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There is a lifetime of study in understanding viquerception and the representation of
guantitative information and far more content than be presented in a short paper or
presentation. Reports, dashboards, and interaBtidesplays all share the same issues of the
most optimal way to present information so thatfibrms users and supports decision making.
In this brief overview, we will highlight three keypncepts:

» Bl reports and dashboards should be viewed prignasicommunication devices and
both the principles of human cognition and the sesdhe individual user should help
guide their proper use.

» Bl reports and dashboards are used either in thieetion of data or in the explanation
of data.

* It's much easier to misuse Bl tools than to usentieell.

Computers are very powerful tools for manipulatenge sets of data and performing all kinds
of mathematical operations including aggregatiovisthn, correlation, regression, K-means
attribute clustering, Markov Logic Network constiioa, and more. However, it turns out that as
human beings, we’re not terribly good at seeingcisjand translating them into numbers.
Indeed, once there are more than about seven athorg, we have a hard time counting
exactly how many there are at a glance and seitlenowing that there are “a whole bunch”.
We're even worse at visualizing basic mathematpairations like addition, multiplication, and
division. Visualizing complex mathematics takesemtendous amount of time and practice, and
like juggling while riding a unicycle, the averagerson can’t do it easily. We humans are good,
however, at other things as our brains automagicadérpret raw visual data and dynamically
adjust the values of colors and the size and aetg¢ionship of lines. We're good at
understanding moving objects and motion in gen&ralte good at navigating landscapes; we're
superb at recognizing patterns. In fact, we’'re @odgat recognizing patterns that we insist on
seeing them even when they're not there and oérse to acknowledge a new pattern that
violates an existing pattern. Our brains are om@difor helping us survive in the wild, but not
for deciphering Bl dashboards and reports.
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The effective implementation of Bl systems requlveth knowing the basic principles of data
communication and thinking critically about whausing a Bl system, how they are using it, and
what their needs and goals are. In his seminal wadtke Visual Display of Quantitative
Information”, Edward Tufte emphasizes five key piptes:

* Above all else show the data.

* Maximize the data-ink ratio.

» Erase non-data-ink.

» Erase redundant data-ink.

* Revise and edit.

If Tufte’s advice is to be followed, no informatidimat is not absolutely necessary for the
contextual understanding of the data will be degicThe general rule for Bl displays is that less
is more. Eliminate as much visual clutter as pdesabd let the data present itself as simply as
possible.

When precise values are required, it's generaltieb& show numbers in text rather than as a
visualization of some type. Eliminate grid linedables or render them in a light grey. Basic
tables are best used for data look up, not for dataparison. Other visualizations including
charts and graphs are useful in comparisons amerpaecognition.

There are two books in particular that offer clead accessible information on visual
processing” “Visual Intelligence: How We Create Wiiée See” by Donald Hoffman and
“Information Visualization: Perception for Desighy Colin Ware. These books provide the
scientific justification for the summary statemeimshis paper and our presentation.

While every school child is exposed to opticalsitins and the ancient Athenians distorted
virtually every edge and angle in their Parthermmbke them appear straight to the human eye
more than 2500 years ago, we forget presentationf@imation must be designed carefully
according to the way it is perceived.

Many of the built-in data visualization tools ligeaphs have suffered recently as computers
became more powerful. Software designers forgdtdhta visualization is a representation or a
visual metaphor and the emphasis should be on mékas easy as possible for people to
interpret and understand the information consitemtd accurately. Instead they got sidetracked
by trying to represent physical objects, repliogittockpits and physical dashboards designed for
very different purposes, and by adding unnecessesign elements unrelated to analytic
communication needs. The best example of thissisifie of three-dimensional renderings of pie
charts, bar graphs, and line graphs. Three-dimeakirenderings not only do not add any
guantitative content that is not present in two-nsional renderings, but they misrepresent and
distort values in order to add the illusion of dept
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Bar Chart: Bar charts depict the value of nomirsgadBar charts should start with zero and
use a consistent scale (either linear or logarithiihe scale should be clear, particularly if a
logarithmic scale is used. Bar charts are often isecomparison of the value of data items in a
group with one another. Bars should be depictadasiimensional objects.

Pie Chart: Pie charts are used for the compan$dtime size of individual data items in a set
with the size of the whole set (most typically asgentages totaling 100%). Pie charts are not
effective when too many items are included (moestbeven or eight) and are best used for
approximate relationships. Data visualization gBtephen Few recommends avoiding the use of
pie charts all together. Pie Charts should nevetdpécted as three dimensional objects since the
relative size of pieces of a pie are distortedctueve the illusion of perspective.

Line Chart:  Line charts are best used to depjteern over a continuous range (such as
time). Unlike bar charts, line charts can be valwgtin a range to highlight more granular

detail without distorting the meaning of the chamy time a different data range is used, it
should clearly marked. Line charts should maintarectangular shape (roughly according to the
Golden Proportion or approximately 5:8). If the itha excessively tall and narrow, the data will
show an excessive amount of change. If the chattogt and wide, the change will be
minimized.

