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Abstract

Information visualization has been widely adopted 
as both an analytical tool and an aid to enhance and 
shape data interpretation and knowledge discovery in 
disciplines ranging from computer science to humani-
ties. On the other hand, relatively less has been dis-
cussed, applied, or even understood in terms of its 
role in a library setting. This issue of Library Technol-
ogy Reports (vol. 53, no. 3), “Information Visualiza-
tion,” will share a comprehensive introductory piece 
focused on presenting a wide range of aspects of infor-
mation visualization, including its definitions, major 
principles, and common techniques. Author Hsuanwei 
Michelle Chen will also provide an in-depth discus-
sion and demonstration of how information visualiza-
tion can be applied to a library setting. The objective 
of this issue of Library Technology Reports is to pro-
vide librarians and library staff with a better grasp 
of what information visualization can do for their 
institution. This includes pertinent information on 
how data analytics, communication, service quality, 
and work effectiveness can potentially be enhanced 
by using information visualization. The report also 
appeals to readers who are new to the field and would 
like to learn a new method of data analytics, as well 
as to the individual who is experienced in information 
visualization and is seeking further opportunities in 
the library field.
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In this chapter, readers will be provided with an 
overview that covers the history, evolution, and def-
inition of information visualization. Chapter 2 will 

introduce and address the fundamental concepts and 
knowledge in information visualization, including 
major visualization principles, types, and techniques. 
A special focus will be placed on the introduction of 
emerging software tools, such as Tableau and Google 
Charts.

In chapters 3 and 4, insight into the applications 
and practices of information visualization in libraries 
will be covered, with chapter 3 specifically describing 
the driving forces that necessitate information visual-
ization in libraries and current trends and directions. 
Chapter 4 presents real-world cases in which informa-
tion visualization is used to improve library activities, 
services, and programs. It also addresses user experi-
ence enhancements via better data interpretation, dis-
covery, and understanding.

Chapter 5 describes an overview of challenges and 
opportunities derived from the interplay of informa-
tion visualization and the library. Then, chapter 6 will 
list pertinent instructional resources and learning 
opportunities for librarians and library professionals 
who are interested in diving deeper into this field.

Finally, a brief overview of the contents covered 
will recap the flow of the information provided, offer-
ing insight into the transitions of the technology 
discussed.

History and Evolution of 
Information Visualization

The history of information visualization dates back to 
the sixteenth century, when geometric diagrams and 

maps were used to aid navigation and exploration. 
From that point on, information visualization has 
evolved considerably, with each century bringing new 
methodologies into the equation. The seventeenth 
century saw the rise of analytic geometry, as well 
as the birth of measurements and theories that were 
used to estimate time, distance, and space. It was also 
during this period that significant fields of study and 
information processing were founded, including esti-
mation, probability, demography, and the entire field 
of statistics. All of these things significantly advanced 
the way solutions were made, thereby paving the way 
for visual thinking.

The birth of visual thinking was followed by 
expansion in the use of economic statistics that 
involved the use of numbers pertaining to social, 
moral, medical, and other statistics. These figures 
were used for governmental response, such as pol-
icy making and activity planning, in the eighteenth 
and nineteenth centuries. During the same period, 
information visualization shifted, and the use of dia-
grams to illustrate mathematical proofs and functions 
became commonplace.1 These centuries also saw an 
evolution in information visualizations as nomograms 
that aided in calculations were developed. Apart from 
nomograms, other impactful inventions were created, 
including modern graphic forms such as line graphs, 
histograms, scatter plots, and others.

Yet it was just in the twentieth century that infor-
mation visualization began to become even more 
prominent. This was in part due to significant devel-
opments in information visualization, especially in 
the late twentieth century. For example, it was in the 
1970s that the power of information visualization was 
introduced as a means of exploring and making sense 
of data.2 In 1977, Princeton statistics professor John 

An Overview of Information 
Visualization

Chapter 1
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Tukey introduced exploratory data analysis, known 
as EDA. EDA was and remains a predominant visual 
approach to exploring and analyzing data. With the 
emergence of computers, an exciting path was paved 
to help cultivate the use of information visualizations 
that people could actually view and interact with 
using a computer. Since then, according to American 
psychologist and professor Michael Friendly, informa-
tion visualization and its techniques have expanded 
and evolved yet again, now displaying large networks, 
databases, and text, especially in organizations where 
there are persistent problems of large-scale data pre-
sentation that continue to emerge. Big corporations 
and libraries are two such organizations.3

Information Visualization 
Definitions and Basics

Humans perceive things in a variety of ways, such 
as through smell, taste, hearing, and vision. Among 
all the senses, vision is considered very dominant, as 
it has a wide “bandwidth” (the bit-rate of consumed 
information capacity) for sensing.4 In addition, human 
vision is pre-attentive.5 Pre-attentive vision is broadly 
defined as the visual processes that operate before 
humans attend to an object. During this stage of visual 
search, early visual processes operate in parallel over 
a large portion of the visual field, extracting informa-
tion from each item’s basic visual features. For exam-
ple, human vision is highly selective when it comes to 
different sizes, shapes, colors, spatial positions, and 
so on, and that is what makes human vision a power-
ful tool for data analysis and interpretation. By orga-
nizing and presenting data in a carefully designed, 
selective way, one can exploit human vision to gain 
different interpretations and understandings from the 
data. Additionally, vision helps extend memory and 
cognitive capacity, both of which play a significant 
role in how people process information. By consider-
ing all these facts and findings, an exciting portrait 
reveals itself, one that has led to the emergence of the 
study of information visualization. Since a picture is 
worth a thousand words, it becomes a significant and 
noble pursuit to study the issues involving how one 
can translate plain data into a graphical display that 
speaks to the audience in a more intuitive, powerful 
way.

To help understand information visualization, let’s 
break down both words and evaluate them individu-
ally. What is information? According to Stephen Few, 
an educator and innovator in the field of information 
visualization, information comes from items, entities, 
and things that cannot and do not have a direct cor-
respondence to physical structures or objects.6 Some 
good examples include football statistics, stock mar-
ket prices, connections between socioeconomic status 

and criminal rates, and relationships between car 
attributes and mileage per gallon. On the other hand, 
examples for an entity that has a correspondence to 
physical structures or objects include human anat-
omy and three-dimensional cell structure. The “infor-
mation” in this context is abstract, as it comes from 
an analysis of some type of data. The second part of 
information visualization is visualization. Visualiza-
tion refers to the creation of two-dimensional or three-
dimensional representations of data that enable new 
discoveries of both insights and knowledge.7 With the 
close connection between human vision and cogni-
tive capacity, visualization can also be seen as the use 
of computer-supported, interactive visual representa-
tions of data to enhance cognition.8 Together, these 
two words describe a new meaning that has changed 
the way we perceive information and understand data 
in a highly impactful, more memorable manner.

The views of information and visualization bring 
up two important aspects to consider: (1) informa-
tion visualization is used to discover new insights 
and knowledge from abstract data through graphical 
means; and (2) information visualization can be con-
sidered a representation of data that amplifies cogni-
tion. Card, Mackinlay, and Shneiderman explained 
the overall information visualization process using a 
“reference model,” in which three subprocesses are 
included.9 First, there is the data transformation sub-
process, which transforms raw data into data tables 
that offer structure and ease of manipulation. Second, 
data tables are mapped onto visual structures that 
include the application of spatial substrates, marks, 
and graphical properties. With the third subprocess, 
view transformations, visual structures are trans-
formed into human views, which involves graphic 
parameters, such as position, scaling, and clipping.

Based on the discussions above, there is no sin-
gular definition or concept of information visualiza-
tion. Through evaluating Few’s work, it is noted that 
he explains his thoughts and research on information 
visualization by sharing this: “The use of images to 
represent information . . . is only now becoming prop-
erly appreciated for the benefits it can bring to busi-
ness. It provides a powerful means both to make sense 
of data and to then communicate what we’ve discov-
ered to others.”10 In another work, Friendly defines 
information visualization as “the science of visual 
representation of ‘data,’ defined as information which 
has been abstracted in some schematic form, includ-
ing attributes or variables for the units of informa-
tion.”11 Friendly’s definition offers valuable insight, 
which resonates with the most comprehensive def-
inition of visual information proposed by Hal Var-
ian, Chief Economist at Google and emeritus profes-
sor at the University of California, Berkeley. Varian 
defines information visualization as “the ability to 
take data—to be able to understand it, to process it, 
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to extract value from it, to visualize it, and to com-
municate it.”12 In an article by Jayanta Kr. Nayek and 
Dibakar Sen, information visualization is defined as 
“a method for representing data accurately on the web 
and elsewhere. It gives a unique perspective on the 
data set. It is a representation of data in a visual con-
text, which helps to understand the significance of 
data. There are different types of data, which require 
different representation to fulfill different purposes, 
like musical data, geographical data, scientific data, 
etc.”13

Just like the definition of information visualiza-
tion, the purpose or the use of information visualiza-
tion has also evolved over the years. For example, in 
Smashing Magazine cofounder Vitaly Friedman’s arti-
cle, he defines the purpose of information visualiza-
tion as the “ability to visualize data, communicat-
ing information clearly and effectively” but also “in 
a more intuitive way.”14 The Institute of Development 
Studies explains the purpose of data visualization as a 
way “to explain and to explore data” to “be used as a 
tool for analysis, finding patterns as well as discover-
ing questions amongst other things.”15 Today, the way 
we define information visualization is grounded in the 
visual elements, and in particular pictorial or graphi-
cal formats. Its key use has been identified as its abil-
ity to help decision makers see analytics, further help-
ing them to comprehend difficult concepts and even 
identify new patterns. The evolution of digital tech-
nologies has only broadened the use of information 
visualization as it is now being used to extract infor-
mation from data for more detail. Current trends and 
demands show us that information visualization is 
now interactively changing the way the human brain 
visualizes and processes complex data. Information 
visualization is easier for the brain to process than 
other forms of data, such as reports or spreadsheets.

