chapter 3

The Art of Information
Visualization
Perhaps a better title for this chapter would be the “Artistry of Information Visualization.” While lots of applications will present data in
an attractive format, the artistry of InfoVis requires that we understand the design principles that enable communication between the
designers, the data, and the viewers of the final interactive graphic.
We review just a few fundamentals of graphic design. Naturally
it wouldn’t be wise to attempt all of the graphic principles in a single
reading. Nevertheless there are some common principles that will facilitate communicating with graphic designers and be a bridge between the aesthetics of visualization and data.
The fundamentals include typography, color theory, and composition. The approach to each of these differs significantly between
the graphic designer and the computer programmer (Hartley, 2017;
Polgar, 2017). The former builds on the rich history of visual communication and languages, with all the craftsmanship one expects of
an expert. With concomitant skills, the latter codifies the representation into a version suited for computers. Presenting data to be interpreted, to be explored, to be felt viscerally and emotionally requires
a dedication to truthful representations of the data, encouraged by
the appropriate graphic representation for the experience. We seek
a coherence between the viewers’ aesthetic experience expressed
through our choice of composition, typography, and color, and the
sense of the data to facilitate explanation, exploration, and exposure
of new, interesting events.

Composition
Around the world, history demonstrates abiding efforts to systematize the structure
of art and proportions of beauty. Seemingly every ancient culture left signs of its
integration of mathematics with nature to create objects and images of beauty.
As early as the sixth century in China the “square script” (figure 3.1) was created
to be easy for the layperson to master (Nanyang Technical University, 2017). By
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systematizing the stroke order in a square frame, with eight inner triangular areas,
writing became easier to learn, to critique, and to share the aesthetic experience of
writing across the Sui and Tang dynasties (Zhao & Baldauf, 2008). The result was
“scholar-officials”—men who demonstrated vast knowledge of literature, calligraphy, religion, morals, and ethics, who were tested repeatedly to become powerful
officials of the state (Metropolitan Museum of Art, 2004).

Figure 3.1 Early example of systematizing ideographs to facilitate
learning and reading. https://blogs.ntu.edu.sg/hss-language
-evolution/wiki/chapter-17/

The powerful effects of systematizing how to create and how to read visual
arts cannot be understated.
Perhaps a most famous example is the ancient Greeks’ golden mean, or golden
ratio (figure 3.2; Livio, 2002). This is a proportion between parts of a whole image
where one part is in proportion to the other part, leading to a ratio of 1:1.618 (actually 1.6180339887). The ratio of a box with proportions b:c to a:b is the same
as a:b to a:d. The same ratio can be expressed in as a logarithmic spiral. Both
these expressions of proportion find physical and artistic expression in all fields of
graphic and architectural work.
Swiss-French architect Le Corbusier (1887–1965) incorporated the spiral version of the golden mean in some of his architecture. Like many modernists, he
echoed the naturalist tendencies of Renaissance artists/craftsmen, such as Albrecht
Dürer (1471–1528) or Leonardo DaVinci (1452–1519)—modeling their technical
work (Greek technē, τέχνη, or man-made craft) on proportions of nature (Moulis,
2010), very often on the proportions of the human body (figures 3.3a, 3.3b, and 3.4).
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Figure 3.2 Early Greek systemization of proportions in a conscious pursuit for
“beauty.” Courtesy of the author

Figure 3.3a Systemization of design using “natural” proportions based on
the human body. Proportion study of a woman, from the front. Albrecht Dürer
(1471–1528), Hierin̄ sind begriffen vier Bücher von menschlicher Proportion,
1528. FA 6470.202, Houghton Library, Harvard University. Public domain;
FA 6470.202, Houghton Library, Harvard University
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Figure 3.3b “Geometrie & Perspektive & Instrument,” Der Zeichner der Laute—
Instrumentelle Methode zur Herstellung eines zentralperspektivischen Bildes.
Public domain; Deutsche Fotothek

