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The Book
The Visual Display of Quantitative Information, by Edward R. Tufte

Figure: Tufte 2001, originally published in 1983.
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Graphical Integrity

Graphical Integrity

in·teg·ri·ty
the quality of being honest and having strong moral principles; moral
uprightness: he is known to be a man of integrity.
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Graphical Integrity Distortion in Graphics

Distortion in Graphics

A graphic does distort if the visual representation of the data is not
consistent with the numerical representation

What is “visual representation”?

Physically measured surface of the graphic?
Perceived visual effect?

→ How do they relate?
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Graphical Integrity Distortion in Graphics

Distortion in Graphics

Experiments with large group of people help analyzing the “perceived
visual effect”

Experiments with the area of a circle lead to the power law:
reported perceived area = (actual area)x, x = 0.8± 0.3

Different people have very different perception

→ What is a poor designer to do?
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Graphical Integrity Distortion in Graphics

Distortion in Graphics
Principles on how to do it right?

Principles (Distortion in Graphics)

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.
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Graphical Integrity Distortion in Graphics

Distortion in Graphics
The Lie Factor

Lie Factor =
size of effect shown in graphic

size of effect in data

LF = 1: good job

LF 6= 1: distortion

most distortions involve overstating
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Graphical Integrity Distortion in Graphics

Distortion in Graphics
The Lie Factor
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Graphical Integrity Distortion in Graphics
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Figure: New York Times, August 9, 1978, p. D-2.

Reality: 27.5−18.0
18.0 × 100 = 53%

Graphic: 5.3−0.6
0.6 × 100 = 783%

→ Lie Factor: 783
53 = 14.8
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Graphical Integrity Distortion in Graphics

Distortion in Graphics
The Lie Factor
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Graphical Integrity Design and Data Variation

Design and Data Variation
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Figure: National Science Foundation, Science Indicators, 1974 (Washington,
D.C., 1976), p. 15.
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Figure: National Science Foundation, Science Indicators, 1974 (Washington,
D.C., 1976), p. 15, edited by Tufte.
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Principles on how to do it right?

Principle (Design and Data Variation)

Show data variation, not design variation.
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Figure: New York Times,
December 19, 1978, p. D-7.
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Figure: Time, April 9, 1979, p. 57.
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Figure: Sunday Times (London),
December 16, 1979. p. 54.
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Figure: The Economist, December 29,
1979, p. 41.
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1978, p. D-7.
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Figure: New York Times, February 1, 1976, p. iv-6.
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Figure: New York Times, February 1, 1976, p. iv-6, edited.
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Figure: New York Times, February 1, 1976, p. iv-6, edited by Tufte.
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The Case of Skyrocketing Government Spending
Principles on how to do it right?

Principle (The Case of Skyrocketing Government Spending)

In time-series displays of money, deflated and standardized units of
monetary measurement are nearly always better than nominal units.
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Figure: Los Angeles Times, Augusts. 1979, p. 3.
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Figure: Time, April 9, 1979, p. 57.
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Visual Area and Numerical Measure
Principles on how to do it right?

Principle (Visual Area and Numerical Measure)

The number of information-carrying (variable) dimensions depicted
should not exceed the number of dimensions in the data.
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Figure: Antonio Gabaglio, Teoria Generale della Statistica (Milan, second edition,
1888).

M. Ruder (Heidelberg University) Visual Display of Quantitative Information October 24, 2019 27 / 36



Graphical Integrity Context is Essential for Graphical Integrity

Context is Essential for Graphical Integrity

�
�"

���"


��"

��"


��"


��"



�"

��9 Ha=^KMB=T� ^a=BhNBF�

���%�,%/�#/�##��%���/��"/�"� �����/��%��"�%-/

P�¬U]¬ ����ub��¬ S�Z¬�]�]S�v�r�¬ ZS�S¬r�S�uvW�¬����¬U]S�¬��¬�u]¬ ��]�¥
�v��¬ S�¬ �u]¬u]S��¬�b¬��S��v�S�v�]¬ �uv��v�r4¬ �?���S�]Z¬ ��¬�uS�<�¬
Pu]¬]�SWvS�]Z�¬ ZS�S��uv�¬Z]�vr�¬ �u���Z¬S��S��¬������]¬����vWv���¬
b��¬ r�S�uvW�¬�b�]�¬�v]¬ U�¬��v��v���¬ �]S�v�r¬���¬ZS�S¬��k~Wv]��¬b��¬
W���S�v�����¬Pu]¬��v�Wv��]5¬

