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Systematic Error happens
So does Human Nature

Skepticism vs Enthusiasm
The mark of pathology

The road to fraud
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Two kinds of error:

Random error

Systematic error



Discovery of expanding universeDiscovery of expanding universe

Vesto Slipher Edwin Hubble



Trimble (1996) PASP 108, 1073

The incredible shrinking Hubble constant. The incredible shrinking Hubble constant. 
Rectangles are quoted errors.Rectangles are quoted errors.



SystematicsSystematics: catch: catch--2222

The difficulty is this: if we understand the systematic we can correct 
for it, but if we don’t understand the systematic we won’t think of it 
at all or our error estimate will be wrong.  

It is only at the edge of understanding where systematic errors are 
meaningful: we understand enough to realize it might be a problem, 
but not enough to easily fix it.



Avoiding Avoiding SystematicsSystematics

The best prevention of systematic error is good experiment design.

How can we robustly attack this problem in an existing experiment or 
observation?  

A mix of simulations and exploratory tests.

Simulations are useful teachers of where sensitivity to systematics are.  We 
may then explore these avenues;  search for the signature of each 
systematic, isolate it, understand it, and gain control of it.  In practice, for 
each experimental field it is a kind of “art” which demands familiarity with 
the likely systematics.  It is the responsibility of the experimentalist to 
probe for systematics and of the theorist to allow for them.



Healthy skepticismHealthy skepticism
• Be skeptical of your own work

• Test relentlessly for systematics

• Avoid early press conferences



polywaterpolywater
The case of polywater demonstrates how the desire to believe in a new phenomenon can sometimes 
overpower the demand for solid, well-controlled evidence. In 1966 the Soviet scientist Boris Derjaguin
lectured in England on a new form of water that he claimed had been discovered by another Soviet scientist, 
N. N. Fedyakin. Formed by heating water and letting it condense in quartz capillaries, this "anomalous water,"  
had a density higher than normal water, a viscosity 15 times that of normal water, a boiling point higher than 
100 degrees Centigrade, and a freezing point lower than zero degrees. Over the next several years, hundreds 
of papers appeared in the scientific literature describing the properties of what soon came to be known as 
polywater. Theorists developed models, supported by some experimental measurements, in which strong 
hydrogen bonds were causing water to polymerize. Some even warned that if polywater escaped from the 
laboratory, it could autocatalytically polymerize all of the world's water. 

Then the case for polywater began to crumble. Because polywater could 
only be formed in minuscule capillaries, very little was available for 

analysis. When small samples were analyzed, polywater proved to be 
contaminated with a variety of other substances, from silicon to

phospholipids. Electron microscopy revealed that polywater actually 
consisted of finely divided particulate matter suspended in ordinary water. 

Gradually, the scientists who had described the properties of polywater
admitted that it did not exist. They had been misled by poorly controlled 

experiments and problems with experimental procedures. As the 
problems were resolved and experiments gained better controls, evidence 

for the existence of polywater disappeared. 



Pathological sciencePathological science

Not fraud   

Well intentioned, enthusiastic scientists are led astray

Examples abound in every field of science



Features of Pathological ScienceFeatures of Pathological Science
The maximum effect is produced by a barely perceptible cause, and the 

effect doesn’t change much as you change the magnitude of the cause.

The effect only happens sometimes, when conditions are just right, and 
no one ever figures out how to make it happen reliably. The people who can 
do it are unable to communicate how they make it happen to the people who 
can’t.

The effect is always close to the limit of detectability.

There are claims of great accuracy, well beyond the state of the art or 
what one might expect.

Fantastic theories contrary to experience are suggested. Often, 
mechanisms are suggested that appear no where else.

Criticisms are met by ad hoc excuses thought up on the spur of the 
moment.



Is it pathological?Is it pathological?

A single hit does not mark an idea as pathological, but multiple hits should 
serve to raise one’s suspicions. This is a list primarily aimed at 
experiments, but many of the characteristics can also apply to theories.

Good science can often have one or two of these symptoms. This is 
because most experiments at the frontier deal with barely detectable 
signals.    

There is always risk in undertaking such experiments (or interpreting them).
But there is also great opportunity!



Related sociologyRelated sociology

• Supporters are unable or unwilling to think about testing or 
disproving the effect. Tests that could lead to definitive disproof 
are never done by supporters.

• The implications of a theory or experiment are never extended 
outside its original domain. Supporters don’t ask what 
implications it might have for neighboring fields.

• The ratio of supporters to critics rises rapidly to ~50% and then 
slowly decays to zero over a long time.



Good readingGood reading

Robert L. Park. Voodoo Science: The Road from Foolishness to Fraud.
Oxford University Press, New York, 2000. ISBN: 0-19-513515-6.

Rousseau, Denis L.  Case Studies in Pathological Science. American 
Scientist  80: 54-63 (1992) 



Pathological engineeringPathological engineering

http://www.blacklightpower.com



Some common mistakesSome common mistakes

Poor experiment design

Not testing for systematics (control)

Ignoring sample selection effects (bias)

Bad statistics: assume wrong distribution (tails!)

Failure to repeat the experiment using different sample with same 
physics



Discovery of the Cosmic Microwave Discovery of the Cosmic Microwave 
BackgroundBackground

Control systematics.
Chop between sky and a cold load:



Arno Penzias and Bob Wilson



CMB Discovery missedCMB Discovery missed



Dave Wilkinson



WMAP satellite



Take risksTake risks

Interplay between theory and 
observation (experiment)

Exploration and discovery involves risk-taking
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