
      

  

 Bessler’s Principles  

 of Communication-Effective  

 Data Visualization 
 

  LeRoy Bessler PhD 

  Bessler Consulting and Research 

  BesslerLeRoy2024@gmail.com 

  Visual Data Insights™ 

  Strong Smart Systems™ 

  Valparaiso, Indiana, USA 

 
Visual Data Insights and Strong Smart Systems are trademarks of LeRoy Bessler PhD 



LeRoy Bessler PhD is a data artist, the world’s 

longest serving advisor to SAS® users on best 

practices for graphic design and use of color, and 

author of  Visual Data Insights Using SAS ODS 

Graphics: A Guide to Communication-Effective 

Data Visualization. His principles explained and 

demonstrated in the book are useful for any 

graphics software.  
 

LeRoy is a data analyst and SAS programmer, 

who has supported SAS servers, SAS software, 

SAS analytic data, and hundreds of SAS users. 
 

“If you can’t do it with SAS software, you 
probably don’t really need to do it.”—LeRB 



 Focus on 4+ principles 

    from my approx. 80 principles 

    See the handout for the FULL list 

 Presenting examples 

    Only/Mainly the Uncommon Ones 

    from the book’s 320+ examples 

    PLUS New or Enhanced 

 Code for most of them is in the book  

    Other code on-request via email 

 Questions As We Go Through Slides 

Scope of Presentation 



 

 

A Fundamental Requirement 

for  

Graphic Communication Effectiveness 

is → 



Principle. 

 Visuals 

    for Quick, Easy Inference 

 Numbers 

    for Accurate Inference 

 

 

 



Principle. Visuals PLUS Numbers 

Visuals - Impression 

 Immediate  

 Easy  

 Memorable (“Sticky”) 
 

Numbers - Knowledge 

 Clear 

 Certain 

 Correct (“The Answer”) 

 

 

 



Getting to the Numbers  

 Axes, Tick Marks, and Grid Lines 

    cannot deliver precise numbers 

 They are tools to ESTIMATE where a plot 

point’s coordinates or a bar end value 

MIGHT BE along the axes or axis 

 Then doing mental arithmetic, with the 

difference between embracing tickmarks 

and the approximate distance from axis 

point to nearest tick mark 

 NET: a guess, not certainty 

    A Needless Bothersome Nuisance! 



Principle. Visuals PLUS Numbers 

For Categorical Data: 

For bar charts, provide category, 

response, percent of total, and rank 

all adjacent to each bar 



Principle. Visuals PLUS Numbers 

For Time Series Data: 

If possible, annotate each plot point with 

both Y and X value 
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Principle. Visuals PLUS Numbers 

For Time Series Data: 

If possible, annotate each plot point with 

both Y and X value 

If not, display Y value immediately above 

each X value, using an X axis table 

If not, provide a table either below the 

plot, or in a linked-to web table or in a 

linked-to Excel worksheet 

A web graph with data tips is helpful, but 

they vanish when the mouse moves 

A static table is better 



Principle. 

 Show Them What’s Important 

 

 

 



Principle.  

Show Them What’s Important 

 So They Need To Look No Further 

 

 

 



Principle.  

Show Them What’s Important 

for Categorical Data: 

Order It (By Descending Response) 

Rank It (Number it 1 to N) 

N = Count of Categories 

 



Principle. 

For Categorical Data Provide: 

 Total Response in Title/Subtitle 

 For Each Category, display: 

 Rank (Order Sequence Number) 

 Category  

 Response  

 Percent of Total 



Principle. 

For Categorical Data, 

if possible, display all four values (Rank*, 

Category, Response, Percent of Total) 

adjacent to each other for each bar, pie slice, 

donut bite, dot, or needle— 

 immediate association of all four items 

 eliminates visual hunting for the pieces and 

the need to mentally assemble this package 

of essential pieces for each category  

*Rank can be unnecessary when categories 

are few enough 



Y Axis Start Principle for Bar Charts 

Start the Y axis of bar charts at zero 

to prevent misleading comparison 
 

 

 

 

 

 

 

 

 

 

 



 

 

Show Them What's Important 

For Time Series Data: 

with Sparse Line Annotation 

whenever it suffices—which may be 

often 

or as a prelude or companion 

to the complete picture 
 

 

 

 

 

 

 

 



Show Them What’s Important 

with Sparse Line Annotation 

Annotate Y value  

and Date OR DateTime OR Time 

(whichever X variable is appropriate) 

FOR  

Start, 

End,  

any intermediate minimum/maximum 

and  

Annotate the Latest Change of Y 

 



The Sparse Line 

 



Sparse 

Line 

Panel 

for 

Twelve 

Months 

of 

Trading 

Months 

 

