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1.
What is critical thinking?

Critical thinking is a process of discovering and testing the support for conclusions
.  More specifically, it is the answer to the question, "How can this conclusion be wrong?"  Just as we test machines by putting them under stress, so we investigate a conclusion's support
 to find out all the ways that the conclusion might be wrong.

2.   What is the purpose of critical thinking?

The purpose is to accept and advance the most valid conclusions given the state of theory and information available.  Every conclusion, outside of logic and mathematics, has a certain probability of being wrong.  We need to assess that probability and include it in the report if it materially changes the outcome and if the customer wants it.  Even if he doesn't, we must be able to make a professionally responsible judgment about whether to advanced any conclusion all.  Critical thinking is the process of assuring ourselves that the conclusion is as good as it can get.

We use critical thinking on all conclusions, those advanced by others and by ourselves.  For another's conclusion, we do so to make it better, not to prove it wrong, although it often seems like that or is taken that way.  It is not a competition to see who is right and who is wrong.  The focus is on the conclusion--getting the most supportable conclusion, no matter who originally advanced it.  Focusing on the conclusion itself and not the author requires detachment from the people involved and from own feelings of ownership and pride.  Good teams have that attitude--winning is more important than personal achievement or individual feelings.

Critically thinking about another's conclusion is like a physician conducting a physical examination.  He does not want to find disease in the patient.  However, he does a thorough examination anyway in case the disease is present.  A good physician will hunt diligently for symptoms and tell the patient what she has found, regardless of how it makes the patient feel.  Discovering and treating the disease is the purpose.  So critical thinking is a way of checking on a conclusion to be sure it is not faulty before it leaves the team and becomes the basis for someone's decision and action.  The process of critically thinking about conclusions as a group is called skillful discussion.  It is a learning process in which all contribute and all learn, as opposed to much discussion which is a contest over who's right and who's wrong.  

We must also critically examine our own conclusions--even before we present them to others.  While others have information and perspectives that we do not have, we know the evidence and the argument better than they do.   What is more, it is better to find problems with the support and fixing them before presenting it to others than having them find the problems out for themselves.  Teams practice against the opponent's offense before the game; attorneys run through the opponent's case before the trial.  Critically examining one's own conclusions requires a certain double-minded stance--we look for flaws in the reasoning that we hope we do not find.  Treating our own conclusions as though they were someone else's, however, offers a perspective that uncritical belief doesn't.  But that does not make it any easier to do.

3.    Must we examine all conclusions critically?  Aren't some obvious and beyond doubt?
Yes, but we must examine all conclusions critically, even those that appear obvious.  In fact, we will not know if a conclusion has flaws until we look for them.  A cursory examination does not often reveal all that may be wrong with a conclusion.

The conclusions in mathematics and logic are the only ones that can be accepted beyond doubt.  "One and one is two" is an absolutely certain conclusion, given the usual definition of the terms.  No critical thinking is necessary there.

But mathematics and logic are closed systems.  All the terms and operations are unambiguously defined and applied.  Empirical knowledge, knowledge of the world, is different.  Any conclusion about the world is open to some probability of error, no matter how small.  Even eye witnesses are wrong, although they "saw it with their own eyes."  DeCartes first introduced methodical doubt.  He tried to doubt every piece of knowledge he had and could only conclusively accept one thing--that he existed--small consolation when you want to make statements about something other than yourself!

Critical thinkers do not accept in the concept of "proof" outside of math and logic.  No empirical statement can be "proven" beyond all doubt.  They speak instead of support, which is a variable quantity.  Some conclusions have a great deal of some support, some less, and some little.  No conclusion about the world has complete support; probably none has no support either. Critical thinking is the process of assessing how good the support for a given conclusion is.

4.    
If we can't prove which conclusions are right and which are wrong, when do we accept or reject a conclusion?

Since no conclusion is supported 100%, then proof is clearly not a standard we can use. Criminal procedures use another standard--reasonable doubt.  Reasonable doubt is different from all doubt.  Is it possible that the victim had a heart attack right before the defendant shot him and that it went undetected in the autopsy?  Is that possible?  Yes, it is; heart attacks can happen at any moment, and medical examiners make mistakes.  But is it plausible to believe that that is what actually happened?  Would a reasonable person, given the evidence presented, accept that as a plausible explanation of how the person died?  Obviously, not.  Hence the jury can find the defendant guilty even though there is still a shred of doubt that he did not commit the crime, but that doubt does not rise to the level of reasonable doubt.  Reasonable doubt is a subjective standard.  No jury, attorney, or judge can define it exactly.  But it is a useful standard nevertheless because it gets around the dilemma 1) that we have to punish people who are guilty 2) although we can never conclusively prove that they are guilty beyond any doubt whatsoever. 

