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Data visualization is generally defined as the graphical representation of quan-
titative data related to virtually any subject or discipline—from business, engi-
neering, and science to medicine, social science, mathematics, and statistics. Data
displays appear in a wide range of communications: technical reports, journal
articles, PowerPoint presentations, feasibility studies, annual reports, newsletters,
and popular media, as well as in everyday documents like energy bills, invest-
ments statements, dashboards, and health and fitness records.

Data design can be classified into three basic plotting systems: rectilinear
grids (bar charts, line graphs, scatterplots), circular configurations (pie charts, po-
lar charts), and maps (Yau, 2013, pp. 104-107), though other classification systems
have been proposed (Desnoyers, 2011). Robert Harris (1996) provided a detailed
compendium of the hundreds of display genres used in the late 20th century,
and since then, with the emergence of digital and interactive designs, many new
and hybrid forms have begun to appear. However, traditional genres such as bar
charts, line graphs, pie charts, maps, and scatterplots continue to be among the
most popular forms of data design. Several of the genres commonly used today
appear in online compendia (Eppler & Muntwiler, 2022; Ferdio ApS, 2021; Ri-
becca, 2023).

'The history of data design has unfolded primarily in the past 300-400 years.
Although rare earlier examples exist, graphical displays emerged in the 17th and
18th centuries as a means to chart weather and other scientific data and even-
tually to visualize engineering data. In the late 18th century, William Playfair
(1801) applied graphical techniques to chart economic data, and during the so-
called “golden age” of data design (Friendly, 2008; Funkhouser, 1937, p. 330) in
the second half of the 19th century, visualizing data about population, health,
and other human subjects developed rapidly, along with new forms, techniques,
and genres. These developments coalesced with the creation of national atlases,
most notably in the US and France, that visualized statistical data about nation
states (see Kostelnick, 2004). Figure 8.1 shows a series of charts (mosaics) from
the first Statistical Atlas of the United States (Walker & U.S. Census Office, 1874)
that use rectilinear areas to show the relative populations of states and territories,
arranged from smallest to largest.

With the emergence of modernism in the early 20th century, charts and graphs
were simplified to create stronger visual impact and to appeal to larger public au-
diences (see Sloane & U.S. Bureau of the Census, 1914). At the same time, as data
design began to establish a global presence, many additional discipline-specific
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forms began to appear to show scientific, engineering, business, and medical data.
In the later 20th century, digital tools enabled the rapid proliferation of data
design, allowing anyone with the basic software to generate charts and graphs.

For most of data design’s history, charts and graphs have appeared in static
paper form, whereby audiences interpret one fixed and immovable version. How-
ever, with the advent of interactive digital design, charts displaying quantitative
data began to give users greater control by enabling them to choose which data
to visualize, to modify the graphical display (genre, color), and to mouse over
data points for additional details. This kind of display radically differs from static
designs by giving users greater agency (Rawlins & Wilson, 2014).

'The history of the early development of data design has been documented
by H. Gray Funkhouser (1937), and the key graphical inventions and the pioneer
designers who created them have been charted by Michael Friendly and Daniel
Denis (2001-2018) in their website Milestones in the History of Thematic Cartog-
raphy, Statistical Graphics, and Data Visualization. In addition, historical studies
of genre, science, statistics, and mapping appear in Visible Numbers: Essays on the

History of Statistical Graphics (Kimball & Kostelnick, 2016).
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Figure 8.1. Mosaic charts from the Statistical Atlas of the United
States showing the composition of the population of states and
territories (Walker & U.S. Census Office, 1874, Plate XX). Courtesy
of the Library of Congress, Geography and Map Division.
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Data visualization has many contested areas, beginning with defining the
kinds of images that actually fall within its realm, which can vary from one the-
orist or practitioner to another. Because data visualization can include virtual-
ly any image that represents “data” about some phenomenon, defining what fits
within its boundaries can be a bit murky. Some visuals like pictures are usually
not considered within the realm of data visualization because they typically don't
represent quantitative data, though even pictures can be used for this purpose, es-
pecially when aligned in a series for comparison. Also typically outside the realm
of data visualization are textual displays like diagrams, infographics, and organi-
zational charts, though tables sometimes appear adjacent to graphical displays to
provide precise numerical values. However, data visualization primarily refers to
the graphical display of quantitative data.

