1. Duane Alwin addresses the issue of the relation between the number of response categories used in survey questions and the quality of measurement in an article entitled “Feeling Thermometers Versus 7-Point Scales: Which Are Better?” (1997, Sociological Methods and Research 25:318-340).  He sets up the following two competing hypotheses:

i. Given two survey questions that assess the same construct, a question with more than 7 response categories will have lower reliability than a question with 7 response categories.  Seven response categories is about the limit to the number of response categories that people can handle, according to this hypothesis, and the introduction of more response categories will only add noise (and hence lower reliability) to the measure.

ii. Given two survey questions that assess the same construct, a question with more than 7 response categories will have higher reliability than a question with 7 response categories.  According to this hypothesis, more categories provide the opportunity for respondents to provide more information, and higher levels of information in the data will lead to higher levels of reliability.

To test these competing hypotheses, both a single survey question with 7 response categories and a single survey question with 11 response categories were used to assess satisfaction with a variety of domains, including satisfaction with respondent’s friends.  For the survey question with 7 response categories the reliability of the friends satisfaction measure was 0.533.  For the survey question with 11 response categories the reliability of the friends’ measure was 0.673.

1a. (6 points)  Does the above information better support hypothesis (i) or hypothesis (ii)?  Why?

The question with the higher number of response categories (11) has a higher reliability, therefore hypothesis (ii) is better supported in this case. 

1b.  (8 points) What would be the value of Cronbach’s alpha for a scale of “satisfaction with friends” that consisted of 10 items that had the reliability of the “friends satisfaction” item that had 7 response categories?  Be sure to show your work, and report your answer to three decimal places.

Reliability of a single question consisting of 7-response categories: 0.533 

Reliability of a 10-item scale made up of these 7-response category questions=?

To answer this question, we use SPEARMAN BROWN PROPHECY formula:

rSB = Nr / 1+(N-1)r  

Where N= # items in theoretical scale/ # in observed scale, and r= reliability of observed scale; ( N (in this case) = 10/1=10 and r=0.533

Therefore, rSB = (10)(0.533) / 1+(10-1)0.533= 5.33/5.797 = 0.919 

rSB generates an alpha correlation, and thus the value of cronbach’s alpha for a 10-item scale of “satisfaction with friends” where the questions include 7 response categories is 0.919.

1c. (8 points) How many items would be required to create a scale of “satisfaction with friends” that had the same reliability as the scale in 1b, but consisted of items that had the reliability of the “friends satisfaction” item that had 11 response categories?  Be sure to show your work, and for your final answer round any fraction up (e.g. if the final result of your calculations is 8.1, then report an answer of 9).

Need to find the # items to obtain scale of reliability 0.919 using questions whose responses consist of 11 categories (i.e. reliability of a single question = 0.673)

Again, we use rSB but this time to find N.

rSB = Nr / 1+(N-1)r  ( By derivation: N= rSB (r-1)/ r(rSB -1)

N= 0.919(0.673-1)/ 0.673(0.919-1)= -0.300513/-0.054513= ~ 6 

Since N= # items in theoretical scale/ # in observed scale, then the # items in the theoretical scale is 6*1 (in observed scale)= 6 items.

1d. (8 points) You are writing a grant proposal to investigate in detail the association of depression and satisfaction with friends.  You will use a depression scale that you expect will have a reliability of about 0.7 in the population you are studying.  The true correlation between depression and satisfaction with friends is 0.4.   How many 11-response category items would be required for an expected correlation of 0.33 between the depression scale and the scale for satisfaction with friends?  Be sure to show your work, and for your final answer round any fraction up (e.g. if the final result of your calculations is 8.1, then report an answer of 9).

Assuming x=depression and y= satisfaction with friends (11-response categories), then:

· rTxTy= 0.4 (true correlation)

· r(x,y)= 0.33 (correlation expected to be observed)

· rxx= 0.7 (reliability of depression scale)

· r= 0.673 (inter-item reliability of “satisfaction with friends”, 11-response categories)

Using the information above, we calculate ryy (reliability of “satisfaction with friends” scale) using the “correction for attenuation” formula. Thereafter, we use the reliability of the “satisfaction with friends” scale in order to calculate the number of items needed (based on Spearman Brown Prophecy’s formula).



       _____


rTxTy= r(x,y)/ √ rxx ryy 


       _____

0.4= 0.33)/ √ 0.7 ryy

ryy = (0.33)^2/(0.4)^2(0.7) ( ryy = 97232143

Using SB, N= rSB (r-1)/r(rSB -1)(
N= (0.97232143*(0.673-1))/ (0.673*(0.97232143-1)

N=17


We need 17 of the 11-response category items of “satisfaction with friends”. 

2. The following questions refer to results from the article by Widyanto and McMurran entitled “The Psychometric Properties of the Internet Addiction Test,” which appeared in the journal CyberPsychology & Behavior in 2004 (volume 7, pages 443-450).  The study focuses on a factor analysis of a 20-item test for the hypothesized construct of internet addiction.  The pilot sample consist of 86 people, and all 20 items had 5 response categories.  The following page reports main results from the study.  Note that the eigenvalues are based on a principal components analysis before rotation.

2a. (5 points) What is the p:r ratio for this analysis?    20:6
2b. (5 points) If the communality of the items is ‘wide’ (that is, if it ranges between 0.2 and 0.8 across the items), is the sample size large enough to ensure good recovery of the latent underlying factors?   Justify your answer in one or two sentences.

Yes.  Based on the plot from MacCallum which shows a p:r ratio of 10:3 (which is the same ratio as 20:6 (i.e., 20/6 = 10/3)), we see that the K value for a sample size of 86 with wide communality is greater than 0.95.  With a K value of 0.95, we have good to excellent recovery.