 



Dow Jones Composite Index by Day of Month in Nov. 1990 

No Trading on Saturday, Sunday, and Holidays 



Sparse Annotation + X Axis Table = Everything 

Nov & Dec Data: No Need for LastChange Anno   



Show Them What’s Important 

with Sparse Line Annotation 

Annotate Y value and Date OR DateTime 

OR Time) 

FOR any point where slope permanently 

significantly changes 

- Slow increase to Rapid increase  

- Rapid increase to Slow increase 

- Slow decrease to Rapid decrease  

- Rapid decrease to Slow decrease  

and  

Annotate the Latest Change of Y 

  

 

 

 



Y Axis Start Principle for Time Series Plots 

Start the Y axis of time series plots at zero 

to prevent needless elation or anxiety  

about changes that may not really be  

of great significance  

► but there are exceptions 

(a) My Sparse Line Annotation, aka Sparse 

Line, NOT to be confused  with the 

underinformative so-called “spark line” 

(b) a multi-line overlay time series plot if it 

becomes too collision-plagued by starting the 

Y axis at zero 

 

 



Principle. 

 Make Text Readable 

 Usually Assumed, But Delivered? 

 

 

 



Make Text Readable 

The Most Readable Graph Text Is 

 Big 

 Bold 

 Black (on light backgrounds) 

 White (on dark backgrounds) 

 Sans Serif (Serif is suitable for long 

narrative, novels, essays, bios, . . .) 

 11pt Arial Bold is my preference 

 

 



Make Text Readable 

For me,  

The Most Readable Graph Text Is 

Uniform Throughout the Graph 

 11pt Arial Bold is my preference 

 If you are a SAS ODS Graphics user, 

    ask me for my  

 AllGraphTextSetUp macro 

 AllTextSetUp macro 

 if you want a shortcut to uniformity, 

 using YOUR preferred font, size 

(height), and  weight (Bold vs Normal) 

 

 

 



Make Text Readable 

Use Non-Disruptive Non-Distracting 

Backgrounds for Graph and Its Text 

 Solid Color Only (Best is White) 

 No texture 

 No gradient 

 No image or photo 



Make Text Readable 

When Text Is Over Color,  

Maximize Contrast  

of Text Color 

and Background Color 



Assure color distinguishability/usability 

Very frequent design error:  

misuse of color 

Problems are demonstrated later 

Principle. 



Assure Color Distinguishability/Usability 

 Inability to distinguish Red and 

    Green is the commonest color blindness 

 Thick Enough Text   

 Thick Enough Lines 

 Big Enough Plot Markers 

 Big Enough Legend Color Swatches 

 If for area fill (bar/pie/donut chart,  

    heat map, infogeographic, or bubble plot, 

    use FILLASPECT=GOLDEN 

 Discrete Legend Colors 

    NOT a Continuous Color Gradient Legend 

    (you will see and understand Why later) 



Assure Color Distinguishability 

 Inability to distinguish Red and Green 

    is the commonest color blindness 

 When color coding became a popular tool, 

there was rush to and a persistent fad of 

   “Traffic Lighting”— 

   Red versus Green  

   to signal  

   Bad versus Good 



 Visuals PLUS Precise Numbers 

 Show Them What’s Important 

 Assure Text Readability 

 Assure Color Distinguishability/Usability 

 

4+ out of nearly 80 Principles 



Shades of Blue and Red are Safe & Effective 



The Never-Fail Pie Chart 

Ranked and Maximally Informative 

Always Informs Even For Vanishingly 

Small Slices [Here all slices ARE visible.] 



Pie Chart for Sales by Product converted 

to Donut Chart 

Space for the hole label for Total Sales 

Label Size and Format are controlled  

only by software, NO coding options. 



Collision-Free Data Labels Outside 

By Consolidating Two Smallest Bites 



Donut Chart Converted to Pie Chart 

Total in title suffix via dynamic macro variable 



Arial 13pt 

Bold 

Labels Fit 

Inside. 

Retaining 

merger of 

two 

smallest 

slices. 
 
 
 
 
 



3D Pie Charts Are Always Misleading 

 

 



“The Extremes of Other” 

My SAS/GRAPH Parents of 

My ODS Graphics Pac-Man Pie Chart 







A Triptych of Donut Charts 

(Simplest Donut Charts) 

Imitative, Not Inventive 

(my derivative of a found example) 



Anti-Communicative           Sufficient & Simple 

3D Gimmick                                      2D Solution 



Horizontal Bar Charts Can Fit More  

Information Than Vertical Bar Charts 



Show Them What’s Important  

with Ranking/Order 



Upper: ALWAYS Create This Ranked Chart 

Lower: Supplement for Easy Alphabetic LookUp 

             When There Are Many Bars 



Show Them What’s Important  

With a Subset 
► A Subset Can Be Enough 

► Also can serve as a useful companion 

to a complete bar chart, especially when 

All Bars are numerous 



Subset with The Top N (Using N=10) 



Subset with a Minimum Filter 



Enough. For OTHER data, it can happen that 80%, 

90%, or more of the total comes from a shorter list. 

