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Table 13 

LMI Self-Rating Construct-Level Correlation Matrix 

             

            Subscale      

  Subscale DaIO TCoP BTaC Neg Vision Adapt  

  DaIO  1 

  TCoP 0.99  1 

  BTaC 1.02 1.01  1 

  Neg 0.83 0.87 0.84  1 

  Vision 1.06 0.99 0.99 0.79  1 

  Adapt 0.64 0.83 0.69 0.69 0.64  1  
Note.  Problematic estimated correlations in bold.  DaIO = Develops and Inspires Others; TCoP = Takes 

Care of People; BTaC = Builds Teams and Coalitions; Neg = Negotiating; Adapt = Adaptability. 

 

Table 14 

LMI Subordinate-Rating Construct-Level Correlation Matrix 

             

            Subscale      

  Subscale DaIO TCoP BTaC Neg Vision Adapt  

  DaIO  1 

  TCoP 0.98  1 

  BTaC 1.00 0.99  1 

  Neg 0.97 0.96 0.96  1 

  Vision 1.02 1.00 1.00 0.97  1 

  Adapt 0.92 0.95 0.92 0.92 0.93  1  
Note.  Problematic estimated correlations in bold.  DaIO = Develops and Inspires Others; TCoP = Takes 

Care of People; BTaC = Builds Teams and Coalitions; Neg = Negotiating; Adapt = Adaptability. 

 

Model modification.  CFA post hoc model modifications were not appropriate for 

these data.  According to Muthén (2010b), when correlations between factors are high, 

dimensionality should be reexamined through Exploratory Factor Analysis (EFA) (msg. 

36). 

Unidimensional theoretical model.  The unidimensional theoretical model, 

based on Rosebush’s (2012) EFA results, contained 29 items forming a single construct 

to measure leadership effectiveness for both the self-rating and subordinate-rating 

versions. 
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Model specification.  The Mplus input file specification for testing the factorial 

validity of the unidimensional theoretical model for the self-rating version is displayed in 

Figure 25.  The only difference in the input file specification for the subordinate-rating 

version was the data file.  The results of the specification illustrate that the dependent 

variables item1 through item29, representing the polytomously scored Likert-type items, 

were treated as ordered categorical variables in the model and estimation process through 

the Mplus CATEGORICAL option (Muthén & Muthén, 2012b).  Additionally, the Mplus 

input file specification included the MODEL command in which the leadership 

effectiveness factor was measured by item1 through item29.  A graphical representation 

of the specified measurement model is provided in Appendix K. 

 

Figure 25. LMI Self-Rating Unidimensional Theoretical Model Specification (Mplus 

Version 7) 

 

Model identification.  The Mplus STANDARDIZED option following the 

OUTPUT command as depicted in Figure 25 provided UVI scaling and a standardized 

factor by fixing the variance to “1” such that the factor loadings were free to be estimated 

(Byrne, 2012; Muthén & Muthén, 2012b).  Both analyses were over-identified with dfM = 
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377 (Schumacker & Lomax, 2010) along with the single factor consisting of at least three 

items (Kline, 2011). 

Model estimation.  The Mplus ESTIMATOR = WLSMV option following the 

ANALYSIS command as depicted in Figure 25 selected the robust weighted least squares 

(WLSMV) fitting function for the analyses (Byrne, 2012; Muthén & Muthén, 2012b).  

Prior to the analyses, the input data files were screened using a cutoff value of ±3.0 for 

skewness and kurtosis—all items in the self-rating sample met this criterion; all items in 

the subordinate-rating sample met this criterion except for item6 (kurtosis = 3.49), item8 

(kurtosis = 3.94), item11 (kurtosis = 3.10), and item21 (kurtosis = 3.61) (Chaney et al., 

2007).  Violation of this assumption, according to simulation studies, result in positively 

biased chi-square model fit statistics due to negatively biased standard errors (Flora & 

Curran, 2004) which should be taken into account when interpreting the results. 

Model testing.  CFA results from the self-rating data are provided followed by 

CFA results from the subordinate-rating data. 

Self-rating data.  The unidimensional modeling of the self-rating data produced 

the following global model-fit results:  χ
2
 = 1566.39, df = 377, p < 0.001; CFI = 0.88; TLI 

= 0.87; RMSEA = 0.09; RMSEA 90% CI = [0.09, 0.10]; WRMR = 1.79.  A summary of 

the global model-fit results and their respective cutoff criteria is provided in Table 15.  

None of the fit statistics exceeded the global cutoff criteria for good CFA model-fit based 

on categorical outcomes. 
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Table 15 

LMI Self-Rating Unidimensional Global Model-Fit Results 

        

Criterion  Value   Cutoff    

  χ
2

(df)   1566.39(377)    N/A  

  p-value  < 0.001    N/A 

  CFI   0.88   > 0.95 

  TLI   0.87   > 0.95 

  RMSEA  0.09   < 0.06 

  RMSEA 90% CI [0.09, 0.10]  < 0.06 

  WRMR  1.79   < 0.90  

 

Individual standardized parameter estimates, whose significant p-values indicated 

the items were important to model fit (Byrne, 2012), are given in Table 16.  The 

proportion of the variance explained in the items by the latent factor (i.e., reliability 

estimates) as well as the residual variances (i.e., proportion of the variance not explained) 

are provided in Table 17. 

Table 16 

Standardized Parameter Estimates for LMI Self-Rating Unidimensional Model 

           

    Factor Item  Estimate Std. Error Estimate/S.E.  

Leadership    1      0.70      0.03        23.56 

Effectiveness    2      0.70      0.03        27.24 

   3      0.54      0.04        14.07 

   4      0.70      0.03        25.77 

   5      0.69      0.03        22.51 

   6      0.59      0.04        16.27 

     7      0.71      0.03        25.22 

   8      0.45      0.05          9.18 

   9      0.61      0.04        16.45 

 10      0.65      0.03        22.34  

   11      0.59      0.04        16.38  

 12      0.60      0.04        16.89 

 13      0.59      0.04        16.17 

 14      0.69      0.03        23.91 

 15      0.70      0.03        24.78 

 16      0.63      0.03        18.84 

   17      0.68      0.03        22.26  
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 18      0.48      0.04        12.58 

 19      0.54      0.04        14.11 

 20      0.70      0.03        22.89 

   21      0.69      0.04        18.31  

   22      0.70      0.03        24.09  

 23      0.70      0.03        23.10 

 24      0.66      0.03        23.68 

 25      0.68      0.03        24.57 

 26      0.71      0.03        27.01 

   27      0.65      0.03        21.82  

 28      0.77      0.02        32.18 

   29      0.70      0.03        24.06   
Note.  All estimates significant at the 0.001 level (2-tailed). 