Conclusion

The term information visualization is easily associ-
ated with thoughts of making graphics and images. 
However, it truly offers more insights than that alone. 
Information visualization is a cognitive process that 
is used for analysis and presentation, allowing us to 
better understand data and offering the opportunity 
to act upon the understanding it offers. It also enables 
effective communications and presentations, further 

solidifying the fact that the purpose of visualization is 
to gain insights, not simply to view pictures.
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Perceptual Properties

Of all the human senses, vision is considered a pri-
mary and powerful channel of input. It takes in 
everything from the world around us and transmits 
this information to the brain for an instant analysis 
of what it means. With this intimate connection that 
vision has with cognition comes the first step toward 
learning and creating visual designs, which is through 
understanding how human visual perception works. 
Visual perception is relative, constantly scanning, 
constantly adjusting focus, and constantly adapting. 
A well-known example, which is presented in figure 
2.1, demonstrates how written words are perceived in 
a way that is different from what most people may 
initially think. According to research in word recogni-
tion and how the human brain reads letters, the order 
of letters in a word does not matter; the only impor-
tant thing is that the first letter and last letter are in 
the right place.1 Our vision relays the information to 
our brain, which takes care of processing what has 
been seen. Even when an entire paragraph contains 
numerous spelling errors, people can still comprehend 
it without any problems and often without even real-
izing that there are any errors in the text. Figure 2.1 
serves as a nice demonstration of how human vision 
and cognition interact: the human mind does not read 
every letter by itself; instead, it processes the word 
as a whole. This example also illustrates the complex 
and mysterious nature of human vision. Even more, 
it creates extensive opportunities for visual designers 
to take advantage of human visual perception as it 
pertains to information visualization. Among all the 
unique characteristics of vision, two perceptual prop-
erties are commonly applied in information visualiza-
tion: pre-attentive processing and the Gestalt Laws.

Pre-attentive Processing

Pre-attentive visual processing, which takes place 
in the sensory memory, is fundamental for creating 
visual representations. Pre-attentive visual attributes 
are perceived by viewers almost instantaneously and 
without the intervention of consciousness. One of the 
key issues in the study of information visualization is 
to investigate how the human visual system processes 
and analyzes an image. An important initial result 
of this research was that a small number of visual 

Information Visualization 
Principles, Techniques, and 
Software

Chapter 2

Figure 2.1
Word recognition: how our brain reads letters (from Jinxi 
Caddel, “Word Recognition: How Our Brain Reads Letters,” 
Learn, Think, Inspire [blog], February 4, 2010, www.jinxi 
boo.com/blog/2010/2/4/word-recognition-how-our-brain 
-reads-letters.html).

http://www.jinxiboo.com/blog/2010/2/4/word-recognition-how-our-brain-reads-letters.html
http://www.jinxiboo.com/blog/2010/2/4/word-recognition-how-our-brain-reads-letters.html
http://www.jinxiboo.com/blog/2010/2/4/word-recognition-how-our-brain-reads-letters.html
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properties can be detected rapidly and accurately sim-
ply by the “low-level” visual system. These properties 
were termed pre-attentive since their detection appears 
to precede focused attention.2 It may be difficult to 
fully perceive the value of this insight, but understand-
ing pre-attentive processing is important for visualiza-
tion design. In particular, by exploiting pre-attentive 
processing capability, several important design ques-
tions can be answered, such as, What can be perceived 
immediately? Which visual properties are good dis-
criminators? What can mislead viewers? How can one 
design the information so that it pops out?

Christopher G. Healey from North Carolina State 
University has created a website to demonstrate what 
pre-attentive processing means in regard to the expe-
rience of information visualization.3 One of his exam-
ples is given in figure 2.2. This figure shows how to 
search for a target circle based on a difference in col-
ors—the darker circle pops out immediately among 
all the lighter circles. This is a basic, yet common use 
of pre-attentive processing. Some other basic tools 
used in pre-attentive design include length, width, 
and intensity. There are also more advanced symbols, 
which include lighting and motion direction.

Gestalt Laws

Gestalt Laws, which are also known as the Law of 
Simplicity and the Law of Pragnanz (which entails the 
entire visual), describe how to arrange visual symbols 
in a graphical display that is optimized to achieve a 
better, more effective visualization. These laws focus 
on how people interpret the world, providing relevant 
principles in relation to perceptual organization. 
Gestalt Laws were first proposed by German psycholo-
gists in the early 1900s.4 Their primary purpose was 
to assist in understanding pattern perception, while 
also providing clear descriptions of many basic per-
ceptual phenomena. While psychologists call them 
laws, these principles are more like heuristics, which 
are mental shortcuts for solving problems.5

One of the well-known Gestalt Laws is known as 
“figure and ground,” also called the “faces-vase” draw-
ing, shown in figure 2.3.6 The foreground of this image 
is the “figure,” while “ground” is what is behind. This 
drawing exemplifies one of the key aspects of the fig-
ure-ground organization and edge assignment, along 
with its effect on shape perception. One can notice 
that in the faces-vase drawing, the perceived shape 
depends critically on the direction in which the bor-
der between the black and white regions is assigned. 
The perception of figure, as opposed to ground, can be 
thought of as part of the fundamental perceptual act 
of identifying objects.

It must be acknowledged that Gestalt Laws play 
a significant role in information visualization. These 
laws apply in the creation of graphs in which visual 
elements are designed so as not to interfere with 
each other. Specifically, according to Gestalt Laws, 
the design of visualizations should avoid unexpres-
sive marks, use perceptually effective encodings, and 
not distract the audience. Creating an effective and 
expressive visual design with a truthful message is a 
high priority in information visualization.

Information Visualization 
and Cognition

In one of the definitions of information visualiza-
tion, it is stated that “the use of computer-supported, 

Figure 2.2
Search for a target red circle based on a difference in hue 
(from Christopher G. Healey, “Perception in Visualization,” 
North Carolina State University, Department of Computer 
Science, last modified September 24, 2016, https://www 
.csc.ncsu.edu/faculty/healey/PP/index.html).

Figure 2.3
Gestalt Laws: the faces-vase drawing (from Edgar Rubin, 
“Figure and Ground,” in Visual Perception: Essential Read-
ings, ed. Steven Yantis [Philadelphia, PA: Psychology Press, 
2000], 225–29).

https://www.csc.ncsu.edu/faculty/healey/PP/index.html
https://www.csc.ncsu.edu/faculty/healey/PP/index.html
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interactive visual representations of data to amplify 
cognition” is necessary.7 This close connection 
between information visualization and human cogni-
tion is emphasized. One of the noted benefits of graph-
ics is to help simplify the search for information that is 
needed for task completion through the aid of human 
vision. In particular, in order to crystalize knowledge, 
data is needed. When data alone is not able to easily 
provide information, the use of information visualiza-
tion can help. Visualization aids cognition due to the 
ways that it increases memory and the processing of 
resources available through pre-attentive properties, 
Gestalt Laws, and many other perceptual properties. 
By simplifying the search for information and enhanc-
ing the recognition of patterns, visualization enables 
perceptual inference operations.

Tufte’s Principles for 
Information Visualization

Edward Tufte is the man the New York Times called 
“the da Vinci of data” because of his concisely writ-
ten and artfully illustrated books on the visual display 
of data.8 In addition to being noted for his writings 
on information design, Tufte is also a pioneer in the 
field. Through his work, he proposed key principles in 
designing visualizations, which have offered substan-
tive and important insights into displaying informa-
tion for maximum effect and ease of comprehension.

One consequence of Tufte’s principles is the abil-
ity to achieve graphical excellence through infor-
mation visualization. According to Tufte, graphical 
excellence is “the well-designed presentation of inter-
esting data—a matter of substance, of statistics, and 
of design.”9 Knowing that graphical excellence con-
sists of complex ideas communicated with clarity (no 
ambiguity or confusion in graphs), precision (truth-
ful results and distortion-free presentations), and effi-
ciency (a minimal amount of chart “junk”), this is a 
critical point of concern. Graphical excellence is what 
will give the viewer the greatest number of ideas in 
the shortest amount of time and with the least ink 
possible in the smallest amount of space. Such graph-
ical excellence can be achieved by accomplishing 
two goals: (1) telling the truth about the data, which 
is achieved by graphical integrity principles, and 
(2) visualizing with clarity and precision, which is 
achieved by design principles.

Graphical integrity principles are concerned with 
having clear, detailed, and thorough labeling, which 
can be used to prevent graphical distortion and ambi-
guity. Tufte also defined the “lie factor” as “a value 
to describe the relation between the size of effect 
shown in a graphic and the size of effect shown in the 
data.”10 Specifically, the representation of numbers, 
as physically measured on the surface of the graphic 

itself, should be directly proportional to the quanti-
ties represented. Another design principle that Tufte 
introduced was the “data-ink ratio.”11 Tufte referred 
to data-ink as “the non-erasable core of a graphic, the 
non-redundant ink arranged in response to variation 
in the numbers represented.”12 By definition, non-
data-ink is the ink that does not convey information 
but is used for scales, labels, and edges. To further 
expand on this, the data-ink ratio is “the proportion of 
ink that is used to present actual data compared to the 
total amount of ink (or pixels) used in the entire dis-
play.”13 The lesson in all of these details and objectives 
is that good graphics should include only data-ink; all 
non-data-ink should be deleted whenever possible 
to avoid drawing attention to distracting, irrelevant 
elements in the presentation. The goal is to design 
a display with the maximum possible data-ink ratio 
without eliminating something that is necessary for 
effective communication. 