Figure 3.4 Le Corbusier, Humanité, 1945.Le Corbusier’s Humanité guide based
on human proportions. https://www.amazon.fr/Modulor-2-Fondation-Corbusier
/dp/3764361883
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The industry of graphics has settled on a handful of principles that facilitate
graphic production. I see the trend deriving from the end days of German modernism (Heller & Fili, 1998), around the 1930s, and settling in as a standard for
graphic production after Müller-Brockmann’s 1996 Grid Systems in Graphic Design (figure 3.5), coincidentally bolstered by the rise of the computer’s monitor’s
x, y coordinate grid (Lunenfeld, 2000). (The reader will forgive the extreme reductionism of identifying a single movement among countless that influence our
visual topography.) By the end of this movement, around the 1930s, the style of the
day had developed from a highly symmetrical, floral-oriented design toward larger
main elements, smaller color pallet, and the idea of repeating a visual theme . . . but
repeating it either in tremendous quantity or by reducing it to a sequence of three
(Meggs & Purvis, 2016). The Plakatstil (poster style) returned to Western design
motifs in the 1960s, 1970s, and early 1980s, in American posters, of which the
posters of David Lance Goines may be most iconic. It is arguable that the principles of design, derived from modernism and promulgated in the revival of posters
and mathematical models of typography design, establish the visual topology and
typography we adopt unthinkingly.

Figure 3.5 Müller-Brockmann’s Grid System dominates and guides contemporary
visual expectations. http://olympiagraphics.com/wp-content/uploads/grid-systems
-img-3.jpg
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When teaching design composition for posters and for websites, there are
some introductory rules based on the above discussion. One is the “rule of thirds.”
This equates to (no more than) three colors in the design, three typefaces, and three
display areas in a design composition (figure 3.6).

Figure 3.6 The rule of thirds (left), and applied to a screen design (right). The
numbers show the percentages of where people scan first when reading an image.
https://www.interaction-design.org/literature/article/the-rule-of-thirds-know-your
-layout-sweet-spots

The computational ease of design and replication exerts long-studied impact
on theories of interpretation, of reality and simulacra, and of authenticity. Perhaps
the popularization and ubiquity of easy computer-aided design templates have
helped restrain design mashups with an easy and personalized rule of three.
Other common layouts combine examples from the history of art and from
modern poster design (figure 3.7).
Having determined a framework for the composition, the next step is to determine how to tell the story of the data through the placement, shape, size, and differences, to form a coherent, visually attractive, and data-appropriate layout. As a
starting point, here are some common approaches, knowing the design will evolve
as we integrate the data, user needs, and computer technology.
A trend emerging in InfoVis favors a composite design. Figures 3.8 and 3.9
show some common layouts where the composition is driven first by the functionality of the graphic area. Usually these designs have three major functional areas: a
graphic, user control panel for interacting with the data, and a graphic display area,
exposing the details on demand.
In these functional divisions, the main area is used for the visualization. These
graphics consist of realistic images, recognizable maps, icons, drawings, and for
abstractions particularly, a set of visual primitives (dot, line, square, rectangle,
circle) that are akin to words (semantic elements). Their composition parallels
syntax. Together they start the “visual storytelling.” Recently both business and
research articles have turned to the idea of storytelling, or using visuals to communicate with others. Systems analysts and other technical fields have long relied on
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imagery ranging from highly complex network and data flows to icon-laden simplifications, called user system diagrams, that introduce new ideas to non-technical
staff (Knaflic, 2015).

Figure 3.7 Common poster layouts. Courtesy of the author

Figure 3.8 Common contemporary layouts for information visualization. Courtesy
of the author

The Art of Information Visualization

info visual.indb 37

37

12/13/18 3:37 PM

Figure 3.9 From a small vocabulary of visual semantics (“primitives”), we construct
a visual sentence by adjusting the visual syntax: sequence, size differences, distance;
associating links and clusters to aid interpretation. Courtesy of the author

Weighing the functional areas of the design is helped by practicing decomposing and critiquing existing designs (figure 3.10).
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Figure 3.10 Decomposition of an information visualization. On the left appear
functional regions of the graph; on the right, a long “control panel” to host
interactive controls (checkboxes, sliders). Courtesy of the author

Visual Elements
Next, we consider a systematic listing of placement and critique that ensures we
have reviewed composition contributors to the story of the data.

