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Upon this gifted age, in its dark hour,
rains from the sky a meteoric shower
of facts…they lie, unquestioned, uncombined.
Wisdom enough to leach us of our ill
is daily spun; but there exists no loom
to weave it into a fabric.

“Huntsman, What Quarry?”, 1939, Edna St. Vincent Millay

Even though Millay wrote these words long before the information age as we’re 
experiencing it today began, she poignantly described one of the fundamental 
challenges of our time: to make use of data that now exists in abundance.



Hurray technology!

We celebrate technology. We live for the latest gadgets.



But this is reality that most of us find ourselves in. We’re buried in data today–
overwhelmed–not because there’s too much but because we haven’t learned how to 
weave into into something meaningful. For that reason, the promise of the information 
age still eludes us.



We must learn to tap into the steady stream of data in ways that allows us to make 
sense of it and then use what we learn to do good in the world. Data must be expressed 
ways that make the stories the dwell within visible to our eyes and meaningful to our 
brains. When words and numbers fail, we need pictures to coax the stories that live in 
our data from the shadows into the light.



And not just any picture will do. We must craft pictures that clarify and enlighten.



David visits America.A picture is worth a thousand words.

The right picture can sometimes tell a story in a way that no amount of words could ever 
match. To take advantage of visualization’s great potential, we first must know when 
pictures rather than words are needed.



We must not only know when to use pictures of data, but also how to design them to tell 
stories clearly, accurately, and compellingly.

This recent visualization fails to do this. This series of circles within circles--blue for the 
market values of banks in quarter 2 of 2007, before the recent financial meltdown, and 
green for declined values as of January of 2009--was published by Bloomberg. You 
would never guess its purpose, however, which was to show that J. P. Morgan’s decline 
in market value was less severe than all other major banks except one: Santander. 

This picture of the data doesn’t tell the story clearly, simply, or accurately. The 
comparative sizes of the circles are far from the comparative market values. Even if the 
sizes of the circles were accurate, we would still struggle with this chart because visual 
perception isn’t well-tuned to handle size comparisons, but it is tuned to handle length 
comparisons,...



...such as the lengths of these bars in my redesign of the chart. We can now easily see 
that J. P. Morgan lost roughly half of its market value during this period, but the fact that 
its losses were less severe than all by one bank–Santander–still isn’t obvious. The right 
addition to the picture, however, such as this one that displays the losses directly, can 
make this part of the story clear as well.



William Playfair (1786)
Here’s an example of one of the earliest quantitative graphs, hand drawn by William 
Playfair in 1786. In his time, Playfair did the unprecedented by inventing or greatly 
improving many of the quantitative graphs that we use today.

(Source: This graph was included in Playfair’s The Commercial and Political Atlas in 
1786 to make a case against England’s policy of financing colonial wars through 
national debt.)



Today, graphs are commonplace, but few work as well as Playfair’s pioneering efforts 
over 220 years ago. The principles for doing this well that Playfair figured out on his 
own long ago are largely being ignored today. 

Effective graphical communication is based on years of well-researched and 
understood precedents, but few people know and follow them.



But most graphs today communicate poorly.



Problems like this silly pie chart on Fox News, which adds up to 193%, are far too 
common.



The software vendors that we should be able to rely on for help are giving us products 
like this, which manage to obscure even the simplest data.



In 1954, Darrell Huff wrote his best-selling book about how people were often 
intentionally using statistics, including graphs, to spread misinformation, especially in 
favor of their own products or causes. Today, vastly more misinformation is 
disseminated unintentionally because people don’t know how to use charts to 
communicate what they intend.



Numbers are commonly obscured, then dressed up to look sexy. Why?
When the PC was introduced, software soon made the arduous task of table and graph 
creation as easy as 1-2-3 (literally “Lotus 1-2-3”, the software that was the first to 
legitimize the PC as a viable tool for business). Unfortunately, this improvement in ease 
and efficiency was not accompanied by instruction in visual design for communication. 
People today think that if they know how to click with the mouse to create a table or 
graph, they know how to present data effectively.

