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FIRST DRAFT

HOW CAN CAUSAL INFERENCES BE EXTRACTED FROM NON-EXPERIMENTAL STUDIES?

by C. Sterling Portwood, Ph.D.
Amazingly, the kinds of complexities presented in the previous Working Paper can be handled via causal statistics.  If the study is designed and carried out properly and the appropriate assumptions are specified, causal statistics can deal with all the complications and difficulties and draw valid causal inferences.  It can determine which causal models are active and the strength of each causal connection.

Causal statistics is not magic and it is not God.  You don't get something for nothing.  To extract the causal inferences using causal statistics, it is necessary to add additional information into the system, just like the solution to one equation with three unknowns, in algebra, would require additional information.  Another analogy is the use of a lever to pry up a huge stone.  A lever gives you great lifting force through its mechanical advantage, but it is not all benefit.  In exchange, you must move the handle of the lever a much longer distance than the distance the rock is lifted.  
When presented with this trade-off, the reaction of the typical, beginning physics student considers the exchange to be a no-brainer, greater lifting power on the stone for greater movement of the handle.  The point here is that student, in carrying out his/her intuitive cost/benefit analysis, is entering an additional item into the analysis, i.e., his/her value judgment as to the benefit of greater lifting power versus greater distance.  Physics makes no such value judgment; it simply specifies the exact relationship between lifting power and distance.

The same is true in causal inference.  Causal statistics does not specify that one causal inference is worth two assumptions, only that, for a given research study, a given causal inference will require say two assumptions, each of a certain type.  It is up to the researcher, and maybe some day to research consumers, to make a value judgment that the desired causal inference is more valuable than the two required assumptions are detrimental.
It might be an easy decision, like lifting force versus distance was an easy decision for the young physics student, or it could be a very close decision or even a decision to avoid both the desired causal inference and the undesirable/probably unsatisfied assumptions.  In the case where the decision is close or worse, that it's probably an indicator that the research needs to be expanded or redone in order to consider additional variables.  With the additional variables, it is often possible to draw the desired causal inference and avoid the dreaded additional assumptions.

Lest readers think that such benefits are free, which would be contrary to the foregoing, there is a cost, i.e., the necessary input of more information, e.g., other less onerous assumptions and/or data on additional variables.  Interestingly, the requirement for additional information could be looked at as a requirement for more work on the part of the researcher and greater pecuniary costs for the funding agent.  That's an interesting view, but that prescription does not flow from causal statistics.  Causal statistics simply asks for the information; it doesn't care how the researcher gets it.
The need for additional information is why good, nonexperimental, causal inference studies often utilize large numbers of variables.  For example see the Working Paper entitled, "An Application of Causal Statistics to Pesticide Data."  In that study, eventually 24 variables entered into the statistical analysis.
In summary if additional input is needed, causal statistics can tell the researcher what various types of information, etc. will satisfy the need (i.e., meet the requirement).  There are many ways to skin that information cat (sorry Cleopatra, Nikki, and Mango).  If the researcher can insert the required amount of additional information, then he/she can extract more and different information from the study, e.g., draw causal inferences, just like the lever converts additional distance into additional force.  If the researcher cannot, for whatever reason, insert the required amount of information, then the desired causal information cannot be elicited.  Once researchers get familiar with using causal statistics, they will design their initial studies so that the required additional information is collected and available.

A BRIEF DESCRIPTION OF THE REMAINDER OF THIS UNFINISHED PAPER

First, present a three variable causal model, where the third variable is an exogenous variable, and show how the third variable wriggles (influences) the first variable and how that wiggle may or may not be passed through, with attenuation, to the second variable.  Under appropriate assumptions, this is like an experiment or quasi-experiment, with the third variable taking on the role of the experimenter.

Discuss the meaning of the calculated parameters.  They are only correlations, but, under the assumptions, along with other restrictions and added information, the only scientific explanation (i.e., not highly improbable randomness as an explanation, nor the actions of the gods as an explanation) for the correlation is a single causal connection.  That is causal inference.  Maybe I can use the far side of the Moon analogy here? Through the identification problem, all of the information needs are handled mechanistically.  Further, explaine under, exact, and over identification.
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[Now, the next complexity is to relax the assumption that only one of the seven causal models presented previous working paper 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 
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correlation could have been generated.  Now you can see in spades why causal inference in non-experimental research is so difficult.]
Then, using Figure 1-8 and 1-9, present the larger and more complicated causal statistics analysis.

…….

