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How do Scientists know which Theories do make Sense? 
 
In principle, a test of a theory should provide evidence for or against the existence and relevance of the 
causal mechanism. It does so by showing that a theory makes (mostly) correct predictions.  
 
 
Assumptions? Are usually simplifying, and therefore wrong to some extent. 
Predictions? A yes, should be correct, but note that any empirical evidence is supports more than one 
theory. Hence, a theory that is consistent with empirical evidence is ‘not shown to be wrong’.  
 
We are often only able to test the predictions theories make based on their assumptions.  
 
 
The Logic of Underdetermination (Quine and Duhem):  
 
Every empirical observation is consistent with more than one theory.  
Empirical support for one theory does not falsify another, potentially competing theory.  
 

  



 
 

How do Scientists test Theories? 
 
A theory test is a systematic (that is method-based) investigation of whether the real world behaves as 
predicted by the hypothesis.  
 
 
Methods:  
 
- experiments  
 field 
 lab  
 survey 
- analysis of observational data 
 regression analysis 
 descriptive statistics 
 causal analysis  
 
 

  



 
 

Popper… 
 
…therefor suggested that scientists should try to falsify theories.  
He also seems to believe that a single deviant case falsifies a theory.  
 

Lakatos… 
 
Suggests that Popper is wrong. Falsification is not as informative as Popper suggests, since every theory 
makes auxiliary assumptions. Hence, theories can be correct, but make wrong predictions because they 
rely on wrong auxiliary assumptions. 
 
 

Bayesian Philosophy of Science…  
 
verification is informative  
and should change your prior.  
 
If before you have seen support for a theory you believed that a theory is correct with 80 percent, you 
should increase this probability, but perhaps not to full certainty (100 %).  
Likewise, any rejection of a theory does not prove a theory wrong. One should just adjust the prior 
downwards, but perhaps not to 0 percent.  



 
 

A Quick Note: Interpretation of Empirical Results 
 
- criteria for ‘predictions are correct’  
 significance 
 identification 
 replicability 
 robustness 
  
- criteria for the choice of analysis 
 power 
 unbiasedness 
 efficiency 
  
criteria for the interpretation of findings 
 generalization 
 causal homogeneity or heterogeneity 
 plausibility? 
 
 

  



 
 

The Purpose of the Scientific Method 
 
The scientific method has been invented to eliminate the influence of  
 
- religion,  
- believes, 
- preferences, 
- ideology,  
- values, and  
- other subjective priors 
 
on scientific results and scientific knowledge.  
 
 
 
  



 
 

Appendix A: A Very Short Philosophy of Science Introduction into the ‘Falsification versus 
Verification’ Issue 
 
Induction is not deductively valid.  
 
-> No empirical observation that confirms a theory proves the validity of the theory for other cases.  
 
 
-> Generalization to all other cases requires a deterministic theory and knowledge of the population 
boundaries.  
 
-> Generalization of probabilistic causal relations remains, well, probabilistic. Therefore, predictions and 
forecast on single cases cannot be made with certainty if theories are probabilistic.  
 
 
Define Population:  
A population is the set of observations of the same phenomena for which a theory claims to be valid.  

  



 
 

An Illustrative Example: Kepler’s Moons show that Induction is not deductively valid 
 

 
 
In 1726, Swift Johannes Kepler predicted the existence of two Mars moons. 
In 1877 these two moons were actually detected. One of these moons is now called 
Swift, the other one Voltaire (scientifically, they are called Phobos and Deimos), because Voltaire  
made an identical prediction in 1750. 
Causal Mechanism and Prediction: Well, Kepler predicted two moons because in 1726 it was known that the 
Earth has one moon and Jupiter four moons. Since Kepler believed in the symmetry of a god-given universe, 
he predicted the existence of two Mars moons. 
 
Indeed, according to Kepler, the next planet, Saturn, should have 8 moons – it has five, Uranus 
should have 64 moons – and has five as well.  
Hence, no symmetry. Correct prediction (in one case), but wrong theory nevertheless.  



 
 

 Summary Theory 
 

- a theory derives predictions from assumptions (usually) relying upon a causal mechanism 
- predictions are either deterministic or probabilistic 
- if predictions are deterministic, a single deviant case falsifies them 
- if predictions are probabilistic, single deviant cases are uninformative 
- thus: more complicated criteria are needed telling us when a probabilistic theory is falsified (known to 

be wrong) 
 
 

  



 
 

Concepts to Understand 
 
- research 
- science 
- scientific method 
- theory 
 probabilistic 
 deterministic 
- assumptions 
- causal mechanism 
- prediction (hypothesis) 
- methods 
- verification 
- falsification 
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