See the next slide for an example with real data. 



COVID-19 Top 30 Countries By Total Cases & By Total Deaths 



COVID-19 2020 to 2023 

Top 30 Countries Suffered 

85% of the World's Cases & Deaths 



Three Best Ranked Vertical Bar Charts 



Stacked 

Vertical 

Bar Chart 

(Pie Chart 

Alternative) 



The Fully Informative Vertical Bar Chart 



Ranked Vertical Bar Chart Without Bars 



Categorical Data with a Group Variable 



Segment Labels 

identify region 

values for each 

product. Each bar 

has a Data Label 

that displays the 

Product Total.  The 

legend identifies the 

Region for each 

segment, and is a 

Region Totals table. 

This is the best 

possible Vbar 

Chart for Grouped 

Categorical Data, 

but NO Percents. 



The Best Bar Chart for (unranked)  

Categorical Data with a Group Variable 



Percent of Whole for Every Part 

Legend serves as a table 

but is not needed as a bar identifier 



Time Series Plots 



Annotated Y values. Use light dotted line 

to deemphasize any line-label collisions.  



X Axis Table. Y values AT the X values. 

Most useful on a denser plot. 



Move Y and X values in a stack 

to be AT the plot point. 



Time Series Trend Line With No Line 

A line or markers would add NO value. 

Middle of Y & X positions is AT the point. 



Start Y axis at Zero (and Show 0) 

Present the trend truly,  

with no magnification of change 



If my Principle to Start Y Axis at Zero 

is disregarded here, the gentle before-peak 

and after-peak changes would meaninglessly 

greatly expand from gentle to severe. 



Show Them What Is Important  

with Start, End, Min and/or Max 

                         or Significant Persistent Change Point 

LeRB’s Sparse Line Annotation in 1992 

(Zelchenko’s “Spark Line” appeared in 1998) 



The Sparse Line 

 



Sparse 

Line 

Panel 

for 

Twelve 

Months 

of 

Trading 

Months 

 

 



Dow Jones Composite Index by Day of Month in Nov. 1990 

No Trading on Saturday, Sunday, and Holidays 



Sparse Annotation + X Axis Table = Everything 

Nov & Dec Data: No Need for LastChange Anno   



Sparkline invented by Peter Zelchenko 

Screenshot of SparkLines used  

in the Medved QuoteTracker, 1998 

https://en.wikipedia.org/wiki/Sparkline 

The SparkLine is a valuable visual 

accessory/element inside a table, 

but has no standalone informative value. 

 

 

 

 
 

 

https://en.wikipedia.org/wiki/Sparkline
https://en.wikipedia.org/wiki/Sparkline
https://en.wikipedia.org/wiki/Sparkline


Left is a narrowed Spark Plot. Right is Sparse 

Line Table created with ODS HTML5 and ODS 

LAYOUT GRIDDED. GRIDDED LAYOUT can be 

web-enabled and easier code than ABSOLUTE 

LAYOUT, but provides limited layout controls. 



 

 

 
Sparse Line Table at the right was created with ODS 

PRINTER and ODS LAYOUT ABSOLUTE. 



When Collision-Free Annotation Is Infeasible 



► Use Maximally Informative Title 

► Use Maximally Informative Legend 

     Start, End, Median; Min & Max Values and Dates 



Rationale-Based Histograms 



Histogram Bins with a Genuine 

Information/Insight Purpose 

Title Line 2 is dynamic 



Quantiles As Bins, but Last Bin is 

leftovers unless count of 

observations / count of quantiles 

has no remainder 



Title Lines 3,4,5 

are dynamic 



Run-Time Self-Explaining Distributions 







Show Them Where It’s At 

with a Ranked COVID-19 InfoGeographic 

(Partially Annotated) 





The Top of Its Linked-to Bar Chart 



Making Every Island Discoverable in the 

Continent Oceania, Which Is Mostly Islands 

 





Mouse on the World's Least Populous 

Country (Mainly Bounty Mutiny Descendants)  



Pitcairn Island 

No Data for Total Deaths 



Planned Enhancement for 

the InfoGeographic for COVID-19 Data 

and other applications of the design 

► Append the Case Rate (or whatever is the 

response) to each entry in the Top N and 

Bottom N footnotes 

► Depending on what is the Total Number of 

Countries in the Map (maximum is 226 for the 

World), consider including the response in the 

optional footnote for Other Countries. For 

some maps, a full annotation creates an 

unusable collection annotation collisions. 
► A fully informative optional Other footnote 

reduces map drawing space. Maybe Harmless 



Nomenclature 

► What I have called an InfoGeographic for 

the last few decades is usually called a 

Choropleth Map or a Thematic Statistical Map. 
► It is different from what is popularly called 

an InfoGraphic: a mixture of graphs, text, and 

sometimes tables. I have always called this 

combination simply a composite.  
► A Composite is needed if there is no other 

way to provide static precise values for the 

graphic content. Web graph data tips vanish. 

