Psychology 524/624

Lab Lecture # 3
CFA and Validity

Confirmatory Factor Analysis
DATAFILE: NURSES.SAV

A sample of 213 nurses completed a survey. We are interested in Training Climate and Job Security. The following are the latent variables and the indicators for those latent variables:

Job Security:
Indicated by scores on an item measuring the likelihood that they will NOT become unemployed (EMP), scores on a measure of the fairness with which nurses are evaluated (FAIR), and scores on a measure of the degree that they are in charge of scheduling their shifts (DCHARGE).

Training Climate:  Indicated by scores on a measure of opportunities for three kinds of training (ITRAIN, STRAIN, and ETRAIN).

We will conduct a confirmatory factor analysis to test whether and how well a two factor solution fits this data.

Here is the path model.
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Refer to the instructions from last week’s lab in order to construct this model on your own. Note: this time, allow the AMOS default of setting one of the factor loadings to 1, rather than setting the variance of the latent variables to 1. Also, you’ll need to create a correlation between the two latent factors. To do so: click the        icon. Now click on one of the latent variables, and drag your mouse over the other latent variable. Release the button, and a double-headed arrow will appear between the two latent factors.

Click the Analysis Properties icon. From the Output tab, select implied moments, sample moments, and residual moments. Click OK. Click the Calculate Estimates icon to run the model.

Here is the standardized output after running the model.
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We see that the correlation between job security and opportunities for training is positive.  To assess how well the model fits, we’ll look further at the output.

Models

Default model (Default model)

Notes for Model (Default model)

Computation of degrees of freedom (Default model)

	Number of distinct sample moments:
	21

	Number of distinct parameters to be estimated:
	13

	Degrees of freedom (21 - 13):
	8


Result (Default model)

Minimum was achieved

Chi-square = 8.264

Degrees of freedom = 8

Probability level = .408

Note:  This gives us a significance test for how well the 2-factor model fits the data.  The null hypothesis is that that model fits the data.  We fail to reject this idea, which suggests a good model fit.  However, results for this test are typically rejected because of the large sample sizes needed to conduct CFAs. You will often see the chi square rejected and reported along with other indices that indicate good model fit.
Group number 1 (Group number 1 - Default model)

Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

	
	
	
	Estimate
	S.E.
	C.R.
	P
	Label

	EMP
	<---
	jobsec
	1.000
	
	
	
	

	FAIR
	<---
	jobsec
	.726
	.137
	5.301
	***
	

	DCHARG
	<---
	jobsec
	1.452
	.332
	4.374
	***
	

	ETRAIN
	<---
	training
	1.000
	
	
	
	

	STRAIN
	<---
	training
	1.133
	.110
	10.313
	***
	

	ITRAIN
	<---
	training
	.788
	.087
	9.105
	***
	


Note: We look at this output to get the statistical significance of our path coefficients. All items are significantly related to the factors that they indicate. Note that we don’t get path estimates for EMP or ETRAIN. This is because we chose to set these paths equal to 1 for model identification purposes.
Standardized Regression Weights: (Group number 1 - Default model)

	
	
	
	Estimate

	EMP
	<---
	jobsec
	.502

	FAIR
	<---
	jobsec
	.493

	DCHARG
	<---
	jobsec
	.897

	ETRAIN
	<---
	training
	.828

	STRAIN
	<---
	training
	.839

	ITRAIN
	<---
	training
	.651


Note: Same info as the prior table but now with standardized coefficients.  These are the numbers that appear in the graph when one clicks “standardized solution.”  These are the standardized “factor loadings.”
Covariances: (Group number 1 - Default model)

	
	
	
	Estimate
	S.E.
	C.R.
	P
	Label

	jobsec
	<-->
	training
	.158
	.064
	2.474
	.013
	


Note: The covariance between the two factors.

Correlations: (Group number 1 - Default model)

	
	
	
	Estimate

	jobsec
	<-->
	training
	.243


Note: Same information as the prior table but now this is the correlation between the Training and Job Security Factors. The correlation is small.
Implied Covariances (Group number 1 - Default model)

	
	ITRAIN
	STRAIN
	ETRAIN
	DCHARG
	FAIR
	EMP

	ITRAIN
	1.442
	
	
	
	
	

	STRAIN
	.878
	1.791
	
	
	
	

	ETRAIN
	.775
	1.114
	1.432
	
	
	

	DCHARG
	.181
	.260
	.229
	1.125
	
	

	FAIR
	.090
	.130
	.115
	.453
	.933
	

	EMP
	.124
	.179
	.158
	.624
	.312
	1.706


Note: These are the covariances implied by the model parameters.
Implied Correlations (Group number 1 - Default model)

	
	ITRAIN
	STRAIN
	ETRAIN
	DCHARG
	FAIR
	EMP

	ITRAIN
	1.000
	
	
	
	
	

	STRAIN
	.546
	1.000
	
	
	
	

	ETRAIN
	.539
	.695
	1.000
	
	
	

	DCHARG
	.142
	.183
	.180
	1.000
	
	

	FAIR
	.078
	.100
	.099
	.442
	1.000
	

	EMP
	.079
	.102
	.101
	.450
	.247
	1.000


Note: These are the correlations implied by the model parameters.
Residual Covariances (Group number 1 - Default model)

