Lecture 9 Research Design
A lecture in India started with this quote," If I had one last day, I would spend it in statistics class.....it would seem so much longer."   Thanks to Nicky Ozbek. 
Experimental Design

The structuring of research so that relationships between dependent variables and independent variables can be examined taking into account effects of extraneous variables.

Some definitions

Dependent variable

The variable whose differences we seek to explain or predict or control.

A measure on which we’ve observed differences we seek to explain, predict, or control.

Independent Variable
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Variable which we believe will explain, predict, or control differences in the dependent variable.  
Extraneous variables

Variables we’re not interested in that have the potential to explain, predict, or control differences in the dependent variable.

Examples of Relationships examined in research.

1.  The relationship of faking ability to cognitive ability.  IV?  DV?
2.  The relationship of organizational commitment to organizational efforts to promote diversity.

3.  The relationship of injury severity in ATV accidents to whether or not the rider was wearing a helmet.

4.  The relationship of performance in this course to GREQ.

5.  The relationship of likelihood of a guilty verdict to extent to which child eye witnesses are perceived as credible.

6.  The relationship of effectiveness of physical therapy clinics to clarity of authority boundaries between levels.

7.  The relationship of reading ability to amount of training of preschool teachers.
Goals

1.  To explain.

Theoretical.  Demonstration of a relationship may provide evidence for or against a theory of behavior.
Example:  The theory is that time spent practicing/studying mediates the conscientiousness -> performance relationship.  

Everyone knows that conscientiousness predicts (and perhaps causes) performance.  Why?  
The explanations.  Conscientiousness determines amount of time spent studying.  Amount of time spent studying determines course grades.  That is, differences in time spent studying are explained by differences in conscientiousness.  Therefore, differences in test performance are explained by differences in time spent studying.
2.  To predict.

Discovery of a relationship may allow us to predict future behavior, such as when selecting employees or students.
Example:  Formula score predicts average performance in the first year I/O core courses.  Persons with higher formula scores get better average grades in those courses.

We don’t care why the formula scores predict, we just want to use them to make sure we get persons in our graduate program who are able to profit from the experience.  
3.  To control

The existence of a relationship may allow us to control behavior by manipulating the causal variable.
Example:  Offering a quarter point extra credit for each class attended increases average attendance throughout a semester.
Knowing this relationship, I can use it to get more students to attend my class, by offering a quarter point extra credit for attendance.
The importance of variation

Three requirements for a relationship . . .
1.  The independent variable must vary.

2.  The dependent variable must vary.

3.  The dependent variable must covary with the independent variable.

This highlights the fact that variability is a part of all research efforts.

Without variability in the variables examined, there can be no relationships.

We’ve already touched on this in our study of regression when we covered restriction of range and its effect on correlation coefficients.

Ways of maximizing variability in the independent variable
If you can pick values of the independent variable, make sure they are as different from each other as possible – employ extreme values.
For example, you’re studying faking and wish to create a condition that will induce faking, use a big incentive, not a small one (as we did).
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Employ optimal values of the independent variable – when the extremes aren’t enough.
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Pick a low value of M and an intermediate value.

Use heterogeneous samples if each person comes to the research with his/her value of the independent variable.
For example, in the study of the faking ability ~ cognitive ability relationship, a wide range of cognitive ability should be studied.  Our first sample showed the strongest relationship of CA to faking ability, because it contains both undergraduate and graduate students.
Extraneous Variables - Bad Variation

Extraneous variables complicate the identification of relationships between dependent and independent variables.

This reflects the fact that virtually all of the behaviors we student are multiply determined.

The effects we're interested in are the independent variables.

The effects we're not interested in are the extraneous variables.

Control – Minimizing bad variation
The effects of extraneous variables must be controlled for.

Often this means that extraneous variables must controlled.

Much of the study of experimental design is devoted to controlling extraneous variables
More on control later in this lecture.
Groups vs. Correlational Research.
Groups research.

Groups of persons are observed in one research condition and their behavior is compared with groups of persons observed in some other research condition.  So the independent variable has just a few values.
This is really studying relationships because we seek to determine if the values of a dependent variable are related to group membership.
Examples:

a. One group taught statistics without a lab.  A 2nd group is taught with a lab.  Performance in the 2nd group is significantly higher than performance in the first.