Another area of debate concerns whether data visualization should be guided
by perceptual principles or rhetorical factors. Many theorists and practitioners
focus on perceptual efficiency: what forms audiences (or users) can most eas-
ily and efficiently process. For example, perceptual issues include the benefits
and drawbacks of certain forms of graphical coding (lines, angles, areas, volume,
gradients), which have been measured empirically (Cleveland & McGill, 1984;
Heer & Bostock, 2010; see also Cochran et al., 1989; Macdonald-Ross, 1977).
Other perceptual issues include “preattentive processing” (what users see in an
instant), color recognition, and Gestalt principles (Few, 2012, pp. 66-68, 75-86).
In the realm of digital media, perceptual issues include the effects of interactivity
and animation (Fisher, 2010) on users’ visual processing.

From a rhetorical perspective, these perceptual elements affect clarity, which
is critical to any effective display; however, other aspects of audiences’ interpre-
tations also matter rhetorically: genres and their ability to meet audience ex-
pectations (Kostelnick, 2016a), ethical issues created by distortions or by lack of
empathy (Dragga & Voss, 2001), emotional responses aroused by color or other
graphical cues (Kostelnick, 2016b), agency afforded by interactivity (Rawlins &
Wilson, 2014), and cultural and ideological influences on designers and on their
audiences’ interpretations (Barton & Barton, 1993a; Battle-Baptiste & Rusert,
2018; Brasseur, 2003; Li, 2020).

'The perceptual and rhetorical approaches, however, need not be viewed as
conflicting with each other. Indeed, they can complement each other as well,
with the perceptual approach providing universal guidelines that guide function-
al communication and the rhetorical approach enabling designers to adapt their
displays to specific audiences and situations.

Another distinction is often made between presentation charts, which are
intended to inform or persuade audiences, and analytical charts, which are used
as discovery tools to find hidden patterns in the data (see Fisher, 2010, pp. 338-
339). Presentation charts are simpler and more explicit, while analytical charts
are more complex, creative, and provisional. This dichotomy makes an important
distinction about the data designer’s processes and intentions: On the one hand,
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the designer carefully controls the data and the graphical elements in the display
to ensure a good fit with audience and purpose, and on the other, the designer
tries to model data with whatever tools and fechnology are available, with mixed
and unpredictable results.

However, distinguishing between these two types of data design can be prob-
lematic, given the variations among audiences. A presentation chart that might
be direct and compelling to one audience might be elementary or redundant to
another; conversely, an analytical chart that’s confusing and incomprehensible to
one audience might be transparent and engaging to another. Nonetheless, the dif-
ferences between these two modes of design are conceptually and operationally
valid, with one emphasizing communication and the other emphasizing discovery.

Data designers often differ in their views about embellishing charts and
graphs. Overly embellished charts, labeled “chartjunk” by Edward Tufte (1983,
pp. 107-121), can impede clarity, and many data designers advise against exces-
sive ornament. Modernist aesthetics also reinforced the minimalist approach to
design, epitomized in the abstract pictographic system of Otto Neurath (1939).
However, charts designed for popular media (e.g., those of Nigel Holmes, 1984)
often contain illustrations and other embellishments to signal the subject of
a given display and reveal its primary message. Moreover, with the advent of
digital design, the uses of color and other non-data graphical elements have
increased. So on the one hand, the purists prefer lean charts that reveal plenti-
ful data as transparently as possible, while the artists see chart design as a way
of engaging audiences, often those unmotivated to explore data. Both of these
approaches have their place in data visualization, and the creativity of contem-
porary interactive design often bridges the two.