Table 17 

Reliability Estimates for LMI Self-Rating Unidimensional Model 

             

    Factor Item  Estimate Std. Error Estimate/S.E. Residual Var.  

Leadership    1      0.49      0.04        11.78        0.51 

Effectiveness    2      0.49      0.04        13.62        0.51 

   3      0.30      0.04          7.04        0.70 

   4      0.49      0.04        12.88        0.51 

   5      0.47      0.04        11.25        0.53 

   6      0.35      0.04          8.13        0.65 

     7      0.51      0.04        12.61        0.49 

   8      0.20      0.04          4.59        0.80 

   9      0.38      0.05          8.22        0.62 

 10      0.42      0.04        11.17        0.58  

   11      0.34      0.04          8.19        0.66  

 12      0.36      0.04          8.44        0.64 

 13      0.35      0.04          8.09        0.65 

 14      0.48      0.04        11.96        0.52 

 15      0.49      0.04        12.39        0.51 

 16      0.40      0.04          9.42        0.60 

   17      0.46      0.04        11.13        0.54  

 18      0.23      0.04          6.29        0.77 

 19      0.30      0.04          7.05        0.70 

 20      0.49      0.04        11.44        0.51 

   21      0.47      0.05          9.16        0.53  

   22      0.49      0.04        12.05        0.51  

 23      0.48      0.04        11.55        0.52 

 24      0.44      0.04        11.84        0.56 

 25      0.46      0.04        12.29        0.54 
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 26      0.50      0.04        13.50        0.50 

   27      0.43      0.04        10.91        0.57  

 28      0.59      0.04        16.09        0.41 

   29      0.49      0.04        12.03        0.51   
Note.  All estimates significant at the 0.001 level (2-tailed). 

Based on the global model-fit results and evaluation of the individual parameter 

estimates, the overall fit of the unidimensional model was deemed inadequate.  This 

subjective assessment is based on 1) none of the fit statistics exceeding the global model-

fit cutoff criteria for categorical outcomes, and 2) while each of the standardized 

parameter estimates were statistically significant (see Table 16), 26 item’s (e.g., item1-

item6, item8-item25, item27, and item29) proportion of the variance not explained by the 

latent factor exceeded their proportion of the variance explained (see Table 17). 

Subordinate-rating data.  The unidimensional modeling of the subordinate-rating 

data produced the following global model-fit results:  χ
2
 = 4259.92, df = 377, p < 0.001; 

CFI = 0.98; TLI = 0.98; RMSEA = 0.08; RMSEA 90% CI = [0.07, 0.08]; WRMR = 2.15.  

A summary of the global model-fit results and their respective cutoff criteria is provided 

in Table 18.  Only CFI and TLI exceeded the global cutoff criteria for good CFA model-

fit based on categorical outcomes. 
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Table 18 

LMI Subordinate-Rating Unidimensional Global Model-Fit Results 

        

Criterion  Value   Cutoff    

  χ
2

(df)   4259.92(377)    N/A  

  p-value  < 0.001    N/A 

  CFI   0.98   > 0.95 

  TLI   0.98   > 0.95 

  RMSEA  0.08   < 0.06 

  RMSEA 90% CI [0.07, 0.08]  < 0.06 

  WRMR  2.15   < 0.90  

 

Individual standardized parameter estimates, whose significant p-values indicated 

the items were important to model fit (Byrne, 2012), are given in Table 19.  The 

proportion of the variance explained in the items by the latent factor (i.e., reliability 

estimates) as well as the residual variances (i.e., proportion of the variance not explained) 

are provided in Table 20. 

Table 19 

Standardized Parameter Estimates for LMI Subordinate-Rating Unidimensional Model 

           

    Factor Item  Estimate Std. Error Estimate/S.E.  

Leadership    1      0.85      0.01      107.12 

Effectiveness    2      0.88      0.01      137.56 

   3      0.83      0.01        94.64 

   4      0.88      0.01      137.61 

   5      0.87      0.01      123.41 

   6      0.82      0.01        79.68 

     7      0.91      0.01      169.52 

   8      0.81      0.01        79.58 

   9      0.85      0.01      107.45 

 10      0.85      0.01      107.78  

   11      0.89      0.01      132.28  

 12      0.82      0.01        87.43 

 13      0.86      0.01      103.78 

 14      0.86      0.01      107.63 

 15      0.84      0.01        95.78 

 16      0.84      0.01      104.58 

   17      0.88      0.01      142.55  
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 18      0.77      0.01        72.07 

 19      0.86      0.01      112.92 

 20      0.88      0.01      134.15 

   21      0.86      0.01      108.03  

   22      0.92      0.01      187.20  

 23      0.85      0.01      108.53 

 24      0.84      0.01      100.98 

 25      0.88      0.01      137.15 

 26      0.90      0.01      161.23 

   27      0.90      0.01      156.42  

 28      0.88      0.01      143.29 

   29      0.91      0.01      170.43   
Note.  All estimates significant at the 0.001 level (2-tailed). 

Table 20 

Reliability Estimates for LMI Subordinate-Rating Unidimensional Model 

             

    Factor Item  Estimate Std. Error Estimate/S.E. Residual Var.  

