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IMPROVING CONVENTIONAL GRAPHICS FOR STATISTICAL DATA

1 ROCKY LOVES cﬁanTh but do HMJ
ever lie o kim?

gether and bolled down the lotal speetrum
of Information,” says the Vice Presidant. So
|he orders the Census Bureau and Budget Of-
flce to furnish him & weekly notebook full of
charts on economie activity like auto aales,

“The government has never pulled to-]

Edward R.

Tufte

Woodrow Wilson School
Princeton University

steel production, interest rates, He sees to it
that Ford gets a copy, oo,

“I'm a great bellever In charts," Rocky
says. Sometimes he orders “special isgues™
of his notebook to chart broad toples ke
raw materials. "If you make a presentation

it. You could lie to him very easily with
charts, He thinks that if you can present it
graphically, it must be true.*
Rocky boasts
breakthrough moekes i possible for a
computer to furn oul his charts for only

to him on charts,* says an aide, “he'll love|,

#5 aplece, h_s ;-I- ﬂm‘m

ProrFrrs

Over the past fifteen years our
profits have increased by a modese 73
million dollars. The diagram below

—_—
thot a _productien E‘-—'—,_r"""f e dep.i'l.'t:., from lefr to nght, three |ight
—r bulbs of steadily increasing size.
e —_— R

Pﬂul KIEE' "{}Id Hil.'l. ?igutlng," -Etchi'nEJ 1929, Gnllettiﬂ'ﬂ.

Museum of

Modern Art, New York. This etching appeared on the cover of the December, 1973
Monthly Labor Rewview.
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74 Annual Report, Day Mines, Inc. 2—
Financial Highlights for the Past Five Years

: 1974 1973* | 1972* I 1971* ‘ 1970*

] e — —— e —

] Operating revenues...._........ccceeeeivrnunens $7,382,599 | $6,814,503 | $4,916,444 ' 34,520,362 | $3,549,385
; Operating eXpenses. ..........oo.ovoeeeeennn., 5311439 ' 4,590,340  4,119979 | 3,946,451 3,735,699
, Income (loss) before income taxes.._._.... | 2,071,160 | 2,224,163 796,465 573,911 : (186,314)
; Provision (credit) for income taxes......... 636,058 | 577,162 274,522 | _ 176,164 | _ (175,300)
! Net income (10sS)........conviieeecnrencrenan. $1,435,102 | $1,647,001 $ 521,943 § 397,747 | § (11,014)
: Earnings per share............oooooovov, $0.49 | $0.56 | $0.18 | $0.14

Dividends per Share........................... | $0.10 | $0.10 | $0.10 | $0.05 |

Average number of shares outstanding.. ' 2,919,644 = 2,930,786 = 2,924,252 . 2,919,536 2,919,536
Exploration and development expense.... $1,226,007 ' $ 329,421 § 75243 ' $ 85,149 !'$ 351,341

Number of shareowners at year end..._... ! 6,955 | 6,687 ! 6,404 | 6,469 | 6,634
Working capital atyearend................... | $5,293,900 } $4,507 858 I $2,461,520 I $1,914,381 ! $1,915,017
*See MNote 1 to Financial Statemenits

Comparative Stock Prices and Dividends Paid

1974 1973
Share Prices Dividends Share Prices Dividends
High  Low Paid High  Low Paid
: First Quarter........ccoooovevrcceeeesiicneeeeee. 193 g 974 7%
_' Second Quarter........._.. S 1056 6% 0.10 10 7%
i Third QUarter.. ... ceeeiicisce e reresmesese==eee. 10V 3% 97 BYa
: Fourth QUArEEF ... e ccmsmmeeraane. BV 43 8% B4 0.10

F_ OPERATING —T NET INCOME

EXPLORATION &
REVENUES

DEVELOPMENT
EXPENDITURES

B e
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THE WORD-WORTH OF ONE PICTURE

Contemplate the news report; then the graph on the following page.

{I'he.'. news report is 700 words long.)