“In the two centuries since [the invention of the first graphs], …charts have become 
commonplace. With the advent of modern computer tools, creating graphs from 
data involves trivial effort. In fact, it has probably become too easy. Graphs are 
often produced without thought for their main purpose: to enlighten and inform the 
reader.” (Jonathan G. Koomey, Turning Numbers into Knowledge, Analytics Press, 
2001)

I can talk about this all day, but the best way to make my point convincingly is to show 
you.



I wrote the books Show Me  the Numbers and Information Dashboard Design to help 
people like you respond to the challenges that you face every day when presenting 
quantitative information. I wrote Now You See It to help you use graphs to explore and 
make sense of data.



Why visualization?

I became fascinated by data visualization—the use of our eyes in close collaboration 
with our brains to make sense of information—not because I’m a visually-oriented 
person (I’m actually much more verbal than visual) but because it offers solutions to real 
analytical problems that concern us, solutions that stand apart in their ability to 
enlighten.



“I see!” 
There is an intimate connection between seeing and thinking. For this reason, when we 
talking about understanding, we tend to use terms that are related to vision. When we 
suddenly come to understand something we say “I see!” It’s hard to think of terms that 
describe understanding that don’t refer to sight.



70%

30%

Vision is our most powerful sense.

Human perception is amazing. I cherish all five of the senses that connect us to the world, 
that allow us to experience beauty and an inexhaustible and diverse wealth of sensation. 
But of all the senses, one stands out dramatically as our primary and most powerful channel 
of input from the world around us, and that is vision. Approximately 70% of the body’s sense 
receptors reside in the eye.
Perhaps the world’s top expert in visual perception and how its power can be harnessed for 
the effective display of information is Colin Ware, who has convincingly described the 
importance of data visualization. He asks:

Why should we be interested in visualization? Because the human visual system is a 
pattern seeker of enormous power and subtlety. The eye and the visual cortex of the brain 
form a massively parallel processor that provides the highest-bandwidth channel into 
human cognitive centers. At higher levels of processing, perception and cognition are 
closely interrelated, which is the reason why the words ‘understanding’ and ‘seeing’ are 
synonymous. However, the visual system has its own rules. We can easily see patterns 
presented in certain ways, but if they are presented in other ways, they become 
invisible…The more general point is that when data is presented in certain ways, the 
patterns can be readily perceived. If we can understand how perception works, our 
knowledge can be translated into rules for displaying information. Following perception-
based rules, we can present our data in such a way that the important and informative 
patterns stand out. If we disobey the rules, our data will be incomprehensible or 
misleading. 
(Information Visualization: Perception for Design, Second Edition, Colin Ware, Morgan 
Kaufmann Publishers, 2004, page xxi)

Perhaps the best known expert in data visualization, Edward Tufte, says: “Clear and precise 
seeing becomes as one with clear and precise thinking.” (Visual Explanations, Edward R. 
Tufte, Graphics Press: Cheshire, CT.1997 page 53) 



Visualization brings meaning to light.

The presentation of quantitative data as text, such as you see in this table, rather than 
graphics, is perfect when you need precise values or when the purpose is to look up or 
compare individual values, but not when you wish to see patterns, trends, and 
exceptions, to make broader comparisons, or to rapidly get a sense of the story. When 
these are your goals, visualizations work best. 

When data is presented graphically, it takes on visible form, and from this we can easily 
glean insights that would take far longer to piece together from the same data 
presented textually, if ever. This graph of the same data that appears in the table makes 
brings to light several of the stories contained in the data that weren’t obvious before, 
and it did so instantly.



Visual perception works according to 
its own rules.

Many of the ways that visual perception work are not intuitive. Looking at these two sets 
of objects, we naturally see those on the left as convex and on those the right as 
concave.



Visual perception works according to 
its own rules.

The effect has now been reversed: we see the objects on the left as concave and those 
on the right as convex. All I did, however, was turn each sets of objects upside down—I 
didn’t switch them. The reason that we now see those on the left as concave is 
because, through eons of evolution, visual perception learned to assume that light was 
shining from above, which causes us to see the objects on the left as concave, because 
the shadows are on the top, and those on the right as convex, because the shadows 
are on the bottom. 



Visual perception is not just camera work.

