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 Example of Reliability Theory 

 

 

 

                 Time 1                                  Time 2 

 

     Person    X   T   E                               X   T   E 

 

       1       6   5  +1                               6   5  +1 

 

       2       5   5   0                               5   5   0 

 

       3       4   5  -1                               4   5  -1 

 

       4       5   4  +1                               4   4   0 

 

       5       4   4   0                               3   4  -1 

 

       6       3   4  -1                               5   4  +1 

 

       7       4   3  +1                               2   3  -1 

 

       8       3   3   0                               4   3  +1 

 

       9       2   3  -1                               3   3   0 

    

    Mean       4   4   0                               4   4   0 

 

 

 

 

   Variance of X1 = 1.33                              Variance of X2 = 1.33 

 

   Variance of T1 = 0.67                              Variance of T2 = 0.67 

 

   Variance of E1 = 0.67                              Variance of E2 = 0.67 

 

 

 Reliability X1 = 0.67/1.33 = 0.50   Reliability of X2 = 0.67/1.33 = 0.50 
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  Matrix Algebra 

 

 

 

 

 

 

 

Matrix Addition 

 

 

                A                    B                    C 

 

           1    2    3          1    2    4          2    4    7 

 

           4    5    6          3    4    5          7    9   11 

 

 

 

 

 

Matrix Subtraction 

 

 

                A                    B                    C 

 

           1    2    3          1    2    4          0    0   -1 

 

           4    5    6          3    4    5          1    1    1 
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Summation Notation and Some Formulas 

 

 

Summation Operations 

 
 Person        X        Z 

 

     1         4        7 

     2         6        3 

     3         5        8 

 

and let k be a constant = 2 

 

 

× X = 4 + 6 + 5 = 15 

 

× Z = 7 + 3 + 8 = 18 

 

× (X+Z) = (4+7) + (6+3) + (5+8) = 11 + 9 + 13 = 33 

 

× XZ = (4)(7)+(6)(3)+(5)(8) = 28+18+40 = 86   

 

 

× kX = k(4)+k(6)+k(5) = (2)(4)+(2)(6)+(2)(5) = 8 + 12 + 10 = 30 

 

k × X = (k)(4+6+5) = k(15) = (2)(15) = 30 

 

k × X = × k X   

 

 

 

k × (X + Z) = (2)(33) = 66 

 

k × X + k × Z = (2)(15) + (2)(18) = 30 + 36 ï 66 

 

 

 

 

Formula for Correlation 

 

r12   = (× Z1 Z2)/N  =  (1/N) × Z1 Z2   

 

where Z1 and Z2 are standard score transforms of raw scores for X1 and X2 
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Model 1 

 

 

 

 

Variable 1

Variable 2

Variable 4

Variable 3

e4

e3e2

0.40

0.25

0.32

0.30

e4

e2 e3

 
 

 

 

 

 

Observed Correlations 

 

 

                  1         2        3        4      

          

1      1.00 

 

         2      0.30      1.00 

 

         3      0.18      0.40      1.00 

 

         4      0.35      0.40      0.75     1.00 
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Decomposition of Correlation r12 

 

 

     

           

r12   =  (1/N) × Z1 Z2   

 

 

      =  (1/N) × Z1 (p21 Z1 + e2) 

 

 

      =  (1/N) × p21 Z1 Z1 + Z1 e2 

 

 

      =  (1/N) × p21 Z1 Z1 + (1/N) × Z1 e2 

 

 

      =  p21 (1/N) × Z1 Z1 + (1/N) × Z1 e2 

 

 

      =  (p21)(1.0) + 0 

        

 

      =  p21 

 

             

 

     

 

 



 

                                  7 

Decomposition of Correlation r34 

 

     

           

r34   =  (1/N) × Z3 Z4   

 

 

      =  (1/N) × Z3 (p42 Z2 + p41 Z1 + e4) 

 

 

      =  (1/N) × (p32 Z2 + e3) (p42 Z2 + p41 Z1 + e4) 

 

 

      =  (1/N) × p32 p42 Z2 Z2 + p32 p41 Z2 Z1 + p32 Z2 e4 + p42 Z2 e3   

         + p41 Z1 e3  + e3 e4 

 

 

      =  (1/N) × p32 p42 Z2 Z2 + (1/N) × p32 p41 Z2 Z1 + (1/N) × p32 Z2 e4 

 

         + (1/N) × p42 Z2 e3 + (1/N) × p41 Z1 e3 + (1/N) × e3 e4 

 

 

      =  p32 p42 (1/N) × Z2 Z2 + p32 p41 (1/N) × Z2 Z1 + p32 (1/N) × Z2 e4 

 

         + p42 (1/N) × Z2 e3 + p41 (1/N) × Z1 e3 + (1/N) × e3 e4 

 

 

      =  (p32)(p42)(1.0) + (p32)(p41)(r12) + (p32)(0) + (p42)(0) + (p41)(0)  

 

         + 0 

  

      =  p32 p42 + p32 p41 r12 

 

 

Because p21 = r12, we obtain 

 

 

      =  p32 p42 + p32 p41 p21   
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Prison Example 
 

Variables: Temperature, Square feet of living space per prisoner, number of guards per 100 prisoners, 

number of violent acts per 100 prisoners, number of prisoners per 100 that return 
 

Groups 

 

Group number 1 (Group number 1) 

The model is recursive.  

Sample size = 200  

 

Your model contains the following variables (Group number 1) 

Observed, endogenous variables  

VIOLENCE  

RETURN  

Observed, exogenous variables  

SQFEET  

GUARDS  

TEMP  

Unobserved, exogenous variables  

e1  

e2  

 

Variable counts (Group number 1) 

Number of variables in your model: 7 

Number of observed variables: 5 

Number of unobserved variables: 2 

Number of exogenous variables: 5 

Number of endogenous variables: 2 

 

Parameter summary (Group number 1) 

 Weights Covariances Variances Means Intercepts Total 

Fixed 2 0 0 0 0 2 

Labeled 0 0 0 0 0 0 

Unlabeled 4 3 5 0 0 12 

Total 6 3 5 0 0 14 

 

Sample Moments (Group number 1) 

Sample Covariances (Group number 1) 

 TEMP GUARDS SQFEET VIOLENCE RETURN 

TEMP .702     

GUARDS -.092 5.398    

SQFEET -.099 .605 5.783   

VIOLENCE .420 -.900 -1.328 1.042  

RETURN 3.303 -.503 -7.936 7.229 357.543 
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Sample Correlations (Group number 1) 

 TEMP GUARDS SQFEET VIOLENCE RETURN 

TEMP 1.000     

GUARDS -.047 1.000    

SQFEET -.049 .108 1.000   

VIOLENCE .492 -.379 -.541 1.000  

RETURN .208 -.011 -.175 .374 1.000 

 

Models 

 

Default model (Default model) 

 

Notes for Model (Default model) 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 15 

Number of distinct parameters to be estimated: 12 

Degrees of freedom (15 - 12): 3 

 

Result (Default model) 

Minimum was achieved  

Chi-square = 5.337  

Degrees of freedom = 3  

Probability level = .149  

 

Group number 1 (Group number 1 - Default model) 

 

Estimates (Group number 1 - Default model) 

 

Scalar Estimates (Group number 1 - Default model) 

 

Maximum Likelihood Estimates 

 

Regression Weights: (Group number 1 - Default model) 

   Estimate S.E. C.R. P      Label 

VIOLENCE <--- TEMP .552 .055 10.105 ***   

VIOLENCE <--- SQFEET -.206 .019 -10.777 ***   

VIOLENCE <--- GUARDS -.134 .020 -6.775 ***   

RETURN <--- VIOLENCE 6.937 1.218 5.697 ***   

 

Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

VIOLENCE <--- TEMP .453 

VIOLENCE <--- SQFEET -.486 

VIOLENCE <--- GUARDS -.305 

RETURN <--- VIOLENCE .374 
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Covariances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P    Label 

SQFEET <--> GUARDS .605 .398 1.518 .129  

GUARDS <--> TEMP -.092 .138 -.666 .505  

SQFEET <--> TEMP -.099 .143 -.691 .489  

 

Correlations: (Group number 1 - Default model) 

   Estimate 

SQFEET <--> GUARDS .108 

GUARDS <--> TEMP -.047 

SQFEET <--> TEMP -.049 

 