I

=

‘| =—=Mew court testimony and doe-|'

|
i

i tAxpayer
|l¥ to the re-election campaims

T 9An election manual pre-
dpared for Senate Democrats
refers to newsletters as a “free

{volunteer offers and donaticns

fed to be is and
ﬂ&-’ﬁiﬂﬂt&mlls.%
| needad votes.

;,Cm.pesﬁnnul mail rises in
Jelection years and peaks just

| sarily violates any law or regula-

T;_H.E NEW YORK TIMES, MONDAY, JUNE 2, 1975

FRANKED MAIL TIE
‘10 VOTING SHOWN

Testimony Finds the Velume|,
Rises Before Elections

WASHINGTON, June 1 (AP)

uments show that much of

of Senate and House members,
According to material filed
in a lawsuit in Federal Court:
gSenate Republicans put two
| direct-mail experts on the pub-
lic payroll to advise them on
Thow to use their free mailing
privileges to get votes,

forum," and sets up a timetable
for sending them as an integral
part of a model re-election cam-

.
as;-.nntnr John G. Tower, Re-
of Texas, mailed more|
than E00,000 special-interest|
letters at taxpayer expense asj.
part of his 1972 re-election
effort and received campaign

—-

iﬂl’ﬁpﬂﬂ*r

gSanator Jacob K. Javits, Re-
publican of Mew York, gave
written approval in 1973 far|y

a tax-paid mail program intend-
tter ‘iu

on aréas where he
QThe - volume of “official™|

before the general ¢laction,
None of this activity neces-

tien, since Congress has wide
discretion in the use of tax-paid
maidl. Congress gave itself the
right to send official mail st
Government expense at the
founding of the republic, and

only Co lices against
abE;u ﬁ -ﬂupFrﬂ maguny.

“lealled th

Complaints of political use
of the free-mailing privilege,
e franking privilege,
are heard every election
Reeently, . the volume
and cost of franked mail has
JJmultiplied. A new Federal law
will limit what out-of-office
challengers can spend to unseat
Incumbents,

In 1972, Congress passed a
law prohibiting mass franked
mailings within 28 days before
an eléction. The sponsor of
that legislation, Represéntative
Morris K. Udall, Democrat of
Arizona, said in an interview
that further changes were need-
ed to curtail political abuse
of the frank,

Mr. Udall urged a 60-day
pre-glection cutoff for mass
|mailings and said he favored
closing a loophale that recently
allowed defeated Representa-
tive Frank M. Clark, Democrat
of Pennsylvania, te send a
franked newsletter to his old
constituents after he had left
office. Mr. Clark iz seeking
to regain his old post.

. Practice Documented

Seldom has the itical
use of franked mall been so
well documented as in recent
testimony and documents filed
in a Federal Court by Commaon
Cause, the lobby group, which|.
‘|is suing for an end to tax-i-|,
;nanced. mass mailings by Con~f
ESS. L
|| For example, Joyce P. Baker,|
|a political mail specialist, said
Jin a 1973 job proposal that
she wanted to set up direct-
mail programs for Republican
Senators using franked mail

“The purpose of such a pro-
gram is to help an incumbent
Senator get re-elected,” she
said.

She was put*on the Senate
payroll at $18.810 a year in
11972+ and 1974 and testified
I that during that time she alded
Republican Senators Robert J.|
Dole.of Kansas, Peter H. Domi- |-
nick of Colorado, Charles McC.
Mathias Jr. of Maryland and|
others. 1,

b e

|tor Javits, in 1873,

1to identify positively with a|

{season of 1974, Congress sent

Another political mail special-|’
ist, Lee W. MacGregor, wrote
a proposal for the use of|
franked mail by his chief, Sena-|

*“The over-all objective of the|
franked mail program can be|
to get the recipient of the mail]

particular stand you have taken
or a bill you have introduced;
the kind of identification that|
can be translated into & vote
at the polls on election day."|:
Mr. MacGregor said. :

Mr. Javits was out of the
country and could not be
reached. His administrative
assistant, Donald Kellerman,
defended the use of franked

mail.