•

Unity/Harmony
o	
Proximity: sensible spacing between elements
o	
Similarity: repeating an element with other similar ones
o	
Continuity: prolonging a line or pattern
o	
Repetition: copying items or units repeatedly
o	
Rhythm: successful when a position, size, or recurrent color as well as
the use of a graphic element have a central point of interruption
The Art of Information Visualization
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Figure 3.11 Systematic review of patterns, color, placement, and source data.
Courtesy of the author

Figure 3.12 Unity/harmony of positioning visual elements. Courtesy of the author
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•

Equilibrium
o	
Symmetry: elements on each side of the axes are positioned in a symmetrical fashion
o	
Asymmetry: elements on each side have a different shape but create a
visual equilibrium
o	
Circularity: elements are positioned to create a circular form

Figure 3.13 Assembling design areas based on principles of symmetry/
asymmetry. Courtesy of the author

•

Hierarchy
o	
Tree structure: elements are ordered according to a structure with a root/
trunk, branches, and sub-branches
o	
Parent-child relationship: elements are distributed among themselves in
a parent-child relationship
o	
Size: elements of the same thickness belong to the same hierarchical position class

Figure 3.14 Various trees and equilibrium designs + color. Courtesy of the author
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Figure 3.15 Graphic examples of representing hierarchies of data relationship.
Courtesy of the author

•

Scale/Proportion
o	
Size: elements of different sizes are related to each other
o	
Ratio: elements are linked by a ratio, creating a visual harmony
o	
Divisions: multiple focal points for the elements, creating a sense of
composition

•

Dominance/Accenting
o	
Highlighting: breaking the visual hierarchy by using a different shape to
accentuate an item
o	
Color: distinguish an element from a series of similar forms
o	
Size: the elements have different sizes, permitting the reader/viewer to
focus on a particular part of the visual story

•

Similarity/Contrast
o	
Lightness/shadow: a clear separation between the foreground and background, contrasting the elements
o	
lines/shapes: varying the texture and forms of the visual elements (“visual primitives”) to effect a contrast
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We tell the story of the data through our choices of these design elements and
their construction—their placement within and among each other.
Typography
Typography has been subjected to similar attempts at systematization. Returning
to the Dürer example, we see his mapping of letter forms to the human form.
The French seventeenth-century Imprimerie royale (later impériale) applied a grid
system to establish a logical model for print (figs. 3.16 and 3.17). Today, arguably,
the most influential type systemization is from the Neue Typographie movement
(Tschichold, 1928), motivating the International Style of the 1960s, perhaps culminating in modernist and postmodern typefaces, such as Univers (Adrian Frutiger,
1954) and the ubiquitous Helvetica font (designed by Max Miedinger and Eduard
Hoffman, 1957). By adjusting the width and angle like a math problem, typefaces
can be manipulated quickly into various font widths (bold, condensed, black, ultra
condensed; not unlike the MultipleMaster digital font format).
But note that contemporary font files include the entire history of typography—from traditional book fonts such as Garamond and Jenson, Caslon and
Trajan, to modern representations and recuts such as Myriad Pro, Gill California,
and the various Garamond recuts, as well as modern ligatures, increasing the aesthetic possibilities.

Figure 3.16 Renaissance systemization of typography: Dürer’s
“Of the just shaping of letters.” https://www.gutenberg.org
/files/37103/37103-h/37103-h.htm
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Figure 3.17 Systematizing the teaching of writing, from Diderot and d’Alembert’s
Encyclopédie, Paris, 1751. Courtesy of the author
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Three Fonts . . .