Ethical issues have long pervaded data design, though theorists and prac-
titioners have defined them from several perspectives. Data design in popular
media has been especially scrutinized because of deceptive practices, some of
which Tufte (1983) demonstrates with his “Lie Factor,” whereby perspective, vol-
ume, and area are misused (pp. 53-77; see also Brinton, 1914, pp. 20-27). Other
examples of what are considered flawed (and potentially unethical) practices
include starting the Y-axis scale above zero, stretching the plot frame vertically
or horizontally to emphasize (or de-emphasize) trends or relationships, and us-
ing a double scale on the left and right sides of the plot frame. However, these
methods might also be used ethically depending on the audience and situational
context for a given display.

Data design can be evaluated according to general ethical principles (Kienzler,
1997), in relation to power and gender (D’Ignazio & Klein, 2020), as well as on its
ability to project empathy and emotion (Dragga & Voss, 2001). However, the in-
tentions of designers rarely matter, as designers are held accountable for displays
that mislead their audiences. Still, ethical standards for data design vary, even for
communications like annual reports, financial statements, and risk assessments,
where charts and graphs might influence the audience’s decision-making.
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Data displays enable audiences to perceive the big patterns as well as explore
the details, to see both the forest and the trees. Tufte (1990, pp. 37-51) described
these two viewpoints as the “macro” and “micro”levels, and Ben Barton and Mar-
thalee Barton (1993b) analyzed the differences between the “synoptic” and “an-
alytic” ways of viewing. The macro-level (synoptic) view allows audiences to see
the data patterns az a glance. As Playfair (1801) claimed early on in his pioneering
work, charts and graphs enable us to perceive data “under one simple impression
of vision,” which makes them superior to tabular displays of data (p. x). Along
similar lines, Jacques Bertin (1981) demonstrates the perceptual power and im-
mediacy of our ability to “SEE” data graphically as opposed to interpreting data
piecemeal (pp. 178-179).

Although the macro-level, big-picture view has always been touted as the
most beneficial in visualizing data, ideally a chart should also allow users to
explore data in detail and with precision at a more deliberate pace. Balancing
these two levels of viewing creates challenges for designers, especially those
working in print: gridlines, data labels, and more minute graphical coding can
compromise macro-level processing, and space limitations can curb micro-level
viewing. Interactive charts can address these problems by providing access to
both levels through multiple viewing options. Because interactive charts afford
user control over which data to display, they typically allow for both macro- and
micro-level viewing.

Figure 8.2 shows an interactive animated scatterplot that uses both the
macro- and micro-levels to visualize the relationship between life expectancy
and income in countries around the world (Rosling et al., 2021). Users can see
the big picture by viewing the animation of all countries over a span of over 200
years, or they can explore the details by stopping at a given year or by selecting
a specific country from the menu on the right. Although creating interactive
displays has heretofore been confined to a relatively small number of designers,
software programs like Tableau (2023) are making interactive data visualization
increasingly accessible.

'The sprawling domain of data visualization is rapidly evolving and expanding
as it shifts from print to digital forms, integrating the old and the new, generating
hybrid forms, and sometimes reviving past forms. Currently, these developments
are reshaping audiences’interactions with charts and graphs. In the future, digital
design will likely generate novel and creative forms that will enable audiences to
explore large data sets in stimulating and productive ways. At the same time, these
new and inventive forms will challenge audiences perceptually and rhetorically, as
audiences may have to experience a learning curve as they try to interpret them.
However, audiences will be richly rewarded for their patience and interpretive
flexibility. Digital design will also become increasingly dynamic in the future, as
fluid data sets will be constantly replenished, giving audiences continuous visual
access to the numbers. The data sets underlying these visualizations may be raw
and unfiltered, but they will also be supple and timely.
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Figure 8.2. Gapminder animated scatterplot showing the relationship
between life expectancy and income for people in countries around the
world over the last two centuries (Rosling et al., 2021). Free material

from www.gapminder.org. CC BY GAPMINDER.ORG.

Opverall, then, by visualizing patterns, trends, and outliers, data design enables
contemporary audiences to perceive quantitative aspects of the world around
them in highly accessible forms. Data visualization is especially valuable in the
field of technical communication, where facts and data must be communicated
clearly and efficiently to both professional and lay audiences.
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