“It" 1= a standard device to|
let voters, not voters but citiz- |
ens, know what the Senator
is doing here in Washington,”
he said,

Senator Tower's use of
franked mail in his 1972 cam-
paign was documented by mem-
orandums, :

Tom Loetfler, a high-ranking
campaign aide, wrote in a mem-
orandum dated Oct. 27,
1572, that during the cam
Senator Tewer had seat “31
special interest letters totaling
approximately 803,333 franked
mailings.” .

Mr. Tower was not available
for comment. His administra=
tive assistant, Elwin Skiles,
said -the Senator's uze of
franked muil in 1972 was with-
In the law, and he defended
the free-mailing privileges.

“It's certalnly a vital way
ta kﬁp ur constiteents in-
formed about what's - happen-
ing.” Mr. Skiles said.

Postal Service figures show
that in the 12 months before
Movember, 1973, Congress sent
2229 million franked pieces
of mail. But in the next 12
months, covering the election

|350.6 million, a jump of 57

per cent.
g
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THE LOUSY COMPONENT BAR CHART :
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POLITICAL PARTY MOVEMENTS

GUBERNATORIAL ELECTIONS
MINNEAPOLIS, ST PAUL AND REMAINDER OF MINNESOTA
1890 TO 1940
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$nurce' Calvin F. Schmid, Handbook of Graphic Presentation (New York: Romald
Press, 1954), p. 101.




MEDIAN GIFFERENCES FROM NATIONAL PERFORMANCE BY REGION 7
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BIALL JEMALE DIFFEREMCES: CONSUMER-COST PROSLEMS
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Finally, here is a third version of the same scatterplot; this time as it
was published in William J, Crotty, ed., Public Opinion and Politics: A
Reader (New York: Holt, Rinehart and Winston, 1970), p. 364.
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THE METHODS AND MATERIALS OF DEMOGRAPHY

Figure 8-15.—Population of France, by Age and Sex: January 1, 1967

YEAR OF BIRTH AGE YEAR OF BIRTH
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POPULATION IN THOUSANDS

(a) Military losses in World War |

{(b) Deficit of births during World War |

{c) Military losses in World War Il

(d) Deficit of births during World War 11

(e} Rise of births due to demobilization after World War 11

Source: Based on France, Institug national de la siatistique et des études déconomiques Arnndire statistique de b France, 1967, 1968, p. 33,
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New York Times,

February 1, 1
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BLOT mAP=_

THE NEW YURK TIMFS. sSU

The Fastest Growing Retirement Counties in the U.5.1960-1870 ]
] . ; The 20§ counties with 15 percent or rmore net in-migration
w _h‘ul persons 60 years and olded between 1860 and 1970,
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‘More Elderly Are Retiring in the North

California

Amador
Calaveras
Inyo
Mariposa
Mono
Tuolumne

Arizona

Mohave
Yavapai
Yuma
Graham

Utah

Nevada
Washington Chuuchill
Wyoming
Campbell

90 1o Vis
2 e

AND WHAT 1S WRONG WITH BLOT MAPS
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e i
OPERATION
GREENHOUSE
OPERATION
SANDSTOMNE ITEM
OPERATION
GEORGE

TRinTY CAOSSROADS

il

OPERATION
CASTLE

@[ 1945 | 1946 | 1047 | 1948 | 1949 | 1850 | 1951 | [ 1853 | 1954 | 1956 | 1957 | 1958 | 1959 |
LA
|
B
e { ) FIRST RUSSIAN SUPERBOMB
I “JOE 4~
I MIKE AND/OR BRAVO
1 o
| :
KING 7
I mEM -
e
Ik_ .
b k‘r T w51 T 1952 T 1953 1954 | 1855 [ 1956 | 1957 | 1958 | 18959 |
||
|y “JOE 4"
I
I
USSA i FIRST AUSSIAN
I MIKE ANDVOR BRAVO SUPERBOMSB
. Omrlsslcm BOMBS b e
} Ir KING )
D esupenmmas b "f“
|
OTHER MIXED s
FISSION FUSION BOMES € So_ ] 1951 | w852 | 1953 | 1954 | 1@ss | 1956 | 1es7 | 1958 | 1958 |