Conclusion:  There is a relationship between learning of statistics and requirement of a lab.

b.  Three groups of patients are given a drug.  Dosage for Group 0 is 0.  For Group 1 it is 1 mg.  For Group 2 it is 2 mg.  Probability of improvement is highest in Group 2, second highest in Group 1 and lowest in Group 0.

Conclusion:  Probability of improvement is related to Drug dose.

Note:  In groups research, we look at the relationship of values of the dependent variable to the variable defining the groups.

In example a, the variable defining the groups was Requirement with two values:  none and Lab

In example b, the variable defining the groups was Drug dosage with three values:  0, 1, and 2.

Correlational Research.
The independent variable is a quantitative variable, with many values.

We examine the relationship between the dependent variable and the independent variable.

Much (a lot) (too much?) (an incredible amount of) psychological research is correlational.

Examples:

a.  The relationship of faking ability to cognitive ability.

Results of three studies – Nguyen, Wrensen, and Damron
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b.  Organizational commitment to organizational diversity efforts.

Results of Caldwell study relating Commitment to perceived fairness and perceived inclusion.


Validation Research
A special type of correlation research in which the main interest is on the correlation of a new measure with one or  more other measures.

Rizwan Khan’s thesis – Correlating scores from a frequency-based response format with Likert scale response format.

Comparisons are always a part of the research process.
All research involves comparisons.

Comparisons in Groups Research  
We compare performance of a group observed in one condition with performance of a group observed in some other condition, usually comparing means.
If performance is different between the groups, we say that performance is related to group membership or to the independent variable defining group membership.

Typically, in groups research, we compare means.
Comparisons in Correlational research.

 We compare performance of persons high on the IV with persons low on the IV.
If persons high on the IV perform better than persons low on the IV, we report a positive relationship.  If persons high on the IV perform worse than persons low on the IV, we report a negative relationship.









Typically, in correlational research, we simply compute correlations.

Comparisons in Validation Research


The comparisons conducted in validation research are typically just correlations.
Random Selection vs. Random Assignment
Selection refers to the movement of people from the population to the sample that actually participate in the research.  In psychology, very few studies use a random process for this step.  Much human research involves available, not random, samples.

Assignment refers to the movement of already selected participants into one of the conditions of the research.  Note that conceptually, assignment to conditions occurs after selection to participate in the research.  Much psychological research involves random assignment.


Schematically





 Some Specific Research Designs involving group comparisons
Designs that are not useful

1.  One-Group Posttest-Only Design.

Group given Treatment
Posttest Observation taken

One group is given the experimental treatment; only a posttest is obtained.

The standard infomercial design.

Any situation involving only testimonials from persons who received the "treatment".

Classic example – 
1.  Send a questionnaire to persons who have dropped out of school.  Measure characteristics of their behavior, such as financial problems, attitude toward school, etc.  Attempt to infer reasons for attrition from the results.

2.  An intern is given information on a group of employees, all of whom had left the organization, and asked to examine the data to discover reasons for their leaving.

Weakness

No specific comparison group.  Comparison is implied/hallucinated.

The problem is that it is difficult to determine what the behavior would have been in the absence of the treatment.  Perhaps it would have been the same as of those who got the treatment.

2.  The Posttest-Only Design with Nonequivalent Groups.

Group 1 given/already has Treatment 1

Posttest Observation taken

Non equivalent Group 2 given/already has Treatment 2
Posttest Observation taken

A.  Two pre-existing groups are used.  Treatments are assigned to the pre-existing groups.  

Example:  Persons in building A are given enriched jobs.  Persons in building B are given routinized jobs.  Effect of Job enrichment level on job satisfaction is studied.  No pretest of job satisfaction is given.
Much organizational field research is of type A.  It is impossible to randomly assign treatments to individuals.

B.  Pre-existing groups that have already received the treatments are used.

Persons who indicated in a survey that they always use Tylenol are compared with persons who indicate in the same survey that they always use Aleve.  No pretest was given.
We would compare their responses to survey questions about efficacy of the pain relievers.
Weakness.

The groups may have differed in characteristics other than the characteristic of interest before the research was begun.

Relationship to correlational designs. 
Correlational designs are an elaboration on the posttest-only design in which there are multiple nonequivalent groups.  For example, faking ability to cognitive ability.  There are multiple nonequivalent cognitive ability groups.  For this reason, conclusions from this design may be subject to the same criticism.  However, because of the multiple levels of the independent variable, for an extraneous variable to cause the differences, it would have to be present at all levels of the independent variable, a situation that is more difficult to imagine than one involving only two levels.
3.  One-Group Pretest-Posttest Design.

