




What is a Scientific Theory?




           Martin Kozloff

A scientific theory is a set of general statements (propositions) about how things (variables, or concepts) are connected.  Concepts or variables are what the theory is about.  The propositions connect the concepts, or variables.  Propositions state relationships among the variables.   A theory explains something (e.g., how students learn general ideas) by stating connections among the variables (concepts, factors) that PRODUCE the thing to be explained; e.g., achievement.  Here is an example of a theory of learning, in the form of a diagram.
Theory (and Model Diagram) of the Learning Process
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[Adapted from Engelmann, S., and Carnine, D. (1991).  
Theory of Instruction.  Eugene, OR:  ADI Press.]

A Theory Should Identify the Important Independent/input variables, Intervening variables, Contributing conditions, and Dependent/outcome variables.  


Notice that the theory of learning, above, lays out independent/input variables, intervening variables, and dependent/outcome variables.  On the left are input variables---also called independent variables.  These are seen as causes of (or at least events prior to) something else.  Prior to what?  Students’ knowledge---on the right.  Students’ knowledge is seen as the outcome (consequence, effect) of the independent variables.  That’s why students’ knowledge is called “dependent.” 

Notice the input (independent variables).  They include examples and nonexamples that teachers use to communicate a general idea (e.g., concept).  The independent (input) variables also consist of what teachers do to gain attention, model/present information, correct errors, etc.  Please identify the rest of the input (independent) variables….

Now look in between the input (independent) and outcome (dependent) variables.  There is a set of variables called “intervening” variables.  In this theory, the intervening variables are the logical operations (what students DO) to GET (induce, figure out) the general ideas (knowledge) revealed by the examples.  In other words, the theory states that the examples teachers use (independent variables) aren’t enough by themselves to produce knowledge (the dependent variables).  Knowledge also requires the intervening variables of students DOING something with the examples.  This says that teachers may have to TEACH students HOW to do this.  If students don’t know how, then the teacher can present examples in a skillful way, but students will not be able to FIGURE out what the examples say.  [This is a huge bone of contention between instructivists (who believe that you need to teach both content and HOW to think, and you must carefully design instruction so that it is easy for students to make inductive and deductive generalizations), and constructivists (who believe that human beings are already programmed how to think, the teacher should be a guide or facilitator, and you don’t need to design instruction carefully because it is good for students to struggle to construct knowledge.  Does this need to be a never-ending debate?  What does research say?  Do students learn to read better when they are taught or when they guess?]  
Either way, it is important that this theory lays out the intervening variables.  Therefore, a researcher can test WAYS to teach students how to perform the operations, and can then see if THAT (PLUS proper examples) increases learning.

So, the theory really says,
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proper set of examples,      set of logical operations          will learn general
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[Independent                       [Intervening variables]           [Dependent variable]                                                                            variables]


Here is another example of a theory---how you catch a cold.

             Viral dose  (       [If Weak Immune System]  ( Likelihood of Cold

             [Independent       [Intervening variable]            [Dependent variable]
             variable]
This theory says, If you receive a sufficient dose of virus, AND your immune system is weak, then you are likely to catch a cold.  In other words, the virus isn’t enough.  You also need a weak immune system.

[By the way, these statements---such as If X, then Y---are propositions.  They assert relationships among variables/concepts.]


Here’s another.

Tested, effective math   ( [If teachers communicate   (  Student achievement
materials                            clearly]
[Independent                      [Intervening variable]             [Dependent variable]
variable]

This theory says (asserts propositions), If you use tested and effective materials, AND if teachers use the materials in a proficient way, THEN students will achieve.  In other words, materials alone aren’t enough for students to achieve.  Nor is teaching WITHOUT effective materials.  That would be like a surgeon who is proficient but has no tools.  

As a consumer, you want researchers to spell out all of the variables in their theory of how things work.  What exactly are the dependent variables, the independent variables, and the intervening variables?  If researchers leave out the intervening variables, it may mean that they are lazy.  It also means that they are suggesting that the input variables by themselves have the effect.  This is almost NEVER the way things are.  Even catching a cold involves intervening variables.   So, if the researcher concludes an article by saying, “X produced the following effects on student learning,” you KNOW that this isn’t the whole story.  And you are warned that if you DO X (as the researcher suggests), your students aren’t likely to learn, because there are intervening variables that you don’t know about.

Check
Here are some examples.  Try to fill in the blanks.  What do YOU think important intervening variables might be?

Teacher creates cooperative (  [If teacher…..]  (       Accomplishment of
learning groups                                                            group tasks
[Independent                       [Intervening variables]      [Dependent variable]                                                                            variables]
Teacher establishes  (        [If …………………..]
   (   Students cooperate with rules
classroom rules 
[Independent                       [Intervening variables]   [Dependent variable]                                                                            variables]

Imagine that an author tells readers about how she established cooperate learning groups, and about how well the groups accomplished their tasks, but she does NOT tell readers about the intervening variables that made the cooperate learning groups work.  Readers might establish cooperate learning groups in their own classrooms and expect it to work; but it flops.  Because the researcher did not tell readers what else had to be done.  

That is why school reforms (independent variables) often fail (dependent variables)! What features of the school organization (intervening variables) are needed for a reform to work?  Can you say “leadership”?  Can you say “progress monitoring”?  Can you say, “Timely assistance”?  What else? 

A Theory Should be Consistent with Sound Prior Research and Thinking.

It is important that a theory lay out the dependent variables, the independent variables, and the intervening variables.  It is also important that the theory is derived from or is consistent with sound research and prior thinking.  Otherwise, it’s not a theory.  It’s a fantasy.  The above theory of learning is consistent with a large amount of research.  [See references.]  However, below is an example of a theory of reading that has been widely used.  But this theory isn’t based on sound research.  If the theory is false, and if a whole set of methods of teaching and assessment have been derived from the theory, do you think these methods are likely to work?  

...I offer this: Reading is a selective process.  It involves partial use of available minimal language cues selected from perceptual input on the basis of the reader's expectation.  [Who says?] As this partial information is processed, tentative decisions are made to be confirmed, rejected, or refined as reading progresses.... [Does anyone really do that?]  More simply stated, reading is a psycholinguistic guessing game.  [Is it?]  It involves an interaction between thought and language.  [Thinking USES language.  There is no thinking WITHOUT language.  How can they interact?  It’s like saying “The saw interacts with sawing.”]  Efficient reading does not result from precise perception and identification of all the elements, [Who says?] but from skill in selecting the fewest, most productive cues necessary to produce guesses which are right the first time.  [Who says?] The ability to anticipate that which will be seen, of course, is vital in reading, just as the ability to anticipate what has not yet been heard is vital in listening.  [An analogy isn’t evidence?] (Goodman, K. (1967).  Reading: A psycholinguistic guess game. Journal of the Reading Specialist, May, 126-135.  pp. 127-8).

This is the theory behind whole language.  It asserts that “Efficient reading does not result from precise perception and identification of all the elements” (that is, readers don’t precisely see and identify the LETTERS).  Instead, they use other CUES to guess what words say.  Goodman seems to admit that he is making this theory up.  “I offer this…”  And he does not cite any research to back up his claims.  Yet, for 30 years, tens of thousands of teachers taught millions of children to guess at words, based on this “theory.”   

Here’s the result of poor reading instruction.
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What if consumers (teachers) had known that researchers must back up their “theories” with solid research?  What if consumers had rejected this theory (and therefore the whole “philosophy” and set of “methods”) because it sounded like a nutty fantasy---that it not only was NOT backed up by research, but did not even make sense?  Are YOU guessing what the words say? 

What if teachers had seen these before they were swindled?
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