
Visual Explanations: 
Images and Quantities, 
Evidence and Narrative



Introduction
- Written by Edward Tufte, an American statistician and professor of political science, statistics, 

and computer science at Yale University
- Understanding what cause provokes what effect, by what means, at what rate
- How such knowledge is represented
- Describes design strategies (the proper arrangement in space and time of images, words, and 

numbers) for presenting information about motion, process,mechanism, cause and effect
- Clarity and excellence in thinking = Clarity and excellence in display of data

- First Half: examining the logic of depicting quantitative evidence
- Second Half: design strategies
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Images and Quantities
Depicting Quantities: 

- direct labels (numerically 
labeled grids of statistical 
graphics, or dimensional tripods 
in architectural drawings)

- encodings (color scales)

- self-representing scales (objects 
of known size appearing in an 
image)

Direct label: Watch documents the hour
Encoding: Shadows and gray light hint at time of day
Self-Representing Scales: familiar objects in perspective 
demarcate the street and photographers location
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Early Maps to Modern Statistical/ 
Scientific Visualization

- Maps express quantities visually by location 
(two-dimensional addresses off latitude and 
longitude) and by areal extent (surface coverage)

- To go from maps of existing scenery to graphs 
of newly measured and collated data was an 
enormous conceptual step

- Took around 5,000 years to change the name of 
the coordinates from west-east and north-south 
to empirically measured variables X and Y
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One of the earliest visual representations of statistical data drawn in 1644 my Michael 
Florent van Langren. Shows 212 diverse estimates of distance between Toldeo and Rome. A 
one-dimensional map of data, Tufte believes that the chart is remarkably advanced for its 
time, as it spatially arranged (rather than merely recording in a table) various estimates of 
the same quantity. It is Tufte’s candidate for the first statistical graphic ever.  
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Early Maps to Modern Statistical/ Scientific Visualization

- By 1765, modern scientific graphics were now in place; the 
two-dimensional plane was quantified, available for any 
measured data - graphical grids were not analogous to maps

- However, a great amount of substantive problems are not 
exclusively two-dimensional, the world is generally 
multivariate

- Humphrey Repton, a British landscape architect, tried to 
address this, but this suffered visual consequences as the 
scaling was not accurate
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Partial visual knowledge about size of a subject can be conveyed by 
maintaining a consistent relative scale throughout an entire set of reproduced 
images. A constant scale factor is used in this visual table of contents for 
Herbert Matter’s portfolio of photographs of Alberto Giacometti’s sculptures. 
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- De-quantification characteristic of art reproductions is seen in scientific and technical imaging
- This is a video frame from a numerical model simulating a thunderstorm - classic of scientific 

visualization
- How big is that cloud? What direction is it moving? What are the dimensions of the grid? The 

fundamentals of scale, orientation, and labels are often missing from these visualizations
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- Restores quantitative order, locates the storm within a 3-dimensional 
tripod of scales and directional arrows

- Six small clouds depict a still-land history of the storm and serve as 
3-dimensional tick marks for the red time-line
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- Despite the chronic dangers of 
misrepresentation, appropriate 
re-expression and transforms of scales are 
among the most powerful strategies for 
exploring data

- On the right is an example of a helpful 
recaling - from the original spiky mass of 
data, fresh and subtle information about 
quantities emerges with a radiant clarity in 
the rescaled image
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Visual and Statistical Thinking: 
Displays of Evidence for Making Decisions
- Certain methods for displaying and 

analyzing data are better than others

- Superior methods are more likely to 
produce truthful, credible, and precise 
findings 

- The difference between excellent 
analysis and a faulty one can have 
sometimes have momentous 
consequences

The chapter examines the statistical and 
graphical reasoning used in making two 
life-and-death decisions:

How to stop a cholera epidemic in 
London during September 1854

Whether to launch the space shuttle 
Challenger on January 28, 1986

For both cases, the consequences resulted directly 
from the quality of methods used in displaying and 
assessing quantitative evidence.
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The Cholera Epidemic in London, 1854

- Cholera broke out in the Broad Street area of 
central London on the evening of August 31, 
1854. John Snow, who’d investigated earlier 
epidemics, suspected the water from a 
community pump-well was contaminated.