Variances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P    Label 

SQFEET   5.783 .580 9.975 ***   

GUARDS   5.398 .541 9.975 ***   

TEMP   .702 .070 9.975 ***   

e1   .415 .042 9.975 ***   

e2   307.400 30.817 9.975 ***   

 

Squared Multiple Correlations: (Group number 1 - Default model) 

   Estimate 

VIOLENCE   .601 

RETURN   .140 

 

Matrices (Group number 1 - Default model) 

 

Implied Covariances (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE RETURN 

TEMP .702     

GUARDS -.092 5.398    

SQFEET -.099 .605 5.783   

VIOLENCE .420 -.900 -1.328 1.042  

RETURN 2.917 -6.240 -9.213 7.229 357.543 

 

Implied Correlations (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE RETURN 

TEMP 1.000     

GUARDS -.047 1.000    

SQFEET -.049 .108 1.000   

VIOLENCE .492 -.379 -.541 1.000  

RETURN .184 -.142 -.203 .374 1.000 
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Residual Covariances (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE RETURN 

TEMP .000     

GUARDS .000 .000    

SQFEET .000 .000 .000   

VIOLENCE .000 .000 .000 .000  

RETURN .386 5.737 1.277 .000 .000 

 

Standardized Residual Covariances (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE RETURN 

TEMP .000     

GUARDS .000 .000    

SQFEET .000 .000 .000   

VIOLENCE .000 .000 .000 .000  

RETURN .338 1.824 .388 .000 .000 

 

Total Effects (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE 

VIOLENCE .552 -.134 -.206 .000 

RETURN 3.830 -.931 -1.430 6.937 

 

Standardized Total Effects (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE 

VIOLENCE .453 -.305 -.486 .000 

RETURN .170 -.114 -.182 .374 

 

Direct Effects (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE 

VIOLENCE .552 -.134 -.206 .000 

RETURN .000 .000 .000 6.937 

 

Standardized Direct Effects (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE 

VIOLENCE .453 -.305 -.486 .000 

RETURN .000 .000 .000 .374 

 

Indirect Effects (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE 

VIOLENCE .000 .000 .000 .000 

RETURN 3.830 -.931 -1.430 .000 

 

Standardized Indirect Effects (Group number 1 - Default model) 

 TEMP GUARDS SQFEET VIOLENCE 

VIOLENCE .000 .000 .000 .000 

RETURN .170 -.114 -.182 .000 
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Modification Indices (Group number 1 - Default model) 

 

Covariances: (Group number 1 - Default model) 

   M.I. Par Change 

 

Variances: (Group number 1 - Default model) 

   M.I. Par Change 

 

Regression Weights: (Group number 1 - Default model) 

   M.I. Par Change 

 

Minimization History (Default mo del) 

Iteration  

Negative 

eigenvalues 

 

Condition # 

Smallest 

eigenvalue 

 

Diameter F NTries Ratio 

0 e 1  -.063 9999.000 231.767 0 9999.000 

1 e* 0 16.386  1.166 23.294 19 .672 

2 e 0 9.839  .161 6.534 1 1.094 

3 e 0 7.155  .037 5.367 1 1.094 

4 e 0 6.705  .007 5.337 1 1.021 

5 e 0 6.794  .000 5.337 1 1.001 

 

Model Fit Summary 

 

CMIN  

Model NPAR CMIN DF P CMIN/DF 

Default model 12 5.337 3 .149 1.779 

Saturated model 15 .000 0   

Independence model 5 221.598 10 .000 22.160 

 

RMR, GFI  

Model RMR GFI AGFI PGFI 

Default model 1.521 .990 .948 .198 

Saturated model .000 1.000   

Independence model 2.939 .733 .600 .489 

 

Baseline Comparisons 

Model 

NFI 

Delta1 

 

RFI 

rho1 

 

IFI 

Delta2 

 

TLI 

rho2 

 

CFI 

Default model .976 .920 .989 .963 .989 

Saturated model 1.000  1.000  1.000 

Independence model .000 .000 .000 .000 .000 
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Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .300 .293 .297 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

 

NCP 

Model NCP LO 90 HI 90 

Default model 2.337 .000 12.984 

Saturated model .000 .000 .000 

Independence model 211.598 166.840 263.785 

 

FMIN  

Model FMIN F0 LO 90 HI 90 

Default model .027 .012 .000 .065 

Saturated model .000 .000 .000 .000 

Independence model 1.114 1.063 .838 1.326 

 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .063 .000 .147 .318 

Independence model .326 .290 .364 .000 

 

AIC  

Model AIC BCC BIC CAIC 

Default model 29.337 30.083 68.917 80.917 

Saturated model 30.000 30.933 79.475 94.475 

Independence model 231.598 231.909 248.089 253.089 

 

ECVI  

Model ECVI LO 90 HI 90 MECVI 

Default model .147 .136 .201 .151 

Saturated model .151 .151 .151 .155 

Independence model 1.164 .939 1.426 1.165 

 

HOELTER  

Model 

HOELTER 

.05 

 

HOELTER 

.01 

 

Default model 292 424 

Independence model 17 21 

 



 

                                  14 

Example Write_Up 

 

The fit of the model in Figure 1 was evaluated with AMOS 17.0 using a maximum 

likelihood algorithm. The model is statistically overidentified. Prior to 

analysis, the data were evaluated for multivariate outliers by examining 

leverage indices for each individual and defining an outlier as a leverage 

score 4 times greater than the mean leverage. No outliers were detected. 

Model based outliers were evaluated using a limited information approach in 

which each endogenous variable was separately regressed onto the predictors 

of the linear equation for it.  The analysis used ordinary least squares 

regression. Standardized dfbetas were examined for each individual and each 

predictor as well as the intercept. An influential outlier was defined as any 

individual with an absolute standardized dfbeta greater than 1 for a given 

coefficient.  No outliers were evident. Multivariate normality was evaluated 

using Mardiaôs test. The multivariate coefficient was not statistically 

significant.  Examination of univariate indices of skewness and kurtosis 

revealed no skewness above an absolute value of 0.25 and no kurtosis values 

above an absolute value of 0.28.  A variety of indices of model fit was 

evaluated. The overall chi square test of model fit was statistically non-

significant (X
2
(3) = 5.34, p < 0.15). The Root Mean Square Error of 

Approximation (RMSEA) was 0.063.  The p value for the test of close fit was 

0.32. The Comparative Fit Index was 0.99. The standardized root mean square 

residual was 0.035. The indices uniformly point towards good model fit.  

Inspection of the residuals and modification indices revealed no significant 

points of ill fit in the model. Figure 1 presents the parameter estimates for 

the structural coefficients. Standardized coefficients appear on each path, 

with unstandardized coefficients in parentheses.  For purposes of 

presentation, the correlations between exogenous variables are omitted. The 

residuals indicate the proportion of unexplained variance in the endogenous 

variables (i.e., they are error variances in standardized form).  The 

variables in the model accounted for approximately 14% of the variance in 

return rates and 60% of the variance in the number of violent acts.  All of 

the path coefficients were statistically significant.  For every one unit 

increase in the number of violent acts, the return rate to prison was 

predicted to increase 6.94 units. A one degree increase in temperature was 

predicted to increase the number of violent acts per 100 prisoners by 0.55; 

an increase of 1 sq foot of living space per prisoner was predicted to 

decrease the number of violent acts per 100 prisoners by 0.21, and an 

increase of 1 guard was predicted to decrease the number of violent acts per 

100 prisoners by 0.13.  An effects analysis revealed the following total 

effects for the three exogenous variables on return rates: A one degree 

increase in temperature was associated with a 3.83 increase in return rates; 

an increase of 1 sq foot of living space per prisoner was associated with a 

1.43 decrease in return rates; and an increase of 1 guard was associated with 

a 0.93 decrease in return rates.   
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Figure 1 

 

 

 

 

 

 

 

 

 

 

TEMP

SQ FEET

GUARDS

RETURNVIOLENCE

Exogenous variables are assumed to be correlated

0.45 (0.55)

-0.48 (-0.21)

-0.30 (-0.13)

*

*

*

* p < 0.05

0.37 (6.94)
*

.86.40
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Example 2 

 

 

Intention to leave relationship in the next 3 months 

 

I intend to leave this relationship in the next 3 months 

 

1 = strongly disagree 

2 = moderately disagree 

3 = neither 

4 = moderately agree 

5 = strongly agree 

 

 

Partner reaction if try to leave 

 

If I try to leave the relationship within the next 3 months, he will 

physically hurt me 

 

1 = strongly disagree 

2 = moderately disagree 

3 = neither 

4 = moderately agree 

5 = strongly agree 

 

 

Partner abuse if stay in relationship 

 

If I stay in the relationship over the course of the next three months, he 

will probably physically hurt me at some time 

 

1 = strongly disagree 

2 = moderately disagree 

3 = neither 

4 = moderately agree 

5 = strongly agree 

 

History of physical abuse 

 

How many times over the past 3 months has he physically hurt you? ______  
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Abuse

Stay

Leave

Intent

e2

e3

e1
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Example 2 Analysis 
 

Group number 1 (Group number 1) 

 

Notes for Group (Group number 1) 

The model is recursive.  

