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Note:  z1 is missing from the original drawing.  

Questions 1-9 ask about the above model, which comes from:

Li, Y & Doukas, DJ Health motivation and emotional vigilance in genetic testing for prostate cancer risk.  Clinical Genetics 66 (6), 512-516.  December 2004.

All coefficients in the model shown above are standardized.

1) (5 points) Write the equation(s) for the measurement model of the latent variable “Health motivation”

PositiveExpectations = 0.52*HealthMotivation + e4

Motivation = 0.76*HealthMotivation + e1

2) (5 points) Is the latent variable “Health motivation” identified, according to the rules of identification that were presented in class?  How did you arrive at your answer?

Health Motivation has two indicators; we look to the two-indicator rule, whose criteria are: 

A) At least two indicators.  Yes, there are two indicators, Positive Expectations and Motivations.

B) At least two factors:  Yes, there are two factors, Health Motivation and Emotional Vigilance.

C) Latent variable correlated with at least one other factor:  Yes, in this case, it is correlated with “Emotional Vigilance”

D) Errors of indicators are uncorrelated:  Yes, there is no curved arrow between e1 and e4.

E) Each indicator loads on one and only one factor:  Yes, Positive Expectations and Motivations both load only on Health Motivations; there are no arrows pointing to either of them from the other factor.

Based on the latent variable “health motivation” having meet all of the criteria for the two-indicator rule, yes, it is identified.

3) (5 points) Write the equation(s) for the measurement model of the latent variable “Emotional vigilance”

Distress= 0.19*EmotionalVigilance + e3

BehavioralIntent= -0.92*EmotionalVigilance + e5

Consequences = 0.13*Emotional Vigilance + e2

Corr(e2, e5) = –0.10

Note:  the last equation could also have been represented as part of the Θε matrix.  This would give:
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The use this equation: 
[image: image3.wmf])

var(

)

var(

)

,

cov(

)

,

(

5

2

5

2

5

2

e

e

e

e

e

e

=

corr

 

[image: image4.wmf])

var(

0

)

var(

)

var(

10

.

0

)

var(

0

)

var(

)

var(

10

.

0

)

var(

5

5

2

3

5

2

2

e

e

e

e

e

e

e

e

-

-

=

Q

 but this is extra work and not necessary for our purposes.

4) (5 points) Is the latent variable “Emotional vigilance” identified, according to the rules of identification presented in class?  How did you arrive at your answer?

Emotional Vigilance has three indicators; we look to the three-indicator rule, whose criteria are: 

A) At least three indicators.  Fulfilled. 

B) At least one factor.  Fulfilled.

D) Errors of indicators are uncorrelated:  No, there is a curved arrow between e5 and e2.

E) Each indicator loads on one and only one factor:  Fulfilled.
Based on the three-indicator rule, we do not have sufficient proof that the measurement model for Emotional Vigilance is identified.  However, since this rule is not necessary, the measurement model for emotional vigilance may still be identified.

5) (5 points) Write the equation(s) for the structural component of the model.

Emotional Vigilance = -1.0 * HealthMotivations + z1

6)  (5 points) Is this structural component of the model identified, according to the rules of identification presented in class?  How did you arrive at your answer?

We draw the structural model as if the latent variables are observed.
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Since the arrow between Health Motivations and Emotional Vigilance is a gamma (between an exogenous and endogenous variable), this model fulfills the sufficient (but not necessary) criterion of the Null-B rule (there are no betas).  So, yes, this structural model is identified.

7) (6 points) Is the model as a whole identified, using the rules of identification arrived at in class?  How did you arrive at your answer?

One looks to the two-step rule first – if, considered separately, the measurement models and structural models are both identified via sufficient criteria, one has sufficient proof of the full model’s identifiability.  Since the measurement model for emotional vigilance did not meet a sufficient criterion, we cannot conclude via the two-step rule that the full model is identified.

However, if the full model passes the t-rule (which is necessary, but not sufficient), then it is still possible for the full model to be identified.

So, the number of observed variances and covariances is: n*(n+1)/2 where n is the number of observed variables.  So, sample moments is (5*6)/2 = 15.

Parameters being estimated:

Variances of observed exogenous variables:  0 (no observed exogenous variables in the model)

Variances of errors of observed endogenous variables:  5 (e1,e2,e3,e4,e5)

Variances of latent exogenous variables: 1 (variance of health motivation)

Variances of errors of latent endogenous variables:  1 (z1)

Betas: 0

Gammas: 1

Curved arrows: 1 

Factor loadings (lambdas): 5

This adds up to 14.  But, the investigators will have to have fixed either one factor loading per factor, or the variance (or error variance) of each factor.  Since there are two factors, we subtract 2 from the total for an final total of 12 estimated parameters.

Since 12 < 15, this model does meet the necessary but not sufficient criteria of the t-rule.  Verdict: this model may be identified.