Leadership    1      0.72      0.01        53.56        0.28 

Effectiveness    2      0.78      0.01        68.78        0.22 

   3      0.68      0.01        47.32        0.32 

   4      0.78      0.01        68.80        0.22 

   5      0.76      0.01        61.71        0.24 

   6      0.67      0.02        39.84        0.33 

     7      0.82      0.01        84.76        0.18 

   8      0.66      0.02        39.79        0.34 

   9      0.73      0.01        53.72        0.27 

 10      0.72      0.01        53.89        0.28  

   11      0.78      0.01        66.14        0.22  

 12      0.67      0.02        43.72        0.33 

 13      0.73      0.01        51.89        0.27 

 14      0.74      0.01        53.82        0.26 

 15      0.71      0.02        47.89        0.29 

 16      0.71      0.01        52.29        0.29 

   17      0.78      0.01        71.27        0.22  

 18      0.60      0.02        36.04        0.40 

 19      0.74      0.01        56.46        0.26 

 20      0.78      0.01        67.07        0.22 

   21      0.74      0.01        54.01        0.26  

   22      0.84      0.01        93.60        0.16  

 23      0.73      0.01        54.27        0.27 

 24      0.70      0.01        50.49        0.30 

 25      0.78      0.01        68.57        0.22 

 26      0.81      0.01        80.61        0.19 
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   27      0.80      0.01        78.21        0.20  

 28      0.78      0.01        71.64        0.22 

   29      0.82      0.01        85.21        0.18   
Note.  All estimates significant at the 0.001 level (2-tailed). 

Based on the global model-fit results and evaluation of the individual parameter 

estimates, the overall fit of the unidimensional model was deemed adequate.  This 

subjective assessment was supported 1) since CFI and TLI exceeded the global cutoff 

criteria for good CFA model-fit based on categorical outcomes, and 2) each of the 

standardized parameter estimates were statistically significant (see Table 16) and every 

item’s proportion of the variance explained by the latent factor exceeded their proportion 

of the variance not explained (see Table 17). 

Model modification.  Modification results from the self-rating data are provided 

followed by modification results from the subordinate-rating data. 

Self-rating data.  Post hoc modification of the unidimensional model, based on 

the self-rating data, was not appropriate since the model fit was determined to be 

inadequate (Bandalos & Finney, 2010).  Regarding this notion, Bandalos and Finney 

remark: 

Unfortunately, many researchers lose sight of the purpose of CFA, which is to 

allow the testing of a priori models.  If a model does not fit the data, that 

information, along with a diagnosis of the source of the misfit, is useful and 

should inform the domain.  On the other hand, thoughtlessly modifying a model 

post hoc in an attempt to make it fit the data is not the purpose of CFA and may 

simply lead to models that do not replicate due to fitting the idiosyncrasies of the 

sample data.  Researchers and reviewers must keep in mind that the purpose of 

conducting a CFA study is to gain a better understanding of the underlying 

structure of the variables, not to force models to fit.  The former is a useful 

scientific endeavor; the latter is not. (p. 112) 
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In addition to the evidence resulting from the 26 items whose proportion of the 

variance not explained by the latent factor exceeded their proportion of the variance 

explained, further diagnosis of the source of the misfit was gleaned by reanalyzing the 

unidimensional model by consecutively collapsing the rating scale from 5-points to 2-

points and observing the global fit statistics.  According to Byrne (2012): 

In working with categorical variables, analyses must proceed from a frequency 

table comprising the number of thresholds, multiplied by the number of observed 

variables, to estimation of the correlation matrix.  The problem here lies with the 

occurrence of cells having zero or near-zero cases, which can subsequently lead to 

estimation difficulties.  This problem can arise because (a) sample size is small 

relative to the number of response categories (i.e., specific category scores across 

all categorical variables), (b) the number of variables is excessively large, and/or 

(c) the number of thresholds is large.  Taken in combination, then, the larger the 

number of observed variables and/or number of thresholds for these variables, and 

the smaller the sample size, the greater the chance of having cells comprising zero 

to near-zero cases. (p. 131) 

The item-response frequencies regarding the self-rating data’s 5-point rating scale, in 

which all 29 items had zero or near-zero frequencies in at least one rating category, are 

provided in Table 21.  Tabulated in Table 22 are the global fit statistics for the self-rating 

unidimensional model with 5-point through 2-point rating scales, analyzed consecutively.  

Only minor model fit improvement was gained by collapsing to a 2-point rating scale. 

Table 21 

LMI Self-Rating Item-Response Frequencies 

             

  Very much Unlike    Like  Very much 

    Item   unlike me    me  Neutral   me     like me  

       1          0       5      60   192        100 

       2          0       2      50   219          86 

       3          0       1      37   232          87 

       4          0       5      70   196          86 

       5          0       8      54   213          82 

       6          0       1      16   154        186 

       7          0       4      73   210          70 
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       8          0       0      14   160        183 

       9          0     14      59   179        105 

     10          0       6      63   178        110 

     11          0       0      10   199        148 

     12          0       1      30   192        134 

     13          1       5      28   133        190 

     14          1     12      68   194          82 

     15          0       3      28   188        138 

     16          0       5      85   197          70 

     17          0     11    100   190          56 

     18          1     19    131   144          62 

     19          0       5      67   205          80 

     20          0       1      47   211          98 

     21          0       0      15   199        143 

     22          1       4      78   210          64 

     23          0       5      40   218          94 

     24          0       8      82   181          86 

     25          0       3      52   217          85 

     26          0       8      70   180          99 

     27          0       3      80   207          67 

     28          0       7      54   206          90 

     29          0       4      87   198          68  

Table 22 

LMI Self-Rating Unidimensional Global Model-Fit Results by Rating Scale 

             

  Scale χ
2
(df) p-value CFI TLI RMSEA RMSEA 90% CI WRMR  

5-point 1566.39(377) < 0.001 0.88 0.87 0.09 [0.09, 0.10] 1.79 

4-point 1506.31(377) < 0.001 0.88 0.88 0.09 [0.09, 0.10] 1.78 

3-point 1362.50(377) < 0.001 0.88 0.87 0.09 [0.08, 0.09] 1.68 

2-point   655.07(377) < 0.001 0.90 0.89 0.05 [0.04, 0.05] 1.23  

 

Subordinate-rating data.  While the analysis of the subordinate-rating data 

confirmed the adequacy of the unidimensional structure, additional post hoc model 

modification was necessary in order to demonstrate the desirable psychometric properties 

of acceptable model fit, construct reliability, and construct validity.  In order to eliminate 

redundant and less performing items while maintaining representation for each of the 

USAF institutional sub-competencies, another CFA was specified based on retaining 
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three items per sub-competency with the highest standardized factor loadings.  The 

unidimensional modified model contained 18 items and was specified for testing 

according to the Mplus input file displayed in Figure 26.  A graphical representation of 

the LMI subordinate-rating unidimensional modified model is illustrated in Figure 27. 