Sample size = 150  

 

Variable Summary (Group number 1) 

 

Your model contains the following variables (Group number 1) 

Observed, endogenous variables  

STAY  

INTENT  

LEAVE  

Observed, exogenous variables  

ABUSE  

Unobserved, exogenous variables  

e1  

e3  

e2  

 

Variable counts (Group number 1) 

Number of variables in your model: 7 

Number of observed variables: 4 

Number of unobserved variables: 3 

Number of exogenous variables: 4 

Number of endogenous variables: 3 

 

Parameter summary (Group number 1) 

 Weights Covariances Variances Means Intercepts Total 

Fixed 3 0 0 0 0 3 

Labeled 0 0 0 0 0 0 

Unlabeled 4 0 4 0 0 8 

Total 7 0 4 0 0 11 

 

Models 

 

Default model (Default model) 

 

Notes for Model (Default model) 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 10 

Number of distinct parameters to be estimated: 8 

Degrees of freedom (10 - 8): 2 
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Result (Default model) 

Minimum was achieved  

Chi-square = 5.579  

Degrees of freedom = 2  

Probability level = .061  

 

Group number 1 (Group number 1 - Default model) 

 

Estimates (Group number 1 - Default model) 

 

Scalar Estimates (Group number 1 - Default model) 

 

Maximum Likelihood Estimates 

 

Regression Weights: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

STAY <--- ABUSE .246 .043 5.686 ***   

LEAVE <--- ABUSE .365 .041 8.847 ***   

INTENT <--- STAY .292 .068 4.315 ***   

INTENT <--- LEAVE -.397 .063 -6.260 ***   

 

Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

STAY <--- ABUSE .422 

LEAVE <--- ABUSE .587 

INTENT <--- STAY .318 

INTENT <--- LEAVE -.461 

 

Variances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

ABUSE   3.917 .454 8.631 ***   

e1   1.095 .127 8.631 ***   

e2   .995 .115 8.631 ***   

e3   .853 .099 8.631 ***   

 

Squared Multiple Correlations: (Group number 1 - Default model) 

   Estimate 

LEAVE   .344 

STAY   .178 

INTENT   .241 
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Matrices (Group number 1 - Default model) 

 

Residual Covariances (Group number 1 - Default model) 

 ABUSE LEAVE STAY INTENT 

ABUSE .000    

LEAVE .000 .000   

STAY .000 .184 .000  

INTENT -.108 .054 -.073 -.043 

 

Standardized Residual Covariances (Group number 1 - Default model) 

 ABUSE LEAVE STAY INTENT 

ABUSE .000    

LEAVE .000 .000   

STAY .000 1.536 .000  

INTENT -.623 .470 -.715 -.328 

 

Total Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .365 .000 .000 

STAY .246 .000 .000 

INTENT -.073 -.397 .292 

 

Standardized Total Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .587 .000 .000 

STAY .422 .000 .000 

INTENT -.136 -.461 .318 

 

Direct Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .365 .000 .000 

STAY .246 .000 .000 

INTENT .000 -.397 .292 

 

Standardized Direct Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .587 .000 .000 

STAY .422 .000 .000 

INTENT .000 -.461 .318 

 

Indirect Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .000 .000 .000 

STAY .000 .000 .000 

INTENT -.073 .000 .000 
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Standardized Indirect Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .000 .000 .000 

STAY .000 .000 .000 

INTENT -.136 .000 .000 

 

Modification Indices (Group number 1 - Default model) 

 

Covariances: (Group number 1 - Default model) 

   M.I. Par Change 

e1 <--> e2 4.646 .184 

 

Variances: (Group number 1 - Default model) 

   M.I. Par Change 

 

Regression Weights: (Group number 1 - Default model) 

   M.I. Par Change 

 

Minimization History (Default model)  

Iteration  

Negative 

eigenvalues 

 

Condition # 

Smallest 

eigenvalue 

 

Diameter F NTries Ratio 

0 e 0 12.486  9999.000 116.079 0 9999.000 

1 e 0 5.836  .700 37.169 3 .000 

2 e 0 3.940  .480 7.914 1 .921 

3 e 0 3.519  .105 5.633 1 1.090 

4 e 0 3.519  .020 5.579 1 1.021 

5 e 0 3.473  .001 5.579 1 1.001 

 

Model Fit Summary 

 

CMIN  

Model NPAR CMIN DF P CMIN/DF 

Default model 8 5.579 2 .061 2.790 

Saturated model 10 .000 0   

Independence model 4 133.067 6 .000 22.178 

 

RMR, GFI  

Model RMR GFI AGFI PGFI 

Default model .075 .982 .909 .196 

Saturated model .000 1.000   

Independence model .604 .703 .505 .422 
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Baseline Comparisons 

Model 

NFI 

Delta1 

 

RFI 

rho1 

 

IFI 

Delta2 

 

TLI 

rho2 

 

CFI 

Default model .958 .874 .973 .915 .972 

Saturated model 1.000  1.000  1.000 

Independence model .000 .000 .000 .000 .000 

 

Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .333 .319 .324 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

 

NCP 

Model NCP LO 90 HI 90 

Default model 3.579 .000 14.738 

Saturated model .000 .000 .000 

Independence model 127.067 93.193 168.373 

 

FMIN  

Model FMIN F0 LO 90 HI 90 

Default model .037 .024 .000 .099 

Saturated model .000 .000 .000 .000 

Independence model .893 .853 .625 1.130 

 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .110 .000 .222 .129 

Independence model .377 .323 .434 .000 

 

AIC  

Model AIC BCC BIC CAIC 

Default model 21.579 22.135 45.664 53.664 

Saturated model 20.000 20.694 50.106 60.106 

Independence model 141.067 141.345 153.109 157.109 

 

ECVI  

Model ECVI LO 90 HI 90 MECVI 

Default model .145 .121 .220 .149 

Saturated model .134 .134 .134 .139 

Independence model .947 .719 1.224 .949 
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Example 2 With Correlated Error  

 

Title  

Abuse example  

 

Groups 

Group number 1 (Group number 1) 

Notes for Group (Group number 1) 

The model is recursive.  

Sample size = 150  

 

Variable Summary (Group number 1) 

 

Your model contains the following variables (Group number 1) 

Observed, endogenous variables  

STAY  

INTENT  

LEAVE  

Observed, exogenous variables  

ABUSE  

Unobserved, exogenous variables  

e1  

e3  

e2  

 

Variable counts (Group number 1) 

Number of variables in your model: 7 

Number of observed variables: 4 

Number of unobserved variables: 3 

Number of exogenous variables: 4 

Number of endogenous variables: 3 

 

Parameter summary (Group number 1) 

 Weights Covariances Variances Means Intercepts Total 

Fixed 3 0 0 0 0 3 

Labeled 0 0 0 0 0 0 

Unlabeled 4 1 4 0 0 9 

Total 7 1 4 0 0 12 

 

Models 

 

Default model (Default model) 

Notes for Model (Default model) 
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Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 10 

Number of distinct parameters to be estimated: 9 

Degrees of freedom (10 - 9): 1 

 

Result (Default model) 

Minimum was achieved  

Chi-square = .859  

Degrees of freedom = 1  

Probability level = .354  

 

Group number 1 (Group number 1 - Default model) 

 

Estimates (Group number 1 - Default model) 

Scalar Estimates (Group number 1 - Default model) 

Maximum Likelihood Estimates 

 