The rule of thirds applies to fonts, too.
The use of fonts is more subtle than one might imagine at first glance. The extreme subtlety of detail when designing fonts contributes to an equally subtle affective
impact on a design. The choice of fonts also contributes more evidently to legibility.
To a graphic designer, the choice of font contributes to the overall design, addressing
more than legibility because the design is tempered with sensitivity to the limitations
of the output device (monitor), size of the font, and the overall aesthetic tone.
Does this matter in InfoVis? Indeed, it does! Experience shows that both neophyte designers of visualizations and commercial visualization applications often
overlook the role that type plays in legibility, aesthetics, and meaning construction.
Yet the most successful visualizations are those where the details of data, design,
and aesthetics are in harmony, and the interactivity allows the end user to understand the explanation and to explore.
Turning back to fonts in our designs, the rule of three applies to the choice of
typography, too. In design practice, there is usually a heading font, body text, and
then a font for details. For instance, we might choose Avenir Next Bold for a title,
Avenir Next for the body text (not bold, to be a second font), and Garamond for
details, the third (figure 3.18). Even though two of the roles (title and body) are the
same font name, one is bold and the other is regular. This equates to two fonts. It
is common, too, to use a serif font for a title and then a sans serif for the other two
(or vice versa). Learning which fonts to use comes only from practice and studying
examples. Figures 3.18 to 3.22 represent application of the rule of three to type,
underscoring the heading or title font, subtitle, and body font styles. Figure 3.19
shows Chinese fonts, while figures 3.20 to 3.22 are all interpretations of the same
message in Arabic. Each varies by the choice of title, subtitle, and body text styles.  
There are many websites that demonstrate trends in taste about types and make
useful comparisons. Visit these commercial and popular sites for examples: Mono
type (https://www.monotype.com/blog/), typeconnection (http://www.typeconnec
tion.com/matches.php), Typewolf, a favorite (https://www.typewolf.com), and Just
My Type (https://justmytype.co). For a fun historical review, see 99designs (https://99
designs.com/blog/design-history-movements/history-of-digital-fonts/), and for a
complete web-oriented manual, see the Web Style Guide (http://webstyleguide
.com/wsg3/8-typography/4-web-typefaces.html). Given that our visualizations
may be web-based, it is a pleasant adventure to visit web fonts (.woff) to see how
they may work in your computing environment (https://www.w3schools.com
/howto/howto_google_fonts.asp).
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Because there is a vast literature sharing the beauty of typography, it would be
a foolish enterprise to attempt to describe all things typographic in this context. It is
nevertheless useful to share a few fundamental terms for describing type. Readers
are encouraged to explore the wonderful world of type online and in print.

Figure 3.18 The headline and subhead are sans serif fonts to emphasize
legibility from a distance; the body text is a popular serif, Garamond, for
attractive reading up close. Courtesy of the author
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(a)

(b)

Figure 3.19 Two layout traditions: horizontal and vertical text. In (a) the text, like
figure 3.18, uses a highly legible sans serif version of simplified Chinese. A traditional
vertical layout is shown in (b). The traditional feeling of this design is supported by
the display font, square or clerical writing. Courtesy of the author
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Figure 3.20 Example of the rule of three for Arabic; Naskh is the title and Kufic,
a traditional style, is displayed in a stretched style, Kashida. Courtesy of the author

Figure 3.21 Here the tone of the graphic is shifted by using Tuluth,
considered a very beautiful style, for the title and retreating from the
stretched style of the Square Kufic, lessening the stateliness of the
graphic. Courtesy of the author
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Figure 3.22 Here the title is assigned the noble Square Kufic, as one might in the
West select a bold style. Courtesy of the author

Type Classification

The major division between fonts is serif and sans serif; after this, the categories
of type really vary. There is no universally adopted standardized description of all
types, but within the two major divisions there are convenient groupings. Some
computerized fonts are copies of earlier handmade type designs (or book faces).
The Art of Information Visualization
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There are also modern reinterpretations of book faces, that is, slight modifications
of traditional designs to accommodate new technologies, such as new printing
presses and, of course, the computer.