B�S�uvW�¬����¬ ���¬ ����]¬ZS�S¬���¬�b¬W���]��!¬

L]S���¬ S��¬ �u]¬v�����S��¬��]��v���¬S�]¬ �]b�¬��S���]�]Z¬U�¬�uv�¬
Zv���S�9¬

�,
�%&�1%9 462*"5%19

����"

!ECC62I=2KIR+G.9>2R"6.I<H�R
 68EG6R ������".C4R�8I6GR ����
�"
*IG=2I6GR#C8EG26B6CIR1ORI<6R'EA=26R
�;.=CHIR!.GHR#N2664=C;R *F664RA=B=IR

�&5%19351+!5%19
%.&01!%-%.59

=¬b]�¬���]¬ZS�S¬��v���¬ SZZ¬v��]��]�¡¬��¬�u]¬ SWW����8¬

',

���� ��

',

����" 	���"

��

��
!ECC62I=2KIR,G.:3R"6.I<H�R
���������"

����

��
��� !"#$��

����" 	���" ����"

M. Ruder (Heidelberg University) Visual Display of Quantitative Information October 24, 2019 28 / 36



Graphical Integrity Context is Essential for Graphical Integrity

Context is Essential for Graphical Integrity

.5�

��R

��R

��R

�R

D�Srv�]¬�u]¬�]��¬Zvj]�]��¬ v��]���]�S�v���¬��u]�¬����vU�]¬ �v�]§
�S�u�¬�������Zv�r¬�u]¬���������9 WuS�r]¬ ����Z¬uS�]5¬

��������	
��

��

��	������������� ���	��	�
��

�����
����

��
��������

?���S�v����¬�v�u¬SZ�SW]��¬ ��S�]�¬rv�]¬ S¬ ��v��¬ U]��]�¬ W���]���¬ �]�]S�§
v�r¬ v�¬�S�¬���¬����¬?���]W�vW��¬�uS�¬ ]����]Z¬S¬ Z]W�v�]¬ v�¬ ��Sk~W¬
bS�S�v�v]�¬ v�¬ �u]¬�]S�¬�b¬ �u]¬W�SW�Z���¬��¬ ��]]Zv�r5¬

����R ����R ����R

K�R^iV�0YR�c��}Y��.'�()�
EY��yv�� ?CR!ECC72I?2KJ�R
%.HH.2<KH7IIH�R)<E45R$HA0D4�R
/C4R&QMROz�l�� /93.�.939�

BY��Ny~j�

�AR��RUb��Y����

/yvvYU�gU���

GbyXY�9�pRvX�

����R ����R

Hb=_KNB=U� NZhF HbNhm� ��;

! "�
���
#�

1yvRoX�J��/Rs{TYpo�RxX�8��@R��YvUY�
Gy�����JbY�/yvvYU�gU���/~RUjXy�v�yv�
H{YYXhv`+�JgsY�HY�gY��1R�R�hv�F�R�g�
2�{Y�gsYv�Ro�-vRp��g���� hv�2X�R~X�cd�
J�\�Y�� YX��� &<4j"ia[>\*\>b4j��*GgW?WjN9j
$O.>*Fj TO,F4JXj 
GYRXhv`��AR����� $*���
���	����R

M. Ruder (Heidelberg University) Visual Display of Quantitative Information October 24, 2019 29 / 36



Graphical Integrity Context is Essential for Graphical Integrity

Context is Essential for Graphical Integrity

�
�"

���"


��"

��"


��"


��"



�"

��9 Ha=^KMB=T� ^a=BhNBF�

���%�,%/�#/�##��%���/��"/�"� �����/��%��"�%-/

P�¬U]¬ ����ub��¬ S�Z¬�]�]S�v�r�¬ ZS�S¬r�S�uvW�¬����¬U]S�¬��¬�u]¬ ��]�¥
�v��¬ S�¬ �u]¬u]S��¬�b¬��S��v�S�v�]¬ �uv��v�r4¬ �?���S�]Z¬ ��¬�uS�<�¬
Pu]¬]�SWvS�]Z�¬ ZS�S��uv�¬Z]�vr�¬ �u���Z¬S��S��¬������]¬����vWv���¬
b��¬ r�S�uvW�¬�b�]�¬�v]¬ U�¬��v��v���¬ �]S�v�r¬���¬ZS�S¬��k~Wv]��¬b��¬
W���S�v�����¬Pu]¬��v�Wv��]5¬