TW0 HYPOTHETICAL OUTCOMES are postulated in an effort
-to evaluate how much risk would have been involved in a U.S, de-
cision not to proceed with the superbomb, They are depicted in this
historical chart as branches of the time line representing the actoal
world {a). The first branch is referred to by the author as the “most
probable alternative world” (b)), the second as the “worst plausible

110

Source: Herbert F. York,
233 (October, 1975), p. 110,

FIRST RUSSIAN
SUPERBOMB

“JOE 4"
alternative world” (c). Both branches originate at January, 1950,
the date President Truman announced his decision to go ahead
with the superbomb. The circles denote nucleartest explozions; the
labels are 115, code names. Area of each circle is proportional to
the region that could be destroyed by that bomb. Bombs of “nomi-
nal” size (less than 50 kilotons) have been omitted after 1950,

"The Debate Over the Hydrogen Bomb," Scientific American
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Hl- 1. Pruporunn of applicants that are women plotted against proportion c! appli-

cAnts admitted, in 85 departments. Size of box indicates relative number of applicints £
o the department.

Source: P, J. Bickel, E. A. Hammel, and J. W. O'Connell, "Sex Bias in Graduate
Admissions: Data From Berkeley," Science, 187 (February 7, 1975), p. 400.

No detailed scale for size of box given. One possibility: five biggest boxes

might be labeled and the Department name and N given at the side of the
graph in a legend.

\
Why should minimum box size be for N % 407
Fig. principle is directly violated in caption. !

Fitted line does not fit the data., At a minimum, scale at low end should
be stretched.

Might try two different styles of boxes: one with internal shading, one without. Then
at least a dichotomy by type of department could be displayed,

Lettering quality poor; lettering did not shrink well.




INTEGRATION OF WRITTEN TEXT AND GRAPHS

The means of printing production have caused written text and graphs
to become alienated from one another. Can graphs (and tables) and written

text flow more naturally into one another than they do now? This good example

ProrFns

Over the past fifteen years our
profits have increased by a modest 75
million dollars, The diagram below

EXe

depicts, from left to right, three light
bulbs of steadily increasing size.

of text-picture integration shows a graceful flow, except the pointer word '
"below" can be eliminated. After all everybody can tell where the

diagram is; also the pointer word serves to separate text and diagram. We
would never write "The sentence below shows such-and-such in more detail;"

but some have written "Figure 17 shows such-and-such ..."

Why do all figures have to be numbered and set aside from the text? Figures
are usually not substantively separate from the text; so they need not be divorced
from the text? The same goes for tables.

Can some examples be found?




Axes are positioned as shown in (1)-16). For each position. the object may be placed on each of six fuces and retated 90° CCW as
shown in columng (a)-(d). For ¢ach position of axes, we show 24 differcnt views of the object. Six axes positionsyield 6 X 1d-or
- 744 different views. Choosing a different set of axes results in 2 completely different set of 144 views. .
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Figure 2.39 The 144 different views of an object in dimetric using one set of axes for one object.

. Source: George E., Morris, Technical Illustrating (Englewood Cliffs, New Jersey:
Prentice-Hall, 1975), p. 35.
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Analysis of Freezing Temperature Distribution in Plonts

SHOSUKE KARKU

.Biological Laboratory, College of Ceneral Education, Kyushu University,

Ropponmatsu, Fukucka 510, Japan
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FREEZING TEME[°C) Lt

Frc. 1. Frequency distribution curves for freez-
ing temperatures of 10-mm needle pieces obtained
from different parts of mature Pinus needles, 150
mm in length, and the location of the needle
pieces used as the material: (A) apical portion of
needles; (B) middle portion of needles, 50 mm
distant from the apex of needles; (C) middle
portion of needles, 50 mm distant from the base
of needles; (D) basal portion of needles,

| Buusus da
r 1
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HURAF R FREEFING PER 05" |NTENVAL
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FREEZING TEMPC)