The non-data-ink concept also leads to the discus-
sions of avoiding “chart junk.” Chart junk is all the 
visual elements in charts and graphs that are not nec-
essary for the viewer to comprehend the information 
represented on the graph or that distract the viewer 
from this information.14 Examples of unnecessary ele-
ments that are chart junk include heavy or dark grid 
lines, unnecessary text, or inappropriately complex 
font faces. In addition, ornamented chart axes and dis-
play frames, pictures or icons within data graphs, and 
ornamental shading and unnecessary dimensions are 
in danger of being considered chart junk.

Interestingly, there has been research on people’s 
acceptance of this “minimalist” approach to visual-
izing information.15 Research that disagrees with 
what Tufte has written suggests that there are cir-
cumstances in which chart junk is considered useful 
and effective. These information visualization schol-
ars have argued that elaboration is not all bad and 
that visual embellishments may have other benefits. 
In particular, when graphs are used with the purpose 
of persuasion or presentation, they should be designed 
with the specific objective of aiding the memorability 
of the presented data. Through evaluation of existing 
research, it has been supported that a data graphic 
must engage the reader’s interest, something that can 
be achieved through the use of graphic imagery.16

There is another widely adopted design princi-
ple proposed by Tufte that addresses “data density” 
as being beneficial for a good graphic. Data density 
is defined as “a ratio of the number of entries in data 
array to the area of data graphic.”17 Intuitively, there 
are three ways to increase data density: including 
small multiples, including sparklines, and simply max-
imizing the amount of data shown. The approach that 
is referred to as “small multiple” figures addresses a 
collection of miniature illustrations arrayed as a sin-
gle figure, which is designed to be perceived as one. 

http://en.wikipedia.org/wiki/Information_design
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When talking about the sparklines approach to cre-
ate a graphic of small multiples, Tufte described them 
as being “data-intense, design-simple, and word-sized 
graphics.”18 The third approach, that of maximizing 
the amount of data shown, simply refers to showing 
as much data as possible.

Information Visualization 
Techniques

There is a wide range of techniques to be utilized 
when it comes to information visualization. These 
techniques range from simple charts, such as bar 
and line graphs, to more advanced techniques, such 
as heatmaps and scatter plot matrixes. Some of the 
techniques are created for a specific purpose, thereby 
making it hard to categorize them. In this section, the 
primary focus will be on introducing several com-
monly used information techniques.

Let’s start by defining multivariate data, as it is a 
common term and concept used in many of these tech-
niques. Multivariate data refers to data of more than 
three dimensions. In other words, there are more than 
three variables per case in the data set.

The first approach to visualizing multivariate data 
is through multiple views.19 With this technique, if 
one cannot present the dimensional data all in one 
graph, one can try to display them in multiple graphs, 
with each of the graphs conveying a certain message. 
Figure 2.4 provides an example of the multiple views 
technique.20 In this example, a matrix of data is pre-
sented on the left of figure 2.4, with five variables in 
each row and five variables in each column. The inter-
section presents the value corresponding to the spe-
cific row and column. This matrix is a good choice 
for numerical representation, but it is also difficult to 
retrieve any pattern or relationship of the data from 
the matrix at first glance. The logical progression of 
thought would be to determine a more intuitive way 
to give each variable its own display, as shown on the 
right of figure 2.4. In this visual display, each vari-
able, 1 to 5, is given a graph, with variables A to E 
on the x-axis and their corresponding values on the 
y-axis. The visual display demonstrates how a mul-
tivariate data representation can be partitioned into 
five sub-graphs, with each sub-graph mapping the 
data on a two-dimensional plane. While this visual-
ization technique is easy to implement and intuitive, 
an immediate drawback exists: as the number of vari-
ables increases, the number of sub-graphs needed for 
each variable also increases. This increase creates a 
risk of having too many sub-graphs presented at one 
time, which increases the noise level, making infor-
mation comprehension and processing challenging.

A more sophisticated approach to visualizing 
multivariate data is through the use of a scatter plot 

matrix. The scatter plot matrix is one of the graphi-
cal tools beloved by visualization designers. A scat-
ter plot renders a visual display to capture the cor-
relation between a pair of variables. Given a set of n 
variables, there are n-choose-2 pairs of variables, and 
thus the same numbers of scatterplots.21 These scatter 
plots can be organized into a matrix, making it easy to 
represent and observe all pairwise correlations in one 
place. Figure 2.5 shows an example of a scatter plot 
matrix visualization based on Nate Silver’s feature 
article about the most livable neighborhoods in New 
York.22 In this article, Silver’s ranking formula consid-
ers twelve factors, such as housing affordability, green 
space, transit, and night life, and calculates an over-
all score using the individual scores from the factors 
based on their chosen weights. For example, housing 
affordability is weighted 25 percent. Scores are then 
converted to ranks. The intent of this visualization 
by Kaiser Fung is to look at whether the individual 
factors are correlated. For example, what is the cor-
relation between housing price and housing quality 
in a neighborhood? Are more diverse neighborhoods 
also more creative? What about better schools? Sev-
eral observations can be easily drawn from this visu-
alization. For example, in the top left corner, the slant 
shows that the more affordable the houses are, the 
worse the transit is; the better the shopping is, the bet-
ter the dining is. An interesting observation, though 
only a moderate correlation, is that more diversity 
seems to lead to lower creative capital.

A specific type of visualization that most consider 
to be highly interesting, perhaps even fascinating, is 
called Chernoff Faces. Herman Chernoff is an applied 
mathematician, statistician, physicist, and educator 
who invented Chernoff Faces to display multivariate 
data using the shape of a human face. In Chernoff’s 
paper from the Journal of the American Statistical 
Association in 1973, he proposed that simplified, car-
toon-like face shapes were able to represent a number 

Figure 2.4
A multiple-views technique example (from John Stasko, 
“Multivariate Visual Representations 1” [lecture, Georgia 
Institute of Technology, Atlanta, GA, September 14, 2016]).
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of variables in a data set.23 By mapping numbers to 
head eccentricity, eyebrow shape, eye size, eye eccen-
tricity, pupil size, nose size, nose width, mouth cur-
vature, mouth width, and mouth openness, a visual 
understanding could be achieved. The Chernoff Faces 
help viewers more quickly and precisely detect pat-
terns, groupings, and correlations. The rationale was 
built upon the fact that the human mind has the innate 
ability to recognize small differences in facial charac-
teristics and to assimilate many facial characteristics 
at once. One well-known example of using Chernoff 
Faces has been used to display life in Los Angeles in 
1970, as shown in figure 2.6. This depiction was cre-
ated by Eugene Turner, a geography professor from 
California State University.24 In this map, the four 
variables to describe life in Los Angeles include afflu-
ence, unemployment rate, urban stresses, and the per-
centage of white population. These variables are pre-
sented by facial elements, including face shape, mouth 
curvature, eyebrow slope, and face color, respectively. 

The well-known map accurately and aesthetically cap-
tured the living conditions in the Los Angeles area. 
People attribute the success of the award-winning 
map to the effective, symbolic use of Chernoff Faces. 
Turner described this map as “probably one of the 
most interesting maps I’ve created because the expres-
sions evoke an emotional association with the data.”25

When a data set is comprised of purely categori-
cal data, a popular visualization tool called a mosaic 
plot is used. A mosaic plot allows analysts to examine 
the relationship among two or more categorical vari-
ables. The mosaic plot starts as a square with length 
one, which is then divided horizontally based on the 
proportions of the probabilities associated with the 
first categorical variable. Then each horizontal bar 
is further split vertically based on the proportions 
of the conditional probabilities of the second cate-
gorical variable. Additional splits can be made using 
a third and fourth variable, and so on.26 Figure 2.7 
shows a simple example of a mosaic plot that shows 

Figure 2.5
A scatter plot matrix technique example (from Kaiser Fung, “The Scatter-Plot Matrix: A Great Tool,” Junk Charts (blog), 
June 17, 2010, http://junkcharts.typepad.com/junk_charts/2010/06/the-scatterplot-matrix-a-great-tool.html).

http://junkcharts.typepad.com/junk_charts/2010/06/the-scatterplot-matrix-a-great-tool.html
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cross-sectional distribution through time of different 
musical themes in the Guardian’s list of “1000 songs to 
hear before you die.”27

A visualization technique similar to the mosaic 
plot is a treemap. Treemaps are ideal for situations 
in which large amounts of tree-structured (or hierar-
chically structured) data need to be visualized. The 
space of a treemap is first split into rectangles, which 
are sized and ordered based on a quantitative vari-
able. The levels in the hierarchy of a treemap are cap-
tured with the visualization of nested rectangles.28 
For example, a rectangle representing a country may 
contain several rectangles representing states in that 
country. Each rectangle representing a state may in 
turn contain rectangles representing cities in these 
states. A number of different algorithms can be used 
to determine how the rectangles in a treemap should 
be sized and ordered, taking into account the general 
rule of treemapping. In general, the rectangles in the 
treemap range in size: the largest rectangle will be 

placed in the top left corner, and the smallest rect-
angle will be placed in the bottom right corner, with 
everything else in between placed in the middle part 
of the treemap. Hierarchies are presented when the 
rectangles are nested.