 

Figure 26. LMI Subordinate-Rating Unidimensional Modified Model Specification 

(Mplus Version 7) 
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Figure 27. LMI Subordinate-Rating Unidimensional Post Hoc Model Specification 

(Amos Version 18) 

 

The unidimensional modified model produced the following global model-fit 

results:  χ
2
 = 1079.93, df = 135, p < 0.001; CFI = 0.99; TLI = 0.99; RMSEA = 0.06; 

RMSEA 90% CI = [0.06, 0.07]; WRMR = 1.45.  A summary of the global model-fit 

results and their respective cutoff criteria is provided in Table 23.  The CFI, TLI, and the 

RMSEA lower bound exceeded the global cutoff criteria for good CFA model-fit based 

on categorical outcomes. 
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Table 23 

LMI Subordinate-Rating Unidimensional Global Modified Model-Fit Results 

        

Criterion  Value   Cutoff    

  χ
2

(df)   1079.93(135)    N/A  

  p-value  < 0.001    N/A 

  CFI   0.99   > 0.95 

  TLI   0.99   > 0.95 

  RMSEA  0.06   < 0.06 

  RMSEA 90% CI [0.06*, 0.07]  < 0.06 

  WRMR  1.45   < 0.90  
Note.  RMSEA lower bound = 0.059. 
 

Individual standardized parameter estimates, whose significant p-values indicated 

the items were important to model fit (Byrne, 2012), are given in Table 24.  The 

proportion of the variance explained in the items by the latent factor (i.e., reliability 

estimates) as well as the residual variances (i.e., proportion of the variance not explained) 

are provided in Table 25. 

Table 24 

Standardized Parameter Estimates for LMI Subordinate-Rating Unidimensional Modified 

Model 

           

    Factor Item  Estimate Std. Error Estimate/S.E.  

Leadership    2      0.88      0.01      132.84 

Effectiveness    4      0.88      0.01      135.08 

   5      0.87      0.01      124.22 

     7      0.91      0.01      166.53 

   8      0.80      0.01        75.77 

   9      0.86      0.01      110.02 

   11      0.88      0.01      122.71  

 13      0.85      0.01      104.08 

 14      0.86      0.01      113.40 

 16      0.84      0.01      104.88 

   17      0.89      0.01      146.30  

 18      0.78      0.01        74.44 

 19      0.86      0.01      110.81 

 20      0.88      0.01      126.19 

   22      0.92      0.01      197.10  

 26      0.89      0.01      148.03 
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   27      0.89      0.01      147.98  

   29      0.91      0.01      175.10   
Note.  All estimates significant at the 0.001 level (2-tailed). 

Table 25 

Reliability Estimates for LMI Subordinate-Rating Unidimensional Modified Model 

             

    Factor Item  Estimate Std. Error Estimate/S.E. Residual Var.  

Leadership    2      0.78      0.01        66.42        0.22 

Effectiveness    4      0.78      0.01        67.54        0.22 

   5      0.76      0.01        62.11        0.24 

     7      0.82      0.01        83.27        0.18 

   8      0.65      0.02        37.89        0.35 

   9      0.73      0.01        55.01        0.27 

   11      0.77      0.01        61.36        0.23  

 13      0.73      0.01        52.04        0.27 

 14      0.75      0.01        56.70        0.25 

 16      0.71      0.01        52.44        0.29 

   17      0.79      0.01        73.15        0.21  

 18      0.61      0.02        37.22        0.39 

 19      0.74      0.01        55.41        0.26 

 20      0.77      0.01        63.09        0.23 

   22      0.85      0.01        98.55        0.15  

 26      0.80      0.01        74.01        0.20 

   27      0.80      0.01        73.99        0.20  

   29      0.83      0.01        87.55        0.17   
Note.  All estimates significant at the 0.001 level (2-tailed). 

In addition to the evidence for construct validity provided by the significant factor 

loadings on the dimension (Anderson & Gerbing, 1988), the following equation repeated 

from Chapter One was used to calculate the construct reliability (i.e., convergent 

validity), ρη, where λ represents item standardized loadings and ε represents item 

measurement error (Fornell & Larcker, 1981):  

ρη = 
 ∑  

 

 ∑    ∑ 
      (15) 

The leadership effectiveness factor’s construct reliability was 0.98; a value greater than 

0.70 demonstrates evidence for adequate convergent validity. 



 

129 

 

Fornell and Larcker (1981) also recommended another more conservative test, 

average variance extracted (AVE), to capture the amount of variance in the construct 

related to the amount of variance due to measurement error.  An AVE of 0.76 was 

calculated (e.g., having an AVE in excess of 0.50 is ideal since the variance accounted 

for by the construct is greater than the variance due to measurement error) with the 

following equation repeated from Chapter One (Fornell & Larcker, 1981) : 

ρνc(η) = 
∑  

 
 

∑  
 
  ∑ 

     (16) 

Based on the global model-fit results, evaluation of the individual parameter 

estimates, and the reliability and validity tests, the overall fit of the unidimensional 

modified model based on subordinate-rating data was determined to be adequate.  This 

subjective assessment was justified 1) since the CFI, TLI, and the RMSEA lower bound 

exceeded the global cutoff criteria for good CFA model-fit based on categorical 

outcomes, 2) each of the standardized parameter estimates were statistically significant 

(see Table 24), and 3) each of the item’s proportion of the variance explained by the 

latent factor exceeded their proportion of the variance not explained (see Table 25). 

Research Question Three 

The latent factor structure of the November 2011 CMV was assessed by IRT 

techniques on the nine-factor theoretical model (Rosebush, 2011) and on the competing 

eight-factor hypothetical model by incorporating Allen and Wilson’s (2006) three phased 

approach—composite, consecutive, and multidimensional—with ConQuest 3.0 modeling 

software (Wu et al., 2012).  
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Eight-factor hypothetical model.  The eight-factor competing model, based on 

an a priori hypothesis that the attention to detail and excellence factors from the nine-

factor theoretical model (Rosebush, 2011) may be more accurately represented by a 

single factor labeled methodical (Jackson, Paunonen, & Tremblay, 2000), contained 45 

items forming a multidimensional construct consisting of the following dimensions:  

courage, accountability, humility, duty, care for others, self-control, respect for human 

dignity, and methodical. 