Regression Weights: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

STAY <--- ABUSE .246 .043 5.686 ***   

LEAVE <--- ABUSE .365 .041 8.847 ***   

INTENT <--- STAY .292 .071 4.124 ***   

INTENT <--- LEAVE -.397 .066 -5.984 ***   

 

Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

STAY <--- ABUSE .422 

LEAVE <--- ABUSE .587 

INTENT <--- STAY .324 

INTENT <--- LEAVE -.470 

 

Covariances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

e1 <--> e2 .184 .087 2.123 .034  

 

Correlations: (Group number 1 - Default model) 

   Estimate 

e1 <--> e2 .177 

 

Variances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

ABUSE   3.917 .454 8.631 ***   

e1   1.095 .127 8.631 ***   

e2   .995 .115 8.631 ***   

e3   .853 .099 8.631 ***   
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Squared Multiple Correlations: (Group number 1 - Default model) 

   Estimate 

LEAVE   .344 

STAY   .178 

INTENT   .211 

 

Matrices (Group number 1 - Default model) 

 

Residual Covariances (Group number 1 - Default model) 

 ABUSE LEAVE STAY INTENT 

ABUSE .000    

LEAVE .000 .000   

STAY .000 .000 .000  

INTENT -.108 .000 .000 .000 

 

Standardized Residual Covariances (Group number 1 - Default model) 

 ABUSE LEAVE STAY INTENT 

ABUSE .000    

LEAVE .000 .000   

STAY .000 .000 .000  

INTENT -.635 .000 .000 .000 

 

Total Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .365 .000 .000 

STAY .246 .000 .000 

INTENT -.073 -.397 .292 

 

Standardized Total Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .587 .000 .000 

STAY .422 .000 .000 

INTENT -.139 -.470 .324 

 

Direct Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .365 .000 .000 

STAY .246 .000 .000 

INTENT .000 -.397 .292 

 

Standardized Direct Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .587 .000 .000 

STAY .422 .000 .000 

INTENT .000 -.470 .324 
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Indirect Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .000 .000 .000 

STAY .000 .000 .000 

INTENT -.073 .000 .000 

 

Standardized Indirect Effects (Group number 1 - Default model) 

 ABUSE LEAVE STAY 

LEAVE .000 .000 .000 

STAY .000 .000 .000 

INTENT -.139 .000 .000 

 

Modificat ion Indices (Group number 1 - Default model) 

 

Covariances: (Group number 1 - Default model) 

   M.I. Par Change 

 

Variances: (Group number 1 - Default model) 

   M.I. Par Change 

 

Regression Weights: (Group number 1 - Default model) 

   M.I. Par Change 

 

Mini mization History (Default model) 

Iteration  

Negative 

eigenvalues 

 

Condition # 

Smallest 

eigenvalue 

 

Diameter F NTries Ratio 

0 e 0 20.043  9999.000 116.079 0 9999.000 

1 e 0 59.895  .873 92.870 3 .000 

2 e 0 21.712  .520 23.859 1 1.076 

3 e 0 9.934  .149 5.574 1 1.226 

4 e 0 5.822  .085 1.323 1 1.176 

5 e 0 4.751  .037 .867 1 1.083 

6 e 0 4.519  .006 .859 1 1.014 

7 e 0 4.581  .000 .859 1 1.000 

 

Model Fit Summary 

 

CMIN  

Model NPAR CMIN DF P CMIN/DF 

Default model 9 .859 1 .354 .859 

Saturated model 10 .000 0   

Independence model 4 133.067 6 .000 22.178 
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RMR, GFI  

Model RMR GFI AGFI PGFI 

Default model .034 .997 .971 .100 

Saturated model .000 1.000   

Independence model .604 .703 .505 .422 

 

Baseline Comparisons 

Model 

NFI 

Delta1 

 

RFI 

rho1 

 

IFI 

Delta2 

 

TLI 

rho2 

 

CFI 

Default model .994 .961 1.001 1.007 1.000 

Saturated model 1.000  1.000  1.000 

Independence model .000 .000 .000 .000 .000 

 

Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .167 .166 .167 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

 

NCP 

Model NCP LO 90 HI 90 

Default model .000 .000 6.602 

Saturated model .000 .000 .000 

Independence model 127.067 93.193 168.373 

 

FMIN  

Model FMIN F0 LO 90 HI 90 

Default model .006 .000 .000 .044 

Saturated model .000 .000 .000 .000 

Independence model .893 .853 .625 1.130 

 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .000 .000 .210 .438 

Independence model .377 .323 .434 .000 

 

AIC  

Model AIC BCC BIC CAIC 

Default model 18.859 19.484 45.955 54.955 

Saturated model 20.000 20.694 50.106 60.106 

Independence model 141.067 141.345 153.109 157.109 
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ECVI  

Model ECVI LO 90 HI 90 MECVI 

Default model .127 .128 .172 .131 

Saturated model .134 .134 .134 .139 

Independence model .947 .719 1.224 .949 

 

HOELTER  

Model 

HOELTER 

.05 

 

HOELTER 

.01 

 

Default model 667 1151 

Independence model 15 19 
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Example 2 Write-Up 
 

The fit of the model in Figure 1 was evaluated with AMOS 17.0 using a maximum 

likelihood algorithm. The model is statistically overidentified. Prior to 

analysis, the data were evaluated for multivariate outliers by examining 

leverage indices for each individual and defining an outlier as a leverage 

score 4 times greater than the mean leverage. No outliers were detected. 

Model based outliers were evaluated using a limited information approach in 

which each endogenous variable was separately regressed onto the predictors 

of the linear equation for it.  The analysis used ordinary least squares 

regression. Standardized dfbetas were examined for each individual and each 

predictor as well as the intercept. An influential outlier was defined as any 

individual with an absolute standardized dfbeta greater than 1 for a given 

coefficient.  No outliers were evident.  Multivariate normality was evaluated 

using Mardiaôs test. The multivariate coefficient was not statistically 

significant.  Examination of univariate indices of skewness and kurtosis 

revealed no skewness above an absolute value of 0.25 and no kurtosis values 

above an absolute value of 0.28.  A variety of indices of model fit was 

evaluated. The chi square test of model fit was statistically non-significant 

(X
2
 (2) = 5.58, p < 0.06). The Root Mean Square Error of Approximation (RMSEA) 

was 0.11.  The p value for the test of close fit was 0.129. The Comparative 

Fit Index was 0.97. The standardized root mean square residual was 0.049. 

With the exception of the RMSEA, the indices point to good model fit. 

Inspection of the residuals revealed no statistically significant points of 

ill-fit in the model.  There was, however, one modification index greater 

than 3.84 focused on correlated errors for the two endogenous beliefs (MI = 

4.65).  This suggests that the correlation between the two beliefs cannot be 

accounted for entirely by the common cause of partner physical abuse.  

Unmeasured factors that may contribute to this correlation is the parental 

abuse history in the respondentôs family of origin.  The model was refitted 

to include a correlated error parameter. For this refitted model, the chi 

square test of model fit was statistically non-significant (X
2
 (1) = 0.86, p < 

0.35). The Root Mean Square Error of Approximation (RMSEA) was less than 0.01 

and the p value for the test of close fit was 0.438. The Comparative Fit 

Index was 1.00. The standardized root mean square residual was 0.017. All 

indices point toward good model fit.  Inspection of the residuals revealed no 

statistically significant points of ill-fit in the model, nor were there any 

noteworthy modification indices.  A formal nested chi square test of the 

difference in fit between the model without correlated error and the model 

with correlated error yielded a statistically significant chi square 

difference (4.72, df=1). Figure 1 presents the parameter estimates for the 

coefficients of interest. Standardized coefficients appear for each parameter 

of interest, with unstandardized coefficients in parentheses.  The model 

suggests an impact of physical abuse on both the belief that staying in the 

relationship will result in future physical abuse and the belief that trying 

to leave the relationship will result in physical violence.  For every one 

additional reported act of physical abuse in the coupleôs history over the 

course of the past 3 months, the belief that trying to leave the relationship 

will result in physical violence is predicted to increase by 0.37 rating 

scale units. History of physical abuse accounts for 34% of the variance in 

this belief.  Similarly, for every one additional reported act of physical 

abuse in the coupleôs history over the course of the past 3 months, the 

belief that staying in the relationship will result in future physical abuse 

is predicted to increase by 0.25 rating scale units. History of physical 

abuse accounts for 18% of the variance in this belief. [continue to highlight 

parameters as desired]. 
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AMOS Run 

 

Title  

Anxiety depression fear 

  

Groups 

Group number 1 (Group number 1) 

Notes for Group (Group number 1) 

The model is recursive.  

