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There is a lifetime of study in understanding visual perception and the representation of 

quantitative information and far more content than can be presented in a short paper or 

presentation. Reports, dashboards, and interactive BI displays all share the same issues of the 

most optimal way to present information so that it informs users and supports decision making. 

In this brief overview, we will highlight three key concepts: 

 BI reports and dashboards should be viewed primarily as communication devices and 

both the principles of human cognition and the needs of the individual user should help 

guide their proper use. 

 BI reports and dashboards are used either in the exploration of data or in the explanation 

of data. 

 It’s much easier to misuse BI tools than to use them well. 

 

Computers are very powerful tools for manipulating large sets of data and performing all kinds 

of mathematical operations including aggregation, division, correlation, regression, K-means 

attribute clustering, Markov Logic Network construction, and more. However, it turns out that as 

human beings, we’re not terribly good at seeing objects and translating them into numbers. 

Indeed, once there are more than about seven of something, we have a hard time counting 

exactly how many there are at a glance and settle for knowing that there are “a whole bunch”. 

We’re even worse at visualizing basic mathematical operations like addition, multiplication, and 

division. Visualizing complex mathematics takes a tremendous amount of time and practice, and 

like juggling while riding a unicycle, the average person can’t do it easily. We humans are good, 

however, at other things as our brains automatically interpret raw visual data and dynamically 

adjust the values of colors and the size and angle relationship of lines. We’re good at 

understanding moving objects and motion in general; we’re good at navigating landscapes; we’re 

superb at recognizing patterns. In fact, we’re so good at recognizing patterns that we insist on 

seeing them even when they’re not there and often refuse to acknowledge a new pattern that 

violates an existing pattern. Our brains are optimized for helping us survive in the wild, but not 

for deciphering BI dashboards and reports. 

 

The effective implementation of BI systems requires both knowing the basic principles of data 

communication and thinking critically about who is using a BI system, how they are using it, and 
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what their needs and goals are. In his seminal work, “The Visual Display of Quantitative 

Information”, Edward Tufte emphasizes five key principles: 

 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 information that is not absolutely necessary for the 

contextual understanding of the data will be depicted. The general rule for BI displays is that less 

is more. Eliminate as much visual clutter as possible and let the data present itself as simply as 

possible.  

 

When precise values are required, it’s generally better to show numbers in text rather than as a 

visualization of some type. Eliminate grid lines in tables or render them in a light grey. Basic 

tables are best used for data look up, not for data comparison. Other visualizations including 

charts and graphs are useful in comparisons and pattern recognition. 

 

There are two books in particular that offer clear and accessible information on visual 

processing” “Visual Intelligence: How We Create What We See” by Donald Hoffman and 

“Information Visualization: Perception for Design” by Colin Ware.  These books provide the 

scientific justification for the summary statements in this paper and our presentation.  

 

While every school child is exposed to optical illusions and the ancient Athenians distorted 

virtually every edge and angle in their Parthenon to make them appear straight to the human eye 

more than 2500 years ago, we forget  presentation of information must be designed carefully  

according to the way it is perceived. 

 

Many of the built-in data visualization tools like graphs have suffered recently as computers 

became more powerful. Software designers forgot that data visualization is a representation or a 

visual metaphor and the emphasis should be on making it as easy as possible for people to 

interpret and understand the information consistently and accurately. Instead they got sidetracked 

by trying to represent physical objects, replicating cockpits and physical dashboards designed for 

very different purposes, and by adding unnecessary design elements unrelated to analytic 

communication needs. The best example of this is the use of three-dimensional renderings of pie 

charts, bar graphs, and line graphs. Three-dimensional renderings not only do not add any 

quantitative content that is not present in two-dimensional renderings, but they misrepresent and 

distort values in order to add the illusion of depth.  
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Bar Chart: Bar charts depict the value of nominal data. Bar charts should start with zero and 

use a consistent scale (either linear or logarithmic.) The scale should be clear, particularly if a 

logarithmic scale is used. Bar charts are often used for comparison of the value of data items in a 

group with one another. Bars should be depicted as two-dimensional objects. 

 

Pie Chart:  Pie charts are used for the comparison of the size of individual data items in a set 

with the size of the whole set (most typically as percentages totaling 100%). Pie charts are not 

effective when too many items are included (more than seven or eight) and are best used for 

approximate relationships. Data visualization guru Stephen Few recommends avoiding the use of 

pie charts all together. Pie Charts should never be depicted as three dimensional objects since the 

relative size of pieces of a pie are distorted to achieve the illusion of perspective. 

 

Line Chart:  Line charts are best used to depict a pattern over a continuous range (such as 

time). Unlike bar charts, line charts can be valued within a range to highlight more granular 

detail without distorting the meaning of the chart. Any time a different data range is used, it 

should clearly marked. Line charts should maintain a rectangular shape (roughly according to the 

Golden Proportion or approximately 5:8). If the chart is excessively tall and narrow, the data will 

show an excessive amount of change. If the chart is short and wide, the change will be 

minimized. 

 

Scatter Plot: Scatter plots depict single points at the intersection of two values, one along the x-

axis and the other along the y-axis. Scatter plots can represent hundreds of individual data points 

and are use for seeing overall patterns in the comparison of two variables. Trend lines are often 

added to scatter plots.  

 

Bubble Chart: Bubble charts are special type of scatter plots in which the size of the data point is 

representative of a third variable. Bubble charts greatly reduce the number of individual data 

points that can be depicted.  

 

A note regarding the use of color. Approximately 10 % of men and 1-2% of women have some 

form of color blindness. The over reliance of bright colors should be avoided in BI dashboards 

and reports except when use sparingly to call attention to unusual circumstances. Red/green is 

the most common form of color blindness. Designs requiring the distinction of red and green are 

best avoided for general use. The more color is used, the less effective it is. Soft, muted colors 

are recommended for the vast majority of visualizations. 

 

We all know that BI systems provide value to organizations only when they are used. Calvin 

Mooers coined his famous Mooers’ Law and its corollary in 1959. 
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An information retrieval system will 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 resistance to using BI systems in many situations. 

Compounding this, when BI systems poorly present or distort data, they ultimately lead to 

misuse, mistrust, or abandonment of the BI system. Proper visualizations and data presentation 

lead to business insights and build trust in the system as executives and managers begin to rely 

on it and improve their decision making ability. Effective BI interfaces also build a more 

coherent and consistent view of the business and its operational environment.  

 

BI implementations typically require tremendous time and money, but also offer the potential for 

significant returns in comparison with the investment in developing and deploying the system. 

Most executives and managers have not had training in visualizing data and many may also not 

have had training in analysis techniques and thus are unlikely to do either properly by chance. In 

our experience, the most successful BI implementations “finish the project” by a relatively 

modest percentage of the total project resources over the first year of implementation. A series of 

classes on visualization and data analysis with executive users in combination with follow 

sessions (often one-on-one) reinforce the information and ensure that BI system is fully 

leveraged by the organization.  
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