Unlike a camera, visual perception does not record absolute values of the things that 
we see, but differences between them. 
Despite how differently they look in the original image, squares A and B are exactly the 
same color. What we see is not a simple recording of what is actually out there. Seeing 
is an active process that involves interpretations by our brains of data that is sensed by 
our eyes in an effort to make sense of it in context. The presence of the cylinder and its 
shadow in the image of the checkerboard triggers an adjustment in our minds to 
perceive the square labeled B as lighter than it actually is. The illusion is also created by 
the fact that the sensors in our eyes do not register actual color but rather the difference 
in color between something and what’s nearby. The contrast between square A and the 
light squares that surround it and square B and the dark squares that surround it cause 
us to perceive squares A and B quite differently, even though they are actually the same 
color, as you can clearly see above after all of the surrounding context has been 
removed.

The ability to use graphs effectively requires a basic understanding of how we 
unconsciously interpret what we see.



Context affects what we see. This image illustrates the surprising effect that a simple 
change in the lightness of the background alone has on our perception of color. The 
large rectangle displays a simple color gradient of a gray-scale from fully light to fully 
dark. The small rectangle is the same exact color everywhere it appears, but it doesn’t 
look that way because our brains perceive visual differences rather than absolute 
values, in this case between the color of the small rectangle and the color that 
immediately surrounds it.

Among other things, understanding this should tell us that using a color gradient as the 
background of a graph should be avoided.



The rules are simple, 
but not obvious.

The rules for doing this well are simple, but are not always obvious, are unfamiliar to 
most of us, and are rarely followed.



Look at a few examples from a little Graph Design IQ Test that I put together.

Which graph makes it easier to determine whether Mid-Cap U.S. Stock or Small-Cap 
U.S. Stock has the greater share?



Yet software vendors actually promote the use of pie charts like this absurd mess and 
people buy them.



In which of these graphs are the sales patterns easier to follow, understand, and 
compare?
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Yet ridiculous, unreadable 3-D charts like this have become all the rage. I got this one 
from the user documentation of the best selling business intelligence software in world.



Which is these tables is easier to read?



Yet people are being encouraged to bling their graphs in ways that obscure the data.

(Source: www.cdc.gov)



4 times as many?

Only one of these graphs accurately encodes the values. The other skews the values in 
a misleading manner. Which presents the data accurately? 

For bars to encode differences in values accurately, they must begin at zero.
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Yet, when I created this bar graph with the latest version of Excel, it defaulted the 
beginning of the scale at 520 rather than 0. Even though the bar for Oregon looks 
roughly half the height of Washington, the difference is only 5%.



Which graph is easier to look at? The one with bright circus colors and the the one with 
soft, natural colors.



Yet many software vendors fail to realize that since we’re no longer young children who 
thrive on this kind of visual stimulation, but find these colors over-stimulating.



Eloquence
  through 

simplicity

I can express the essence of my data presentation philosophy as “eloquence through 
simplicity,” that is eloquence of communication through simplicity of design. It’s amazing 
how artists can use a few simple well-placed lines to communicate so much. For me, 
simplicity isn’t a design preference, it is a fundamental principle of usability. Thinking and 
communication are dramatically improved through simplification; by abstracting 
information in a way that eliminates all but what’s essential for the purpose at hand.



“Simplify, simplify” Henry David Thoreau

This is the kind of graph that software products, including Excel, encourage us to 
create. They give us an infinite selection of poorly-designed graphs from which to 
choose. What we really need, however, is a small selection of graphs that really work. 
Using this graph, try to see the pattern of change across the months in actual expenses. 
Try to determine one of the actual values. Try to compare actual expenses to the budget 
across time. 
Let’s transform this graph into one that communicates.



We have now removed the useless 3-D effects and angle, which makes the data easier 
to read.



We have now removed the background fill color.



We have now replaced the silly cones with regular bars.



We have now removed the tick marks, which aren’t necessary. Tick marks are not 
needed to separate the months along the X-axis and because horizontal grid lines are 
being displayed, there is no need for tick marks on the Y-axis either.



We have now enlarged the text, making it easier to read.



We have now removed the unnecessary decimal places in the dollar amounts along the 
Y-axis.