Pretest Observation taken
Group given treatment
Posttest observation Taken

A pretest is taken.  The group is given the treatment.  A posttest is taken.  Change from pretest to posttest is measured.

The coaching change design.  (TN Vols in 2008 example)

Before-After designs.

Weakness

No comparison condition.

What would have been the change in a group who didn't receive the treatment?

 Groups Research Designs that are useful.

4.  An acceptable design:  Posttest-Only Randomized Groups Design.

Persons randomly assigned to Group 1 given treatment 1
Posttest Observation Taken

Persons randomly assigned to Group 2 given Treatment 2
Posttest Observation taken

Individual participants are randomly assigned to groups.  Only postest measures are taken.

This design relies on random assignment to theoretically equalize the groups.

5.  A great design:  Pretest-Posttest Randomized Groups Design

Persons randomly assigned to Group 1 given pretest
Given Treatment 1.   Posttest Observation Taken

Persons randomly assigned to Group 2 given pretest
Given Treatment 2.   Posttest Observation taken

Individual participants are randomly assigned to groups.  Pretest and posttest measures are taken.

This is good, in that random assignment theoretically equalizes the groups, but using methods that will be discussed in 513, any differences which still existed could be adjusted for using the relationship between the posttest and the pretest.

In addition, having the pretest allows a more powerful statistical test of differences in treatment effects.

6.  A salvage design:  The Pretest-Posttest with Nonequivalent Groups Design

It is important to note that the pretest and posttest are the same instrument.

One of the most frequently employed designs in the social sciences.

Some outcomes lead to defensible arguments for treatment differences.  

Others do not.
The ideal outcome:







If this pattern of results occurs – no difference on the pretest, difference favoring the treatment group on the posttest, most researchers would argue that it is evidence for the existence of a treatment effect.
7. Another salvage design - One Group Interrupted Time Series design.  
This is an extension of the simple One-Group Pretest-Posttest Design (#3 above).
Multiple pretest observations are taken.  Multiple posttest observations are taken.



The variation (or lack of variation) among the pretest observations and among the posttest observations serves as a standard against which the variation between pre- and posttest can be compared.

8. Factorial designs 

Factorial Designs are those involving two or more independent variables (called factors in that literature).  Observations are taken at all combinations of levels of the several factors.
In the best examples of these, participants are randomly assigned to each combination.

Factor 1 ;  X

Factor 2 :  Y
X1


Y1

X1


Y2

X2


Y1

X2


Y2

THE VALIDITIES

Suppose I am conducting research involving social influence - the extent to which our decisions are affected by the opinions of others.  Suppose I have compared two conditions - one in which a person designated as a conservative endorses a liberal position and another in which a liberal endorses a liberal position. 

The interest is in determining whether a conservative endorser of a liberal position has more influence than a liberal endorser of the same liberal position.

I compare behavior of persons in two groups - a liberal endorser group and a conservative endorser group.  My hope is to use the information to control peoples’ voting.
The dependent variable is the percentage of participants choosing the endorsed position in each group.  
Participants are shown a document advocating government health care insurance.  
Fifty participants who describe themselves as independents are told that the document was written by a liberal senator from a northeastern state.  

The other fifty participants are told that the document was written a conservative senator from a western plains state.  
After reading the document, participants are asked whether or not they would support the government health care insurance advocated in the document. 

Suppose the data are as follows.







LIBERAL


CONSERVATIVE







ENDORSER 

ENDORSER







GROUP


GROUP

CHOOSE ENDORSED POSITION
    20



  30

DON'T CHOOSE
   


    30



  20

Note that only 40% of the participants who were told the liberal document was prepared by a liberal said they would support the plan.  But 60% of those who were told that the liberal document was prepared by a conservative said they would support the plan.
Suppose the following paragraph is written concerning this research:

"A difference in percentage of choices of the endorsed position was found (X2 = 14.55, p<.01.)    Viewing the conservative endorsement of a liberal position resulted in a greater amount of agreement with that position than viewing the same endorsement presented by a liberal.  These findings suggest that our political opinions may be more easily swayed by ideological renegades than by persons taking what might be called "typical" stances."