Fic. 4. Changes of frequency distribution curves
for freezing temperatures accompanying leaf
maturation in Buxus (a, b) and HNex (e, d)
leaves. Black indicates mature leaves; stippling,
semimature ones; plain, immature ones, Samples
used in each esperiment were as follows. (a)
Buxns smaller leaves, each 7-153 mg in weight,
April 17-30 in immature leaves, June 8-10 in
semimature ones, and ‘December 24-30 in mature
ones; (b) Buzus larger leaves, each 50-60 mg
in weight, May 2-8 in immature leaves, May
25-June 2 in semimature ones, and December 24
40 in mature ones; (e) IHex smaller leaves, each
5 mg in weight, May 20-27 in immature leaves
and October =10 in mature ones; {d) Hex Yarger
Jeaves, each 23 to 30 mg in weight, June 3-8
in immature leaves and Octolber 3-8 in mature

ones.
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FREEZING TEMP.(*C)

Fic. 2. Frequency distribution curves for freez-
ing temperatures of mature Pinus needles cut ko
wvarious lengths from 3 to 150 mm.

701 Cedrus ; - -]

o AN
-
R

MUMBER FREEZING PER 058" INTERVAL
=)

o T

-

-8

FREETING TEMP.('C)

Fic. 5. Changes in frequency distribution curves

for freezing temperatures accompanying matura-

tion in Cedrus needles (a, b) and twigs (e).
Black indicates mature needles and twigs; stip-
pling, semimature needles; plain, immature ones.
Samples used in each experiment were as follows:
(a) Cedrus smaller needles, each 3 mg in weight
and 13 mm in length, June 13-23 in immature
needles; and September 23-October 1 in mature
ones; (b) Cedrus larger needles, each 810 mg
in weight and 30 nun in length, June 23-29 in
semimature needles, and September 22-29 in
mature ones; (¢} Cedrus twigs, each 40 mg in
weight, October 24-November 3 in immature and
mature bwigs.
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Fic. 1. Size-frequency distributions of Pectinaria californivnsis determined from mean grab-sample data.
QOpen squares represent occurrence of specimens in densities less than one per 0.1 m’.

-

Source: Frederic H. Nichols, "Dynamics and Energetics of Three Deposit-Feeding
Benthic Invertebrate Populations in Puget Sound, Washington," Ecological

Monographs, 45 (Winter, 1975), p. 66.
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Radio Astronomy, eds, Benri Adler,

Academic Press, 1975), 108, 113.

Timonthy H. Hankin: and Barney J. Rickett, "Pulsar Signal Processing,"

(New York

in Methods in Computational Physics, Volume 14,
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Records of “sferics” (top) and of disturbances in the intensity of the
earth’s electric field (bottom)

Source: C, L, Stong, The Amateur Scientist (New York: Simon and
Schuster, 1960), p. 285, Illustrated by Roger Hayward.
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(a) Anauthor’s sketch (b} An artist’s version

Figure ITL.4 A descriptive drawing adds flavor to an otherwise
g bland presentation.
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b E . . . . « (water in this Mapor]
-E. o example) pressure
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C/L%'-i“l'-'t

Fia. 16-5. Vapor pressure curve of water in the range 0° to 100° C.

vapor pressure) between the two liquids water enters the cell.
If the cell wall were sufficiently strong, equilibrium would be
reached when the hydrostatic pressure in the cell had reached a
certain value, at which the water vapor pressure of the solution
equals the vapor pressure of the pure water outside the cell.
This equilibrium hydrostatic pressure is called the osmotic pres-
sure of the solution.

- " Crystalline solvent’
s b4 {ice in this example)
A Solvent Py £ i
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E r P I E
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] &
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] e selution | s i
- . L > 6,004 —L :

art a8 a9 ea el " -2 =1 o* L

Temperature C Temperature C

LJ
Fig. 16-6. Vapor pressure curves Fia. 16-7. Vapor pressure curves of

of water and an aqueous solution
near the boiling point, showing ele-
vation of boiling point of the solu-

water, ice, and an aqueous solution
near the freezing point, showing
depression of freezing point of the
solution.
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Connecticut

traffic  fatalities,

195159, Source:  Campbell
and Rog (1968)
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Sources:

1.