► Typical infographics require the viewer to 

endure Information Overload. 



An InfoGraphic Built with SAS ODS Graphics 

 

ODS LAYOUT ABSOLUTE 

used in my book's Chapter 13 

can put Anything Anywhere All At Once 

 

WARNING: A Mercifully Uncomplicated, But 

Functional, Example Follows 

 A Composite of Graph and Table 

 ALWAYS Visual PLUS Precise Numbers 

 Static, No Vanishing Data Tips 



This simple 

2 BY 2 

layout 

is NOT the  

Maximum  

Capability. 

ODS LAYOUT  

ABSOLUTE 

Supports 

Anything  

Anywhere 

All At Once 

 



ODS LAYOUT GRIDDED 

► Usable in more ODS destinations 

► Easier to Code 

► Much, Much Less Control 

► May Be Adequate to Your Needs 

► Can be used with ODS HTML5 

    for Composite Image 

    with Data Tips (mouseover text) 



Usable Heat Maps 



Default Heat Map      Custom Heat Map 

Useless Legend        Annotated Cells 

                                   Legend SubRanges 

 



Using a Range Attribute Map enables  

better color strategy AND useful legend 

Legend for comparison, not for precise information 



Default  

Heat Map: 

Useless for 

Precise 

Numbers 

- Cannot  

match area to 

legend color 

- Cannot 

label all 

colors on the 

legend 



 

Useful 

Custom  

Heat Map 
 

- Annotate with 

Precise 

Numbers for 

Avg BP & Freq 

- Subranges 

Gradient 

Legend 

for Quick Easy 

Category ID 

 

 



Fewer OBS in bins: for actual values, not averages 



Making Bubble Plots Better 



Probably the Oddest Default in SAS Software 

All of my examples use PROPORTIONAL 



Legend color swatches are too small 

Useless color match of bubble data labels 

Black labels are ALWAYS more readable 

NonBlack bubble outlines—no value add. 

DEFAULTS 



Distinguishable color swatches 
Maximally readable black data labels  
Brighter colors, Black outline for bubbles 

CUSTOM 



Annotate both Dollars in K and MPG 
Retain Legend As a Quick Visual Ranker 



BackFill can be used instead of BackLight 
Due to Sufficient Space Inside Bubbles 



Squeezing More into a Bubble Plot 



Needle Plots with Overlaid Needles 

(Four Pie Chart Alternatives) 



Tree  

Chart 



Flag 

Chart 



CrossRoads SignPost Chart 



Needle Plot with  

the Appearance of Stacked Needles 

Better than pie chart, stacked vbar chart: 

Precise Numbers ATTACHED  

to their needles, 

not in a separate legend for lookup 



Pie Chart 

Alternative 

Lelia McConnell 

at SAS helped 

me with this. 



Clipping of Top 



Clipping of Bottom 



Ranked Needle Plot with Help 

Three Numeric Variables 

Needle Plot + 2 Block Charts + 2 X Axis Tables 

Five Variables in Two Dimensions  



 Visuals PLUS Precise Numbers 

 Show Them What’s Important 

 Assure Text Readability 

 Assure Color Distinguishability/Usability 

 

4+ out of nearly 80 Principles 



Find all of them in: 

  Chapter 1:  

    Principles of Communication-Effective 

    Graphic Design 

  Chapter 2: 

    Principles of Communication-Effective 

    Use of Color 

  Principles are demonstrated in those and 

    in other chapters with 320+ examples 

Find everything in: 
Visual Data Insights Using SAS® ODS Graphics: 

A Guide to Communication-Effective Data 

Visualization 

For ALL of the Principles 



      

  

       Comments, questions,  

              and requests are welcome  
 

  LeRoy Bessler PhD 

  Bessler Consulting and Research 

  BesslerLeRoy2024@gmail.com 

  Visual Data Insights™ 

  Strong Smart Systems™ 

  Valparaiso, Indiana, USA 

 

 
Visual Data Insights and Strong Smart Systems are trademarks of LeRoy Bessler PhD 