Composite approach.  The composite approach was applied as a means of 

comparison with the consecutive and multidimensional approaches.  The total score, 

based on responses to each item on the CMV, was treated as the indicator of a single 

estimate (i.e., unidimensional) of a cadet’s perception of their overall virtue (i.e., θ).  The 

ConQuest command file executed for fitting the Rasch rating scale model using Gauss-

Hermite Quadrature estimation to the CMV data to implement the composite approach is 

provided in Figure 28.  A graphical representation of the composite approach is 

illustrated in Appendix L. 

 

Figure 28. CMV Eight-Factor Composite Model Specification (ConQuest 3.0) 

The analysis produced estimates for 49 parameters—including the mean and 

variance of θ, 44 item difficulty parameters (e.g., one parameter was constrained for 

model identification), and three step parameters (e.g., one parameter was constrained for 
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model identification)—with a model fit statistic, G
2
 = 26943.35, and a degree of 

parsimony fit index, AIC = 27041.35.  The reliability of the perceived cadet virtue 

estimates was 0.86. 

Consecutive approach.  The consecutive approach was applied as a means of 

comparison with the composite and multidimensional approaches.  This approach 

modeled each hypothesized CMV subscale separately as unidimensional constructs 

which produced independent θD estimates and standard errors for each dimension.  The 

ConQuest command file executed for fitting the Rasch rating scale model using Gauss-

Hermite Quadrature estimation to the CMV data to implement the consecutive approach 

for the methodical subscale is provided in Figure 29 (command files for the other 

subscales were similar).  A graphical representation of the consecutive approach is 

illustrated in Appendix M. 

 

Figure 29. CMV Eight-Factor Consecutive Model Specification (Methodical Subscale 

Only—Other Subscales Similar) (ConQuest 3.0) 

 

Results of these independent analyses to include the model fit statistics, the 

number of parameters, the degree of parsimony fit indices, and the reliability of the θD 

estimates are displayed in Table 26.  The analyses produced estimates for 77 

parameters—including the means and variances of each θD, 37 item difficulty parameters 

(e.g., one parameter was constrained per model for identification), and 24 step parameters 

(e.g., one parameter was constrained per model for identification). 
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Table 26 

CMV Eight-Factor Model Consecutive Approach Fit Results 

             

  Subscale    Items        G
2
  Parameters      AIC  Reliability  

Courage        1-6 3545.78       10    3565.78      0.76 

Accountability      7-10 2074.48         8    2090.48      0.81 

Humility     11-16 3484.15       10    3504.15      0.86 

Duty      17-20 1804.59         8    1820.59      0.87 

Care for Others   21-26 3078.21       10    3098.21      0.83 

Self-Control     27-31 2697.16         9    2715.16      0.89 

RfHD      32-38 3888.29       11    3910.29      0.86 

Methodical     39-45 3866.77       11    3888.77      0.84  
Note.  RfHD = Respect for Human Dignity. 

Multidimensional approach.  The multidimensional approach was applied as a 

means of comparison with the composite and consecutive approaches.  By incorporating 

the correlations between the dimensions, this approach simultaneously estimated separate 

cadet virtue abilities, θDi, across each latent dimension.  The ConQuest command file 

executed for fitting the Rasch rating scale model using Monte Carlo estimation to the 

CMV data to implement the multidimensional approach is provided in Figure 30.  A 

graphical representation of the multidimensional approach is illustrated in Appendix N. 
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Figure 30. CMV Eight-Factor Multidimensional Model Specification (ConQuest 3.0) 

The analysis produced estimates for 84 parameters—including the means and 

variances of θD1 through θD8, 37 item difficulty parameters (e.g., one parameter was 

constrained per dimension for model identification), three step parameters (e.g., one 

parameter was constrained for model identification), and 28 unique elements of the 

variance-covariance matrix—with a model fit statistic, G
2
 = 24454.58, and a degree of 

parsimony fit index, AIC = 24622.58.  The reliability of the θDi estimates are displayed in 

Table 27.  

 

 

 

 

 

 

 



 

134 

 

Table 27 

CMV Eight-Factor Model Multidimensional Reliabilities 

       

  Subscale    Items        Reliability  

Courage        1-6      0.78 

Accountability      7-10      0.90 

Humility     11-16      0.85 

Duty      17-20      0.80 

Care for Others   21-26      0.86 

Self-Control     27-31      0.87 

RfHD      32-38      0.86 

Methodical     39-45      0.84  
Note.  RfHD = Respect for Human Dignity. 

Model comparisons.  Model fit results from the three dimensionality evaluation 

approaches are reproduced in Table 28.  Since the multidimensional approach is nested in 

the composite approach, the likelihood ratio test was computed as the difference in 

deviance, which approximates a χ
2
 distribution with degrees of freedom equal to the 

difference in estimated parameters between the models:  χ
2
 = 2488.77, df = 35, p < 0.001.  

Since the difference in deviance between the nested models was statistically significant, 

evidence existed that the multidimensional model fit the data significantly better than the 

composite model.  However, on the basis of comparison between the non-nested models 

(i.e., multidimensional versus consecutive), the AIC value from the consecutive model 

was lower than the multidimensional model indicating an overall preference for the 

consecutive approach. 
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Table 28 

CMV Eight-Factor Model Comparisons 

           

  Approach     Parameters                 G
2
         AIC  

Composite         49         26943.35      27041.35 

Consecutive         77         24439.43      24593.43 

Multidimensional        84         24454.58      24622.58  

 

Reliability estimates from the three dimensionality evaluation approaches are 

reproduced in Table 29.  Multidimensional reliability enhancement (Allen & Wilson, 

2006), which was expected to occur on all dimensions, was only present in the courage, 

accountability, and care for others subscales (e.g., the courage multidimensional 

reliability exceeded its consecutive reliability).  Since the reliability estimates for the 

respect for human dignity and methodical dimensions were equivalent and the 

consecutive approach produced greater reliabilities for the humility, duty, and self-control 

dimensions, no clear distinction could be made for a model preference based on 

reliability estimates alone.    