2.

3.

Donald T. Campbell, "Measuring the Effects
of Social Innovations by Means of Time
Series," in Statistics: A Guide to the
Unknown, eds. Judith M, Tanur, et al.

(San Francisco: Holden Day, 1972), p. 122,

Donald T. Campbell and Laurence Ross,
"The Conmnecticut Crackdown on Speeding:
Time-Series Data in Quasi-Experimental
Analysis," in The Quantitative Analvsis
of Social Problems, ed, Edward R. Tufte

(Reading, Massachusetts: Addison-Wesley,
1970), p. 115.

Donald T. Campbell, "Reforms as
Experiments," American Psychologist,
24 (April, 1969), p. &13.
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The next three pages show parallel plots in graphs--usually time series marching
along together. Parallel series are often an effective form of presentation,
although sometimes a scatterplot would be more revealing.

Consistently high quality parallel plots of economic series are found in
w- Good parallel plots are also found in the Department of
Commerce publication Business Conditions Digest.

F ' e, m n - -

1
Correction : ;\
. In last week's Review, a drawing ;
. of the finback whale appeared this .
©way: .

The drawing should have appeared i
this way: .

The Review regrets the error. =~ - I
Whales, however, do spend just I
cbout as much of their time swim- |
ming on their backs as they do right |
side up,. B

LY

New York Times, July 6, 1975,
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s Here are some parallel parallel plots. I like the way they put a complex

get of data together.

This is a very attractive presentation (particularly

in the original, which was in color), although some of the verbal descriptions

the freshest phrase.

are not perfectly precise and "stripping away the veil of inflation" is not
In general, however, I like the idea of having a short

sentence describing the main thrust of the graph, giving readers a quick summary

and leading them naturally to the dztail of the graph itself.

These graphs

are from Business Week (February 3, 1975; 67-68)--a magazine which has pretty

—ge——

good graphic displays, usually of the kind we see here,

Whentheveil of infiationis stripped away

| Thisis the worst and longest recession
| Inaquarter of 2 century

Consumers have been cutting spanding since
mid-1973, companies since mid-1 574...
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Source: William H., Branson,
Macroeconomic Theory aml

Policy (New York: Harper
and Row, -1972), p. 6.

1980 1962 1964 15966 1963 1570
{c) Rateol infation

' This parallel plot tries to serve too many purposes. The extemsive text accompanying
the plot deals with (1) the ups and downs of the U.S, economy from 1960 to 1971 and
(2) the relationship, when and if there is one, between the inflation rate and th_e

unemployment rate, Point (2) is discussed as follows:

Figure 1-1(b) plots the unemployment rate corresponding to the
...... - . gap in Figure 1-1(a). In general, the larger the GNP gap, the greater
the unemployment rate. Figure 1-1(c) shows the percentage (annual)
rate of change of the CPI—the rate of inflation—corresponding to
the GNP gap and unemployment-rate series. Comparison of Figures
1-1{b) and 1-1(c) shows that, in general, as the unemployment rate
has been reduced, the rate of inflation has risen. This is the Phillips
curve relationship between unemployment and the rate of inflation
that is discussed in Chapter. 16. It is also interesting to notice that - : 2
from 1961 to early 1965, as the unemployment rate gradually came :
down, there was rio perceptible increase in the rate of inflation. But
the further drop in unemplovment from early 1963 to 1956 brought a -
sharp increase in the rate of inflation, and the maintenance of a level
_ of demand pressure that kept unemployment below 4 percent from
. - 1966 through 1969 generated a continuing inflation that only showed
faint signs of slowing by mid-1970.

Now for point (2), we would really like to see a scatterplot of the inflation rate
plotted against the unemployment rate. Or perhaps their quarterly first differences,.