Sample size = 120  

 

Variable Summary (Group number 1) 

Your model contains the following variables (Group number 1) 

Observed, endogenous variables  

A1  

A2  

A3  

D1  

D2  

D3  

F1  

F2  

F3  

Unobserved, exogenous variables  

Anxiety  

e1  

e2  

e3  

Depression  

e4  

e5  

e6  

Fear  

e7  

e8  

e9  

 

Variable counts (Group number 1) 

Number of variables in your model: 21 

Number of observed variables: 9 

Number of unobserved variables: 12 

Number of exogenous variables: 12 

Number of endogenous variables: 9 
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Parameter summary (Group number 1) 

 Weights Covariances Variances Means Intercepts Total 

Fixed 12 0 0 0 0 12 

Labeled 0 0 0 0 0 0 

Unlabeled 6 3 12 0 0 21 

Total 18 3 12 0 0 33 

 

Models 

Default model (Default model) 

Notes for Model (Default model) 

 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 45 

Number of distinct parameters to be estimated: 21 

Degrees of freedom (45 - 21): 24 

 

Result (Default model) 

Minimum was achieved  

Chi-square = 30.776  

Degrees of freedom = 24  

Probability level = .160  

 

Group number 1 (Group number 1 - Default model) 

Estimates (Group number 1 - Default model) 

Scalar Estimates (Group number 1 - Default model) 

Maximum Likelihood Estimates 

 

Regression Weights: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

A1 <--- Anxiety 1.000     

A2 <--- Anxiety 1.041 .073 14.208 ***   

A3 <--- Anxiety 1.074 .076 14.190 ***   

D1 <--- Depression 1.000     

D2 <--- Depression 1.131 .095 11.926 ***   

D3 <--- Depression 1.116 .098 11.359 ***   

F1 <--- Fear 1.000     

F2 <--- Fear .976 .089 10.975 ***   

F3 <--- Fear .977 .086 11.370 ***   
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Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

A1 <--- Anxiety .873 

A2 <--- Anxiety .917 

A3 <--- Anxiety .916 

D1 <--- Depression .837 

D2 <--- Depression .907 

D3 <--- Depression .864 

F1 <--- Fear .896 

F2 <--- Fear .822 

F3 <--- Fear .846 

 

Covariances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

Anxiety <--> Depression 26.588 6.015 4.420 ***   

Anxiety <--> Fear 22.960 6.013 3.818 ***   

Depression <--> Fear 15.235 5.045 3.020 .003  

 

Correlations: (Group number 1 - Default model) 

   Estimate 

Anxiety <--> Depression .517 

Anxiety <--> Fear .423 

Depression <--> Fear .327 

 

Variances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

Anxiety   59.989 10.125 5.925 ***   

Depression   44.034 8.072 5.455 ***   

Fear   49.162 8.247 5.961 ***   

e1   18.654 3.204 5.823 ***   

e2   12.372 2.741 4.513 ***   

e3   13.308 2.930 4.542 ***   

e4   18.843 3.263 5.774 ***   

e5   12.168 3.117 3.904 ***   

e6   18.667 3.593 5.195 ** *   

e7   12.058 3.147 3.831 ***   

e8   22.490 3.942 5.705 ***   

e9   18.690 3.584 5.216 ***   
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Squared Multiple Correlations: (Group number 1 - Default model) 

   Estimate 

F3   .715 

F2   .675 

F1   .803 

D3   .746 

D2   .822 

D1   .700 

A3   .839 

A2   .840 

A1   .763 

 

Matrices (Group number 1 - Default model) 

 

Residual Covariances (Group number 1 - Default model) 

 F3 F2 F1 D3 D2 D1 A3 A2 A1 

F3 .000         

F2 .263 .000        

F1 .022 -.192 .000       

D3 -8.136 -9.199 -2.769 .000      

D2 -4.226 -1.164 2.215 .587 .000     

D1 6.212 6.690 8.755 .292 -.850 .000    

A3 -.084 -1.034 -1.976 -6.228 -.276 3.592 .000   

A2 -2.620 .168 -.386 -4.142 .791 1.081 .376 .000  

A1 1.986 5.544 2.775 -1.747 3.600 4.995 -.239 -.337 .000 

 

Standardized Residual Covariances (Group number 1 - Default model) 

 F3 F2 F1 D3 D2 D1 A3 A2 A1 

F3 .000         

F2 .035 .000        

F1 .003 -.026 .000       

D3 -1.243 -1.370 -.437 .000      

D2 -.667 -.179 .361 .071 .000     

D1 1.027 1.079 1.495 .038 -.113 .000    

A3 -.012 -.142 -.287 -.808 -.037 .506 .000   

A2 -.381 .024 -.058 -.555 .109 .157 .039 .000  

A1 .288 .784 .414 -.234 .495 .725 -.025 -.037 .000 

 

Modification Indices (Group number 1 - Default model) 

Covariances: (Group number 1 - Default model) 

   M.I. Par Change 

e6 <--> Fear 4.354 -6.499 
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Variances: (Group number 1 - Default model) 

   M.I. Par Change 

     

 

Regression Weights: (Group number 1 - Default model) 

   M.I. Par Change 

D3 <--- Fear 5.651 -.165 

D3 <--- F3 4.289 -.118 

 

 Minimization History (Default  model) 

Iteration  

Negative 

eigenvalues 

 

Condition # 

Smallest 

eigenvalue 

 

Diameter F NTries Ratio 

0 e 6  -.500 9999.000 818.476 0 9999.000 

1 e* 8  -.357 2.858 260.302 20 .521 

2 e* 0 587.252  .803 72.385 5 .819 

3 e 0 119.104  .930 49.793 3 .000 

4 e 0 46.874  .227 33.971 1 1.068 

5 e 0 43.685  .084 30.981 1 1.138 

6 e 0 44.061  .024 30.779 1 1.064 

7 e 0 43.981  .003 30.776 1 1.008 

8 e 0 43.980  .000 30.776 1 1.000 

 

Model Fit Summary 

 

CMIN  

Model NPAR CMIN DF P CMIN/DF 

Default model 21 30.776 24 .160 1.282 

Saturated model 45 .000 0   

Independence model 9 804.189 36 .000 22.339 

 

RMR, GFI  

Model RMR GFI AGFI PGFI 

Default model 3.367 .948 .902 .505 

Saturated model .000 1.000   

Independence model 31.022 .348 .185 .278 

 

Baseline Comparisons 

Model 

NFI 

Delta1 

 

RFI 

rho1 

 

IFI 

Delta2 

 

TLI 

rho2 

 

CFI 

Default model .962 .943 .991 .987 .991 

Saturated model 1.000  1.000  1.000 

Independence model .000 .000 .000 .000 .000 
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Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .667 .641 .661 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

 

NCP 

Model NCP LO 90 HI 90 

Default model 6.776 .000 25.206 

Saturated model .000 .000 .000 

Independence model 768.189 679.616 864.175 

 

FMIN  

Model FMIN F0 LO 90 HI 90 

Default model .259 .057 .000 .212 

Saturated model .000 .000 .000 .000 

Independence model 6.758 6.455 5.711 7.262 

 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .049 .000 .094 .480 

Independence model .423 .398 .449 .000 

 

AIC  

Model AIC BCC BIC CAIC 

Default model 72.776 76.630 131.314 152.314 

Saturated model 90.000 98.257 215.437 260.437 

Independence model 822.189 823.840 847.276 856.276 

 

ECVI  

Model ECVI LO 90 HI 90 MECVI 

Default model .612 .555 .766 .644 

Saturated model .756 .756 .756 .826 

Independence model 6.909 6.165 7.716 6.923 

 

HOELTER  

Model 

HOELTER 

.05 

 

HOELTER 

.01 

 

Default model 141 167 

Independence model 8 9 
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Example Write-Up of Measurement Model 

 

 

The fit of the model in Figure 1 was evaluated with AMOS 17.0 using a maximum 

likelihood algorithm. The model is statistically overidentified. Prior to 

analysis, the data were evaluated for multivariate outliers by examining 

leverage indices for each individual and defining an outlier as a leverage 

score 4 times greater than the mean leverage. No outliers were detected.  