Table 29 

CMV Eight-Factor Model Reliabilities 

          

    Consecutive Multidimensional 

  Subscale    Items        Reliability        Reliability   

Courage        1-6       0.76  0.78 

Accountability      7-10       0.81  0.90 

Humility     11-16       0.86  0.85 

Duty      17-20       0.87  0.80 

Care for Others   21-26       0.83  0.86 

Self-Control     27-31       0.89  0.87 

RfHD      32-38       0.86  0.86 

Methodical     39-45       0.84  0.84   
Note.  RfHD = Respect for Human Dignity.  Composite Reliability = 0.86. 
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Consecutive approach and multidimensional approach correlations are provided in 

Table 30.  Each of the multidimensional approach correlations were greater than (or equal 

to between methodical and respect for human dignity) the consecutive approach 

correlations by 1.5 to 2.0 times.  The higher overall correlations between the dimensions 

of the multidimensional approach illustrated the influence of the interrelatedness across 

the eight hypothetical variables of the CMV.  These higher associated correlations 

provided some support for an overall preference for the multidimensional approach. 

In summary, comparison of the three dimensionality approaches from the eight-

factor model based on model fit, reliabilities, and estimated correlations led the 

researcher to select the consecutive model as the one for further comparison with the 

nine-factor selection.  While the evidence from the examination of the reliabilities was 

inconclusive, the model fit testing was determined to be more influential than the 

inspection of the estimated correlations. 
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Table 30 

CMV Eight-Factor Consecutive and Multidimensional Correlation Matrix 

                 

          Subscale        

   Subscale Courage Account Humility Duty CFO SC RfHD Methodical   

   Courage    1 0.27 0.12 0.21 0.37 0.34 0.20 0.23 

   Account 0.44    1 0.37 0.19 0.37 0.33 0.39 0.07 

   Humility 0.22 0.55    1 0.13 0.34 0.32 0.45 0.04 

   Duty 0.40 0.35 0.25    1 0.17 0.34 0.08 0.43 

   CFO 0.53 0.53 0.44 0.31    1 0.29 0.47 0.14 

   SC 0.48 0.46 0.42 0.56 0.41    1 0.28 0.33 

   RfHD 0.29 0.57 0.59 0.16 0.61 0.36    1  0.02 

   Methodical 0.35 0.13 0.07 0.62 0.16 0.48 0.02    1   
Note.  Account = Accountability; CFO = Care for Others; SC = Self-Control; RfHD = Respect for Human Dignity.  Consecutive approach 

correlations are given above the diagonal; multidimensional approach correlations are given below the diagonal.  
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Nine-factor theoretical model.  The nine-factor theoretical model, based on 

Rosebush’s (2011) EFA results, contained 45 items forming a multidimensional construct 

consisting of the following factors:  courage, accountability, humility, duty, care for 

others, self-control, respect for human dignity, attention to detail, and excellence. 

Composite approach.  The composite approach was applied as a means of 

comparison with the consecutive and multidimensional approaches.  The total score, 

based on responses to each item on the CMV, was treated as the indicator of a single 

estimate (i.e., unidimensional) of a cadet’s perception of their overall virtue (i.e., θ).  The 

ConQuest command file executed for fitting the Rasch rating scale model using Gauss-

Hermite Quadrature estimation to the CMV data to implement the composite approach is 

provided in Figure 31.  A graphical representation of the composite approach is 

illustrated in Appendix L. 

 

Figure 31. CMV Nine-Factor Composite Model Specification (ConQuest 3.0) 

The analysis produced estimates for 49 parameters—including the mean and 

variance of θ, 44 item difficulty parameters (e.g., one parameter was constrained for 

model identification), and three step parameters (e.g., one parameter was constrained for 

model identification)—with a model fit statistic, G
2
 = 26943.35, and a degree of 

parsimony fit index, AIC = 27041.35.  The reliability of the perceived cadet virtue 

estimates was 0.86. 
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Consecutive approach.  The consecutive approach was applied as a means of 

comparison with the composite and multidimensional approaches.  This approach 

modeled each theoretical CMV subscale separately as unidimensional constructs which 

produced independent θD estimates and standard errors for each dimension.  The 

ConQuest command file executed for fitting the Rasch rating scale model using Gauss-

Hermite Quadrature estimation to the CMV data to implement the consecutive approach 

for the courage subscale is provided in Figure 32 (command files for the other subscales 

were similar).  A graphical representation of the consecutive approach is illustrated in 

Appendix O. 

 

Figure 32. CMV Nine-Factor Consecutive Model Specification (Courage Subscale 

Only—Other Subscales Similar) (ConQuest 3.0) 

 

Results of these independent analyses to include the model fit statistics, the 

number of parameters, the degree of parsimony fit indices, and the reliability of the θD 

estimates are displayed in Table 31.  The analyses produced estimates for 81 

parameters—including the means and variances of each θD, 36 item difficulty parameters 

(e.g., one parameter was constrained per model for identification), and 27 step parameters 

(e.g., one parameter was constrained per model for identification). 
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Table 31 

CMV Nine-Factor Model Consecutive Approach Fit Results 

             

  Subscale    Items        G
2
  Parameters      AIC  Reliability  

Courage        1-6 3545.78       10    3565.78      0.76 

Accountability      7-10 2074.48         8    2090.48      0.81 

Humility     11-16 3484.15       10    3504.15      0.86 

Duty      17-20 1804.59         8    1820.59      0.87 

Care for Others   21-26 3078.21       10    3098.21      0.83 

Self-Control     27-31 2697.16         9    2715.16      0.89 

RfHD      32-38 3888.29       11    3910.29      0.86 

AtD      39-41 1641.41         7    1655.41      0.83 

Excellence     42-45 2215.68         8    2231.68      0.80  
Note.  RfHD = Respect for Human Dignity and AtD = Attention-to-Detail. 