One version of the desrived plot is shown on the next page. It is revealing.



i

Si-

o

31..—.

DURING YEAR (FROM
DECEMBER OF PRE-
CEDIMG YEAR TO
DECEMBER OF GIVEN

~S
N

CPI INFLATION RATE 51?& [

i

A

/

=

2%

T4~

s9, |62 58

&0
G4 &

&1

UKEMPLOYMENT RATE
] 1 s 1 1 |

% 2% 3% 4% “\i\dx 7%
54

49

Frovae 1. Diriation Rate vs. Uxzarrovaest Rate, 1948-72

\

Source; Carl F. Christ, "The 1973 Report of the President's
Council of Economic Advisers: A Review," American Economic
Review, 63 (September, 1973), p. 517.
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FiG. 5. Soil texture of 4 horizon under mived grass-

land communities in western North Dakow. Numbers

refer to stands described in texi

Source: Robert E, Redmann, "Production Ecology of Grassland Plant Communities

in Western North Dakota," Ecological Monographs, 45 (Winter, 1975), p. 93.
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Fic. 20.2. Frequency distribution curves of systolic pressure (B.D.) in

rent t'om'!s of nephritis and sclerosis: a = acute; b = subacute;

£ = :uhch.}'umc-, d = chronic; ¢ = secondary contracted kidney;

S = essential hypertension and benign sclerosis; g = malignant

sclerosis (Volhard (1931), Handbuch der inneren Medizin. Berlin:
Springer. Fig. 299),

Source: George Pickering, High Blood Pressure (London: J. & A. Churchill, 1968),

Ps 445,
(&
B
FIt. 1. The effects of serial combinations of 4-cyclohexylam-
=& ino-2-methylthiopyrrolo[2,3-d|pyrimidine (9) and "Ade on the
- fresh weight yield of tobacco callus. Bud formation eccurred in
£ it seven treatments as follows: the five treatments with 20 pM FAde
L O TP and 0L0A-66 uM 9, and two treatments with 2.2 uM or 6.6 pM each
4010 . of iAde and 9. Test period: 6 Dec. 1974 to 10 Jan. 1975.
3 I 1
=
o
[T
o e
70 o
.—'5,#' @"’7‘

Source; Folke Skoog, Ruth Y. Schmitz, et al., "Anticytokinin Activity of

Substituted Pyrrolo(2,3-d) Pyrimidines," Proc, Nat. Acad.USA, 72 (1975),

Pl 35‘10.
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Fig. 2-7. E.t‘te:t;: of combinations of 2,4-D and kinetin on bud formation, in the presence of 0.0, 2.7, 5.4, 10.8,
220, and ss.0pM NAA, 2. 0.0aM. 3. 27pM. & 5S4 5. 10.8pM. 6. 220pm. T, 44.0 pm

Source: J, W, Saunders and E, T. Bingham, "Growth Regulator Effects on Bud

Initiation in Callus Cultures of Medicago Sativa, " American Journal of

Botany, 62 (September, 1975), p. 852,
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Figure 6-2a. 1960 presidential vote by party identification (1958) and by religious
identification [1960). :
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15958 Party Identification

Figure 6-2b. 1956 _pn:sidrmi:l vote by party identification (1958) and by n-ljg-;nu:

identification (1960). ¥
Source: Philip E. Converse, "Religion and Politics: The 1960 Election," in
Angus Campbell, Philip E. Converse, Warrem E. Miller, and Donald E. Stokes,

Elections and the Political Order (New York: Wiley, 1966), pp. 102-103,
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OPTICAL ART EFFECTS

STROMG DEMOCRAT

1958 1960 1964 1968 1972

FIGURE 2.1 / PARTISAN LOYALTY FROM 1958 TO 1972

Source: Gerald Pomper, Voters' Choice: Varieties of American Electoral Behavior

(New York: Dodd, Mead, 1975), p. 21.