Another widely adopted and useful visualization 
technique is that of parallel coordinates. Parallel coor-
dinates are one of the most famous visualization tech-
niques and among the most common subjects of aca-
demic papers on visualization.29 While one’s initial 
impression of parallel coordinates may be that they 
are confusing, once they are understood it is easy to 
see why they are a very powerful tool for understand-
ing multidimensional numerical data sets. How par-
allel coordinates work can be best explained through 
an example. Figure 2.8 shows an example of paral-
lel coordinates in which the relationships of car vari-
ables are captured, including mileage per gallon 
(MPG), number of cylinders, horsepower, weight, and 
the year they were introduced.30 In this visualization, 
each of the car variables is mapped onto a vertical 
axis. As a result, each data value falls within some 
place on the line and is scaled to lie between the mini-
mum at the bottom and the maximum at the top. And 
for each case in the row, data points are connected 
and form the polylines. Useful insights can be gained 
from this visualization. For example, the cylinders’ 
axis is worth noticing because it has only a few dif-
ferent values. And since the number of cylinders can 
only be an integer, and there are only eight values in 
this example, all of the lines will go through a small 
number of points. In the space between MPG and cyl-
inders, one can tell that eight-cylinder cars generally 
have lower mileage than six- and four-cylinder ones. 

Figure 2.6
A Chernoff Faces visualization for life in Los Angeles in 1970 
(from Eugene Turner, “Life in Los Angeles 1970,” California 
State University Northridge, accessed October 4, 2016, www 
.csun.edu/~hfgeg005/eturner/images/Maps/lifeinla.gif).

Figure 2.7
A mosaic plot technique example (from Sean Carmody, 
“Mosaic Plot Showing Cross-Sectional Distribution through 
Time of Different Musical Themes in the Guardian’s List of 
‘1000 Songs to Hear Before You Die,’” Wikipedia, s.v. “Mo-
saic plot,” last modified July 24, 2009, https://en.wikipedia 
.org/wiki/Mosaic_plot#/media/File:Mosaic-big.png).

http://www.csun.edu/~hfgeg005/eturner/images/Maps/lifeinla.gif
http://www.csun.edu/~hfgeg005/eturner/images/Maps/lifeinla.gif
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The “look” of the lines—that is, how they cross and 
how they fold—can tell more than just the data. For 
example, heavy crossings of lines are indicators of an 
inverse relationship; for instance, the more cylinders, 
the lower the mileage. A similar correlation can also 
be found between cylinders and horsepower: the more 
cylinders, the more horsepower. There are also some 
crossing lines that show that more cylinders do not 
always mean more power; however, the general trend 
is clearly there. Between horsepower and weight, the 
situation is similar: more horsepower means heavier 
cars in general, but there is some spread in the val-
ues. One can also see that there is a single exception 
of a high-horsepower eight-cylinder car that is very 
light. Finally, the lines between weight and year heav-
ily cross, which implies that cars have gotten lighter 
over the years.

Software

Information visualization is employed in many cases 
to answer a question, communicate information, sup-
port decisions, and increase efficiency. Good infor-
mation visualization software is important since it 

improves the audience’s understanding of the infor-
mation being presented. The audience has a higher 
likelihood of retaining the information, compared to 
information they receive without visualization. The 
data visualization engages the audience, and this 
makes the presentation more interesting. By relay-
ing data to the intended audience in the shortest time 
possible, presenters also benefit. They do not need to 
use excessive energy explaining the data to support 
their message. The use of information visualization 
software also assists in promoting the credibility and 
trustworthiness of the data being presented to the 
audience.

This section provides a list of popular software 
tools with the objective of encouraging readers to 
research these tools and give them a try. Through 
these efforts, readers can connect with the software 
that best suits their specific needs and preferences.

• D3.js: The full name of D3.js is “Data Driven 
Documents.” The software combines HTML, CSS, 
and SVG to render charts and diagrams. D3.js is 
well known for its power and flexibility to cre-
ate very specific, creative visualizations. It is also 
packed with features, interactive, and extremely 

Figure 2.8
Parallel coordinates visualization of car variables (from Robert Kosara, “Parallel Coordinates,” EagerEyes, May 13, 2010, 
https://eagereyes.org/techniques/parallel-coordinates).

http://d3js.org/
https://eagereyes.org/techniques/parallel-coordinates
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beautiful. D3.js is free and open-source, which 
makes it a great tool for amateur learners.31

• FusionCharts: FusionCharts is well known for its 
exhaustive collection of charts (90+ chart types) 
and maps (over 1,000 maps). FusionCharts sup-
ports major data formats, such as JSON and XML. 
Charts can also be exported into a variety of for-
mats, such as PNG, JPEG, PDF, or SVG.32

• Google Charts: Google Charts uses HTML5 and 
SVG to create charts that are portable and com-
patible across different browsers and platforms. It 
offers a wide range of chart options, such as bar, 
pie, line, map, and gauge charts. It is also well 
known for its flexibility and ease of use.33

• Dygraphs: Dygraphs is an open-source chart-
ing library based on JavaScript. It is well known 
for its ability to handle large-scale data sets. To 
accommodate “Big Data,” the software is scal-
able, flexible, and highly customizable. It also has 
an active support community, which is a great 
resource for visualization learners.34

• Tableau: Tableau is one of the most popular, com-
monly adopted visualization tools. It supports a 
wide range of charts, maps, graphs, and other 
visual designs. It also offers strong support for use 
for academic purposes.35

• Infogram: Infogram is a software tool that pro-
vides the capability to create both charts and 
infographics. It has a user-friendly interface and 
well-designed basic charts.36

• Plotly: Plotly provides a web-based interface for 
data analysis and visualization. It supports a wide 
collection of chart types and provides social shar-
ing features. The visualization creation process is 
intuitive, from loading the data to customizing a 
visual display.37

• IBM Watson Analytics: IBM Watson Analytics 
offers the benefits of advanced analytics without 
the complexity. It’s a smart data discovery ser-
vice available on the cloud, which guides data 
exploration and automates predictive analytics, 
while also enabling effortless dashboard and info-
graphic creation.38

Conclusion

Through the rapid changes of information visualiza-
tion that have taken place over the decades, the abil-
ity to create compelling, visually stimulating content 
that can be represented with a variety of techniques 
is greater than it ever has been. Through dedicated 
efforts, researchers, scholars, and practitioners have 
developed visualization theories, techniques, soft-
ware tools, and applications that can be used for a 
great variety of purposes and can be directed toward 

target audiences in a compelling way. In order to take 
maximum advantage of these discoveries and tech-
niques, it is important for visualization learners to be 
open-minded, constantly seeking new knowledge and 
skills while keeping up with trends and changes.
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The Landscape Transformation 
of Library Data

The White House’s Big Data initiatives and policies 
that were launched in 2012 are responsible for some 
of the biggest changes in regard to data and libraries 
in the past several years.1 This change in the policy 
landscape has placed a greater emphasis on public 
access to the results of research funded by the fed-
eral government. For example, National Institutes 
of Health (NIH) policy requires full text of research 
written as a result of NIH funding to be deposited in 
PubMed Central within twelve months of publication.2 
A similar momentum to share data has also emerged 
in academic libraries. For example, Harvard Library 
made the information on more than twelve million 
books, videos, audio recordings, images, manuscripts, 
maps, and more from its seventy-three libraries pub-
lic. According to David Weinberger, former co-direc-
tor of the Harvard Library Innovation Lab, “This is 
Big Data for books. There might be 100 different attri-
butes for a single object.”3 With such an abundance of 
information at people’s disposal, it is now more fea-
sible to create informative visualizations to help ana-
lyze Big Data and gain vital insights, such as creating 
visual timelines that show when publications became 
broadly cited or maps that show locations of different 
incidents. Harvard Library’s action pioneers an effort 
that will hopefully encourage other libraries to do the 
same thing and begin allowing public access to the 
metadata on their volumes. This has the potential to 
be the start of a large and unique repository of intel-
lectual information. As a result, data can continue to 
grow and expand, and information visualization is 
one of the emerging technologies that can enable a 
better analysis and interpretation of Big Data.

One other movement that has taken place is that, 
through the emergence of new technologies that help 
harness data, various businesses are also increas-
ingly using data visualization for the analysis and 
processing of large amounts of data. While exciting, 
this development has raised a new question: What 
does information visualization mean to libraries? 
The answer is quite simple. Information visualization 
provides libraries an opportunity to determine how 
they can best deliver relevant content to their users 
through its implementation. The main importance of 
information visualization from a library’s perspective 
is how it allows the library to leverage all its data in 
such a way that the data best serves the needs of its 
patrons or users.4

It is not just the patrons who will benefit from the 
implementation of information visualization in librar-
ies; librarians will also reap benefits. For example, 
Sarah Murphy of Ohio State University wrote a highly 
comprehensive and compelling article on what infor-
mation visualization means to libraries. In this arti-
cle, Murphy stated that information visualization is 
important for librarians, especially those tasked with 
assessment, marketing, and other tasks that require 
seeing and understanding data. With the help of infor-
mation visualization, librarians can leverage large 
amounts of data that were once impossible to effi-
ciently access and manage. Murphy added that with 
the help of information visualization, librarians can 
craft beautiful yet informative depictions of data that 
can help them examine everything from the depth of 
their collections on a particular topic to the use of 
their e-resources.5

In Carrie O’Maley Voliva’s article discussing the 
importance of information visualization to librar-
ies, she states that information visualization is as 

Information Visualization 
Meets Libraries

Chapter 3
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beneficial for the staff of libraries as it is for their 
patrons.6 Voliva adds that information visualization 
not only makes data more accessible to everyone who 
works at the library, but it also helps create transpar-
ency across the organization. This is because every-
one in the library is able to become a part of decision-
making processes. 