When a jury arrives at a verdict, however, they are actually dealing not with one conclusion but with two.  One possible conclusion is that the defendant is guilty--the prosecution's position.  The other possible conclusion is that the defendant is not guilty--i.e., there is plausible explanation for the evidence other than the defendant's alleged actions, raising reasonable doubt about his guilt.  The process of critical thinking is not just evaluating the support for one conclusion.  It is evaluating that conclusion in light of other available conclusions.  And there is always another available conclusion because doubt means that the proposed conclusion may be wrong and that some other conclusion may be right.  

Therefore, we are not accepting or rejecting a conclusion in isolation. Rather we are weighing the support for more than one, sometimes many plausible conclusions.  A conclusion is accepted, not by proof, but by the process of eliminating other possible contenders. (Heuer, http://www.odci.gov/csi/books/19104/art11.html)

6.    What are the elements that make up the support for a conclusion?

Support for conclusions has the basic structure of a syllogism, the most famous being:

All men are mortal.

Socrates is a man.

Therefore, Socrates is mortal.

This syllogism is an example of deduction, an argument from first principles.  

The other process is induction, arguing from experiences or cases:

Every time I flipped the switch, the light came on.

Nothing about the light has changed since the last time I turned it on.

Therefore, the next time I flip the switch, the light will come on.

These are clearly simple examples, but they illustrate the essential elements of the support for a conclusion.  If the premises are true, then the conclusion has to be true.  Critical thinking then is identifying the premises of an argument and testing the extent to which they are true--i.e., how well supported the premises are or, to say the same thing, how much we accept the premises as true.

The common elements among all arguments, deductive and inductive, is that the support always comes in two types of statements -- those which can be directly observed ("Socrates is a man" and "Every time...") and those which cannot be directly observed ("All men are mortal" and "Nothing about the light...")

	
	Deduction
	Induction

	Observable
	Socrates is a man
	Every time I flipped...

	Unobservable
	All men are mortal
	Nothing about the light...

	Conclusion
	Socrates is mortal
	The next time I flip...


Rarely are arguments about real things so cut and dried.   In fact, the support for conclusions usually involves both induction and deduction.  So classifying them is unimportant.  What is important is that the support for empirical conclusion always involves observable and unobservable elements.  And each of them may be wrong in their own way.  If any one of them is wrong, then the support for the conclusion is weaker.
   The process of critical thinking then is to identify the statements (premises) that support the conclusion and test whether or they are true.

7.    But this sounds like a vicious circle.  We wanted to test the support for the conclusion, but in doing so we have to tell whether the premises are true, which is the same thing as testing their support.  Does the process of testing premises of premises ever end?

Yes, it does, but we have a ways to go.  While we wish we had objective measures of whether premises are true or not, in most statements that involve humans, including all the social sciences, the best we can get is the agreement of a knowledgeable and diverse set of experts.  If they agree that the premises are true, then that will count for the time being.  Could they be wrong?  Yes, in fact, they are often wrong particularly when 1) they do not know the subject, 2) they do not represent a diverse set of beliefs and values about the subject, and/or 3) they do not feel comfortable making their knowledge or their perspective available to the group.   

Even the most expert, diverse, and interactive group is eventually found wrong.  Knowledge and understanding progress through time.  But we usually can't wait for that to happen (and it would be futile anyway since even new conclusions are eventually overturned by even more progress).  For the time being, the consensus of the right group counts as the validation of the support for a given conclusion.

8.  How then can a group come to a consensus on the truth of the premises for a conclusion?

First of all, they must agree on what counts as support and whether the support for a given conclusion is sufficient given other competing conclusions.

The structure of support is illustrated in Figure 1.
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Figure 1 contains three types of statements arranged in two spaces.  The two spaces are the observable and the unobservable.  The observable space consists of evidence--facts, data, observations--that support the conclusion.   The unobservable space consists of conclusions which may either be explanations or theories concerning historical or present events or forecasts of future events.

The difference between the two spaces is whether or not the statements in the space require support or not.  Evidence is defined as those statements that do not require support.  In other words, the group doing the analysis will accept those statements as true.  "The current Chinese nuclear weapons capability is far less than the capability of the U.S. " is a statement that all knowledgeable people will accept.  No one would dispute that statement today.  Therefore, it requires no further support; it is evidence and can be used to support unobservable conclusions.