7. Victor Vasarely, Tau-Ceti, 1955-65. Coll. the artist.
| |
A

Source: George Rickey, Constructivism: Origin and Evolution (London: Studio
Vista, 1968), p. 183.
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Plctorial example
after a three-part movement
by J. 5. Bach (see pp. 285-227),

Source; Paul Klee, Motebooks, Volume 1, The Thinking Eve {Londr_m:. Lund

«ew= - Humphries, 1961), insert at pp,286-257. - : e
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Source: Armin Hofmann, Graphic Design Manual: Principles and Practice

(New York: Van Nostrand, 1965), p. 149.
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TOO MANY COMMENTS ON A SCATTERPLOT

The Scatterplot below appeared in Bruce Bueno de Mesquita, "Need for
Achievement and Competitiveness as Determinants of Political Party Success

in Elections and Coalitions," American Political Science Review, 68 (September,
1974), p. 1220,
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W —20.33 _ A Vidhan Sabha Seats Won by 16 Partics Between 1967
E-_' ; i T and 1969 Compared 1o the Estimaied Change in Their
o - Representation As a Function of Their Lepislative
.  =34,67 . Strength in 1967, Their Strategic Predispositions, and
= ' Their Need for Achieveme t.
note outlier (axes are too ___| . s e
close to this data point) _4ia1$j

To~42.67 © —9.:287 24.10 up and down placement of
5 —25.98 o 7,404 numbers would be avoided if
.7 ESTIMATED CHANGE IN SEATS unit measure used
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The following things are wrong with this data display;

l, The X and v scales are fruity, Why are the inte
as -9,287, 7.404, and all the rest?
14.34) units? Since the units actual
would be better to have simple round

rvals taken at such points
Why is the scale intery

, it

2, Four significant digits are presented., This is.pseudu-accuracy--just because
the computer printed all those significant digits, it doesn't mean that they
are significant. What does a change of -9,287 seats mean?

3. Why are the data points indicated by those asymmetric marks?
dots?

Why not use

4, Since this is a display of ohserved values vs, predicted values, there isg
a natural reference point: a 45-degree line, On suech a line, obssarved
values equal predicted values, Also both the X and Y axes should start at the
same point in this case--since We are comparing Predicted vys, observed values,

5. The caption on the graph is hopelessly complicated,

6. The graph is designed to illustrate the relationship between observed and
predicted values, a relationship already described in the text and the
- tables of the paper. To show that this is a visual display of a Previous

quantitative message, the graph might have "RZ = _79n on it, somewhere
in all that empty space,

7. Overall, the graph has an amateurish look to it,

Attached are two examples, both Prepared professionally, of graphs displaying
an observed-predicted relationship in a superior way.




E. R. Tufte
January 3, 1976

New York Times, January 3, 1975 ' ,

Path of temperature variation in relatiown Lo normal high and low is goud.
Attracts reader's eye to the data, to the detail of the data.,

No accompanying text provided. Would be very helpful,

Graph in upper left is not much good. One very brief sentence would capture
same informationm--if it has any meaning at all., Average annual temperature?

Rain chart might be expressed as a day's rain ala the stock market volume.
Or maybe cumulate to the end of the month, so that heavy rains would be
linked to time of month, At any rate, big, heavy bars aren't needed here,
One possibility is to cumulate and then also show, with a tie, the normal.
Note that the normal is not very interesting on this scale because it
displays little variation. There is something of interest in the path of
the normal (several cycles) but it is not captured well at all,

I get nothing out of the bottom chart showing the daily path of the relative
humidity at noon. It just encourages some spurious cycle hunting, I suspect,

Since the graph is published in January, the January beginning is all right--
letting us see what is ahead, -

It is interesting to think about the meaning of the black space in the
temperature path,

What would be the normal high and low and also average of temperature
path, .

What would be the normal high and low and also’ average of temperature of
air people are exposed to? ' .

Main improvements:

(1) drop annual temperature comparison in upper right
(2) plot rain by day just like stock market volumes (or relative humidity)
(3) drop relative humidity

. (4) think of other data to replace items dropped.

This is one of the most interesting graphs published in the Times.
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