The Driving Forces

A lot of researchers have identified different driving 
forces for libraries to assist them in the implementation 
of information visualization strategies. The changing 
nature of the library collection, in conjunction with 
the rapid changes in technology, is one of the major 
driving forces that necessitates information visualiza-
tion in libraries. For example, Rick Anderson predicts 
that research libraries are going to begin operating in 
an environment marked with less funding and more 
competition.7 Anderson adds that in the future, librar-
ies will also have a lot of expanded options that will 
help them provide access to high-quality resources. 
He also notes that in order to deal with this changing 
nature of the library collection, libraries will have to 
rethink the ways they build collections.

The driving force that necessitates information 
visualization in libraries can be best explained in the 
words of Jannette Finch and Angela Flenner. In dis-
cussing the example noted in their study, they state 
that “the library collection of today is affected by 
many factors, such as demand-driven acquisitions, 
access, streaming media, interdisciplinary course-
work, ordering enthusiasm, new areas of study, politi-
cal pressures, vendor changes, and the individual fac-
ulty member following a focused line of research. If 
libraries do not allocate based on data, then there 
could be subjective distribution of funds, affecting the 
perception of fairness and damaging the library’s rep-
utation on campus.”8 This is an important consider-
ation that must be addressed in today’s world.

Another one of the major driving forces behind 
implementing information visualization in librar-
ies is its ability to increase the library’s value to its 
end users. By delivering information to users in an 
easy and timely manner, libraries can enhance the 
way users perceive the library. In Martha Kyrillidou’s 
work, she indicates that the main aim of research 
libraries goes beyond just collecting, analyzing, and 
reporting data. It also includes improving their ser-
vices.9 According to Kyrillidou, the use of informa-
tion visualization in libraries not only helps in gather-
ing and evaluating data, but also helps libraries serve 
their end users better at low administration costs.

Another major driving force that necessitates the 
use of information visualization in libraries is the 
increase in the number of e-resources. An additional 

insight in Kyrillidou’s article is that libraries spend 
a large amount of money to purchase licensed 
e-resources.10 Kyrillidou indicates that with the use of 
information visualization, libraries can easily reduce 
the cost of purchasing e-resources. The example she 
offers is how information visualization helps librar-
ies identify their users’ behaviors about the use of 
their e-resources while also helping them track the 
usage of e-resources at a deeper level. Information 
visualization can help assess what motivates users to 
access particular e-resources. This feature of informa-
tion visualization, according to Kyrillidou, can help 
libraries cut the cost of purchasing e-resources as they 
help library staff make informed resource renewal 
decisions. This is important especially because, as 
Rick Anderson pointed out, considering the changing 
nature of the digital collections, there is no need for 
libraries to purchase online resources before the need 
arises, as they can easily purchase online resources at 
the point of use.11

An additional bit of insight comes from an article 
by Mitchell Dunkley of De Montfort University, where 
he states that information visualization saves a lot of 
library staff time, especially content delivery staff 
members who are often assigned the duty of identifying 
and analyzing user behavior.12 In his example, Dunkley 
adds that information visualization not only helps the 
content delivery staff to make better resource renewal 
decisions, but it also eliminates the need to manually 
access and download journal usage reports from the 
sites of individual publishers. This process thereby 
saves time for the staff members who are responsible 
for content delivery, which is beneficial because they 
can use their time for other productive work.

Apart from these reasons, other factors related to 
research, such as the need to make all data related to 
research open, shareable, and reusable, has led to the 
need for information visualization to become manda-
tory for libraries to implement. For example, Anna-
rita Barbaro’s work states that researchers in North-
western Mutual’s Advanced Planning Library face 
several challenges in developing data policies.13 These 
challenges include the collection and arrangement of 
information in a way that will help researchers eas-
ily retrieve said information and use it in the future 
as necessary. Barbaro also notes that these data poli-
cies affect the core roles of librarians and that librar-
ians have all the necessary competencies to support 
researchers in every stage of research. In other words, 
Barbaro states that there is a great need for librar-
ies to develop services that can help researchers cre-
ate, collect, manipulate, store, and preserve data sets. 
Another point that Barbaro adds is that with the help 
of information visualization, libraries can bridge the 
gap between research needs and library services by 
helping researchers “clean” data for analytic use. 
One other notable observation from Barbaro is that 
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providing researchers open access to information also 
provides an opportunity for libraries to play an inte-
gral role in the research process.14

Trends and Practices

The major trends and directions involving the inter-
section of information visualization and libraries are 
mainly focused on ensuring that libraries and librar-
ians understand the emergent needs of information 
visualization. Libraries must focus their efforts on 
practical applications of information visualization 
that will help them gain valuable insights to make 
important decisions, such as selecting resources to 
renew. Because of these results, a clear path has been 
paved that will allow for stronger and more effec-
tive research on how information visualization in 
libraries can benefit the creation of open educational 
resources, which are viewed positively by both faculty 
and students, as these resources are contributors to 
student success. This contribution is mainly due to the 
creation of open education resources, which are able 
to bring together huge scholarly records from differ-
ent subject areas. 

Aside from information visualization benefit-
ing libraries through the creation of open education 
resources, current trends also indicate the need to 
find different information visualization techniques 
that can provide best results to libraries and their end 
users. For example, Ryan Womack of the State Uni-
versity of New Jersey states that the implementation 
of information visualization should not be an end in 
and of itself for libraries.15 It is important for librar-
ies to compare different information visualizations 
to develop an understanding of which visualizations 
provide the best results. Hence, future trends call for 
experimenting with different information graphics 
that use different tools and provide different results, 
which can maximize the benefits offered by data visu-
alization in libraries.

Womack is not alone in his assessment. Angela 
Zoss of Duke University agrees and states that as infor-
mation visualization becomes increasingly embedded 
in library assessment and outreach, it is important 
to consider the perspectives of audience and design 
visualizations that are easy to interpret.16 Zoss adds 
that even though there is lot of research conducted 
on information visualization, research on what type 
of information visualization techniques can help visu-
ally communicate archival context and content in a 
better manner is lacking. This is why she states that 
there is a need to conduct more studies on measuring 
the utility of the existing information visualization 
techniques, especially those that are used to commu-
nicate archival context and content from the perspec-
tive of library users. 

Apart from benefiting libraries and researchers, 
there is a stream of trends and directions investigat-
ing how implementing information visualization in 
libraries can contribute toward student learning. For 
example, a number of studies in the wider literature 
of library and information science investigate how 
information visualization intersects information liter-
acy. In addition to considering the fact that an increas-
ingly higher number of students are now exposed to 
data and information science, there is a quest in the 
literature on how information visualization should be 
integrated into general education. There is a belief 
that the intersection of information visualization and 
libraries could help expose students to fundamentals 
of information visualization in general and informa-
tion literacy in particular.17 It has been acknowledged 
that more research is needed on how libraries and 
librarians can contribute toward development of the 
information literacy standards among students. Simi-
larly, in a study by Hattwig and colleagues, they indi-
cate that in today’s world, where students live in a 
visually rich environment, it is important for students 
to develop relevant visual literacy skills.18 The authors 
state that libraries can contribute to student learning 
in the area of visual literacy when they incorporate 
information visualization into learning. The authors 
further add that since libraries are often involved in 
teaching students about the knowledge production 
process, the field of visual literacy presents an oppor-
tunity for libraries to expand their role as partners 
in student learning. This conclusion is shared by Lau-
ren Magnuson in her book: she agrees and states that 
“as libraries become more advanced creators of data 
visualizations, they can play a role in educating their 
users to become data literate consumers and produc-
ers of visualizations.”19

Another substantial trend stems from a library 
staff’s ability to develop core skills in information visu-
alization. For example, as Womack points out, consid-
ering the growth in the quantity of data and technolo-
gies supporting that data, library management should 
consider investing in the development of core skills 
that will help their staff make the best use of informa-
tion visualization.20 In considering the benefits that 
information visualization provides with regard to pre-
senting, interpreting, and using information, Womack 
stresses the importance of libraries leading the data 
information literacy process. In fact, Womack notes 
that since more and more students are now exposed 
to information visualization, students should be pro-
vided with training from library staff that will equip 
them to better understand not just information visu-
alization but also the world around them. In order to 
achieve this change, Womack notes that librarians 
and educators should equip themselves with accurate 
information visualization techniques so that they can 
successfully instruct students. This development has 
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created an urgent need to conduct research on how 
libraries can enhance staff knowledge with regard to 
implementing and using information visualization. 