Multivariate normality was evaluated using Mardiaôs test. The multivariate 

coefficient was not statistically significant.  Examination of univariate 

indices of skewness and kurtosis revealed no skewness above an absolute value 

of 0.15 and no kurtosis values above an absolute value of 0.18.  A variety of 

indices of model fit was evaluated. The overall chi square test of model fit 

was statistically non-significant (X
2
 (24) = 30.78, p < 0.16). The Root Mean 

Square Error of Approximation (RMSEA) was 0.05.  The p value for the test of 

close fit was less than 0.48. The Comparative Fit index was 0.99. The 

standardized root mean square residual was 0.049. The indices uniformly point 

towards good model fit.  Inspection of the residuals and modification indices 

revealed no theoretically meaningful and significant points of ill-fit in the 

model. Figure 1 presents the standardized parameter estimates for the 

measurement model.  The residuals for each of the observed measures were 

generally low, suggesting that the measures represent reasonable indicators 

of the constructs in question. The estimated correlation between the latent 

variables of anxiety and depression was 0.52, between anxiety and fear was 

0.42 and between depression and fear was 0.33.  All of these correlations 

were statistically significant (p < .05).   
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Figure 1 
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Three Factor versus One Factor Model 

 

 

 

One factor model chi square = 373.51,  df = 27 

 

Three factor model chi square = 30.78, df = 24 

 

Chi square difference = 342.73, df = 3 

 

 

 

Additional text to Add for Nested Chi Square test 

 

To test if the three factor model fit better than a one factor model, a one 

factor model was fit to the data by having all nine measures be a function of 

a single latent variable.  The overall chi square for model fit for the one 

factor model was 373.51 with 27 degrees of freedom.  The difference in chi 

squares for the one factor and three factor models was 342.73 with 3 degrees 

of freedom.  This suggests that the fit of the three factor model is 

statistically significantly better than that of the one factor model.  
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Source Effect Model: Correlated Error 
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Higher Order Factor Analysis 

 

 

 
 

 

 

 

 

E1 E2 E3 I1 I2 I3 T2 T3T1

Emotional Information Tangible

e1 e2 e3 e4 e5 e6 e7 e8 e9

Companion

C1 C2 C3

e10 e11 e12

General

d1 d2 d3 d4
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Example For Full Structural Model 
 

 

 

S1 S2 S3 A1 A2 A3

weight

Support Alcohol

e1 e2 e3 e4 e5 e6

d3
Control

C1 C2 C3 SM1 SM2 SM3

Smoking

e7 e8 e9 e10 e11 e12

d1

d2
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Measurement Units for Full Model 

 

 

 

 

Birthweight is measured in pounds 

 

Smoking is the number of packs of cigarettes per day smoked in a 

trimester 

 

Alcohol is the number of drinks per week in a trimester 

 

Support is the number of friends who will help the woman quit 

 

Locus of control is measured on a 5 point agree-disagree scale 
 



 

                                  47 

  

Title  

Birthweight:  

 

Groups 

Group number 1 (Group number 1) 

Notes for Group (Group number 1) 

The model is recursive.  

Sample size = 200  

 

Variable Summary (Group number 1) 

Your model contains the following variables (Group number 1) 

Observed, endogenous variables  

s1  

s2  

s3  

c1  

c2  

c3  

a1  

a2  

a3  

sm1  

sm2  

sm3  

weight  

Unobserved, endogenous variables  

Alcohol  

Smoking  

Unobserved, exogenous variables  

Support  

e1  

e2  

e3  

Control  

e7  

e8  

e9  

e4  

e5  

e6  

e10  

e11  

e12  

d1 

d2  

d3  
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Variable counts (Group number 1) 

Number of variables in your model: 32 

Number of observed variables: 13 

Number of unobserved variables: 19 

Number of exogenous variables: 17 

Number of endogenous variables: 15 

 

Parameter summary (Group number 1) 

 Weights Covariances Variances Means Intercepts Total 

Fixed 19 0 0 0 0 19 

Labeled 0 0 0 0 0 0 

Unlabeled 14 1 17 0 0 32 

Total 33 1 17 0 0 51 

 

Models 

Default model (Default model) 

Notes for Model (Default model) 

Computation of degrees of freedom (Default model) 

Number of distinct sample moments: 91 

Number of distinct parameters to be estimated: 32 

Degrees of freedom (91 - 32): 59 

 

Result (Default model) 

Minimum was achieved  

Chi-square = 67.561  

Degrees of freedom = 59  

Probability level = .208  

 

Group number 1 (Group number 1 - Default model) 

Estimates (Group number 1 - Default model) 

Scalar Estimates (Group number 1 - Default model) 

Maximum Likelihood Estimates 
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Regression Weights: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

Alcohol <--- Support -.593 .095 -6.245 ***   

Smoking <--- Support -.438 .091 -4.792 ***   

Alcohol <--- Control -.611 .081 -7.527 ***   

Smoking <--- Control -.545 .079 -6.852 ***   

s1 <--- Support 1.000     

s2 <--- Support 1.356 .111 12.225 ***   

s3 <--- Support 1.306 .101 12.922 ***   

c1 <--- Control 1.000     

c2 <--- Control 1.150 .091 12.682 ***   

c3 <--- Control 1.037 .081 12.858 ***   

a1 <--- Alcohol 1.000     

a2 <--- Alcohol 1.194 .074 16.036 ***   

a3 <--- Alcohol 1.167 .067 17.297 ***   

sm1 <--- Smoking 1.000     

sm2 <--- Smoking 1.189 .081 14.656 ***   

sm3 <--- Smoking 1.023 .072 14.224 ***   

Weight <--- Alcohol -.398 .075 -5.327 ***   

Weight <--- Smoking -.234 .082 -2.846 .004  

 

Standardized Regression Weights: (Group number 1 - Default model) 

   Estimate 

Alcohol <--- Support -.417 

Smoking <--- Support -.336 

Alcohol <--- Control -.498 

Smoking <--- Control -.484 

s1 <--- Support .853 

s2 <--- Support .790 

s3 <--- Support .837 

c1 <--- Control .920 

c2 <--- Control .769 

c3 <--- Control .777 

a1 <--- Alcohol .940 

a2 <--- Alcohol .821 

a3 <--- Alcohol .855 

sm1 <--- Smoking .905 

sm2 <--- Smoking .832 

sm3 <--- Smoking .814 

Weight <--- Alcohol -.383 

Weight <--- Smoking -.207 
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Covariances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

Support <--> Control .021 .063 .329 .742  

 

Correlations: (Group number 1 - Default model) 

   Estimate 

Support <--> Control .026 

 

Variances: (Group number 1 - Default model) 

   Estimate S.E. C.R. P  

Support   .679 .097 7.022 ***   

Control   .909 .115 7.927 ***   

d1   .778 .104 7.473 ***   

d2   .740 .104 7.128 ***   

e1   .254 .043 5.854 ***   

e2   .752 .101 7.459 ***   

e3   .493 .078 6.321 ***   

e7   .165 .046 3.607 ***   

e8   .833 .104 8.035 ***   

e9   .642 .081 7.909 ***   

e4   .180 .047 3.823 ***   

e5   .942 .116 8.130 ***   

e6   .689 .093 7.423 ***   

e10   .253 .054 4.701 ***   

e11   .723 .101 7.196 ***   

e12   .612 .081 7.596 ***   

d3   1.103 .113 9.768 ***   

 

Squared Multiple Correlations: (Group number 1 - Default model) 

   Estimate 

Smoking   .356 

Alcohol   .432 

Weight   .252 

sm3   .663 

sm2   .692 

sm1   .819 

a3   .730 

a2   .675 

a1   .884 

c3   .603 

c2   .591 

c1   .846 

s3   .701 

s2   .624 

s1   .727 
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Matrices (Group number 1 - Default model) 

