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WHY IS CAUSAL INFERENCE SUCH A HUGE PROBLEM IN THE NON-EXPERIMENTAL SCIENCES?
[The following 12 paragraphs are very important.  They demonstrate why causal inference is such a huge problem in the social sciences, epidemiology, and 20 other fields.  It is a very complicated matter to explain, but I have simplified it here as much as I can.  I believe that I have been able to structure the presentation so that each step is fairly simple and understandable.  The greatest difficulty arises in trying to keep track of the large number of steps and grasp their interrelationships.  Nevertheless, if you can follow the line of reasoning, you can comprehend 1) the importance of causal theories, 2) why, with the employment of typical methodologies, causal inferences (and therefore causal theories) cannot be extracted from non-experimental studies, and 3) why this weak link in the chain of knowledge generation is devastating to progress in the non-experimental sciences.  This should give you some idea why, after 150 years, the vast majority of non-experimental researchers believe that the causal inference problem CAN NOT BE solved.]
As a simplified example, consider a non-experimental study performed on a random selection of 5000 couples who married in 1960 in the United States.  See Figure 1-1.  Say, that we measure the variable, "divorce" (denoted by Y1), i.e., whether or not the original couple divorced in the succeeding 50 years, and the variable, "psychological problems in children" (Y2), i.e., the score on a psychological problems scale, averaged over all children born to the couple.    
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In analyzing the data from these 5000 families, classical statistics would tell us that the two variables are positively correlated (represented by the curved line with a + in Figure 1-1), meaning that the children of divorced parents would tend to have more psychological problems.  But this information is not causal; it's only correlational.  By way of analogy, the ringing of an alarm clock is correlated with mornings, but the ringing does not cause morning to come.  Also, moonlight is correlated with high tides, but moonlight has no causal effect on the tides.  So, correlational information is typically not very useful.  What people want to know is, if we get a divorce, will that CAUSE our kids to have more psychological problems and conversely, if we don't get a divorce, will that decrease the psychological problems in our children?  
As Hume would say, CAUSAL connections are not observable; only associations -- or, equivalently, correlations -- are observable.  This is at the root of the difficulty in determining CAUSAL connections; they are invisible, like the far side of the Moon is in some sense invisible or hidden from Earth.  (The far side of the Moon always faces away from the Earth.)  

A non-experimental researcher, working with our data, would calculate a positive correlation between divorce and psychological problems in children. Then SOME, less methodologically attuned, social scientists would conclude that a divorce with CAUSE psychological problems in the couple's children (represented by the arrow with the + in Figure 1-1).  This is an INVALID causal inference.  It is quite possible that the causal connection could go the other way, i.e., psychological problems in children could CAUSE divorce (see Figure 1-2) and, if you think about it, that causal model makes a lot of sense.  Either causal direction could result in the same observed correlation. Another way to say it is that the two causal models are observationally equivalent to each other in
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a non-experimental study, because either could lead to the same correlation.  Most non-experimental scientists would realize that, with the data from our study and with the methodological tools they typically use, they could not determine which causal direction was active.  Therefore, no valid causal conclusions are possible. 
The fact that each of these two causal models could result in the same observed correlation is at the heart of the difficulty in making causal inferences.  Researchers can go one way easily, from causal model to correlation, but not the other way. If they know which of the two causal models is active and the strength of the causal connection, they can calculate the correlation.  But, if they know only the correlation, they cannot calculate which of the two causal models is active. But, guess what, researchers always need to go in the wrong direction, i.e., from correlation to causal model, because, as said before, only correlations are observable during the research study.  This is the causal inference problem in a nutshell.  It's analogous to having one equation and two unknowns in algebra.  You remember algebra, don't you? You have to put more information into the system to determine the two unknowns, for example, one additional equation.
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Please understand that I have presented a vastly oversimplified research study in order to communicate an understanding of the causal inference problem.  Now that that is accomplished, let's put a little more realism into the example research.  It's possible that another variable, "family discord" CAUSES both divorce and psychological problems in children.  See Figure 1-3.  Such a causal model could again result in the same observed positive correlation between divorce and psychological problems in children.  
Correlation from this causal model is term "spurious" correlation because the correlation between force and psychological problems in children is not to you too any causal relationship flowing from one of those two variables to the other.
[image: image5.png]“Prychological Frantems




How about another twist?  Consider Figure 1-4.  It's a different causal model than Figure 1-3, because the causal directions are different.  This fourth causal model could also lead 
to the same correlation as observed in the other 3 causal models.  In addition, a number of other variables could be brought into the study.  See Figures 1-5, 1-6, and 1-7.[image: image6.png]
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To this point we have been assuming that one and only one of the above, seven causal models is active.  Under this assumption the observed correlation could have resulted from anyone of these seven causal models.  I'm sure that you could think of other causal models, but this is sufficient for our purposes, i.e., to show the difficulty, no, the impossibility of making causal inferences from the original, simple correlation between divorce and psychological problems in children.
Now, the next complexity is to relax the assumption that only one of the seven causal models presented above is active.  In reality, it is possible that any or all of these seven causal pathways could be active and result in the same observed correlation.  See Figure 1-8.  That gives the researcher an infinite number of ways in which the observed 

correlation could have been generated.  Now you can see in spades why causal inference in non-experimental research is so difficult.
The skeptic might note that physical scientists draw causal inferences and construct causal theories all the time.  (The omphalo-skeptic might direct his attention elsewhere.)  What's wrong with the social scientists that they can't do the same?  The difference is that, in the physical sciences, it is easy to EXPERIMENT and it is generally easy to draw causal inferences from experimental studies.  For example, if a physicist connects an electric source to a filament 100 times and 100 times the filament gets hot, it is pretty easy to conclude that the electric source CAUSED the filament to get hot.  The physicist can only observe the correlation between connecting the electric source and the filament getting hot, but there is only one reasonable causal model to explain the correlation.  It is not reasonable to argue that the heating of the filament caused the physicist to connect the electric source, nor that sunlight cause the filament to get hot and also cause the researcher to connect the electric source.  More detailed causal knowledge could be obtained by further experimentation, which would show that it was the electricity itself, and not something else about the electric source, that caused the filament to get hot.  
In the social sciences some experimentation is possible, but usually social sciences experiments are 1) impractical, 2) unethical, or 3) simplified or contrived to a point where they are unrepresentative of the real world.  Therefore, the social sciences are largely relegated to performing non-experimental studies and then must deal with all the causal inference problems that result.  The inability to draw valid causal inferences is the very weak link in the non-experimental research chain.