Conclusion

It is an inevitable trend on the rise that libraries are 
going to have to create a culture in which staff is 
trained in information visualization as a benefit to 
the library as an entity, its staff, and its end users. 
Not only will this initiative provide staff more time 
to work on other projects of importance, but it will 
also enable staff to work with students more effec-
tively, in both an instructional and informative man-
ner. In addition, the purchasing of e-resources allows 
for greater flexibility and the ability to quickly meet 
research demands and access information from other 
institutions, which may be imperative to the end 
user’s work. By having instant access to information 
visualization techniques, students are also able to 
benefit from a stronger learning experience through 
their access to the latest trends, research, and data. 
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Supporting Research by Libraries 
Using Information Visualization

The first example focuses on a library that provided 
an information visualization service to its users. The 
Health Sciences Library at the University of North 
Carolina at Chapel Hill partnered with Renaissance 
Computing Institute to build a visualization infra-
structure, provide expertise, and create an informa-
tion visualization service at their Collaboration Cen-
ter. With this service, researchers gained the ability 
to consult and collaborate with visualization experts 
to develop custom applications to analyze data. The 
center’s visualization resources include a display wall 
with a 10-foot-by-8-foot rear-projection display screen 
capable of 12.5 million-pixel resolution.1 This display 
is vital to the success of the data and the space, as 
this environment creates opportunities for users to 
interact with the data in real time. Figure 4.1 shows 
an example of how the center uses information visu-
alization to aid research on injury prevention.2 Here, 
dynamic bubbles present injury rates with GDP per 
capita for countries in different World Health Orga-
nization (WHO) regions. The dynamic features also 
show how these variables change over the years; for 
example, a user can select a single country or a group 
of countries and monitor their trajectory over time. 
This interactive function plays an important role in 
enhancing a visualization’s user interaction experi-
ence: the dynamic features not only allow the visu-
alization to reveal different layers of information 
embedded within the data, but they also make it pos-
sible to address the different exploration interests and 
focuses from the users. What makes this visualization 

application valuable is its ability to aid researchers in 
identifying potential research questions and discover-
ing new research directions by being able to interact 
with the visualizations. As a result, an opportunity 
for new collaborative efforts between libraries and 
researchers has emerged with the reach of research 
and partnerships becoming almost unlimited and 
opening up exciting new opportunities. With ease of 
use, the large scale of data being analyzed, and the 
clarity of messages being delivered, the major ben-
efit that information visualization provides here is to 
researchers who are investigating specific topics, such 
as health care, as it facilitates better understanding of 
public health and other related issues through analyz-
ing complex, large-scale data. This better understand-
ing does not take place just at a local, community-
based level, but also a regional or even global level as 
shown in this example.

Real-World Uses for 
Information Visualization in 
Libraries

Chapter 4

Figure 4.1
A visualization application to support research (from Barrie 
Hayes, Hong Yi, and Andrés Villaveces, “Information Visu-
alization Services in a Library? A Public Health Case Study,” 
Bulletin of the American Society for Information Science 
and Technology 35, no. 5 [2009]: 13–18).
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Visualization Infrastructures to 
Support Data Understanding

The second real-world case study comes from Seattle 
Central Library’s well-known project “Making Vis-
ible the Invisible.”3 In this project, a large, open 
19,500-square-foot space was dedicated to information 
retrieval and publicly accessible computer research. Six 
large LCD screens were installed horizontally behind 
the librarians’ main information desk, featuring real-
time calculated visualizations generated by custom-
designed statistical software using data received each 
hour. This data consists of a list of checked-out items 
including books, DVDs, CDs, and so on, and visualiza-
tions are created using the collective aggregate data. 
These visualizations serve several important purposes. 
First, the flow of information can be calculated math-
ematically, analyzed statistically, and represented 
visually to showcase the circulation scenarios of the 
collections in the library. From a community-serving 
perspective, these visualization snapshots are good 
indicators of what the community of patrons considers 
interesting and useful information at any given point 
in time. Figure 4.2 shows an example of how informa-
tion visualization was used to reveal checkout patterns 
from the Seattle Central Library.

Infographics to Deliver 
Library Messages

The third real-world application of information visu-
alization applied to a library setting has played an 
important role in promoting library events and activi-
ties and has showed how information visualization 
can be used to deliver library messages. Figure 4.3 is 
one of the most widely discussed infographics in the 
library field—the most controversial books infograph-
ics. For example, the Daily Infographic features this 
infographic in its blog post on “the best information 

design and data visualization from the Internet.”4 Its 
focus is the display of the most controversial books 
of 2009. This infographic uses different colored darts 
to distinguish why books have been challenged by 
parents. These reasons include if the text contains 
nudity, offensive language, drugs, homosexuality, sui-
cide, sexism, violence, is sexually explicit, unsuited 
to the age group, anti-family, or against someone’s 
religious viewpoint. As shown in figure 4.3, most of 
the books were challenged for more than one reason. 
Some interesting facts can be drawn from the info-
graphic. For example, according to the infographic, in 
2009, whether To Kill a Mockingbird handled racism 
appropriately or not remained a debate. The popular 
vampire series Twilight could not dodge the censorship 
bullet either, as parents felt it was both unsuited to its 
target age group and sexually explicit.

Information Visualization 
for Storytelling

In another powerful example, we see how informa-
tion visualization can be used for storytelling and to 
engage users. Figure 4.4 demonstrates how the sto-
rytelling concept can be enhanced through informa-
tion visualization, as presented by Manav Tanneeru 
and Toni Pashley from CNN.com at the VisWeek 2010 
workshop “Telling Stories with Data.”5 The figure 
shows the Home and Away project from CNN.com, 
which presents military casualties in Iraq and Afghan-
istan.6 The visualization tool connects the locations 
of each trooper’s birth and death, along with some 
demographic information. It uses the circles to rep-
resent each location. When you hover over a circle 
with your mouse, it either displays the number of 
casualties that took place at that location or shows the 
name of the deceased and highlights the location on 
the map where they passed away. Further, the visu-
alization is integrated with CNN’s iReport platform, 

Figure 4.2
The “Making Visible the Invisible” commission at Seattle Central Library (from “Fast Facts: George Legrady Artwork at the 
Seattle Public Library’s Central Library,” Seattle Public Library, accessed September 26, 2016, https://www.spl.org 
/Documents/branch/CEN/georgelegrady_art.pdf).

https://www.spl.org/Documents/branch/CEN/georgelegrady_art.pdf
https://www.spl.org/Documents/branch/CEN/georgelegrady_art.pdf
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allowing family and friends of the deceased to tell 
their personal stories. In this instance, information 
visualization is used not only as a tool for discovery 
and data analysis but also as a powerful medium for 
communication. Clearly, and in a compelling man-
ner, this example shows that information graphics 
can do more than just present numbers. They offer 
a medium for individuals to tell their story, engage 
and convince their readers, and invite them to make a 
personal connection to the data. This example brings 
insights into how a library might use its data to con-
nect and engage with the community more effectively 
by encouraging its patrons to share their stories and 
experiences with the library through the use of infor-
mation visualization.

Information Visualization for 
Library Data Assessment

Information visualization can also be used for data 
assessment. Recent research has shown how informa-
tion visualization could be adopted for library deci-
sion making through visualizing library assessment 
data. For example, Sarah Murphy’s work at Ohio 
State University has been significant in highlight-
ing data assessment.7 Murphy shared examples of 

incorporating information visualization into the Ohio 
State University Libraries’ assessment program. In 
particular, information visualization applications are 
shown to be used to assess libraries through the met-
rics of ARL ranking, daily gate count, research ser-
vices, and many more. 

Information Visualization for 
Libraries: The Research Perspectives

So far, several real-world use cases of information visu-
alization applications in the library setting have been 
shown. Much of the research discussed in earlier chap-
ters on information visualization in libraries focused 
on how it could enhance the interface and user envi-
ronment, thereby improving activities and user experi-
ences.8 The research discussed in this chapter is signifi-
cant because it indicates how information visualization 
can improve the services that a library offers and the 
evolution of these improvements through the years. 
Over the past years, several researchers have attempted 
to understand how implementing information visual-
ization can help libraries enhance their performance 
and serve their patrons better. One such attempt was 
made by Zachary Pousman, John Stasko, and Michael 
Mateas.9 The authors state that the use of visualization 

Figure 4.3
Infographic for “The Most Controversial Books in America” (from Stanford Kay, “Transparency: The Most Controversial 
Books in America,” GOOD, last modified May 6, 2010, https://www.good.is/infographics/transparency-the-most-controver 
sial-books-in-america).

https://www.good.is/infographics/transparency-the-most-controversial-books-in-america
https://www.good.is/infographics/transparency-the-most-controversial-books-in-america
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models provides amplified cognition as well as deep 
insights for expert user populations. Further support 
for this conclusion is documented in another study con-
ducted by Tanja Mercun and Maja Zumer.10 This study 
stipulates that information visualization presents an 
interactive mechanism for browsing, exploring, and 
analyzing. The authors further state that these features 
of information visualization increase people’s ability to 
perform these activities, which in turn helps people to 
reason from large amounts of information, build new 
knowledge, and discover and better understand rela-
tionships and information space. Mickey Garrison and 
his peers at Ferris State University published a summary 
of the benefits of information visualization.11 According 
to them, information visualization helps users focus on 
information that matters the most to them. It extends 
beyond this as well, also helping users to see patterns, 
make connections, and draw conclusions from the data. 
The authors add that information visualization makes 
the data accessible to all users and not just those who 
possess advanced analytic skills. 