- Using empirical data, Snow figured out that the 
cause of the epidemic was a contaminated 
pump-handle, and the epidemic soon ended

- Today he is celebrated for establishing the 
mode of cholera transmission and 
consequently the method of prevention
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1. Placing the data in an appropriate context for assessing cause and effect

Instead of plotting a time-series, Snow 
constructed a graphical display that 
provided powerful testimony about a 
possible cause-effect relationship. Snow 
marked deaths from cholera (      ) on this 
map, along with the locations of 
community water pump wells (       ). 
Revealed strong association between 
cholera and proximity to Broad Street 
pump. 



2. Making quantitative comparisons 
Snow not only analyzed data of victims of cholera, but also those who escaped 
the disease

3. Considering alternative explanations and contrary cases
The credibility of a report is enhanced by careful assessment of all relevant 
evidence, not just evidence overtly consistent with explanations enhanced by 
a report. The point is to get it right, not to win the case.

4. Assessment of possible errors in the numbers reported in graphics
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The Decision to Launch the Space Shuttle Challenger
- On January 28, 1986, the space shuttle Challenger exploded and seven astronauts 

died because two rubber O-rings leaked.

- The clear proximate cause: an inability to assess the link between cool temperature 
and O-ring damage in earlier flights. Such a pre-launch analysis would have 
revealed the flight was a considerable risk.

- In the field of statistics, this accident evoked to demonstrate the importance of risk 
assessment, data graphs, fitting models to data, and requiring students of 
engineering to attend statistics class 

- Engineers at NASA had prepared 13 charts to make the case that the Challenger 
should not be launched, however, the charts were unconvincing, the arguments 
against the launch failed; the Challenger blew up.



- Does not provide the names of the people who prepared the material
- Public, named authorship indicates responsibility, both to immediate audience and long-term 

record
- Describes historical distribution of the effect endangering the Challenger, does not provide 

data about possible cause
- The same rocket has 3 different names
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- Charts utilized in presentation did not express the main correlation between 
temperature and O-ring damage in a clear way

- Displayed data set was thin - comparable to if John Snow had ignored some areas 
with cholera and all the cholera-free areas and their water pumps - Numbers 
become evidence by being put in context and in relation to
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Poor design choices also made it difficult/impossible to learn and decipher information:

- 1. Disappearing Legend
- 2. Chartjunk  
- 3. Lack of Clarity in Depicting Cause and Effect
- 4. Wrong Order

VISUAL EXPLANATIONS - EDWARD TUFTE



Conclusion: Thinking and Design

1. Documenting the sources and characteristics of the data
2. Insistently enforcing appropriate comparisons
3. Demonstrating mechanisms of cause and effect
4. Expressing those mechanisms quantitatively
5. Recognizing the inherently multivariate nature of analytic problems
6. Inspecting and evaluating alternative explanations
7. An endless commitment to finding, telling and showing the truth

When consistent with the substance and in harmony with the content, 
information displays should be documentary, comparative, causal and 
explanatory, quantified, multivariate, exploratory, skeptical.  
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Explaining Magic: 
Pictorial Instructions and Disinformation Design

- To create illusions is to engage in disinformation design
- Two primary principles: suppressing context and preventing reflective analysis

When reversed, reinforces strategies of informative design: audience should understand 
and know what you are going to do, so they can evaluate how your verbal and visual 
evidence supports your argument.
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Disinformation Design Reversed: Practical Advice
1. Near the beginning of presentation, tell the audience: what the problem is, why it 

is important, and what the solution is. If these questions cannot be answered, it is 
a sure sign the content of the presentation is deficient

2. To explain complex ideas or data, use the method of PGP: Particular, General, 
Particular. Give high-resolution talks that are clear and rich in content, and seek to 
maximize the rate of information transfer

3. No matter what, give everybody in the audience one or more pieces of paper, 
packed with material related to your presentation. Paper serves as a testimonial 
record documenting the talk, letting audience know the speaker takes 
responsibility for what they say
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Disinformation Design Reversed: Practical Advice

4. Analyze the details of the presentation; then master those details 
through practice. Work on what the audience sees and also hears.

5. Show up early. By arriving early, one can prepare themselves mentally and 
check that technical aspects will go smoothly.

6. Finish early. People never complain about a presentation ending early. 
Get to the point, be brief, keep interesting audience, quit before the audience 
has had enough.
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The Smallest Effective Difference
- In designing information, the idea is to use just notable differences, visual elements 

that make a clear difference - contrasts that are definite, effective, and minimal.