Multidimensional approach.  The multidimensional approach was applied as a 

means of comparison with the composite and consecutive approaches.  By incorporating 

the correlations between the dimensions, this approach simultaneously estimated separate 

cadet virtue abilities, θDi, across each latent dimension.  The ConQuest command file 

executed for fitting the Rasch rating scale model using Monte Carlo estimation to the 

CMV data to implement the multidimensional approach is provided in Figure 33.  A 

graphical representation of the multidimensional approach is illustrated in Appendix P. 
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Figure 33. CMV Nine-Factor Multidimensional Model Specification (ConQuest 3.0) 

The analysis produced estimates for 93 parameters—including the means and 

variances of θD1 through θD9, 36 item difficulty parameters (e.g., one parameter was 

constrained per dimension for model identification), three step parameters (e.g., one 

parameter was constrained for model identification), and 36 unique elements of the 

variance-covariance matrix—with a model fit statistic, G
2
 = 24342.63, and a degree of 

parsimony fit index, AIC = 24528.63.  The reliability of the θDi estimates are displayed in 

Table 32.  
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Table 32 

CMV Nine-Factor Model Multidimensional Reliabilities 

       

  Subscale    Items        Reliability  

Courage        1-6      0.81 

Accountability      7-10      0.73 

Humility     11-16      0.74 

Duty      17-20      0.72 

Care for Others   21-26      0.82 

Self-Control     27-31      0.82 

RfHD      32-38      0.81 

AtD      39-41      0.80 

Excellence     42-45      0.86  
Note.  RfHD = Respect for Human Dignity and 

AtD = Attention-to-Detail. 

Model comparisons.  Model fit results from the three dimensionality evaluation 

approaches are reproduced in Table 33.  Since the multidimensional approach is nested in 

the composite approach, the likelihood ratio test was computed as the difference in 

deviance, which approximates a χ
2
 distribution with degrees of freedom equal to the 

difference in estimated parameters between the models:  χ
2
 = 2600.72, df = 44, p < 0.001.  

Since the difference in deviance between the nested models was statistically significant, 

evidence existed that the multidimensional model fit the data significantly better than the 

composite model.  Moreover, on the basis of comparison between the non-nested models 

(i.e., multidimensional versus consecutive), the AIC value from the multidimensional 

model was less than the consecutive model indicating a preference for the 

multidimensional model. 
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Table 33 

CMV Nine-Factor Model Comparisons 

           

  Approach     Parameters                 G
2
         AIC  

Composite         49         26943.35      27041.35 

Consecutive         81         24429.75      24591.75 

Multidimensional        93         24342.63      24528.63  

 

Reliability estimates from the three dimensionality evaluation approaches are 

reproduced in Table 34.  Multidimensional reliability enhancement (Allen & Wilson, 

2006), which was expected to occur on all dimensions, was only present in the courage 

and excellence subscales (e.g., the courage multidimensional reliability exceeded its 

consecutive reliability).  Since the consecutive approach produced greater reliabilities 

than the multidimensional approach for the remaining seven dimensions, a model 

preference toward the consecutive approach was demonstrated.    

Table 34 

CMV Nine-Factor Model Reliabilities 

          

    Consecutive Multidimensional 

  Subscale    Items        Reliability        Reliability   

Courage        1-6       0.76  0.81 

Accountability      7-10       0.81  0.73 

Humility     11-16       0.86  0.74 

Duty      17-20       0.87  0.72 

Care for Others   21-26       0.83  0.82 

Self-Control     27-31       0.89  0.82 

RfHD      32-38       0.86  0.81 

AtD      39-41       0.83  0.80 

Excellence     42-45       0.80  0.86   
Note.  RfHD = Respect for Human Dignity; AtD = Attention to Detail.  

Composite Reliability = 0.86. 

Consecutive approach and multidimensional approach correlations are provided in 

Table 35.  Each of the multidimensional approach correlations were greater than the 

consecutive approach correlations by approximately 1.5 to 2.0 times.  The higher overall 



 

144 

 

correlations between the dimensions of the multidimensional approach illustrated the 

influence of the interrelatedness across the nine theoretical variables of the CMV.  These 

higher associated correlations provided some support for an overall preference for the 

multidimensional approach. 

In summary, comparison of the three dimensionality approaches from the nine-

factor model based on model fit, reliabilities, and estimated correlations led the 

researcher to select the multidimensional model as the one for further comparison with 

the eight-factor selection.  While the evidence from the examination of the reliabilities 

favored the consecutive approach, model fit testing and inspection of the estimated 

correlations was determined to be more influential in the model selection process. 
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Table 35 

CMV Nine-Factor Consecutive and Multidimensional Correlation Matrix 

                  

                    Subscale        

   Subscale Courage Account Humility Duty CFO SC RfHD      AtD  Excellence  

   Courage    1 0.27 0.12 0.21 0.37 0.34 0.20 0.16 0.23 

   Account 0.43    1 0.37 0.19 0.37 0.33 0.39 0.04 0.09 

   Humility 0.23 0.54    1 0.13 0.34 0.32 0.45 0.02 0.06 

   Duty 0.34 0.40 0.30    1 0.17 0.34 0.08 0.33 0.42 

   CFO 0.47 0.54 0.45 0.32    1 0.29 0.47 0.07 0.17 

   SC 0.52 0.46 0.47 0.57 0.41    1 0.28 0.21 0.37 

   RfHD 0.30 0.58 0.60 0.20 0.64 0.39    1  0.02 0.01 

   AtD 0.30 0.16 0.14 0.50 0.13 0.33 0.10     1 0.56 

   Excellence 0.31 0.15 0.12 0.64 0.20 0.51 0.02 0.81     1   
Note.  Account = Accountability; CFO = Care for Others; SC = Self-Control; RfHD = Respect for Human Dignity; AtD = Attention to Detail. 

Consecutive approach correlations are given above the diagonal; multidimensional approach correlations are given below the diagonal. 
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Overall best model fit.  Results from the best fitting approaches from the nine-

factor theoretical model and the eight-factor hypothetical model are reproduced in Table 

36.  On the basis of comparison between the two non-nested models (i.e., 

multidimensional nine-factor model versus consecutive eight-factor model), the AIC 

value from the best fitting multidimensional nine-factor model was less than the best 

fitting consecutive eight-factor model indicating an overall preference for the nine-factor 

multidimensional theoretical model.   