Four types of statements were made or implied in the above and the type of validity involved in each.
1.  Statements regarding the results of statistical tests – statistical conclusion validity.


Statements of rejection or nonrejection of the null hypothesis.



"a difference in percentage of choices of the endorsed position was found. . . "

2.  Statements regarding the probable causes of the obtained results – internal validity.


Statements attributing the results to a particular manipulation or attribute of this research.



"Viewing the conservative endorsement of a liberal position resulted in a greater amount of agreement with that position than viewing the same endorsement presented by a liberal." 

3.  Statements regarding the proper interpretation, labeling, or characterization of both the independent and dependent variables – construct validity..


“These findings suggest that our political opinions may be more easily 


swayed


by ideological renegades than by persons taking what might be called 


‘typical’ stances.”


4.  Statements regarding the populations to which the results are generalizable – external validity.


“These findings suggest that our political opinions may be more easily swayed by persons taking unusual political stances than by persons taking what might be called "typical" stances."
Validity:
The truth or falseness of the statements which are made concerning the relationship between independent variables and dependent variables.
There are four types of validity, each one related to one of the types of statement illustrated above.

Each of the types of validity is related to a type of question which can be asked with respect to the research.

Statistical conclusion validity


Concerns the extent to which our statistical conclusions are correct.


Questions which are asked:



If a difference was observed, was it real or was it due to chance?



If a difference was not observed, was the null really true, or was the statistical test not powerful enough to detect the true difference.



Would the conclusions be the same if the research were repeated under the same conditions?


Threats to Statistical Conclusion Validity


Shotgunning:  Conducting many statistical tests in the hopes of finding something which is significant.  



The probability of incorrectly rejecting the null over all tests conducted within an experiment is called the experimentwise Type I error rate.




Shotgunning is a practice that lead to a high experimentwise Type I error rate.




If two independent tests are performed, each using alpha = .05, it can be shown that when both null hypotheses are true, the probability of one or the other being a Type I error is 1 – (1 - .05)2 = 1 - .952 = 1 – 9025 = .0975.



This means that for the whole experiment probability of a Type I error rate is not .05, but it’s .0975.  



Extending this logic leads to the conclusion that if there are many statistical tests conducted as part of a research project, the probability of at least one of them leading to a Type I error will likely be very large, perhaps close to 1.


Low power of the test:



Low power can lead to the failure to detect differences that are actually there in the population. Such failures are Type II errors.




Note that the incorrect conclusion of "no difference" is just as invalid as the I ncorrect conclusion of "difference".

Internal validity

Concerns the truth of statements attributing the results (or lack of same) to the independent variable employed in the research.


Questions which are asked



If a difference was observed, was it due to our independent variable, or was it due to some other (extraneous) variable which happened to covary with our independent variable?



If a difference was not observed, was it due to the lack of effect of our independent variable or was it due to the fact that some other (extraneous) variable counteracted the effect of our independent variable?



Simply put:  What did it – us or them?


Threats to internal validity



These are simply extraneous variables - variables which covaried with the independent variable, and thus could potentially have distorted  the relationship which was observed between the dependent and the independent variable. More on these later.

Construct validity


Concerns the appropriate theoretical interpretation (i.e., name) for the independent and the dependent variable.


Questions which are asked



Are the conditions employed really representative of different levels of the independent variable I think I'm manipulating?



Is what I measured really the dimension whose name I've given it?



Simply put:  What is it?


Examples



In the above, participants' choices were equated with political opinion.



One level of the independent variable was labelled  as  "ideological renegades" 



Job satisfaction:  Is it one dimension or many.



Instructed faking – When I ask participants to fake, is what they do really faking?  We think it’s not at all related to faking, but more like problem solving. 


Use of GPA as a substitute for job performance in organizationally oriented research.  Is GPA like job performance?

External validity


Concerns the truth of statements regarding populations or situations to which results will generalize.  


Questions which are asked



To what population will the results generalize?



To what sets of conditions will the results generalize?



Where will it happen?


Example



In the above situation, the word our was used to implicitly describe the persons to whom the results were applicable.  (these findings suggest that our political opinions may be more easily swayed . . .)  But who are these people?   Are they college sophomores?  College students?  College educated persons?  All persons?  The external validity of the results concerns the populations to which the results are applicable.


Use of student samples in organizational research is questioned because of external validity issues.