8) (8 points) Comment on the magnitude of the factor loadings for the latent variable “Emotional vigilance.”  Based on the loadings, would you say that this latent variable is well measured?  

No,  two of the three loadings are fairly low (0.19,0 .13).  Since these are standardized estimates, these loadings can also be interpreted as correlations; even though the coefficients are significantly greater than zero, I would want the indicators to be more highly correlated with factor (emotional vigilance)

9)  (8 points) Interpret the coefficient on the path from “Health motivation” to “Emotional vigilance.”

Since it is a regression coefficient, the interpretation is that if one compared two individuals, A and B, if A’s Health Motivation factor score were 1 unit higher than B’s Health Motivation factor score, one would expect A’s Emotional Vigilance factor score to be 1 unit lower than B’s Emotional Vigilance score.  

A. Alternatively:  Since these are standardized coefficients, the units are standard deviations, and one can interpret the coefficient as a pearson correlation.  In this case, Health Motivation and Emotional Vigilance are perfectly negatively correlated.  
For questions 10-12 Below are two tables showing the results of a latent class regression model. The latent variable of interest is “mobility/exercise tolerance.” Bandeen-Roche, et al. (JASA,1997) used data from the Women’s Health and Aging Study. Their dataset has 1777 individuals and they chose 5 “tasks” to define mobility. Women were asked whether or not they had difficulty with these tasks. These tasks are doing heavy housework (Hhw), walking ¼ mile (walk), climbing 10 steps (steps), getting in and out of bed or chairs (chair), and lifting 10 lbs. (lift). These items are coded as difficult (1) or not difficult (0) based on self-reported answers. 

Table 1: Results of the “measurement model” in the latent class regression model (LCR). 

Tasks 

Class 1 
Class 2 
Class 3 

Hhw 

0.05 

0.66 

0.95 

Walk 

0.06 

0.57 

0.94 

Step 

0.02 

0.24 

0.88 

Lift 

0.02 

0.37 

0.82 

Chair 

0.01 

0.13 

0.57 Class size 
0.52 

0.29 

0.19

Table 2: Results of regression of covariates on mobility. Age is measured in years. Arthritis is binary, with 1 indicating self-reported arthritis and 0 indicating no arthritis. 

Covariate 
Coefficient 
Standard Error of Coefficient 

Class 1 vs. Class 3 
Age 

-0.10 

0.01 

Arthritis 
-1.92 

0.14 

Class 2 vs. Class 3 
Age 

-0.79 

0.17 

Arthritis 
-0.04 

0.01 

10. (10 points) Consider the results of the standard latent class analysis in Table 1 (i.e. the parameter estimates for the measurement model as estimated by “LCA”). Describe in a few sentences the interpretation of the classes. 

Class 1 is a high mobility class and includes about half of the sample, class 2 is a moderate mobility class and includes about 1/3 of the sample, and class 3 is a low mobility class and includes about 1/5 of the sample.  Class 1 has very low probability of difficulty with all tasks (<7%).  Class 3 has high difficulty with 4 of the 5 tasks (>80%) and moderate difficulty with one task (chair: 57%). Class 2 has difficulty probabilities that are between classes 1 and 3 for each task (13%-66%), suggesting ordered classes.   

11. The relationship between the latent variable and covariates are shown in Table 2. A. (5 points) Explain what the coefficient -1.92 in the Class 1 vs. Class 3 comparison for Arthritis means. B. (5 points) Describe in words the association between age and mobility.

A. Women with arthritis have a much lower odds of being in class 1 versus class 3 than women without arthritis, adjusting for age.  Specifically, the odds of being in  class 1 to class 3 for a woman with arthritis is 0.15 (e-1.92) the size of the odds for a woman without arthritis (holding age constant).

B. There is a negative association between age and mobility.  As age increases, odds of being in a better mobility class decreases.    Comparing two women whose age differs by 1 year, the odds of being in class 1 versus class for the woman who is older is 0.90 times the odds of the younger woman, adjusting for arthritis.  Comparing two women whose age differs by 1 year, the odds of being in class 2 versus class 3 for the woman who is older is about half that of the younger woman, adjusting for arthritis.

12. A researcher in gerontology criticizes the latent class modeling, saying that a latent trait model would be more appropriate. A. (9 points) How would mobility be interpreted in a latent trait model versus a latent class model? B. (9 points) Choose one of the two modeling approaches (i.e. latent trait or latent class) and give a justification why you think it is more appropriate way to measure mobility.

B. Mobility would be a continuous variable, as opposed to a categorical variable.  This disallows a discrete interpretation and assumes mobility is “dimensional”, ranging from low to high.

C. Bases on the results of the latent class model, there is rather strong evidence that the classes are ordered.  This suggests that a continuous variable interpretation is valid.  By using a latent trait we are not forcing individuals into diagnostic categories, which may not be the goal anyway, and we have a simpler model with more power to find associations.  So, I would prefer the latent trait measurement in this case. 
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