Just because something is not disputed, however, does not make it true.  In 1959, most analysts would have accepted the following statement without dispute:  "The Soviet Union's nuclear capability is rapidly approaching the capability of the U.S."  With the opening of Soviet files, however, we have come to know that that statement was wrong.   Nevertheless, it was the basis for many decisions and actions, not the least of which was the "missile gap" issue that helped Kennedy win the 1960 election.  

Could that statement have been disputed at the time?   Yes, if contradictory evidence had been available and if that other evidence had been entertained by those making the analysis.  On the other hand, we cannot hold people responsible for knowing things that they could not have known.  We are probably making similar mistakes today.  We can only hold ourselves responsible for giving all available evidence a fair and adequate hearing.

Other than its ready acceptance by all involved, the other critical aspect of evidence is that no evidence automatically leads to a specific conclusion.  Said another way, all evidence requires interpretation, and no interpretation is automatic or obvious.  Some interpretation may be more plausible than another, but more plausible is not the same as obvious.

Some would conclude that China will not attack Taiwan anytime soon, at least until it achieves nuclear parity.  While that is a likely conclusion, it is by no means obvious.  Other conclusions are plausible, namely that they could attack Taiwan believing that the U.S. would not risk nuclear war over Taiwan.  The Japanese made a similar assessment in attacking Pearl Harbor (another piece of evidence).  

Now we have alternate conclusions in the face of the same evidence.  No one disputes the evidence.  China's capability is significantly less.  But different analysts make different use of that evidence.  The difference is in the assumptions that each analysis requires.

The "no attack" conclusion makes the following assumption:  "Nations with less strategic capability than the U.S. will not attack U.S. allies."  That seems a reasonable assumption, but it is by no means foolproof.  So-called rogue nations have attacked U.S. allies--most recently Iraq's attack on Kuwait.  So while the assumption is reasonable, it might be wrong.

The "attack" conclusion makes the following assumption:  "Nations with less strategic capability than the U.S. will discount that capability in a conventional war."  Again, that's a reasonable assumption borne out in the Iraqi case.  On the other hand, we did not need to resort to nuclear force to turn back the Iraqi occupation.  So that assumption may or may not be true in the Chinese case.

This example, while perhaps not accurate in the details, illustrates the three-way relationship between conclusions, evidence and assumptions.  Conclusions are unobservable states, explanations or forecasts that require support for reasonable people to agree with them.  Evidence consists of undisputed facts accepted by all involved that support a specific conclusion.  Assumption are beliefs about the state or dynamics of the world that one must accept in order to use a certain piece of evidence to support a certain conclusion.   

So one has to accept the "no attack" assumption in order to use the lack of nuclear parity in support of the "no attack" conclusion.  By the same token, one has to accept the "discounting" assumption in order to reduce the value of the lack of nuclear parity as evidence for the "no attack" conclusion.

Logicians sometimes call such assumptions "warrants."   They grant permission for the analyst to use the evidence in support of the conclusion.  Just like a search warrant gives the police the right to search a certain location, this type of warrant allows the analyst to use evidence in support of a particular conclusion, granted that he and the review team accept the assumptions required by that evidence.  

Finally, then, a group assesses the value of a conclusion (explanation or forecast) based on the quality of its support.  The support consists of evidence and assumptions.  The group agrees on the undisputed facts in the domain of interest.  The group also chooses a set of assumptions that allows that evidence to act as support for that conclusion.  If the group cannot choose a set of assumptions beyond the reasonable doubt that other assumptions may be true, then it must include the alternative assumptions and the alternative conclusions that they support in its estimate, at least for internal purposes.  

Notice that the quality of the support rests much more strongly on accepting certain assumptions than on disputes about evidence.  While evidence can be disputed, those disputes are usually resolved in discussion or additional research.  Assumptions, on the other hand, are in the unobservable realm.  Unlike conclusions, however, they are difficult if not impossible to conclusively support or reject.  Assumptions are more often chosen, which means that the conclusions they support are also chosen.  Choosing another set of assumptions leads to other conclusions.  If both sets of assumptions are plausible, then both conclusions are supported to some degree.  While the conclusions may not be supported equally, one cannot just accept the more plausible and reject the less plausible since the less plausible may in fact be true.

9.
How does one analyze the support for a conclusion given this theory of evidence and assumptions?

The basic approach for analyzing a conclusion is to generate alternative plausible conclusions and weigh their support against the support for the original conclusion.  The outcome is one or more conclusions with plausible support or some synthesis of competing conclusions.

