PSY 524/624 Research Design

Lab # 1 Activities

Today’s lab will focus on binary and quantitative statistics. We will review the use of SPSS and hand calculations to obtain means, variances, covariances, and correlations.
Binary Items and Statistics
We will use items 3 and 4 from McDonald’s Table 3.3 on page 37.

	Subject #
	Item 3


	Item 4

	1
	1
	1

	2
	1
	1

	3
	1
	1

	4
	0
	1

	5
	1
	1

	6
	1
	1

	7
	0
	0

	8
	0
	1

	9
	0
	1

	10
	0
	0

	                             Sum
	5
	8

	                             Mean
	.5
	.8


Let’s look at the item difficulties for Items 3 and 4. Item “difficulties” can also be interpreted as the proportion (i.e., relative frequency) of correct responses for a single item or multiple items, and this value is alternatively referred to as the mean for a particular item or items (
Proportion of correct responses to item 3 = #correct responses to item 3/#subjects



           

       = 5/10 = .5 




       

  P3 = .5




        Mean3 = .5
Proportion of correct responses to item 4 = #correct responses to item 4/#subjects



            

            = 8/10 = .8 




       

  P3 = .8





        Mean3 = .8
Proportion of correct responses to items 3&4 = # correct responses to items 3&4/#subjects



                  

 = 5/10 = .5 




          

         P3&4 = .5




   
                   Mean3&4 = .5
Now let’s consider the variance of items 3 and 4, and the covariance of these two items.

Variance of item 3 = P3(1- P3)


        = .5 (1-.5) = .5*.5 = .25

                         SD = √.25 = .5

Variance of item 4 = P4(1- P4) 


         = .8(1-.8) = .8*.2 = .16 



  SD = √.16 = .4

Covariance of 3 & 4 = P3&4 – P3 * P4


          = .5 – .5*.8 


           = .5 – .40 = .10

Correlation of 3 & 4: McDonald shows us how to calculate the correlation between two items using a table of item proportions and marginal proportions. 

Proportions
	Item 3

	Item 4
	
	1
	0
	

	
	0
	.0

       10
	.2

       00 
	.2

     MR1

	
	1
	.5

       11
	.3

       01
	.8

     MR2

	
	
	.5

       MC1
	.5

       MC2
	


MC = Marginal column. MR = Marginal row
r =  P11 – PMC1*PMR2
      √[PMC1*PMC2*PMR2*PMR1]
  = .5 – (.5*.8) 
     √[.5*.5*.8*.2]
  = .5 – .4
      √.04

  = .10/.2 
r = .5

When we compare our calculations above to what McDonald did on p. 43, the information is the same. Good, we did it correctly!
Ok, now let’s see how we can get item variances, covariances, and correlations in SPSS.
DATAFILE: ITEMS3AND4.SAV 

Analyze(Correlate(Bivariate. Move Item3 and Item4 to the Variables box. 
Click Options and select Means and Standard Deviations, and Cross-Product Deviations and Covariances. 
Select Continue and OK. 
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Our hand calculations are slightly different than what SPSS gives us because SPSS used 9 (i.e., N – 1) as the denominator while we used 10. 
Quantitative Items and Statistics
In the prior example we were working with binary items (i.e., items that have responses that are coded as either 1 or 0). Now we’ll work with 4 quantitative items that participants responded to using a 7 pt Likert scale (i.e., responses can range from 1 to 7). Let’s ask SPSS for the means and standard deviations for each item, as well as the correlations and covariances among these items.
DATAFILE: ANXIETYLIKERT.SAV 
Analyze(Correlate(Bivariate. Move all four items to the Variables box. Click Options and select Means and Standard Deviations, and Cross Product Deviations and Covariances. Select Continue and OK.
Correlations
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We can use this information provided by SPSS to create covariance and correlation matrices:

