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Presenter
Presentation Notes
Video 2: Graphical Integrity
Let’s look at Graphical Integrity.
�As we saw in the last video, Tufte tells us that the first step to Graphical Excellence is telling the truth about the data.
�For Graphical excellence you therefore need graphical integrity.
��



Tufte’s 
Principles of 

Graphical 
Integrity

The first two

1. The representation of numbers, as 
physically  measured on the surface 
of the graphic itself,  should  be 
directly proportional to the numerical 
quantities  represented.

2. Clear, detailed, and thorough labeling 
should be used to defeat graphical 
distortion and ambiguity. Write out 
explanations of the data on the 
graphic itself.  Label important 
events in the data.

Presenter
Presentation Notes
�There are 6 principles for graphical integrity.
�The first two relate to our duty as graph designers to avoid distorting the data, and leading viewers to get wrong “perceptions” of the true data. There’s a number of ways to use graphics to distort information, and to put across a particular story.  To address this issue, let’s look at Tufte’s first two principles:
 The representation of numbers, as physically  measured on the surface of the graphic itself,  should  be directly proportional to the numerical quantities  represented.
 Clear, detailed, and thorough labeling should be used to defeat graphical distortion and ambiguity. Write out explanations of the data on the graphic itself.  Label important events in the data.
���



For Example…

Day Mines, INC. (1974). Annual Report, p. 1 – From Tufte (2007)

Presenter
Presentation Notes
�Let’s look, for example, at the way this graph uses misleading axes. 
�I also would just like to note before we go on that the examples I am using are from the Tufte textbook. So while they may look a little bit dated, they are really useful in helping us understand Tufte’s multitude of principles and theory for good graphics.

This graph is an annual report for Day Mines Incorporated, telling us about Operating Revenues, Net Income, and Exploration and Development Expenditures for the year.

If we take a closer look at the graph, we can see that it is lacking in graphical integrity.
�If we look at the middle panel, ‘Net Income’ distorts the fact that the first bar, 1970, actually had a negative income, but it was disguised because the bars begin at the bottom at approximately -$4,200,000.
�



The Lie Factor

New York Times (August 9, 1978), p. D-2, – From Tufte (2007)

Presenter
Presentation Notes
An important part of obeying these principles is “lie factor”, which essentially means that 
size of effect shown in graphic has to be equal to the size of effect in data.

We know that graphical integrity is intact when the Lie Factor is equal to one.

�Here is an example of poor graphical integrity in this context:


This graph was published in the New York Times to show how the U.S. Congress and the Department of Transportation had set a series of fuel economy standards to be met by automobile manufacturers, to demonstrate an increase in miles per gallon of 53% from 1978 to 1685. 
�By Tufte’s calculations, this graph has a lie factor of 14.8! This is mainly because (as you can see on the graph) the 1978 line, representing 18 miles per gallon, is 0.6 inches long. Then, a line representing 27.5 miles per gallon in 1985, is 5.3 inches long. These proportions do not correspond to a 53% increase!
�



Instead… We have Tufte’s “Non-Lying” alternative

Presenter
Presentation Notes
Tufte then shows us what an alternate, ‘non-lying’ version of this data would look like

The increase in Tufte’s graph looks much less dramatic. Also, this graph is more truthful not only because its proportions are accurate, but also because Tufte gives us much more context when he compares the new car standards with the mileage achieved by the all the different cars that would actually realistically still be on the road in 1985.�



Tufte’s 
Principles of 

Graphical 
Integrity

3) Show data variation, not 
design variation.

Presenter
Presentation Notes
�This is because the eye may mix up changes in the design with changes in the data.�



For Example…

Time, (April 9 1979) p. 57, in Tufte (2007). 

Presenter
Presentation Notes
 In this graph, we have barrels use to represent the increases in price per barrel of crude oil leaving Saudi Arabia from 1973 to 1979, published in Time magazine. Here, the design variation  is the scale for the barrels, and the final barrel, the one on the right at the end, there is an increase of 454 percent is depicted as an increase of 4,280 Percent due to how disproportionate the size is from the increase of 12.70 dollars to 13.34. This actually creates a lie Factor of 9.4! Design variations in regards to scale is one of the most problematic elements that compromises graphical integrity.
��



Tufte’s 
Principles of 

Graphical 
Integrity

4) In time-series displays of 
money, deflated and 
standardized units of monetary 
measurement are nearly always 
better than nominal units.
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Presentation Notes
This is because the value of money changes over time, and has to be adjusted for inflation. 



For Example…

Sunday Times, London, (December 16 1979) p. 54, in Tufte (2007). 

Presenter
Presentation Notes
Tufte uses this time-series graph about the Price of Crude Oil from 1972 to 1979 as an example of this principle. Not only does it not have any design variation, you can see that a second ‘real’ line has been added to the graph in order to show inflation’s affect on money from 1972 to 1979.
���



Tufte’s 
Principles of 

Graphical 
Integrity

5)  The number of information-
carrying (variable)  dimensions 
depicted should not exceed the 
number of dimensions in the 
data.

Presenter
Presentation Notes
This is because changes in physical area on the surface of a graphic do not reliably produce appropriately proportional changes in perceived areas. This problem is amplified when graphs use three dimensions to present data. 



For Example…

Time, (April 9 1979) p. 57, in Tufte (2007). 

Presenter
Presentation Notes
For example, if we look at this graph again, if we were to assume that the volume of the barrels represents the price change, then the volume from 1973 to 1979 increases 27,000%, when actually the true data increase was 454%. This three dimensional effect actually creates a Lie Factor of 59.4!
����



Tufte’s 
Principles of 

Graphical 
Integrity

6) Graphics must not quote data 
out of context.

Presenter
Presentation Notes
�Our final principle is that:
�6) Graphics must not quote data out of context.
�



For Example…

Presenter
Presentation Notes
To understand this, here are three graphics on Connecticut traffic deaths before and after stricter enforcement by the police for speeding, using the years 1955 and 1956 as a before and after points.

In the first graph, it looks like a steep decline happened as a result of this stricter enforcement, where it goes from 325 deaths to about 285. 
�However, you can see that in the second graph, a few more data points of the years before and after  improves the graph as it gives us a better idea of overall trends.
�What would help even more would be to add comparisons to adjacent states. In so doing, we  see that it was not only Connecticut that saw a decline in traffic fatalities in the year of the crackdown on speeding - and so the decline may have had nothing to do with stricter law enforcement. 

Context is especially vital for graphical integrity.
����



Tufte’s 
Principles of 

Graphical 
Integrity

1. The representation of numbers, as physically  
measured on the surface of the graphic itself,  
should  be directly proportional to the numerical 
quantities  represented.

2. Clear, detailed, and thorough labeling should be 
used to defeat graphical distortion and ambiguity. 
Write out explanations of the data on the graphic 
itself.  Label important events in the data.

3. Show data variation, not design variation.

4. In time-series displays of money, deflated and 
standardized units of monetary measurement 
are nearly always better than nominal units.

5. The number of information-carrying (variable)  
dimensions depicted should not exceed the 
number of dimensions in the data.

6. Graphics must not quote data out of context.

Presenter
Presentation Notes
That concludes our video on Tufte’s principles of graphical integrity! In the next video, we will look at Data Ink and Chart Junk.
�
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