Residual Covariances (Group number 1 - Default model) 

 weight sm3 sm2 sm1 a3 a2 a1 c3 c2 c1 s3 s2 s1 

Weight -.006             

sm3 .089 .000            

sm2 .060 .045 .000           

sm1 -.025 -.007 -.011 .000          

a3 .118 -.176 -.213 -.064 .000         

a2 .172 -.138 -.127 -.078 .133 .000        

a1 -.055 -.067 -.029 .019 -.014 -.021 .000       

c3 .118 -.030 .068 .058 .127 .052 -.011 .000      

c2 .074 .071 .178 .031 .245 .186 .103 .066 .000     

c1 .136 .006 -.019 -.045 .018 -.018 -.057 -.013 -.005 .000    

s3 -.161 .097 .054 .018 .127 .177 .032 -.063 -.121 .018 .000   

s2 -.061 .062 -.025 -.118 -.069 .019 -.043 .036 -.015 .112 .034 .000  

s1 -.033 .027 .005 -.045 -.020 .017 -.065 -.067 -.125 .009 -.001 -.024 .000 

 

Standardized Residual Covariances (Group number 1 - Default model) 

 weight sm3 sm2 sm1 a3 a2 a1 c3 c2 c1 s3 s2 s1 

Weight -.040             

sm3 .739 .000            

sm2 .439 .253 .000           

sm1 -.230 -.050 -.066 .000          

a3 .794 -1.116 -1.182 -.455 .000         

a2 1.095 -.820 -.662 -.523 .566 .000        

a1 -.473 -.540 -.203 .174 -.075 -.109 .000       

c3 1.050 -.235 .466 .516 .834 .322 -.096 .000      

c2 .590 .499 1.094 .244 1.435 1.030 .768 .443 .000     

c1 1.469 .060 -.158 -.478 .140 -.137 -.573 -.113 -.037 .000    

s3 -1.424 .769 .375 .159 .834 1.093 .264 -.545 -.933 .189 .000   

s2 -.495 .448 -.158 -.966 -.416 .105 -.325 .283 -.107 1.080 .220 .000  

s1 -.392 .280 .048 -.530 -.173 .141 -.723 -.769 -1.275 .120 -.008 -.202 .000 
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Total Effects (Group number 1 - Default model) 

 Control Support Smoking Alcohol 

Smoking -.545 -.438 .000 .000 

Alcohol -.611 -.593 .000 .000 

Weight .370 .338 -.234 -.398 

sm3 -.557 -.448 1.023 .000 

sm2 -.648 -.521 1.189 .000 

sm1 -.545 -.438 1.000 .000 

a3 -.713 -.692 .000 1.167 

a2 -.729 -.708 .000 1.194 

a1 -.611 -.593 .000 1.000 

c3 1.037 .000 .000 .000 

c2 1.150 .000 .000 .000 

c1 1.000 .000 .000 .000 

s3 .000 1.306 .000 .000 

s2 .000 1.356 .000 .000 

s1 .000 1.000 .000 .000 

 

Standardized Total Effects (Group number 1 - Default model) 

 Control Support Smoking Alcohol 

Smoking -.484 -.336 .000 .000 

Alcohol -.498 -.417 .000 .000 

Weight .291 .229 -.207 -.383 

sm3 -.394 -.274 .814 .000 

sm2 -.403 -.280 .832 .000 

sm1 -.438 -.305 .905 .000 

a3 -.425 -.356 .000 .855 

a2 -.409 -.343 .000 .821 

a1 -.468 -.392 .000 .940 

c3 .777 .000 .000 .000 

c2 .769 .000 .000 .000 

c1 .920 .000 .000 .000 

s3 .000 .837 .000 .000 

s2 .000 .790 .000 .000 

s1 .000 .853 .000 .000 
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Direct Effects (Group number 1 - Default model) 

 Control Support Smoking Alcohol 

Smoking -.545 -.438 .000 .000 

Alcohol -.611 -.593 .000 .000 

Weight .000 .000 -.234 -.398 

sm3 .000 .000 1.023 .000 

sm2 .000 .000 1.189 .000 

sm1 .000 .000 1.000 .000 

a3 .000 .000 .000 1.167 

a2 .000 .000 .000 1.194 

a1 .000 .000 .000 1.000 

c3 1.037 .000 .000 .000 

c2 1.150 .000 .000 .000 

c1 1.000 .000 .000 .000 

s3 .000 1.306 .000 .000 

s2 .000 1.356 .000 .000 

s1 .000 1.000 .000 .000 

 

Standardized Direct Effects (Group number 1 - Default model) 

 Control Support Smoking Alcohol 

Smoking -.484 -.336 .000 .000 

Alcohol -.498 -.417 .000 .000 

Weight .000 .000 -.207 -.383 

sm3 .000 .000 .814 .000 

sm2 .000 .000 .832 .000 

sm1 .000 .000 .905 .000 

a3 .000 .000 .000 .855 

a2 .000 .000 .000 .821 

a1 .000 .000 .000 .940 

c3 .777 .000 .000 .000 

c2 .769 .000 .000 .000 

c1 .920 .000 .000 .000 

s3 .000 .837 .000 .000 

s2 .000 .790 .000 .000 

s1 .000 .853 .000 .000 
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Indirect Effects (Group number 1 - Default model) 

 Control Support Smoking Alcohol 

Smoking .000 .000 .000 .000 

Alcohol .000 .000 .000 .000 

Weight .370 .338 .000 .000 

sm3 -.557 -.448 .000 .000 

sm2 -.648 -.521 .000 .000 

sm1 -.545 -.438 .000 .000 

a3 -.713 -.692 .000 .000 

a2 -.729 -.708 .000 .000 

a1 -.611 -.593 .000 .000 

c3 .000 .000 .000 .000 

c2 .000 .000 .000 .000 

c1 .000 .000 .000 .000 

s3 .000 .000 .000 .000 

s2 .000 .000 .000 .000 

s1 .000 .000 .000 .000 

 

Standardized Indirect Effects (Group number 1 - Default model) 

 Control Support Smoking Alcohol 

Smoking .000 .000 .000 .000 

Alcohol .000 .000 .000 .000 

Weight .291 .229 .000 .000 

sm3 -.394 -.274 .000 .000 

sm2 -.403 -.280 .000 .000 

sm1 -.438 -.305 .000 .000 

a3 -.425 -.356 .000 .000 

a2 -.409 -.343 .000 .000 

a1 -.468 -.392 .000 .000 

c3 .000 .000 .000 .000 

c2 .000 .000 .000 .000 

c1 .000 .000 .000 .000 

s3 .000 .000 .000 .000 

s2 .000 .000 .000 .000 

s1 .000 .000 .000 .000 

 

Modification Indices (Group number 1 - Default model) 

Covariances: (Group number 1 - Default model) 

     

 

Variances: (Group number 1 - Default model) 

   M.I. Par Change 

Regression Weights: (Group number 1 - Default model) 

 M.I  Par Change  
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Minimization History (Default model)  

Iteration  

Negative 

eigenvalues 

 

Condition # 

Smallest 

eigenvalue 

 

Diameter F NTries Ratio 

0 e 8  -.604 9999.000 1663.844 0 9999.000 

1 e* 10  -.183 2.715 700.578 20 .525 

2 e* 2  -1.158 .931 386.320 5 .685 

3 e 1  -.199 .629 181.122 7 .819 

4 e 0 57.549  .595 98.455 5 .788 

5 e 0 38.572  .564 82.151 2 .000 

6 e 0 32.938  .182 69.616 1 1.183 

7 e 0 33.335  .068 67.660 1 1.130 

8 e 0 31.190  .019 67.561 1 1.039 

9 e 0 31.399  .001 67.561 1 1.003 

10 e 0 31.400  .000 67.561 1 1.000 

 

Model Fit Summary 

 

CMIN  

Model NPAR CMIN DF P CMIN/DF 

Default model 32 67.561 59 .208 1.145 

Saturated model 91 .000 0   

Independence model 13 1584.746 78 .000 20.317 

 

RMR, GFI  

Model RMR GFI AGFI PGFI 

Default model .082 .950 .923 .616 

Saturated model .000 1.000   

Independence model .630 .366 .260 .314 

 

Baseline Comparisons 

Model 

NFI 

Delta1 

 

RFI 

rho1 

 

IFI 

Delta2 

 

TLI 

rho2 

 

CFI 

Default model .957 .944 .994 .992 .994 

Saturated model 1.000  1.000  1.000 

Independence model .000 .000 .000 .000 .000 

 