B�S�uvW�¬����¬ ���¬ ����]¬ZS�S¬���¬�b¬W���]��!¬

L]S���¬ S��¬ �u]¬v�����S��¬��]��v���¬S�]¬ �]b�¬��S���]�]Z¬U�¬�uv�¬
Zv���S�9¬

�,
�%&�1%9 462*"5%19

����"

!ECC62I=2KIR+G.9>2R"6.I<H�R
 68EG6R ������".C4R�8I6GR ����
�"
*IG=2I6GR#C8EG26B6CIR1ORI<6R'EA=26R
�;.=CHIR!.GHR#N2664=C;R *F664RA=B=IR

�&5%19351+!5%19
%.&01!%-%.59

=¬b]�¬���]¬ZS�S¬��v���¬ SZZ¬v��]��]�¡¬��¬�u]¬ SWW����8¬

',

���� ��

',

����" 	���"

��

��
!ECC62I=2KIR,G.:3R"6.I<H�R
���������"

����

��
��� !"#$��

����" 	���" ����"

M. Ruder (Heidelberg University) Visual Display of Quantitative Information October 24, 2019 30 / 36



Graphical Integrity Context is Essential for Graphical Integrity

Context is Essential for Graphical Integrity

.5�

��R

��R

��R

�R

D�Srv�]¬�u]¬�]��¬Zvj]�]��¬ v��]���]�S�v���¬��u]�¬����vU�]¬ �v�]§
�S�u�¬�������Zv�r¬�u]¬���������9 WuS�r]¬ ����Z¬uS�]5¬

��������	
��

��

��	������������� ���	��	�
��

�����
����

��
��������

?���S�v����¬�v�u¬SZ�SW]��¬ ��S�]�¬rv�]¬ S¬ ��v��¬ U]��]�¬ W���]���¬ �]�]S�§
v�r¬ v�¬�S�¬���¬����¬?���]W�vW��¬�uS�¬ ]����]Z¬S¬ Z]W�v�]¬ v�¬ ��Sk~W¬
bS�S�v�v]�¬ v�¬ �u]¬�]S�¬�b¬ �u]¬W�SW�Z���¬��¬ ��]]Zv�r5¬

����R ����R ����R

K�R^iV�0YR�c��}Y��.'�()�
EY��yv�� ?CR!ECC72I?2KJ�R
%.HH.2<KH7IIH�R)<E45R$HA0D4�R
/C4R&QMROz�l�� /93.�.939�

BY��Ny~j�

�AR��RUb��Y����

/yvvYU�gU���

GbyXY�9�pRvX�

����R ����R

Hb=_KNB=U� NZhF HbNhm� ��;

! "�
���
#�

1yvRoX�J��/Rs{TYpo�RxX�8��@R��YvUY�
Gy�����JbY�/yvvYU�gU���/~RUjXy�v�yv�
H{YYXhv`+�JgsY�HY�gY��1R�R�hv�F�R�g�
2�{Y�gsYv�Ro�-vRp��g���� hv�2X�R~X�cd�
J�\�Y�� YX��� &<4j"ia[>\*\>b4j��*GgW?WjN9j
$O.>*Fj TO,F4JXj 
GYRXhv`��AR����� $*���
���	����R

Figure: Donald T. Campbell and H. Laurence Ross, “The Connecticut Crackdown on
Speeding: Time Series Data in Quasi-Experimental Analysis,” in Edward R. Tufte, ed.,
The Quantitative Analysis of Social Problems (Reading, Mass., 1970), 110-125.
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Context is Essential for Graphical Integrity
Principles on how to do it right?

Principle (Context is Essential for Graphical Integrity)

Graphics must not quote data out of context.
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Sources of Graphical Integrity
Why do artists draw graphics that lie? Why do the world’s major newspapers and
magazines publish them?

Lack of Quantitative Skills of Professional Artists

The Doctrine That Statistical Data Are Boring

The Doctrine That Graphics Are Only for the Unsophisticated Reader
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Sources of Graphical Integrity
Principles on how to do it right?

Conclusion (Sources of Graphical Integrity)

Graphical competence demands three quite different skills: the
substantive, statistical, and artistic. Yet now most graphical work,
particularly at news publications, is under the direction of but a single
expertise – the artistic. Substantive and quantitative expertise must also
participate in the design of data graphics, at least if statistical integrity
and graphical sophistication are to be achieved.
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