2c. (5 points)  What additional information from the factor analysis should be added to Table 2 so that it would be possible to calculate the communality of each item?

The rest of the factor loadings.  We need all of the factor loadings (20x6 of them) to be able to calculate the communalities.

2d. (5 points) Can you assess the discriminant validity of the individual items in Table 2?  Why or why not?

No because we don’t know what the loadings are on the other factors for each item.  To fully assess this, we would need to know the magnitude of those loadings.

2e. (5 points) One potential critique of this study is that it is too short and does not include a full assessment of the ways in which excessive internet use may have a negative effect on individuals.  This critique refers to which type of validity?  What would be a good response to this critique (please limit your answer to three or four sentences)?

Content validity.  But, we are not necessarily trying to measure all possible negative effects on individuals here.  We are simply trying to measure the underlying latent variable of addiction.  

2f. (5 points) Why would criterion validity not be appropriate to assess the validity of the internet addiction scale?

There is no gold-standard measure of internet addiction.

2g. (5 points) In order to assess the external validity of “excessive use” scale , what would be two strategic outcomes to measure?  Explain how levels of association between the internet addiction scale and the two outcomes you list would help in the evaluation of external validity.

Number of social events attended over the past month and number of jobs in previous two years.  I would expect that the number of social events attended over the past month would be negatively associated with internet addiction and that number of jobs would be positively associated with addiction.  If these two associations hold up, then they would provide evidence of external (construct) validity.  

2h. (5 points) Sketch by hand a screeplot of the six eigenvalues provided.  The authors chose to extract six factors -- does the interpretation of the screeplot also 
imply that six factors should be extracted? Why or why not?
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No, the interpretation of the scree-plot does not imply the extraction of 6 factors but rather only 1 factor (i.e. judging by where the elbow is only 1 factor is above elbow). 

2i. (5 points) 68.1% of the variance in the data is explained by this factor model 
with six factors.  If an oblique rotation were now applied to the loading matrix, 
would you expect the percent variance explained to increase, decrease, or stay the 
same?  
Why (in one sentence)?

Stay the same!!!  Rotation does NOT improve fit!

3.  An article was recently published where the authors were interested in defining latent classes of Alzheimer’s disease (Moran M, Walsh C, Lynch A, Coen RF, Coakley D, Lawlor BA. Syndromes of behavioural and psychological symptoms in mild Alzheimer's disease.  Int J Geriatr Psychiatry. 2004 Apr;19(4):359-64).  Based on a sample of size 240, they estimated models with five and fewer classes and chose the three-class model as their best model.  The estimated three class model is shown below.  
	
	
	Class 1
	Class 2
	Class 3

	Symptoms:
	Delusions
	0.18
	0.59
	0.41

	
	Hallucinations
	0.06
	0.09
	0.15

	
	Aggression
	0.00
	0.32
	1.00

	
	Agitation
	0.14
	0.57
	0.41

	
	Diurnal rhythm disturbance
	0.09
	0.37
	0.41

	
	Affective disturbance
	0.24
	0.62
	0.45

	
	Anxiety
	0.32
	0.91
	0.00

	Class sizes
	
	0.47
	0.45
	0.08


3a. (5 points) How many different symptom response patterns are possible given that there are seven symptoms and each is measured using a binary (i.e., yes or no) indicator?

27 = 128 possible symptoms patterns
3b. (10 points) A critic of the model said she was concerned about the identifiability of the model.  Describe in four or fewer sentences what she meant by “identifiability” and, based on the information provided, what might lead her to worry about it.

Identifiability is the concept of whether or not we can estimate the model (a) given the size of our dataset and (b) given the number of items and classes.  She is probably worried about (a) because this is a pretty small sample size for a 3 class model (there would only be about 20 people in class 3:  8% x 240 = 19.2).  In addition to seeing the small sample size, several of the reported symptom prevalences are 0 and 1, suggesting that there may have been a convergence problem (which is common when the dataset is too small).  

3c. (10 points) The authors used the following justification for choosing the three-class solution: 

“Five models were fitted, from one to five classes. The goodness of fit statistics suggested that the model with three classes had the best fit (see Table 2). A dramatic reduction in the Chi-Square statistic is observed as the number of classes increases from 1 and 2 to 3. The reduction in this statistic from 3 to 4 classes and from 4 to 5 is less marked. With this model [i.e, the 3 class model] 95.4% of the sample were correctly classified.”

The table below was derived using information provided by the authors.  Use the information in the table to help choose a “best” model and justify why you think it is the best model using information provided in the table in three or fewer sentences. 

	Number of classes
	number of parameters in model (s)
	-2 log-likelihood statistic
	AIC
	BIC
	p-value for goodness of fit test

	1
	7
	210.0
	224.0
	248.4
	<0.0001

	2
	15
	123.2
	153.2
	205.4
	0.24

	3
	23
	111.5
	157.5
	237.6
	0.31

	4
	31
	107.0
	169.3
	276.9
	0.15

	5
	38
	85.3
	163.3
	299.0
	0.47


I would argue that the 2 class model is the most appropriate based on the AIC and BIC:  these statistics are both smallest for the two class model.  Also, the fit statistic for the two class model looks quite good (i.e., because the p-value is relatively large it implies that the fit is adequate for the two class model).  These authors imply that they simply looked at the differences in the -2LL statistics across models instead of actually calculating the p-values between the models.  This is not a statistically sound approach, in addition to the fact that we could argue that the models are not nested so that even using the -2LL statistic is inappropriate.  