	
	ITRAIN
	STRAIN
	ETRAIN
	DCHARG
	FAIR
	EMP

	ITRAIN
	.000
	
	
	
	
	

	STRAIN
	-.004
	.000
	
	
	
	

	ETRAIN
	.007
	-.001
	.000
	
	
	

	DCHARG
	-.040
	.037
	-.016
	.000
	
	

	FAIR
	.083
	.093
	.098
	-.005
	.000
	

	EMP
	-.036
	-.129
	-.167
	.006
	.002
	.000


Note: This is the residual covariance matrix (i.e., the sample covariance matrix minus the model implied covariance matrix)
Standardized Residual Covariances (Group number 1 - Default model)

	
	ITRAIN
	STRAIN
	ETRAIN
	DCHARG
	FAIR
	EMP

	ITRAIN
	.000
	
	
	
	
	

	STRAIN
	-.035
	.000
	
	
	
	

	ETRAIN
	.063
	-.009
	.000
	
	
	

	DCHARG
	-.458
	.369
	-.185
	.000
	
	

	FAIR
	1.043
	1.046
	1.229
	-.063
	.000
	

	EMP
	-.331
	-1.071
	-1.549
	.058
	.020
	.000


Note: This is the standardized residual covariance matrix. We are looking for values larger than 2 in absolute value. A couple of values a bit over two are not too problematic, but really large values or many values just over two may indicate problems with your model.
 Model Fit Summary

CMIN

	Model
	NPAR
	CMIN
	DF
	P
	CMIN/DF

	Default model
	13
	8.264
	8
	.408
	1.033

	Saturated model
	21
	.000
	0
	
	

	Independence model
	6
	342.542
	15
	.000
	22.836


Note: The saturated model is a model that fits the data perfectly.  The default model is the 2-factor model we just conducted.  The independence model tests a model where all of the observed variables are unrelated to all of the other observed variables.  This last model fits really poorly based on the CMIN value (which is the X2 test statistic value).  For the default model, one statistic that tends to be reported (in addition to the X2 test statistic) is CMIN/DF.  Various rules of thumb exist, but in general we want this ratio to be small.  A value of 1.033 indicates a good fit between the model and the data.
RMR, GFI

	Model
	RMR
	GFI
	AGFI
	PGFI

	Default model
	.060
	.987
	.967
	.376

	Saturated model
	.000
	1.000
	
	

	Independence model
	.414
	.637
	.492
	.455


Note: These are various fit indices. We want the RMR to be small and the others to be as close to one as possible. For the default model, the GFI is .987. This is indicative of good model fit.
RMSEA

	Model
	RMSEA
	LO 90
	HI 90
	PCLOSE

	Default model
	.012
	.000
	.082
	.733

	Independence model
	.321
	.292
	.351
	.000


Note: The RMSEA is another popular fit index to report. We want this number to be small (conventionally less than .07 or .08 is a good fit). For the default model, .01 is a stellar fit.

In summary: the chi square test, GFI, RMR, RMSEA, and inspection of the standardized residual covariance matrix all indicate that the two-factor model fits the data well.

Validity
DATAFILE: VALIDITY.SAV

When creating a test, you will want to provide evidence of validity for each factor in a model. We will be working with a single-factor model and checking (at the level of the test score) for convergent, discriminant, concurrent, and predictive validity. 

Lula has created a measure to assess Perceived Competence as a Student that she plans to use in her thesis research regarding the predictive ability of Perceived Competence (low scores = high competence) for Adjustment to College Life for university freshmen. Perceived Competence is reverse scored so it may be useful to think of it as a measure of Perceived Incompetence in School. Three things to note:

· An Incompetence scale already exists, but Lula has created a new scale aimed specifically at students. 
· She knows that other competency scales are highly related to Optimism and Self-Esteem scales. 
· Finally, Lula’s literature review has suggested that Perceived Competence as a Student should not be related to Motivation. 
We can use each of these scales to assess the validity of Lula’s new measure. We will begin by addressing convergent, discriminant, and concurrent validity.

In SPSS, go to Analyze(Correlate(Bivariate. Move Perceived Competence, Optimism, Rosenberg SE, Motivation, Incompetence, and Adjustment to College into the Variables box. Click OK. 
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Perceived (in)Competence is highly correlated with Optimism (-.567) and Self-Esteem (-.576), indicating that Lula’s scale has convergent validity. 

Perceived Competence is has a very small relationship with Motivation (.053), which is indicative of discriminant validity. 
Responses to Lula’s Perceived (in)Competence scale are highly related to responses to the pre-existing Incompetence scale (.712), indicating concurrent validity. Note that they are not too highly correlated (i.e., they are distinct from one another).
We can also assess the predictive validity of Lula’s scale, or as McDonald says, predictive utility.

Go to Analyze(Regression(Linear. Move Adjustment to College to the Dependent box and Perceived Competence to the Independent(s) box. Click OK.

Regression
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We see that Lula’s Perceived Competency in School scale is very useful in predicting Adjustment to College Life for freshmen.  Her scale explains 61% of the variability in Adjustment to College Life. We can conclude that her scale also has high predictive validity (utility).
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