 Correlation Table

	
	Performance Anxiety
	Test
Anxiety
	Separation

Anxiety
	Social 

Anxiety

	Performance
Anxiety
	1
	.523
	.802
	.084

	Test Anxiety
	.523
	1
	.434
	-.030

	Separation

Anxiety
	.802
	.434
	1
	.308

	Social Anxiety
	.084
	-.030
	.308
	1


Covariance Table

	
	Performance Anxiety
	Test

Anxiety
	Separation

Anxiety
	Social 

Anxiety

	Performance

Anxiety
	2.767
	1.489
	1.756
	.244

	Test Anxiety
	1.489
	2.933
	.978
	-.089

	Separation

Anxiety
	1.756
	.978
	1.733
	.711

	Social Anxiety
	.244
	-.089
	.711
	3.067


Now, let’s compute the correlations from the variances and covariances by hand (for pedagogical purposes). In practice, outside of this class, you will use SPSS to conduct these computations.
r =        Covxy         =    Covxy
       
      √[Varx*Vary]       SDx*SDy
Let’s calculate the correlation between the performance anxiety item (PA) and the test anxiety item (TA) using the information from the covariance matrix.



 
rPA,TA
= 1.489/ √[2.767*2.933]




= 1.489/ √[8.1156]




= 1.489/ 2.849




= .523
Alternatively, you could get the SD of each item from the descriptive statistics box and work with SD in the denominator.







  rPA,TA = 1.489/ (1.663)(1.713)






= 1.489/ 2.85





= .523
We can also reverse our steps and determine the covariances given the correlations and standard deviations. Remember, the square root of the variance is the standard deviation!

Covariance = rxy *(SDX*SDY) = rxy * √[Varx*Vary]


          CovPA,TA= .523 * (1.663)(1.713) 




= .523 * 2.85



=  1.489
a. Sum of Diagonal elements (variances) 
=  2.767+2.933+1.733+3.067 = 10.5
b. Sum of all Off Diagonal elements (symmetric covariances) 
= 2*(1.489+1.756+.244+.978+.711-.089) = 10.178
c. Sum of variances and covariances = 20.678 (this is the variance of the overall Anxiety scores)
d. Sqrt of c. = Sqrt of 20.678= 4.55 (this is the standard deviation of the overall Anxiety scores)
Now let’s create a total (overall) Anxiety score. 

Transform(Compute. Type Total in the Target Variable box. In the Numeric Expression box, type: PerformAnx + TestAnx + SeparatAnx + SocialAnx. Click OK.
Now let’s get some descriptive statistics for the total anxiety scores. 
Analyze(Descriptive Statistics(Descriptives. Move Total over to Variable(s). Click Options and select Mean, Standard Deviation, and Variance. 

Click Continue and OK.
[image: image5.wmf]Descriptive Statistics

10

18.7000

4.54728

20.678

10

Total

Valid N (listwise)

N

Mean

Std. Deviation

Variance


Note that, the variance and standard deviation for the entire scale are equivalent regardless of whether we have SPSS compute the item (subscale) variances separately and then we sum the variance-covariance matrix or we create a total score and then compute the variance. 
Let’s create an average Anxiety score. Go to Transform(Compute. Write Average in the Target Variable box. In the Numeric Expression box, write: Total/4. Click OK.

Go to Analyze(Descriptive Statistics(Descriptives. Move Average over to the Variable box. Select Options. Select Mean, Standard Deviation, and Variance. Click Continue and OK.
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Note that the mean of 4.68 on a seven-point scale is much easier to interpret than the mean of 18.70 of the total scale (see above). Respondents typically scored above the logical mid-point of the 1-7 scale (i.e., 4).

Now go to Analyze(Correlate(Bivariate. Move PerformAnx, Total, and Average over to the Variable box. Select OK.
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Notice that the correlation between Performance Anxiety and Total is equal to the correlation between Performance Anxiety and Average, as is the p-value.
Variance of item 3 (by hand we calculated .25)





Variance of item 4 (by hand we calculated .16)





Covariance of items 3&4 (by hand we calculated .10)
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