
                                         ACHIEV        ITEM1         ITEM2         ITEM3 
              ________      ________      ________      ________ 
 ACHIEV         1.000 
 ITEM1          0.200         1.000 
 ITEM2          0.200         0.700         1.000 
 ITEM3          0.200         0.700         0.700         1.000 

PSY 9555A (Oct 9) CFA Measurement and Test Construction 
Example of the Principle of Aggregation  

Consider a situation where we have three test items that all correlate 
.20 with an achievement score and .70 with each other. Let’s see how 
well we can predict achievement in two different ways.  



Example of the Principle of Aggregation  

Explain the difference in R-square 



A Perfectly Fitting Model  



A Perfectly Fitting Model  



Example 1: Factor Structure of KABC-I (in Kline p. 117-118) 



Example 1: Fit Indices 



Example 1: Inspecting the Residuals 



Example 1: Inspecting the Modification Indices 



Example 1: Adding a Cross Loading 



Example 1: Another Approach – Testing a One-Factor Solution 



Example 1: Third Approach to Modification: Correlated Errors 



Example 1: Fourth Approach to Modification: Removal of Poor Indicator 



Example 1: Summary of Four Modified Models 

Model χ2
(df) RMSEA CFI SRMR AIC 

1. Original 38.325 (19) p = .005 .071 .959 .072 7592.082 

2. Cross-loading 18.108 (18) p = .449 .005 1.000 .035 7573.864 

3. One-factor 105.427 (20) p = .000 .146 .818 .084 7657.183 

4. Correlated errors 18.108 (18) p = .449 .005 1.000 .035 7573.864 

5. Remove indicator 11.080 (13) p = .604 .000 1.000 .032 6574.778 

 



Understanding Nested Models: Cross Loading Model vs. Original Model 

PARENT MODEL  NESTED MODEL  

NESTED MODEL: χ2
(19) = 38.325, p < .001 

 
PARENT MODEL: χ2

(18) = 18.108, p = .449 
 
Chi-square Difference test: 
χ2

(19) 38.325 - χ2
(18) 18.108 = χ2

(1) 20.217, p < .01  
(crit χ2

(1) = 3.84 at p = .05 or 6.64 at p = .01) 
 
 



Nested Models: Correlated Errors Model vs. Original Model 

PARENT MODEL  NESTED MODEL  

NESTED MODEL: χ2
(19) = 38.325, p < .001 

 
PARENT MODEL: χ2

(18) = 18.108, p = .449 (same values as cross-loading model) 
 
Chi-square Difference test: 
χ2

(19) 38.325 - χ2
(18) 18.108 = χ2

(1) 20.217, p < .01  
(crit χ2

(1) = 3.84 at p = .05 or 6.64 at p = .01) 
 
 



Nested Models: One-Factor Model vs. Original (Two-Factor) Model 

PARENT MODEL  NESTED MODEL  

NESTED MODEL: χ2
(20) = 105.427, p < .001 (nested because a one factor model is 

conceptually like two factors with a correlation fixed at one) 
 
PARENT MODEL: χ2

(19) = 38.325, p < .005 
 
Chi-square Difference test: 
χ2

(20) 105.427 - χ2
(19) 38.325 = χ2

(1) 67.102, p < .01  
(crit χ2

(1) = 3.84 at p = .05 or 6.64 at p = .01) 
 
 



Nested Models: Model with Removed Indicator vs. Original Model 

PARENT MODEL  NOT A NESTED 
MODEL  

 
 



Analytic Methods 
 

Confirmatory factor analysis of the items was conducted in Mplus Version 

6.12 (Muthén & Muthén, 1998-2012) with a weighted least squares 

estimator with mean and variance adjusted chi-square test statistics 

(WLSMV). The “categorical” outcome variable option was specified to 

indicate that items were measured on an ordered discrete category 

“scale” rather than on a continuous scale. In Mplus, this specification 

refers to Samejima’s graded response models (Baker and Kim, 2004; 

Samejima, 1969).  

Example with Test/Questionnaire Items Using Mplus CATEGORICAL 



Item Analyses 

 

A series of nested models presented in Table 1 was estimated: a one-factor 

model, followed by a one-factor model with one, two, and three correlated 

residuals. These correlated residuals are theoretically valid because they refer 

to items from the same subdomains (i.e., items 1 and 7 “getting around”, 

items 8 and 9 “self-care”, and items 10 and 11 “getting along with people). 

These models are summarized in Table 1. and show that the final model has a 

good fit. The items loadings and response proportions are presented in Table 

2. It can be seen that all items have substantial loadings and variability in the 

responses.  The coefficient alpha for the scale was .90. 



Test Items: Confirmatory Factor Analysis of WHO-DAS- II Items   



Test Items: Confirmatory Factor Analysis of WHO-DAS- II Items   



Test Items: Confirmatory Factor Analysis of WHO-DAS- II Items   



Test Items: Confirmatory Factor Analysis of WHO-DAS- II Items   



Could we Constrain the Item Loadings to Equality?   

• Equal factor loadings would satisfy property of tau-equivalence 
 
• We will run such a model; it will be the nested model 
 
• We will compare it to our previous parent model 
 
• If the chi-square difference test is significant then it will indicate that 

there is significant misfit with the introduction of this restriction 
 
• One problem is that with the CATEGORICAL approach, chi-square tests 

need to be calculated in a different way 
 
• Mplus provides an appropriate chisquare difference test but some 

additional syntax is required 



Could we Constrain the Item Loadings to Equality?   

Parent Model (no constraints) 

Nested Model (equality constraints) 



Could we Constrain the Item Loadings to Equality?   



An Example of Hierarchical CFA  

Chi-Square Test of Model Fit 
 
          Value                             98.914 
          Degrees of Freedom                    51 
          P-Value                           0.0001 
 
RMSEA (Root Mean Square Error Of Approximation) 
 
          Estimate                           0.048 
          90 Percent C.I.                    0.033  0.062 
          Probability RMSEA <= .05           0.590 



An Equivalent Model  

Chi-Square Test of Model Fit 
 
          Value                             98.914 
          Degrees of Freedom                    51 
          P-Value                           0.0001 
 
RMSEA (Root Mean Square Error Of Approximation) 
 
          Estimate                           0.048 
          90 Percent C.I.                    0.033  0.062 
          Probability RMSEA <= .05           0.590 



Causal Indicators  



Causal Indicators  
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