Two methods exist to generate alternative conclusions: alternative evidence and alternative assumptions.  The methods are illustrated in Figure 2.
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The primary argument is illustrated at the top:  evidence + assumptions = conclusions.  Two paths lead to alternative conclusions: alternative evidence and alternative assumptions.  Alternative evidence are facts that were not part of the original argument.  Anyone advancing an argument sometimes discounts or leaves out relevant information that does not support the argument.  They may not do so intentionally, but rather because they do not "see" that evidence as relevant.  Including all evidence in an argument is important, of course, even if it may lead to alternate conclusions.

The route to alternative conclusions through alternative evidence is not always possible, however, because anyone doing a thorough analysis has usually included all the available evidence.  A more fruitful route is to investigate the assumptions required to use the evidence at hand and see if the alternative assumptions might also be true.  

Every piece of evidence requires at least one assumption so that it can used to support a conclusion. What if the opposite assumption is true instead?  That might change the conclusion.  The process of investigating alternative assumptions involves simply reversing the original assumptions to entertain whether or not they might plausibly be true as well.  Reversing an assumption is simply stating its opposite and then looking for reasons why it might be true instead of the original.  Most assumptions reversed in that way are not true, but it is an important exercise to try nevertheless.  One cannot tell whether the reverse might be true by inspection.  The reverse must be consciously considered.

The process for conducting the analysis is illustrated in Figure 3.  Beginning with the original conclusion or point of the piece, first the evidence that supports the conclusion and then the assumptions required to use that evidence are identified.  From there the process branches, considering first alternative evidence and then alternative assumptions.  Both lead to alternative conclusions.  The alternatives are compared to the original.  All plausible conclusions are then considered for reporting.
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The Analysis Worksheet puts these steps into order:

1.    Identify an important conclusion of the piece.

	2a.  Identify the evidence stated that supports the conclusion.

3a.  Identify other evidence that may not support the conclusion.

4b.
Identify the assumptions required for the alternative evidence to be used.

5a.  Identify the alternative conclusions that result from the alternative evidence.
	2b.  Identify the assumptions required to use each piece of evidence.

3b.  Reverse each assumption to create alternatives.

4b.  Consider reasons that each alternative might be true.

5b.  Identify the alternative conclusions that result from the alternative assumptions.


6.   Make a judgment concerning the original conclusion and any other plausible conclusions that result.  Synthesize them into one overall conclusion if possible.

10.  This process may work for static conclusions about existing unobservable conditions, but does it deal with forecasts (future conditions) when unexpected things might happen?

As a matter of fact, forecasts do involve one other set of assumptions.   One must assume that "Nothing unexpected or out of the ordinary occurs" to forecast a future event or condition.  Examples of unexpected events are assassinations, coups, sudden military maneuvers, new technological breakthroughs, economic collapse and so on.   That assumption must always be made for a forecast because such events can render the forecast invalid or inaccurate.  Collectively, these assumptions are called "boundary conditions."  They define the boundary or scope of the analysis.  By definition, they exclude certain events from the analysis.

Just as with other assumptions, however, boundary conditions can be plausible or not.  The plausibility of boundary conditions is inversely related to the probably of the event being excluded.  So the likelihood of an asteroid hitting the Earth before 2010 is remote and could be excluded from the analysis.  At the same time, a major political change in China is not so remote.  Indeed it is quite plausible.  One can still exclude it from the analysis.  Excluding plausible events, however, reduces the utility of the forecast because it leaves out a major portion of what might plausibly occur.  The choice of boundary conditions (assuming that certain things will or will not occur) is up to the analyst, but they should contain only events that are almost certainly going to occur or not.  All plausible or probable events should be included in the analysis if possible.

Boundary conditions represent a completely different set of assumptions from the warrants described above.  They apply only to forecasts of future events.  They may be investigated before, during, or after the analysis of the support for a given conclusion.  In the end, they represent assumptions that must be made in order for the forecast to be supported by the evidence.
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� Conclusion is the word chosen for the outcome of a reasoning process.  Other terms that can be synonymously are inference, interpretation, result, point, forecast, prediction, estimate.


� The support for a conclusion is the set of ideas and data that leads one to accept the conclusion as true.  The structure of a conclusion's support (its supporting argument) is detailed below.


� Note that the support may be weak, but the conclusion be true anyway.  Socrates may be a gorilla, but he would be mortal anyway.
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