We have now removed the redundant dollar signs and labeled the unit of measure (U.S. 
$) clearly.



We have now reoriented the Y-axis label to the horizontal and placed it above the axis 
to make it easier to read.



We have now reoriented and repositioned the legend to make it easier to associate it 
with the data bars.



We have now changed the color of the Budget bar to be more visually pleasing in 
relation to the blue Actual bars. Changing from the color red also removed the 
possibility people interpreting the data as something bad or a warning, which red is 
often used to represent.



We have now reduced the visual salience of the Budget values, because they are less 
important that the Actual values, and have done so in a way that reduced clutter.



We have now made it much easier to see the pattern of change through time by using 
lines rather than bars to represent the data.



We have now made it much easier to examine the differences between actual expenses 
and the budget by spreading them across more space.



We have now labeled the lines directly, removing the need for a legend.



We have now changed the lines to two shades of gray to guaranty that even if the graph 
is printed on a black-and-white printer or photocopier, they will still look distinctly 
different from one another.



We have now represented the variance of actual expenses from the budget directly, as 
a single line.



As our final step, we have expressed variance as a percentage, to provide a better 
measure of performance.



Our final solution, which we produced in sixteen steps, could have easily been our 
original solution. It usually takes no longer to design effective graphs than those that 
communicate poorly, if at all.



“Simplicity is the ultimate sophistication.”

Leonardo da Vinci  

Simplicity isn’t always easy; it takes skill. 



No room for distraction

In addition to understanding visual perception, visual analysis tools must also be rooted 
in an understanding of how people think. Only then can they recognize and support the 
cognitive operations that are necessary to make sense of information. 
Memory plays an important role in human cognition. Because memory suffers from 
certain limitations, visual analysis tools must be able to augment memory.
The example above illustrates one of the limitations of working memory. We only 
remember that to which we attend. Any part of this image that never gets our attention 
will not be missed when we shift to another version of the image that lacks that 
particular part. If we don’t attend to it, we might notice the change from one version of 
the image to the next, but only if the transition shift immediately from one to another, 
without even a split second of blank space between them.
In addition to not remembering, we also don’t clearly see that on which we don’t focus. 
To see something clearly, we must focus on it, for only a small area of receptors on the 
retinas of our eyes are designed for high-resolution vision.

(Source: This demonstration of change blindness was prepared by Ronald A. Rensink 
of the University of British Columbia. Several other examples of this visual phenomenon 
can be found at http://www.psych.ubc.ca/%7erensink/flicker/download/index.html.)



Performance Dashboards

Given our love for the automobile in America, I suppose it was inevitable that something 
called a business dashboard would eventually emerge. This did not occur without 
precedent. In many respects, the dashboard is the rebirth of the Executive Information 
Systems (EIS) of the 1980s, which never quite got off the ground. Following that, in the 
1990s, the introduction of the Balanced Scorecard by Kaplan and Norton, with its 
emphasis on key performance indicators (KPIs) as a means to measure what’s going 
on in the business opened the door for the dashboard display. What really boosted the 
popularity of dashboards in the early 21st century, however, was the Enron scandal in 
2001, which made companies desperate for new ways to monitor the business and to 
demonstrate to their shareholders that they were in control of what was happening.

Now that they are here and have been become popular, the question that we ought to 
be asking is “Are they doing the job?” In other words, do they communicate what people 
need to do their jobs clearly and efficiently?



They’re everywhere today!

Dashboards are extremely popular today. Everyone assumes that dashboards are 
useful. Like all aspects of business intelligence, however, they can be done well or they 
can be done poorly.



But most dashboards fail.

Dashboards like this are typical. You can find them on the websites of most business 
intelligence vendors. In their attempt to dazzle us visually, they fail entirely to present 
information is a way that can be understood at a glance.



The problem?

• They say too little
• What they do say, they say poorly

This failure is not rooted in technology; it is a failure of communication, rooted in poor design. 
The main problem that plagues dashboards today is that they don’t say enough and what 
they do say they don’t say very well. In other words, they are not very informative. When 
designed properly, a dashboard provides an overview of what’s going on, clearly and rapidly. 