Throughout much of this content, it’s been noted 
that data visualization helps the human brain to pro-
cess data faster and more effectively than text-based 
information. This feature of data visualization has 
helped it grow in popularity, now becoming main-
stream to many individuals in the professional and 
academic communities. It enhances the ability to com-
prehend and process large-scale heterogeneous col-
lections of data, such as those held by libraries. For 
example, previous research stated that the different 
layers of information that libraries contain mainly 

make it difficult for users to comprehend data.12 This 
research also mentioned that the layered information 
presented by the data, such as heterogeneous collec-
tions, adds a risk of getting lost in the details and gen-
eralities of the data. However, information visualiza-
tion or visualizations of libraries can greatly reduce 
this confusion by enabling the data to be viewed and 
interpreted at different granularity levels.13

To further expand on the perspective of how infor-
mation visualization helps enhance user experiences, 
researchers Jeremy Buhler, Rachel Lewellen, and 
Sarah Murphy stated that information visualization 
can help libraries produce flexible, in-depth, online 
dashboards.14 Additionally, they stated that these 
dashboards are full of filters and annotations that 
provide custom visualizations and context. They also 
mentioned that with the help of information visual-
ization, libraries can blend data from a large number 
of sources and create dynamic, interactive graphics. 
This feature of information visualization, according to 
the authors, simplifies the process of accessing data 
and makes data easily available to both a libraries’ 
internal and external stakeholders. This research adds 
another strong support that shows how information 
visualization can enhance library services and pro-
grams through better connecting with its users, stake-
holders, and the overall community. 

In Lauren Magnuson’s book, she agrees and states 
that providing raw data and nothing else is just not 
enough.15 Magnuson emphasizes that it is important 
for libraries to present data in a way that is under-
standable, transparent, and compelling. She adds that 

Figure 4.4
CNN.com’s Home and Away Visualization (from “Casualties,” CNN, accessed October 25, 2016, www.cnn.com/SPECIALS 
/war.casualties).

http://www.cnn.com/SPECIALS/war.casualties/
http://www.cnn.com/SPECIALS/war.casualties/
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information visualization helps library users under-
stand data better because it provides context, illus-
trates trends, showcases patterns, and enables inter-
active exploration of data. 

As far as the benefits of data visualization to 
libraries are concerned, they extend beyond simply 
reducing the budget to buy materials. The significance 
of this can be brought to light from the example that 
Finch and Flenner show in their work. They state that 
accurate information visualization in libraries pro-
vides avenues for staffing and service, resource expen-
ditures, scholarly relationships, and instructional out-
reach, as well as providing opportunities for robust 
collection development.16 

The use of information visualization in libraries 
also aids in ongoing management of different pro-
grams, such as a device-lending program. For exam-
ple, in a study by Joyce Chapman and David Wood-
bury, the role of information visualization in aiding 
ongoing management of a device-lending program in 
a library is examined. The authors found that visual-
ization of data of the device-lending program helped 
in revealing unrecognized patterns in lending.17 This 
feature of information visualization, the authors 
added, helped the staff of the library to not just make 
more informed purchasing decisions but also to mod-
ify systems and workflows in ways that better met the 
needs of users.

Conclusion

In order for libraries to stay competitive and remain 
beneficial to their users, they are now required to 
understand and invest in information visualization. 
The benefits of doing so go beyond the budgetary 
advantages of having less need to purchase resources, 
such as books, and extend to giving people access to 
the information they need. Furthermore, the ability 
to more easily process and interpret data through the 
use of information visualization is significant in relay-
ing messages and themes and providing an easier-to-
understand format to great amounts of information. 
These progressive, forward-thinking technologies will 
be essential in paving the way for a stronger future 
where resources can be shared on a global level as 
well as extend to even the smallest communities.
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While information visualization presents new 
and exciting opportunities for libraries to 
make a better use of their data, it poses 

major challenges at the same time, such as affordabil-
ity of new technologies and lack of defined roles for 
staff. One of the most common challenges for librar-
ies is probably the lack of expertise and skills in infor-
mation visualization. In their report published by the 
Council on Library and Information Resources, Lori 
Jahnke, Andrew Asher, and Spencer Keralis note that 
information visualization demands the presence of 
high levels of domain specialist knowledge.1 They 
also state that there are no effective ways through 
which libraries, or other organizations where infor-
mation visualization can be done, can prepare peo-
ple to implement and use information visualization. 
This situation is attributed to a significant shortage 
in the number of data scientists and other individuals 
with digital preservation skills in organizations where 
information visualization can be used and those which 
could benefit from it. The authors also add that many 
libraries have varied and even idiosyncratic attitudes 
toward the implementation of information visualiza-
tion. From their perspective, this attitude restricts the 
use of information visualization in libraries.

Despite this restrictive attitude, there is agree-
ment in literature that the lack of expertise or techni-
cal skills by people serves as a major hindrance to the 
implementation of information visualization in librar-
ies. For example, research by Deborah Vincent, Marie 
Hastings-Tolsma, and Judith Effken states that since 
the process of information visualization is both tech-
nically complex and highly challenging, it requires 
high technical proficiency.2 This is where the great-
est challenge lies for many libraries. In the authors’ 
study, they found that for many library users, staff in 

particular, using and exploring information visualiza-
tion tools may be difficult. This fact makes the imple-
mentation of information visualization in libraries a 
challenging task, partially due to resistance. There-
fore, it is important that libraries provide online or 
real-time training sessions to their staff or, as an alter-
native, motivate staff members to participate in train-
ing sessions that are offered by commercial informa-
tion visualization software applications.3 

In another reference, Manguson agrees and states 
that creating effective information visualization 
requires a range of skills, such as a thorough under-
standing of math and statistics and knowledge of data 
storage, mining methods, front-end design, and devel-
opment.4 According to Manguson, these skills can 
help create better libraries and can allow libraries 
to offer better instruction and showcase the impact 
they have on their users and communities. It is impor-
tant that libraries recognize these hindrances. Librar-
ies must begin investing in their staff to help them 
develop these skills. By investing in library staff train-
ing on the use of information visualization technolo-
gies and tools, libraries can benefit both their staff 
and their end users of library resources. Staff is ben-
efiting by becoming proficient in a new skillset, and 
end users are finding value in the information visual-
ization resources that the library is creating.

Another major challenge that libraries face in 
implementing information visualization is the expense. 
In a survey conducted on the use of data analytics in 
higher education, Senior Research Analyst Jacqueline 
Bichsel concludes that high costs of implementation 
serve as a major barrier to employ information visu-
alization in libraries of educational institutions.5 She 
points out that many educational institutions view 
information visualization as an expensive endeavor 

Challenges and Concerns

Chapter 5



27

Lib
rary Tech

n
o

lo
g

y R
ep

o
rts 

alatechsource.org 
A

p
ril 2017

Information Visualization Hsuanwei Michelle Chen

rather than as an investment. Apart from high cost, 
Bichsel also identifies access and standardization of 
data and culture of educational institutions as some of 
the barriers toward implementing information visu-
alization in libraries. Data types and availability are 
constantly changing, making it difficult to design an 
information visualization platform that is compati-
ble with all sorts of data and analytical needs. The 
interplay between the culture of educational institu-
tions and analytics can also be a key barrier if, for 
example, there is a lack of data use regulations. These 
challenges, on the other hand, shed some light on the 
strategies that libraries might develop or key areas to 
focus on if they plan to commit to implementing infor-
mation visualization in their institutions.

Conclusion

As incredible as the opportunities that information 
visualization brings to the way libraries conduct busi-
ness are, there will be struggles with implementation 
and use if the proper training isn’t in place. In order 
to be able to employ data visualization, an institution 
must create opportunities for library staff to learn 

how to properly use this innovative, game-changing 
way of retrieving data. From there, a well-trained 
group of individuals in information visualization are 
better able to help those they serve.
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As we learned about how information visual-
ization impacts and interacts with libraries, 
every individual and affected party to this pro-

found undertaking should make concerted efforts to 
learn the process involved. Thankfully, today there 
are many learning opportunities and resources that 
people can use to gain sufficient information and 
the expertise necessary to properly use and experi-
ence the benefits of information visualization. These 
opportunities will help people in improving upon the 
skills they already have, or will help them begin stud-
ies in this field with a stronger footing.

Some of the major opportunities and resources 
that are available for individuals to use to get the nec-
essary training include books that give detailed infor-
mation on the subject, tutorials that offer in-depth 
explanations about the process of information visu-
alization, webinars, blogs and websites, and articles 
and journals written by people who have done inten-
sive research on the topic. The interested individual 
can also decide to use massive open online courses 
(MOOCs) to gain enough knowledge to become profi-
cient in information visualization.

In this chapter, the various opportunities and 
resources at one’s disposal will be referenced. The 
text discusses the specific things to look for to ensure 
that the resource chosen offers both valuable insight 
and the required steps to start grasping a fundamental 
knowledge of information visualization. In addition 
to the basics, opportunities are available to become 
more conversant in the knowledge and application 
that it will take to effectively work with this new way 
of conducting library business and services.

Books

A substantial amount of information is available in 
book form that offers guidance and essential knowl-
edge needed for information visualization proficiency. 
For those who are just beginning, I recommend start-
ing with books that provide information on data visu-
alization in simpler formats and steps so that one 
can quickly grasp the material in a short, reasonable 
period of time. Such books will include the use of sim-
ple charts and principles to show how data has been 
encoded. These texts should inform readers about the 
fundamentals of incorporating visual attributes, such 
as color and shape, into information visualization and 
explain the differences achieved when these attri-
butes are used. As the subject progresses, readers will 
get to a point where the author explains in detail how 
information visualizations are designed.

Three exemplary book resources are given below, 
serving as excellent learning resources for not only 
beginners but also advanced learners on the topic of 
information visualization:

• Tufte, Edward. The Visual Display of Quantitative 
Information. Cheshire, CT: Graphics Press, 2001.

• Ware, Colin. Information Visualization: Perception for 
Design. Burlington, MA: Morgan Kaufmann, 2012.

• Few, Stephen. Now You See It: Simple Visualization 
Techniques for Quantitative Analysis. Berkeley, CA: 
Analytics Press, 2009.

