
Uncertainty in Medicine:
Declare, Explore, or Hide It?

… in this world there is nothing certain but 
death and taxes.

Benjamin Franklin

Gerd Gigerenzer

Max Planck Institute for Human Development Berlin



A positive test result means
antibodies to HIV were found. This
means you are infected with the
virus and pass HIV to others –virus and pass HIV to others –
even if you have no symptoms.
You are infected for life.

Illinois Department of Public Health 2005
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Client: "If one is not infected with HIV, is it possible to have a positive
test result? “

Counselor:

1 "No, certainly not"
2 "Absolutely impossible"

11 "False positives never happen"
12 "With absolute certainty, no"
13 "With absolute certainty, no"3 "With absolute certainty, no"

4 "No, absolutely not“
5 "Never"
6 "Absolutely impossible"
7 "Absolutely impossible"
8 "With absolute certainty, no"
9 "The test is absolutely certain"
10 "No, only in France, not here"

13 "With absolute certainty, no"
14 "Definitely not" … "extremely rare"

15 "Absolutely not" … "99.7% specificity"
16 "Absolutely not" … "99.9% specificity"
17 “More than 99% specificity"
18 “More than 99.9% specificity"
19 "99.9% specificity"
20 “Don‘t worry, trust me"

Gigerenzer, Hoffrage & Ebert, 1998, AIDS CARE
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Gigerenzer, Hoffrage & Ebert, 1998, AIDS CARE



What is the chance of an HIV infection
given a positive screening test?

Chart Title

non-risk
clients

99.9%
test positive

0.1%
test negative

0.01%
HIV infected

0.01%
test positive

99.99%
test negative

99.99%
not infected

Representation: Conditional probabilities



What is the chance of an HIV infection
given a positive screening test?

Chart Title

10,000
clients

1
test positive

0
test negative

1
HIV infected

1
test positive

9,998
test negative

9,999
not infected

Representation: Natural frequencies



Suffering from Collective Innumeracy



Conditional
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"You have a 30 to 50 percent chance of 
developing a sexual problem"

"Out of every 10 of my patients to whom "Out of every 10 of my patients to whom 
I prescribe Prozac, 3 to 5 experience a 
sexual problem."

"Something goes awry in 30% to 50% of 
my sexual encounters!"
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"The probability that this match has 
occurred by chance is 1 in 100,000."

"Out of every 100,000 people, 1 will show 
a match."
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Mammography
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conditional probabilities

correct estimate

Gigerenzer 2003, Reckoning with risk. Penguin. (Italian version: Quando i numeri ingannano. Cortino)
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Gigerenzer 2003, Reckoning with risk. Penguin. (Italian version: Quando i numeri ingannano. Cortino)



Conditional
probabilities

Single-event 
probabilities

������
���������
�
�����������	
����������

����	���������

probabilitiesprobabilities

Relative risks



�#���������
��"�����������#��$��������

%��������
��&���
���"#�����������

 
���������� '

��������� (

'��
�������������
�	��	���(
���%&&&������)

�����	����	�����
���	
� ! *�������
����	������������	���
���
������������������������
�	��	������+,�
��	��


���
������	�����
���	
� ! *�������
����	������������	���
���
��������������������������������
�	��	������%���
�� ��%�&&&-
��
�
����&�%�
��	��


����������
�
��
������� ! ���������
��
�����
��������
�������
�����
�	��	����
����������������������������
��
��
 �	�
�
�����
�	������������%&����������%�&&&







)#������
�����
���
��
�������*�

	��
�����
� +�
����������
�������������,������

%��.�������������+&&%

������-��������������
�� ..���������������/

�$�
�����������������
����������������������������� ������������������������� �0�����������������/����� ��������

����

�
���1�������
��������"
����-�� 2'��������������22

�����	�

  ��3���$�����������
�������4���������������������� ���������������� �0�����������������'�������������


���
-����5�����������
���
�6"�
������-������������ ����� �0���������������22

�
����-��"�������-��-����  �0�� 27

��������������$������
���"#������������������������ �������������� �0���������������''

�������-��� 3
��������������-������4���������������� �������������������������.8�������������29��������� ������

�"����������3
��������"
����-������4��������������� ��������������������� �0�����������������'

/01*�23!�+.�������
�������������
����	�����������4� ������
��5��6
�������	��
7��'��
�	���8�����������	� ��
�
8�����������
���������
��8��������������*�������
�� �96	��������:��������
���������� 6���	�! 8��7���;���� �(+&&<)�

�=6>1�?��!�,@�������
���6���
���A������(%��@)�� ������	������
�������
�

����	��



Innumeracy in Health Care
Size of the problem
• An estimated 80-90% of physicians and most patients are innumerate. 
• This fact turns the ideal of informed consent and evidence-based medicine 

into science fiction.

