Marquette University
e-Publications@Marquette

Dissertations, Theses, and Professional

Dissertations (1934 -) Projects

Developing Accessible Collection and Presentation Methods for
Observational Data

Drew Marie Williams
Marquette University

Follow this and additional works at: https://epublications.marquette.edu/dissertations_mu

6‘ Part of the Computer Sciences Commons

Recommended Citation

Williams, Drew Marie, "Developing Accessible Collection and Presentation Methods for Observational
Data" (2018). Dissertations (1934 -). 836.

https://epublications.marquette.edu/dissertations_mu/836






18

II. RELATED WORK

Lessons about this proposed approach work can be found in the fields of data
visualization, information representation, decision analysis, computer-supported data
collection, and universal design. In this section, relevant work is reviewed in various
fields. A discussion follows about how the proposed approach builds on and moves

beyond this work.

A. Data Visualization

Work in data visualization dates back to 1786 when William Playfair created one

of the first visualizations of quantitative information. [39] Playfair preferred his charts to

Figure 2-1: Playfair’s chart of imports and exports to/from Denmark and Norway. This is often
credited as the first use of a chart in lieu of a table. [113]
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the tabular methods of data presentation of the time, as the graphics could convey a shape

of data that tabular displays could not, saying the following in particular: [40]

“...[o]n inspecting any one of these Charts attentively, a sufficiently distinct
impression will be made, to remain unimpaired for a considerable time, and the idea
which does remain will be simple and complete...” [40]

Playfair’s graphics led to the creation of classical charting methods.

Strides in the field were few until Bertin, a cartographer from France, developed
and published a theory of graphics called The Semiology of Graphics (1967) that
identified various elements of diagrams, and described a general framework for designing
graphics. [39] In the early 1980s, Edward R. Tufte published his first in a series of books
in which he discussed information visualization and displaying quantitative discoveries.
[40] Among other things, Tufte discussed requirements for graphical displays, such as the
necessity for them to show data, make sets of large numbers easily digestible, encourage
comparison, and above all reveal data. [40] In follow-up books, he discussed the use of
particular techniques — such as the juxtaposition of micro/macro sizing to reveal data

comparisons and prudent use of shades of grey instead of overuse of color. [41]

Tufte was also well-known for arguing the importance of spending time to ensure
proper information representation. [43] A well-known story illustrating the importance of
proper data analytics is that of the spaceship ‘Challenger,” and the role information
visualization played in the famous and deadly complications the shuttle met with on
launch day. In January of 1986, engineers onsite asked to reschedule the shuttle’s launch

in light of cold temperatures at the launch site. [42] These temperatures, engineers
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argued, would damage rubber seals on the shuttle, which could cause hot gas to escape
the shuttle and create a dangerous situation for astronauts. [42] NASA officials were
reluctant to delay the event, and in order to persuade NASA officials to stop the launch, a
data visualization was constructed in order to link O-Ring failure with temperature. [43]
Unfortunately, the visualization failed to convey its message effectively, and the shuttle
launch went forward — ending in the untimely deaths of all astronauts aboard the shuttle.
[42] This is, perhaps, one of the most dramatic examples of a tenant of data analysis: if
the data cannot be understood, it is virtually useless. Edward Tufte (1997) stated this in a

different manner in his work “Visual and Statistical Thinking.” [43]

“...there are right ways and wrong ways to show data; there are displays that
reveal the truth and displays that do not.” [43]

In 1977, Tukey (1977) began an investigation into the potential of exploratory
data analysis — emphasizing the ability of images to serve as vectors for quick summaries
of data. [39] Much work following this pursued the development of visualization
strategies for multivariate and multidimensional data. [39] “An initiative on scientific
visualizations” was launched in 1985, in an attempt to understand large data sets that had
recently begun to crop up in the physical sciences. [44] Systems were developed to do
more complex visualization of these data sets, and studies focused on user interaction
with huge datasets. [44] In an effort to categorize the growing number of visualizations,
Shneiderman [151] developed a taxonomy to understand them based on the task that is
being accomplished in the data visualization process. This work produced a “mantra” of

visual information, known as the “Visual Information Seeking Mantra:” [151]
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“Overview first, zoom and filter, then details-on-demand.” [151]

To this day, this remains a strong contender for the most significant rule of

interface design.

B. Big Data and Data Analytics

As computer use became more widespread, the field of information visualization
became increasingly tangled in the field of business analytics — especially as the advent
of big data lent itself to helping businesses make decisions and target customers. From
2001 until 2008, researchers developed definitions of “big data” and software
applications to handle large datasets. IBM estimates that a whopping 2.5 quintillion
bytes of data are generated daily, and as a result, 90% of the data available today was
made in the last two years. [45] This has led to the creation of industry-led visualization
projects, such as Tableau and TIBCO, and academic visualization projects to spin up

alike. [45]

Due to the impressive amount of information contained in big data datasets, new
methods of processing are often required in order to organize and understand the data
correctly. In many cases, this involves bringing additional context into the data analysis
process via the addition of metadata. Unfortunately, no standard method of metadata
storage and access exists — causing efficiency problems as people are unable to
understand what data has already been collected, and leaving individuals unable to
control access to data. [46] A number of solutions to the problem of metadata have been

offered. Hellerstein et al. (2017) suggested the use of application context, information