Scatter Plot:  Scatter plots depict single pointhatintersection of two values, one along the x-
axis and the other along the y-axis. Scatter atsrepresent hundreds of individual data points
and are use for seeing overall patterns in the aoisgn of two variables. Trend lines are often
added to scatter plots.

Bubble Chart: Bubble charts are special type oftscalots in which the size of the data point is
representative of a third variable. Bubble chareatly reduce the number of individual data
points that can be depicted.

Color is a powerful visual clue and should be usaasciously and sparingly. Colors will stand
out immediately against a plain background buteasily be missed when bright and overly
garish colors dominate the screen. The over radiafbright colors is a major drawback of
many Bl dashboards and reports as bright colorsldlanly be used in exceptional situations to
call attention to unusual circumstances. Approxetyat0 % of men and 1-2% of women have
some form of color blindness. Red/green is the rmostmon form of color blindness. Designs
requiring the distinction of red and green are be&sided for general use. The more color is
used, the less effective it is. Soft, muted coyessrecommended for the vast majority of
visualizationswww.colorbrewer.conoffers several selections of color palettes that a
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professionally designed. While Color Brewer wasglesd with map interfaces in mind, its color
palettes are also good for most dashboard designs.

Motion draws the human eye more effectively thae,sshape, color, pattern or any other visual
characteristic. It is now possible in many dashbaystems to imbed scrolling messages and
incorporate moving displays of data. These displajiscommand attention and if the user
requires constant monitoring of changing data, teeybe extremely effective. However, using
motion can also be distracting and call attentiaayafrom other important features of the
dashboard interface. Make certain that motion @isgly used so that the dashboard doesn’t
become distracting and annoying to the user comiyuni

Most tables can be immediately improved throughrémeoval of unnecessary gridlines. When
tables were hand-drawn, gridlines enabled peopkeep their columns and rows straight.
Alignment is a more effective organizer of informatthan is the use of unnecessary gridlines.
Place related information in close proximity and\pde space between unrelated data. This will
help the user understand the layout of tables rihane trying to separate information through the
use of lines. Highly contrasted display styles akso differentiate between different data sets.

The sheer amount of data available through mostyBiems begs for the inclusion of a search
interface on most table layouts. Requiring usetsutat for specific entries can often be easily
avoided with a search interface that is surprigimgissing from many large implementations.
While massive tables can be displayed, requiriregsu scroll excessively should be avoided. If
scrolling is unavoidable, make sure that titles hedders are locked so that users can
immediately see what the entry is associated witimy tables suffer from the display of too
much detail. Particularly for budgets and forecagien future values are estimates, excessive
detail not only clutters the interface, it impl&sevel of precision that cannot exist.

Conditional formatting asks the system to applgranfit such as a background color to a table
cell based on the results. This can vastly imptboeeuser’s ability to recognize a significant
value as color draws the eye very effectively. Hegvea screen of blaring colors does little to
impart meaning. The sparing use of soft colorsmare easily attract attention to a particular
value than can a screen of bright colors. Condalidormatting is especially powerful for data
exploration when users are looking for anomaliefoppatterns in the data. Regular reports can
often be improved by removing colors that do nghhght extraordinary information. It is best
to avoid putting any text in color as it is mor#idult to read.

We all know that Bl systems provide value to orgahons only when they are used. Calvin
Mooers coined his famous Mooers’ Law and its carglin 1959.
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An information retrieval systemwill tend not to be used whenever it is more painful and
troublesome for a customer to have information than for him not to have it.

Where an information retrieval system tends not to be used, a more capable information
retrieval system may tend to be used even less.

This reminds us that there may be a natural resistéo using Bl systems in many situations.
Compounding this, when Bl systems poorly presenlistort data, they ultimately lead to
misuse, mistrust, or abandonment of the Bl sysinmper visualizations and data presentation
lead to business insights and build trust in thetesy as executives and managers begin to rely
on it and improve their decision making abilityfégtive Bl interfaces also build a more
coherent and consistent view of the business arapierational environment.

Bl implementations typically require tremendousdiand money, but also offer the potential for
significant returns in comparison with the investinia developing and deploying the system.
Most executives and managers have not had trainimgualizing data and many may also not
have had training in analysis techniques and theisialikely to do either properly by chance. In
our experience, the most successful Bl implementatifinish the project” by a stretching a
relatively modest percentage of the total projeciget over the first year of implementation. A
series of classes on visualization and data arsalyish executive users in combination with
follow sessions (often one-on-one) reinforce tHermation and ensure that Bl system is fully
leveraged by the organization. This allows useesxqmand their use of the system more
completely as what they can learn in initial tragis limited. As they gain experience, they are
able to learn more and leverage the tools in a mopéisticated and complete manner.
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