Threats to Internal Validity – Extraneous variables from the Validities literature.

The threat most important for between-subject designs


Selection:  Pre-existing group differences on some variable related to the DV



In the above example, preexisting differences in the two groups with respect to a tendency to choose the liberal position endorsed.



Usually not a problem when individuals have been randomly assigned to groups.

Threats most important to within-subjects or repeated measures designs


Maturation




The tendency for naturally occurring changes to be related to the dependent variable.




For example, the effects of special exercises designed to increase motor control among children may be confounded with maturation.



Mortality




Loss of participants interferes with the effects of the independent variable.




The curative effects of a drug for a disease are counteracted by mortality due to its side effects.  Comparing those who are left may be confounded by the loss of participants.



One training program is very boring, resulting in loss of participants. 
Regression to the mean (RTTM or RT2M)




The tendency for persons with extreme scores (high or low) on a pretest to have more moderate scores on the posttest.










The unique combination of influences which resulted in the extreme scores on the pretest is not present for the same people on the posttest.




The classic “gotcha” associated with RTTM:  RTTM may lead you to erroneously conclude that "those who needed the treatment most improved while those who didn't need it profited the least."



History




Anything other than the treatment which occurred between successive measurements.




The effect of a new ad campaign on sales might be counteracted by the breaking of news that samples of the product were contaminated.



Testing




The effect of having had the pretest on behavior when taking the posttest.


Threats applicable to all designs



Instrumentation

The inability of the measuring instrument to accurately reflect differences in conditions.




Floor effects.




Ceiling effects.



 (Inconsistency vs. Level scatterplots in Interesting Data and Statistics folder)



Insufficient precision (too few categories.)




Unequal intervals at different points on the scale.




It's easier to increase 10 points when you're near the middle of the scale than when you're near the top of the scale.
Methods of Controlling the Effects of Extraneous Variables.

Controlling effects of extraneous variables in between-subjects designs

1.  Randomly assign individuals to different research conditions.

Creates what is called a Randomized Design.

A gold standard design.

Does not require knowledge of which extraneous variables are important.

Theoretically, groups will be equal on all extraneous variables.

2.  Match participants on one or more extraneous variables.

Matched Participants Design.

Use it whenever you can afford to.

Very powerful.

Requires knowledge of extraneous variables.

Requires a pretesting step.

3.  Use participants as their own controls.

Participants as own controls design.

The matched participants design taken to the limit.

Very powerful.

Doesn’t require knowledge of extraneous variables.

May not be applicable.

4.  Hold extraneous variables constant across treatment conditions.

Use all males or all females.

Caldwell – Used all African American female managers because easy to get and would have been MUCH more diff to get a diverse sample.

5.    Include key extraneous variables in the design, making them Independent variables.

Typically this involves creating a Factorial Design.

6.  Statistically equate groups using multiple regression techniques.

Almost always done,

Not a panacea.

More on this in PSY 513 (A lot more).

Not on Test 2 unless we cover it in class.

Issues involving participants as own controls designs

The problem

If the same people receive two or more treatment conditions, one of those treatment conditions is received first and a different one is received last.

This leads to the possibility of Sequence Effects and Order Effects.

Sequence Effect:  The effect of the carry-over from a previous treatment.

Aspirin remaining in the bloodstream.

Order Effect:  The effect of being 1st or 2nd or 3rd, regardless of what came before.


Participants may tire during the course of a study.

Some solutions to control Sequence and Order effects
1.  Complete counterbalancing of orders

For research involving 2 conditions:  A and B

Order 1:  A followed by B

Order 2:  B followed by A

For research involving 3 conditions

Order 1:  A –> B –> C

Order 2:  A –> C –> B

Order 3:  B –> A –> C

Order 4:  B –> C –> A

Order 5:  C –> A –> B

Order 6:  C –> B –> A

Number of orders required is K! = K*(K-1) . . . 1  where K is the number of Konditions.
Problem:  As number of treatment conditions increases, number of orders required increases.

2.  Random Sample of Orders

When large number of orders, e.g., Keisha Wicks’s thesis has 8 subscales:  8! Orders.

3.  Latin Square:  A considered sample of orders

Uses the same number of orders as there are treatment conditions.

So, the combination of K orders with K treatment conditions forms a square .

Each treatment condition appears once for each participant (row of square) and once in each ordinal position (column).
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