Parsimony-Adjusted Measures 

Model PRATIO PNFI PCFI 

Default model .756 .724 .752 

Saturated model .000 .000 .000 

Independence model 1.000 .000 .000 

    

NCP 

Model NCP LO 90 HI 90 

Default model 8.561 .000 33.067 

Saturated model .000 .000 .000 

Independence model 1506.746 1381.060 1639.820 
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FMIN  

Model FMIN F0 LO 90 HI 90 

Default model .340 .043 .000 .166 

Saturated model .000 .000 .000 .000 

Independence model 7.964 7.572 6.940 8.240 

 

RMSEA 

Model RMSEA LO 90 HI 90 PCLOSE 

Default model .027 .000 .053 .921 

Independence model .312 .298 .325 .000 

 

AIC  

Model AIC BCC BIC CAIC 

Default model 131.561 136.404 237.107 269.107 

Saturated model 182.000 195.773 482.147 573.147 

Independence model 1610.746 1612.713 1653.624 1666.624 

 

ECVI  

Model ECVI LO 90 HI 90 MECVI 

Default model .661 .618 .784 .685 

Saturated model .915 .915 .915 .984 

Independence model 8.094 7.463 8.763 8.104 

 

HOELTER  

Model 

HOELTER 

.05 

 

HOELTER 

.01 

 

Default model 230 257 

Independence model 13 14 
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Example Write_Up of Full Model 

 

The fit of the model in Figure 1 was evaluated with AMOS 17.0 using a maximum 

likelihood algorithm. The model is statistically overidentified. Prior to 

analysis, the data were evaluated for multivariate outliers by examining 

leverage indices for each individual and defining an outlier as a leverage 

score 4 times greater than the mean leverage. No outliers were detected.  

Model based outliers were evaluated using a limited information approach in 

which each indicator for the latent endogenous variable was separately 

regressed onto the dummy variables representing the variables influencing the 

endogenous variable. The analysis used ordinary least squares regression. 

Standardized dfbetas were examined for each individual and each predictor as 

well as the intercept. An influential outlier was defined as any individual 

with an absolute standardized dfbeta greater than 1 for a given coefficient. 

 No outliers were evident. Multivariate normality was evaluated using 

Mardiaôs test. The multivariate  coefficient was not statistically 

significant.  Examination of univariate indices of skewness and kurtosis 

revealed no skewness above an absolute value of 0.15 and no kurtosis values 

above an absolute value of 0.18. A variety of indices of model fit was 

evaluated. The chi square test of model fit was statistically non-significant 

(X
2
 (59) = 67.56, p < 0.21). The Root Mean Square Error of Approximation 

(RMSEA) was 0.027.  The p value for the test of close fit was 0.92. The 

Comparative Fit Index was 0.99. The standardized root mean square residual 

was 0.043. All indices point to good model fit. Inspection of the residuals 

revealed no statistically significant points of ill-fit in the model and 

there were no theoretically meaningful modification indices greater than 

3.84. Figure 1 presents relevant standardized and unstandardized (in 

parentheses) parameter estimates. [discuss the coefficients, as is of 

interest]. 
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.S1 S2 S3 A1 A2 A3

Weight

Support Alcohol

.27 .38 .30 .12 .33 .27

.75
Control

C1 C2 C3 SM1 SM2 SM3

Smoking

.16 .41 .40 .19 .31 .34

.57

.64

.026

.905
.832

.814.777.769.920

.853

.790

.837 .940

.821
.855

-.417 (-.593)*

-.484 (-.545)*
-.297 (-.234)*

-.498 (-.611)*

-.336 (-.438)*

-383 (-.398)*
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S6A S6B S6C S10A S10B S10C S16B S16CS16A

Social6 Social10 Social16

e1 e2 e3 e4 e5 e6 e7 e8 e9
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A11 A12 A13 A21 A22 A23

Abuse T1 Abuse T2

e1 e2 e3 e4 e5 e6

Alcohol

Use T1

U11 U12 U13 U21 U22 U31

Alcohol

Use T2

e7 e8 e9 e10 e11 e12

d2d1

d3
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I1 I2 I3 D1 D2 D3

Immediate

Posttest

Delayed

Posttest

e1 e2 e3 e4 e5 e6

Covariate

C1 C2 C3

e7 e8 e9

d2

Experimental/

Control

d1
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X1

X2

X3

Y e

 
 

 

 

 

 

 

 

 

X1

X2

X3

Y e
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X1A X1B X1C X2A X2B X2C X3B X3CX3A

X1 X2 X3

e1 e2 e3 e4 e5 e6 e7 e8 e9

Y

Y2

e11

Y1 Y3

e10 e12

d1
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X1A X1B X1C X2A X2B X2C X3B X3CX3A

X1 X2 X3

e1 e2 e3 e4 e5 e6 e7 e8 e9

Y1

Y1B

e11

Y1A Y1C

e10 e12

d1

Y2

d2

Y2A Y2B Y2C

e13 e14 e15
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C1 C2 C3

Covariate

e1 e2 e3

X

X1 X2 X3 Y1 Y2 Y3

Y

e4 e5 e6 e7 e8 e9

d2d1

C1 C2 C3

Covariate

e1 e2 e3

X

X1 X2 X3 Y1 Y2 Y3

Y

e4 e5 e6 e7 e8 e9

d2d1
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Example Write-Up with Bootstrapping 

 

The fit of the model in Figure 1 was evaluated with AMOS 17.0 using a maximum 

likelihood algorithm. The model is statistically overidentified. Prior to 

analysis, the data were evaluated for multivariate outliers by examining 

leverage indices for each individual and defining an outlier as a leverage 

score 4 times greater than the mean leverage. No outliers were detected.  

Model based outliers were evaluated using a limited information approach in 

which each indicator for the latent endogenous variable was separately 

regressed onto the dummy variables representing the variables influencing the 

endogenous variable. The analysis used ordinary least squares regression. 

Standardized dfbetas were examined for each individual and each predictor as 

well as the intercept. An influential outlier was defined as any individual 

with an absolute standardized dfbeta greater than 1 for a given coefficient. 

 No outliers were evident. Multivariate normality was evaluated using 

Mardiaôs test. The multivariate coefficient was not statistically 

significant. Examination of univariate indices of skewness and kurtosis 

suggested sizeable kurtosis, with some values exceeding 7.0.  To deal with 

the non-normality, the decision was made to use bootstrapping.  For the 

bootstrap analyses, 2000 bootstrap samples were taken and then used to 

estimate bias-corrected confidence intervals and p values as implemented by 

Amos.  In addition, the Bollen-Stine bootstrapped chi square test was 

performed.  A variety of indices of model fit was evaluated. The Bollen-Stine 

index yielded a statistically non-significant result (p < 0.15).  The Root 

Mean Square Error of Approximation (RMSEA) was 0.063. The Comparative Fit 

Index was 0.99. The standardized root mean square residual was 0.035. The 

indices uniformly point towards good model fit.  Inspection of the residuals 

and modification indices revealed no significant points of ill-fit in the 

model. Figure 1 presents the parameter estimates for the structural 

coefficients. Standardized coefficients appear on each path, with 

unstandardized coefficients in parentheses.  For purposes of presentation, 

the correlations between exogenous variables are omitted. The residuals 

indicate the proportion of unexplained variance in the endogenous variables 

(i.e., they are error variances in standardized form).  The variables in the 

model were able to account for approximately 14% of the variance in return 

rates and 60% of the variance in the number of violent acts.  All of the path 

coefficients were statistically significant.  For every one unit increase in 

the number of violent acts, the return rate to prison was predicted to 

increase 6.94 units.  A one degree increase in temperature was predicted to 

increase the number of violent acts per 100 prisoners by 0.55; an increase of 

1 sq foot of living space per prisoner was predicted to decrease the number 

of violent acts per 100 prisoners by 0.21, and an increase of 1 guard was 

predicted to decrease the number of violent acts per 100 prisoners by 0.13.  

Table 1 presents the 95% confidence intervals for each of the unstandardized 

path coefficients. An effects analysis revealed the following total effects 

for the three exogenous variables on return rates: A one degree increase in 

temperature was associated with a 3.83 increase in return rates; an increase 

of 1 sq foot of living space per prisoner was associated with a 1.43 decrease 

in return rates; and an increase of 1 guard was associated with a 0.93 

decrease in return rates.   