- Helps in designing the various secondary and structural elements in displays of 
information- arrows, pointer lines, dimension lines, scales, grids, meshes, rules, 
underlines, boxes, legends, highlights, accents, shadows, fills defining areas and 
surfaces, etc. - muting these secondary elements will often reduce visual clutter - 
thus help clarify primary information

- When everything (background, structure, content) is emphasized, nothing is 
emphasized - design will be noisy, cluttered, informationally flat
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Strong contrasts between secondary elements and background will visually 
activate the background. In the original ear (left), white striped show up 
between the dominant pointer- lines. A redrawing (right) minimizes the 
pointers - there by clarifying the ear itself- and also replaces the coded list of 
parts with direct labels.
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Tufte considers this an example with extraordinary use of small effective differences. 
- ocean depth indicated through blues, altitude through tans
- contour lines are labeled by numbers, nearly eliminates any need to refer to the legend
- every color tint signals four variables: latitude, longitude, sea or land, and depth/altitude measured in meters
- gray lines trace out the routes of ships
- all information is readable, minimal differences allow the viewer to observe more differences
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Tufte considers this a ghastly contrast to the previous graph. 
- aggressive colors are unnatural and un-quantitative, render the map incoherent
- “the original data now lost in the soup”
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Conclusions: Smallest Effective Difference
- Minimal distinctions reduce visual clutter

- Small contrasts work to enrich the overall visual signal by increasing the 
number of distinctions that can be made within a single image

- Thus increasing the resolution of an image

- Appropriate size of small contrasts depends on context, priority of 
particular elements in the overall visual story, number of differentiations 
made within an image, and characteristics of those viewing the image
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Parallelism: Repetition and change, comparison & surprise.

+ Spatial Parallelism relies on our ability to compare and contrast images 
that share the same space, our ability to understand complex images can 
be quickened when they are spatially parallel.

+ Parallelism allows us to generate links between variations in data, because 
we connect things naturally by position, orientation, overlap, 
synchronization, and similarities in content. 

+ Parallelism creates the foundation for coherent organization of visuals. 
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Successful parallelism in 
this diagram is apparent 
in many ways. 

The similarities in shape, layout, 
scale, and position, allow a 
viewer to easily digest the 
connection between the cubes 
and the numbers on the right. 
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In this example, Tufte 
talks about parallelism 
that combines visuals 
and sound. A person 
listening to this music 
will interact with this 
visual in order to hear 
and understand the many 
interpretations of the 
music at their own speed. 
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Here, the use of 
superimposed 
parallelism enhances the 
slight variation of the 
complex letterforms of 
the trajan inscription. 

Edward M. Catich
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A mix of a photograph, drawing, 
numbers, and words creates a 
complex relationship of parallels. 
The detached head drawings are 
difficult to understand but can 
help a viewer understand the 
figures in the photo faster. 
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Multiples in space and time.
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This images uses stills figures that change to when 
read horizontally to describe and depict motion. Using 
multiples to show motion can be problematic because 
it can have difficulties showing the actual passage of 
time, and rhythms of the motion. 
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Multiples here are used to help a viewer make fine 
distinctions and close comparisons between 
similar nouns. The generic fish images are in 
relation with each other to enhance scale 
difference and color difference. The underwater 
book is designed to make the diver find fish as 
simply as possible.
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This diagram depicts multiples used to show 
the different styles of art when applied to one 
object. Use of multiples enhances the 
approaches of each style. 
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Visual Confections: Juxtapositions from the 
ocean of the streams of story.

+ Confections are non direct representations of scenes. They are a 
collection of gathered images displayed in compartments and existing in 
imagined scenes. 

+ Confections describe a story, and can combine many different images to 
get the story and meaning across. 

+ Confections illustrate an argument, present and enforce visual 
comparisons, combine the real and imagined, and tell us yet another 
story. 
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This confection uses illustration to 
reinterpret what could be a list or 
inventory. The diagram blends words and 
images into a memorable piece. The 
drawing is about acts, verbs, and 
consequences. 
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Robert Burton’s piece uses a diagram to link 
images to each stanza, this reduces space 
and is a linear way to digest images. 
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In this confection, the artist 
merges abstract color 
squares and a detailed 
drawing of a farm.

VISUAL EXPLANATIONS - EDWARD TUFTE



This informative confection 
effective shows the dynamics 
between verbs and causes. 

The printed page allows the reader to 
absorb the information at their own rate, 
to fully understand the risks involved with 
the river.
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Computers are capable 
of assembling and 
displaying one time 
confections designed 
to serve immediate, 
local, unique purposes. 


