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Fig. 1. The shape parameter of a graph. The data rectangle is the dashed rectangle on the graph. The 
shape parameter is the height of the data rectangle divided by its width, where the height and width are 
measured in the same units of length. For this graph the shape parameter is 1.2. 
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Fig. 2. Sunspot numbers. The shape parameter is 0.065. We can see from this graph that the sunspot 
numbers rise more rapidly than they fall. 
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Fig. 3. Sunspot numbers. The shape parameter is 1. We can no longer see the more rapid rise than 
fall because the change in the shape parameter has made our visual decoding of slopes less accurate than 
in Fig. 2. 
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the whole of 100%. Seeing a bar extend to 25% along a quantitative scale conveys a part-to-
whole relationship only slightly less effectively than a pie chart with a quarter slice, especially 
if the bar graph’s title declares that it displays the parts of some total (for example, “Regional 
Breakdown of Total Revenue”). Despite the obvious nature of a pie charts message, bar 
graphs provide a much better means to compare the magnitudes of each part. Pie charts 
only make it easy to judge the magnitude of a slice when it is close to 0%, 25%, 50%, 75%, 
or 100%. Any percentages other than these are diffi cult to discern in a pie chart, but can be 
accurately discerned in a bar graph, thanks to the quantitative scale.

Allow me to illustrate. Here is a pie chart with six slices. Notice how easy it is to determine 
that the value of Company C (the green slice) is 25%, one quarter of the pie.

Company A

Company B

Company C

Company D

Company E

Company F

Now notice how that even the green slice, which was easy to read as 25% above, is no 
longer as easy to recognize as 25% in the chart below.

Company B

Company C

Company D

Company A

Company E

Company F

None of the values have changed. I simply sorted the slices by size. In the earlier example, 
our ability to decode the green slice at 25% was assisted by the fact that the green slice 
began at the 6 o’clock position and extended neatly to the 9 o’clock position. Positions at the 
extreme top, right, bottom, and left of a circle mark 90 degree intervals from one another, 
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You might be inclined to believe that you can do a better job than most in judging differences 
in values that are encoded as 2-D area. Here’s a simple test. If the area of the small circle 
below equals a value of 1, what is the area of the large circle?

1

?

1

?

Not easy, is it? When I ask students to guess the size of the large circle, I get answers rang-
ing from around 6 to 50.The area of the large circle is actually 16 times the area of the small 
circle. Stephen Kosslyn writes:

The systematic distortion of area is captured by “Steven’s Power Law,” which states 
that the psychological impression is a function of the actual physical magnitude raised 
to an exponent (and multiplied by a scaling constant). To be precise, the perceived 
area is usually equal to the actual area raised to an exponent of about 0.8, times a 
scaling constant…In contrast, relative line length [such as the lengths of bars] is per-
ceived almost perfectly, provided that the lines are oriented the same way. (Kosslyn, 
Stephen, Graph Design for the Eye and Mind, Oxford University Press, 2006, p. 40)

Perhaps you object to the fact that you had to rely on relative 2-D areas alone to discern 
the differences above, without the benefi t of relative angles as well, which play a role in pie 
charts. Here’s another test, this time using an actual pie chart. Look at the pie chart below 
and try to place the slices in order from largest to smallest.

Cabernet Sauvignon
Sangiovese
Prosecco
Chardonnay
Syrah
Tempranillo
Pinot Grigio

Having trouble? As you can see, comparing the angles of the slices doesn’t make it any 
easier.
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Naomi Robbins writes:

We make angle judgments when we read a pie chart, but we don’t judge angles very 
well. These judgments are biased; we underestimate acute angles (angles less than 
90°) and overestimate obtuse angles (angles greater than 90°). Also, angles with 
horizontal bisectors (when the line dividing the angle in two is horizontal) appear 
larger than angles with vertical bisectors. (Naomi Robbins, Creating More Effective 
Graphs, Wiley, 2005, p. 49)

If a chart is doing its job, you shouldn’t have to struggle. Look at how easy it is to compare 
the percentages using the bar graph below, which displays the same values:

Total Revenue by Product

0% 5% 10% 15% 20% 25% 30%

Sangiovese

Pinot Grigio

Prosecco

Cabernet Sauvignon

Chardonnay

Syrah

Tempranillo

Pies in All Their Modern Glory

The pie chart, like all graphs that use the position, length, or area of objects to represent 
quantity, includes an axis with a quantitative scale, only it is never shown. The axis and scale 
of a pie chart is not linear, as it is with most graphs, but circular, for it is located along the 
circumference of the circle. Here’s what a pie chart would look like if its axis and scale were 
visible:
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      name:  <unnamed>
       log:  /Volumes/Work/Projects/2011/descriptives/report/t_su
> mmary.smcl

  log type:  smcl
 opened on:   7 Jun 2011, 11:25:31

1 . sum hhinc, d

          Annual household gross income (thousands)

      Percentiles      Smallest
 1%          1.4              0
 5%       16.402              0
10%       26.016              0       Obs               17630
25%        49.55              0       Sum of Wgt.       17630

50%       88.289                      Mean           100.8699
                        Largest       Std. Dev.      84.96582
75%      130.264        994.416
90%      180.559        994.416       Variance        7219.19
95%      223.838        994.416       Skewness        4.55088
99%      381.455        994.416       Kurtosis       42.73259

2 . log close
      name:  <unnamed>
       log:  /Volumes/Work/Projects/2011/descriptives/report/t_su
> mmary.smcl

  log type:  smcl
 closed on:   7 Jun 2011, 11:25:31

Tuesday, 7 June 2011 11:25 AM   Page 1



0
10

20
30

40

0 100 200 300 0 100 200 300

Couple with dep children Lone parent with dep children

Pe
rc

en
t

Annual household gross income (thousands)
Graphs by Household type (reduced)

0
5

10
15

20

0 100 200 300 0 100 200 300

Couple with dep children Lone parent with dep children

Pe
rc

en
t

Annual household gross income (thousands)
Graphs by Household type (reduced)

0
.0

05
.0

1
.0

15
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children



0
.0

05
.0

1
.0

15
.0

2
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
.0

2
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
.0

2
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
.0

2
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple with dep children Sole parent with dep children

0
.0

05
.0

1
.0

15
.0

2
De

ns
ity

0 50 100 150 200 250 300
Annual hh gross income (thousands)

Couple (all hhs) Sole parent (all hhs)
Couple (comparable hhs) Sole parent (comparable hhs)





0
20

40
60

80
10

0
Pe

rc
en

ta
ge

0 50 100 150 200
Cumulative hhold income ('000s)

Couple with dep children Sole parent with dep children

1.96 ! (( 2 + 2))

1.96 ! ( (1.12 + 2.92)) = 6.1


