Better JavaScript Processing


http://visualizing.org/

For the last several years, browser makers have identified
JavaScript processing as a key battleground and have
pursued faster JavaScript engines with great vigor. The bar
graph in Figure 1.5 compares runs of the SunSpider
benchmark, created and maintained by WebKit.org, for older
browsers (Internet Explorer 7 and Safari 3) against the
latest—as of this writing—browsers, Internet Explorer 10
and Safari 6. In this chart, smaller is better, and you can
see there has been a radical shift in browser efficiency. The
values for the earlier browser versions come from a June
2008 article that appeared on ZDNet
(http://www.zdnet.com/blog/hardware/sunspider-javascript-
benchmark-and-acid-3-compatibility-charts-firefox-3-0-rc-3-and-

opera-9-50-added/2090); we ran the benchmarks on the newer
browsers ourselves.
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Figure 1.5 The lesser values indicate faster and more
desirable processing times by JavaScript engines.

The increase in JavaScript processing functionality has had
a direct effect on the realm of data visualization, in both
the analysis and the rendering phase. The JavaScript
engine handles raw numeric computations as well as on-
screen drawing, either directly or in conjunction with the
hardware renderer. This combination greatly increases the
viability of direct browser data visualization, without
resorting to a third-party plug-in, like Adobe Flash.

Rise of HTML5

A faster engine isn't much good without fuel to run it—
luckily, a load of high-octane HTML5 was delivered just in
time. The roots of HTML5 can be traced back to 2004 and