Color
Color sets the tone and expectations of what we view as much as it impacts legibility and cognition (Isenberg, 2014). It follows that when designing an information visualization it is important to reflect on our color choices. Most commercial
products, however great they may be for data analysis and facilitating creating
useful charts, do not allow the end user to control the choice of color or the composition of the final product. The emphasis of these products seems to be to remove
the challenge of creating a visualization in order to focus on the data. Yet for our
purposes, a designer of a really successful visualization understands the application of color as a contributor to interpretation and a guide for the user. Equally, the
designer knows how to explain the limitations of powerful commercial tools when
the colors are assigned automatically by the application.
As we have already noted, the use of color and a lighter hue of a color helps
end users see degrees of strength and degrees of relationship between graphic elements and the surface image of the underlying data. But what is even more interesting is that, computationally, we can manipulate the color expression by the
computer to reflect easily these relationships and the data. For example, imagine
we are using the color red to demonstrate a group of shared data. A lighter hue of
red is used to suggest a relationship among visual elements, but with a less strong
bond. The color red is represented by the software as in the RGBA model (red
green blue alpha) as rgba(255, 0, 0, 1). The values range from 0 to 255, to create
256 total discrete values. A lighter shade is rgba(255, 204, 204, 1). Notice that we
can map the data that shows the relationship to the visual expression of that relationship, and do so easily in the code we use to create the visualization. Imagine,
then, that as an end user offers other input, the relationship of the data may change
and we can easily update the rgba colors to reflect those changes in the data. A
knowing integration of the user input, the data being updated in response, and the
visualization recalculating its color values demonstrates the kind of tight unity of
the whole for really engaging the end user.
For a monochromatic color scheme, figure [data + color model] we cycle
through data values using a script. We can alter the color opacity as a way of reflecting the increasing value of the underlying data. For instance, say we have a
dataset consisting of an array mydata = (10, 20, 05, 100). For each data value, we
change the color (e.g., 10% opacity, 20%, . . . 100%):
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Some visualization texts focus on the biological aspects of color and vision. As
we age, the retina’s sensitivity to color changes. Our eyes become less responsive
to color in the blue range, shifting the interpretation of the color toward yellow.
Color there raises questions about the suitability of screen designs, messages, and
signage, and provides an extra basis for evaluating the suitability and effectiveness of our color choices. From the theories of color we have several standards
to describe a “color space,” among them, primary/secondary/tertiary colors, and
complementary/analogous.

•
•
•
•

Primary colors: red, green, blue.
Secondary: green, orange, purple.
Tertiary: yellow-orange, red-orange, red-purple, blue-purple, blue-green,
yellow green.
Adding white to any color creates the “tint”; adding black, the “shade”;
gray creates the “tone.”

When considering color pallet, besides the affective and aesthetic question,
the data themselves contribute to the choice. In figure 3.23 the data to be displayed
are binary (yes|no, 0|1), in categories, sequential, and combinations. For each data
example, there is a color pallet consisting of monochromatic, complementary,
analogous, and high-contrast versions.

Choice of Color Pallets

Graphic designers of print materials rely on the Pantone Matching System (PMS)
for precise identification of colors for their work. PMS applies, too, in computing
settings. Adobe Illustrator (now part of Adobe Creative Cloud) provides the user
with colors expressed as PMS, rgb, hue-saturation-brightness, and hexadecimal
triplets (e.g., #ff0000). This means the designer using these tools easily understands the computationally based expression of color. Yet the designer still must
consider the tone of color that supports the desired aesthetic tone of the visualized topic.
The Art of Information Visualization
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Figure 3.23 Data and color models: monochromatic, complementary, analogous,
and contrast. Courtesy of the author

Online we find many guides, such as Canva (https://www.canva.com
/learn/100-color-combinations/) for combinations and Palleton (http://paletton
.com) for helping us identify color combinations according to a variety of computer codes and demonstrations.
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