Dashboard
A visual display

of

the most important information needed
to achieve one or more objectives

that has been

consolidated on a single computer screen
so it can be

monitored and understood at a glance

A dashboard is a visual display of the most important
information needed to achieve one or more objectives;
consolidated and arranged on a single screen so the
information can be monitored at a glance.

This definition first appeared in the March 20, 2004 issue of Intelligent Enterprise 
magazine in an article written by Stephen Few entitled “Dashboard Confusion.”



The fundamental design challenge

The fundamental challenge of dashboard design is to display all the required 
information on a single screen:

• clearly and without distraction
• in a manner that can be quickly examined and understood

Think about the cockpit of a commercial jet. Years of effort went into its design to enable 
the pilot to see what’s going on at a glance, even though there is much information to 
monitor. Every time I board a plane, I’m grateful that knowledgeable designers worked 
hard to present this information effectively. Similar care is needed for the design of our 
dashboards. This is a science that few of those responsible for creating dashboards 
have studied.



1. Scan the big picture

2. Zoom in on important specifics

3. Link to supporting 
details

Visual Monitoring

The process of visual monitoring involves a series of sequential steps that the 
dashboard should be designed to support. The user should begin be getting an 
overview of what’s going on and quickly identifying what needs attention. Next, the user 
should look more closely at each of those areas that need attention to be able to 
understand them well enough to determine if something should be done about them. 
Lastly, if additional details are needed to complete the user’s understanding before 
deciding how to respond, the dashboard should serve as a seamless launch pad to that 
information, and perhaps even provide the means to initiate automated responses, such 
as sending emails to those who should take action.



YTD Units: 7,822 

X
Not all dashboard widgets are equally effective. Those that work well exhibit the following 
characteristics:

• Clear display for efficient reading
• Clear meaning for efficient understanding
• Appropriate medium for the message
• Maximum relevant content in the space available

The circular gauge above takes up a lot of space to display a number and label. It tells 
you that 7,822 units have been sold year to date and indicates by the green needle 
(pointer) that this is good – but how good and compared to what? The simple label and 
number below the gauge presents the same information much more simply and in less 
space. If richer information is useful, the graphical display at the top tells the viewer more 
information, including 1) units sold compared to the target (the small vertical line), 2) how 
well unit sales are doing (sales extend well into the light gray range, which represents the 
good range). Also, the use of varying shades of gray (or any single hue) to define the 
ranges (bad, satisfactory, and good) can be read by people who are color blind.



This is a portion of a larger sales dashboard. Take a moment to notice the richness of 
information that has been combined in a small space without sacrificing clarity.

The “Past 12 Months” data lines are called sparklines. They were invented by Edward 
Tufte. Although Tufte didn’t have dashboards specifically in mind when he created them, 
sparklines are ideal for dashboards, but so far no dashboard vendors support them.

The graphics labeled “% of Target” are called bullet graphs. These are my simple 
invention, which were designed specifically for dashboards as an alternative to typical 
meters and gauges. 



Rich information can be displayed in little space.

This tiny iPhone dashboard gives an idea of how much information you can pack into a small space when you 
use small graphics such as bullet graphs and sparklines.



Here’s an example of an entire dashboard display that exhibits the design principles 
that I teach. 

Notice the following characteristics:
• Color has been used sparingly.
• The prime real estate on the screen has been used for the most important data.
• Small, concise display media have been used to support the display of a dense set 

of data in a small amount of space.
• Some measures have been presented both graphically and as text when precise 

values are frequently needed.
• Subtle means have been used to delineate and group data.
• The dashboard has not been cluttered with instructions and descriptions that will 

seldom be needed.



Hans Rosling of www.GapMinder.org

Few people tell quantitative stories as compellingly as Hans Rosling. When he spoke at 
the TED Conference (Technology, Entertainment, and Design) for he first time in 2006, it 
was perhaps the first time in history that a large audience of people found themselves 
on the edge of their seats watching a bubble plot.



You have a choice. Even though the skills required to present data effectively are not all 
intuitive, they are easy to learn. The resources are available, but it won’t happen unless 
you recognize the seriousness of the problem and commit yourself to solving it. It is up 
to you.