Causes
• Innumeracy is not a mental disease, but largely caused by the 

representation of information (aside from conflicts of interest).

Treatment
• Innumeracy can be reduced by 

(i) transparent representations in written and oral risk communication, and 
(ii) teaching risk communication to physicians and patients. This can be 
done in a few hours.



The best technology is of little value if
people do not comprehend it

• Learning to live with uncertainty instead of illusion of certainty

• Transparent risk communication instead of collective confusion

Just in case you got curious …

Gerd Gigerenzer :

Quando i numeri ingannano: Imparare a vivere con l'incertezza

Raffaelo Cortina 2003

(Original: Reckoning With Risk. Penguin)
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Chart Title

20 4,980

5000 women

correct positive miss

20
cancer

false positive negative

4,980
no cancer

� 250 women test positive. 
� 50 of these have cancer. 

� There are 50 women with cancer among 20 women!



The best technology is of little value if
people do not comprehend it

• Learning to live with uncertainty instead of illusion of certainty

• Transparent risk communication instead of collective confusion

Just in case you got curious …

Gerd Gigerenzer :

Quando i numeri ingannano: Imparare a vivere con l'incertezza

Raffaelo Cortina 2003

(Original: Reckoning With Risk. Penguin)



If you got curious...

German Translation:
Das Einmaleins der Skepsis



Wells 3 Punkte`; US weather forecast; 30% probability of rain; pill scare; 9/11: Es verlieren alle 
Beteiligten: die Fluggesellschaften, die Reisebüors,  und die Bürger. (wie Anti-Baby Pille)

• 8.Nov. 04, Bayer. Fernsehen “Die Sprechstunde” Thema: Erkrankungen der Prostata. Moderatorin: 
Dr. Antje-Katrin Kühnemann. Einführungsstatement:”Jeder neunte von 10 Männern kann geheilt 
werden. Gehen Sie zur Früherkennung” . [Mortalit�� atsreduktion durch PSA ist kein Thema, nur 
dass Bestrhlung genauso gut ist wie Operation, selbe Nebenwirkungen.K’s Schlussstatement: “Nur 
15% der M�� anner nehmen an der Früherkennung teil. Und liebe Männer, wriklich, 
Früherkennung!”]

Der 4. Voraussetzung für mündige Bürger in  einer Demokratie: Transparenz
• Mervin King ist der Governor der Bank von England, das was Alan Greenspan f�� ur die USA ist. Er 

erzählte mir, dass er den Vorgänger von Greenspan um Rat bat: in einem Wort “mystique”. King 
realisierte das Gegenteil: Transparenz -- Unsicherheit wird offengelegt, interne Debatten 
ver�� offentlicht. Anders als die meisten Politischen Entscheidungen. Regierung frür A, Opposition 
für B.

• Steuergesetz: Merz [get facts]
Zahlenblindheit kann durch Transparenz geheilt werden
• Feuchte Makula Degeneration: 50% Erfolg bei Fotodynamischer Therapie 4-5 

Behandlungen.GG:Beziehen sich die 50% auf die erste Behandlung oder auf die Sequenz von 5? 
Arzt:Die erste, und dasselbe gilt für die zweite. Wieder 50%. GG: Aber das heisst, dass nach 5 
Behandlungen etwa 95% der Patienten Erfolg haben. Arzt: Nein, nach allen Behandlungen ist es 
auch bei 50%. GG: Nach dem zweiten Mal sind es schon 75%, … Arzt sieht nun das Problem. 
[Heide Sattler sagt mir später, dass er sich bei ihr über mich beschwert hat; sein 
Unfehlbarkeitssinn war verletzt. Hat sich aber am nächsten tag in der Literatur kundig gemacht.]

• AIDS-Virginia; Illusion der Gewissheit: BSE. Damals erschreckte man sich über den 1.Fall und 
zwie Minister mussten ihren Hut nehmen, heute haben wir pro Jahr etwa 50 Fälle von BSE, und wir 
alle essen wieder Rindfleisch. 

• Feynman



Coronary Care heuristic: Why is there no gender variable in the heuristic, 
given that men are more likely to experience chest pain. Any Thompson: 
Sex does not predict heart attack, but females would not experience the 
pain (= angina). Gender predicts angina. The seriously ill woman is 
picked up by the first variable, the men is picked up by the chest pain. picked up by the first variable, the men is picked up by the chest pain. 
Men get early warnings by chest pain. Women have sore throat, 
whereas 
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