These references are a great starting point for 
individuals looking to learn more about information 

Additional Resources and 
Final Remarks

Chapter 6
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visualization. Having a physical reference book avail-
able is useful, so that learners can quickly return to 
the book when necessary for either a refresher or to 
understand something better at a later time. 

Tutorials

Tutorials are one of the single greatest tools that have 
led to the success of most research programs. Most 
tutorials are appropriate for the learning process of a 
subject, especially when it involves learning specific 
skills such as programming and design. Many tutori-
als are now available on the Internet, as well as from 
other sources, that are highly effective and efficient 
in helping individuals develop and enhance their 
abilities. 

The one drawback with tutorials, depending on 
the learning goal, is that most of them do not offer 
a deeper explanation of the subject. They are more 
likely to give a general description. They enable indi-
viduals to gain a higher level of understanding of the 
tool or topic at hand. Most often, tutorials are a rep-
resentation of information collected from books, web-
sites, journals, articles, and even well-written pro-
grams. These tutorials are simplified to a form that 
allows the person going through them to easily grasp 
the concept without straining or growing frustrated.

When looking to gain a basic amount of knowl-
edge on information visualization, tutorials can be a 
wonderful choice. Using tutorials to study informa-
tion visualization allows learners to identify those 
areas that they need to focus on and those areas that 
they can easily ignore.1 

Below are two examples of online tutorials that 
can help individuals dive deeper into learning infor-
mation visualization, from both a theoretical and 
practical perspective:

• D3.js tutorial: https://github.com/d3/d3/wiki/Tu 
torials.

• Tableau tutorial: www.tableau.com/beginners-data 
-visualization.

Online Courses

Due to their convenience, online courses have grown 
significantly in popularity over the past several years. 
Most people prefer online courses since they are easy 
to access, and people can study at their convenience. 
What draws many people to these courses is their 
directness. They are straightforward and short, allow-
ing an individual to quickly gain the expected skills 
being taught without much struggle. A good number 
of universities and other organizations are now offer-
ing these courses, which have allowed many people 

to gain knowledge on a variety of subjects at a lower 
cost than in-person classes. Some of these courses are 
free, and others require a fee. Usually, these fees have 
been subsidized.

Two good examples of online courses that are 
being offered on information visualization can be 
found at the following links:

• DataCamp: https://www.datacamp.com/courses.
• Lynda.com: https://www.lynda.com/Design-Info-

graphics-tutorials/Data-Visualization-Fundamen 
tals/153776-2.html.

The number of sources that can give one access to 
online courses is vast. Because of this, it is important 
that the individuals looking to take an online course 
are able to identify if it indeed does offer the knowl-
edge they are hoping to gain. I recommend that before 
deciding on a course, individuals should hone in on the 
skills they want to develop first, and then go online to 
research the various courses available and look at the 
feedback provided by previous participants. 

MOOCs

Massive open online courses (MOOCs) are a form of 
training offered to an enormous number of people 
over the Internet. Those interested just log in to the 
website, sign up, and then begin studying until they 
have reached the end of the course materials. What 
is very appealing about this type of learning is that 
it is often free of charge. Some of the features one 
can expect from MOOCs include lecture notes, filmed 
lectures, readings, and questions. At times, there 
may be an interactive forum to participate in, which 
is a wonderful way to enhance the learning experi-
ence for all the parties involved. However, overall, 
these courses are not reliable in comparison to other 
resources because an individual can misinterpret the 
information presented with limited direct interactions 
with the instructor. Some good examples of MOOCs 
for information visualization include the following:

• Coursera: https://www.coursera.org/learn/datavis 
ualization.

• Udacity: https://www.udacity.com/course/data-vis 
ualization-and-d3js--ud507.

As wonderful as a MOOC is for gaining some basic 
understanding, it is not wise to assume that it is fully 
accurate, and this is one of the largest substantiated 
criticisms of this resource. According to Ryan Nelson 
of UVA McIntire School of Commerce, MOOCs have 
received several criticisms on their inability to pro-
vide sufficient rigor when it comes to offering the best 
academic strategies.2

https://github.com/d3/d3/wiki/Tutorials
https://github.com/d3/d3/wiki/Tutorials
http://www.tableau.com/beginners-data-visualization
http://www.tableau.com/beginners-data-visualization
https://www.datacamp.com/courses
https://www.lynda.com/Design-Infographics-tutorials/Data-Visualization-Fundamentals/153776-2.html
https://www.lynda.com/Design-Infographics-tutorials/Data-Visualization-Fundamentals/153776-2.html
https://www.lynda.com/Design-Infographics-tutorials/Data-Visualization-Fundamentals/153776-2.html
https://www.coursera.org/learn/datavisualization
https://www.coursera.org/learn/datavisualization
https://www.udacity.com/course/data-visualization-and-d3js--ud507
https://www.udacity.com/course/data-visualization-and-d3js--ud507
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Webinars

Webinars are an appealing resource because they are 
seldom time intensive. Webinar is a short form for 
“web-based seminar.” A webinar involves workshops, 
presentations, lectures, and seminars that are offered 
through the Internet, primarily using conferencing 
software. Several webinars have been offered on the 
topic of information visualization. These webinars are 
easy to access, and they require an individual only to 
register and subscribe to that given website. A good 
example of a link that requires registration before 
being able to watch the webinar is given below:

• Qlik—Data Visualization: Best Practices in 2016: 
http://go.qlik.com/NAM_16_Q1_Data_Visualization 
_FEB25_Registration_LP.html?sourceID1=web.3

Webinars offer flexibility, and they often offer 
an interactive environment to communicate with 
presenters and fellow attendees. This format is very 
appealing. With a webinar, participants can gain the 
knowledge that they expect.

Conclusion

Information visualization is a vast topic, and because 
of increased demand, more opportunities are coming 
up to enable those interested to gain sufficient knowl-
edge on this topic from a wide variety of resources, 
which are tailored for different learning styles and 
abilities. With the information available from these 
sources, one can easily navigate a pathway to become 
an advanced expert in information visualization. In 
addition, it is always a prudent idea to seek out repu-
table blogs, articles, professional journals, and pub-
lications to stay up-to-date on the latest advances in 
the field. 

Final Remarks

By changing the conversation and beginning to have 
more in-depth conversations to prepare libraries for 
the onset of information visualization on a global 
basis, we can provide library directors and library 
staff with a better understanding of information tech-
nology and its importance. Through these initiatives, 
these key players will learn how information visual-
ization can be implemented to provide them with data 
that allows them to better perform their responsibili-
ties and benefit their library staff and end users.

With the use of information visualization, more 
people are able to understand and process data in a 
more efficient, streamlined manner. This technology 
has presented as much interest and excitement as it 

has challenges, as it is difficult to keep up with the rap-
idly changing landscape. However, researchers, schol-
ars, and practitioners have dedicated great efforts to 
training and informing individuals while also demon-
strating the usefulness and benefits of implementing 
information visualization.

Today, libraries are working to create a culture in 
which staff is trained in information visualization, as 
it benefits both the work environment and end user. 
There is still a lot of work to do, but with budget-
ary priorities shifting from having to purchase physi-
cal materials to having to purchase e-resources, it has 
become substantially easier. By implementing infor-
mation visualization, libraries have found a way to 
stay competitive through better research support, 
data understanding, library message delivery, user 
engagement and connection, and data assessment. It 
is an investment that pays off.

Increased acceptance of information visualization 
comes along with a higher volume of scenarios that 
showcase data visualization in action, further solidi-
fying why it is the way of the future. The ability to 
retrieve data and relay it in an easy-to-follow, quick-
to-process manner is powerful and effective. Further-
more, it extends the reach of information on a global 
level, whether in large urban areas or small rural 
areas.

The largest obstacle to conquer thus far has been 
training of library staff, but there are many initia-
tives that now make training easier than it ever has 
been before. This chapter includes a list of available 
resources for further training. These resources are 
helpful at breaking down any remaining resistance 
and highlight how information visualization will help 
end users—faculty, students, or professionals who are 
seeking out data. 

What is left to do? It’s time to act and embrace 
these new technologies and understand how they are 
revolutionizing the ways that libraries conduct busi-
ness and the services they offer. A lot of progress has 
been made, and there is still much to do. The time has 
never been more ideal to take the initiative to incor-
porate information visualization into the fabric of the 
library culture.

Notes
1. “Courses,” DataCamp, accessed October 25, 2016, 

https://www.datacamp.com/courses.
2. Ryan Nelsen, “Best Practices for Killer Data Visual-

ization [Webinar],” Customer Insights (blog), Qual-
trics, August 4, 2015, https://www.qualtrics.com 
/blog/4-best-practices-for-killer-data-visualization.

3. “Data Visualization: Best Practices In 2016,” Qlik we-
binar, accessed October 25, 2016, http://go.qlik 
.com/NAM_16_Q1_Data_Visualization_FEB25_Regis 
tration_LP.html?sourceID1=web.

http://go.qlik.com/NAM_16_Q1_Data_Visualization_FEB25_Registration_LP.html?sourceID1=web
http://go.qlik.com/NAM_16_Q1_Data_Visualization_FEB25_Registration_LP.html?sourceID1=web
https://www.datacamp.com/courses
https://www.qualtrics.com/blog/4-best-practices-for-killer-data-visualization/
https://www.qualtrics.com/blog/4-best-practices-for-killer-data-visualization/
http://go.qlik.com/NAM_16_Q1_Data_Visualization_FEB25_Registration_LP.html?sourceID1=web
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http://go.qlik.com/NAM_16_Q1_Data_Visualization_FEB25_Registration_LP.html?sourceID1=web
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