Table 36 

CMV Overall Best Model Fit Comparisons 

             

  Approach       Parameters                 G
2
         AIC  

Eight-Factor Consecutive         77         24439.43      24593.43 

Nine-Factor Multidimensional        93         24342.63      24528.63  

Item difficulty parameter estimates and item fit statistics are provided for the 

overall best fitting nine-factor multidimensional model in Table 37. 

Table 37 

Item Difficulty Estimates for CMV Nine-Factor Multidimensional Model 

             

            Infit   Outfit   

 Dimension Item Estimate Std. Error MNSQ t MNSQ t   

Courage   1 -1.81 <0.01 1.12  1.3 1.12  1.4 

   2 -1.73 <0.01 1.19  2.0 1.17  1.9 

   3 -0.32   0.01 1.38  4.1 1.41  4.1 

   4 -1.40 <0.01 1.18  1.9 1.17  1.8 

   5 -0.43 <0.01 1.08  1.0 1.11  1.2 

   6 -1.18   0.01 1.27  2.9 1.30  3.1 

Accountability   7 -0.87 <0.01 1.15  1.6 1.21  2.3 

   8 -1.72 <0.01 0.95 -0.6 0.92 -0.9 

   9 -1.44 <0.01 1.11  1.2 1.11  1.3 

 10 -2.43 <0.01 0.84 -1.8 0.80 -2.5 

Humility 11 -1.26 <0.01 1.19  2.1 1.23  2.4 

 12 -1.09 <0.01 1.02  0.2 1.05  0.5 

 13 -1.28 <0.01 1.41  4.1 1.43  4.3 

 14 -2.64   0.01 1.00  0.1 0.94 -0.7 
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 15 -1.24 <0.01 1.33  3.4 1.31  3.2 

 16 -2.00 <0.01 1.26  2.7 1.26  2.7 

Duty 17 -1.72 <0.01 0.90 -1.1 0.88 -1.3 

 18 -1.73 <0.01 1.00  0.0 0.97 -0.3 

 19 -1.23 <0.01 0.77 -2.9 0.76 -2.9 

 20 -2.27 <0.01 0.97 -0.3 0.97 -0.3 

Care for 21 -2.69 <0.01 1.09  1.0 1.10  1.2 

Others 22 -2.85 <0.01 0.88 -1.2 0.89 -1.2 

 23 -1.72 <0.01 1.47  4.5 1.49  4.8 

 24 -2.66 <0.01 1.26  2.6 1.22  2.3 

 25 -2.25 <0.01 1.15  1.6 1.19  2.1 

 26 -1.83 <0.01 1.15  1.6 1.13  1.5 

Self-Control 27 -0.52 <0.01 0.81 -2.4 0.80 -2.4 

  28 -0.95 <0.01 0.74 -3.2 0.77 -2.8 

  29 -0.73 <0.01 0.83 -2.1 0.83 -2.0 

  30 -0.48 <0.01 0.81 -2.4 0.82 -2.1 

  31 -1.39 <0.01 1.30  3.1 1.29  3.0 

Respect for 32 -1.69 <0.01 1.03  0.3 1.02  0.3 

Human 33 -1.71 <0.01 0.98 -0.2 1.01  0.1 

Dignity 34 -1.31 <0.01 1.12  1.3 1.11  1.2 

  35 -0.98 <0.01 1.39  4.0 1.38  3.9 

  36 -1.88 <0.01 1.00  0.0 0.98 -0.2 

  37 -1.94 <0.01 1.30  3.0 1.28  2.9 

  38 -1.28 <0.01 1.09  1.0 1.09  1.0 

Attention 39 -1.73 <0.01 1.10  1.1 1.08  0.9 

to Detail 40 -2.02   0.01 0.82 -2.1 0.84 -1.9 

  41 -1.59 <0.01 1.39  3.9 1.33  3.4 

Excellence 42 -1.78 <0.01 1.32  3.2 1.25  2.6 

  43 -1.65 <0.01 1.16  1.7 1.11  1.2 

  44 -1.35 <0.01 0.82 -2.1 0.85 -1.8 

  45 -2.01 <0.01 0.91 -1.0 0.88 -1.4  
Note.  An alternative constraint of setting the means of each latent dimension to zero was used such that all 

item difficulty parameters were estimated. 

Post hoc model modifications.  Based on the examination of the infit and outfit 

mean-square t-statistics from Table 37 (i.e., non-fitting items with the largest absolute 

values for t were removed from the model), the following 27 items were retained while 

maintaining three items in each dimension in accordance with the research design:  item1, 
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item4-item5, item7-item9, item11-item12, item14, item17-item18, item20-item22, item26-

item27, item29-item30, item32-item33, item36, item39-item41, and item43-item45.   

The ConQuest command file executed for fitting the Rasch rating scale model 

using Monte Carlo estimation to the CMV data to implement the modified nine-factor 

multidimensional model is shown in Figure 34.  A graphical representation of the post 

hoc nine-factor multidimensional model is illustrated in Figure 35. 

 

Figure 34. CMV Nine-Factor Modified Multidimensional Model Specification 

(ConQuest 3.0) 
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Figure 35. CMV Nine-Factor Post Hoc Multidimensional Model Specification (Amos 

Version 18) 

 

The analysis produced estimates for 75 parameters—including the means and 

variances of θD1 through θD9, 18 item difficulty parameters (e.g., one parameter was 

constrained per dimension for model identification), three step parameters (e.g., one 

parameter was constrained for model identification), and 36 unique elements of the 

variance-covariance matrix—with a model fit statistic, G
2
 = 14501.16, and a degree of 
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parsimony fit index, AIC = 14651.16.  The reliability of the θDi estimates are displayed in 

Table 38.  

Table 38 

CMV Nine-Factor Post Hoc Model Multidimensional Reliabilities 

       

  Subscale    Items        Reliability  

Courage     1,4,5      0.76 

Accountability      7-9       0.80 

Humility  11,12,14      0.77 

Duty   17,18,20      0.79 

Care for Others21,22,26      0.76 

Self-Control  27,29,30      0.78 

RfHD   32,33,36      0.72 

AtD     39-41      0.77 

Excellence    43-45      0.83  
Note.  RfHD = Respect for Human Dignity and 

AtD = Attention-to-Detail. 

Item difficulty parameter estimates and item fit statistics are given for the 

modified nine-factor multidimensional model in Table 39.  Item difficulty estimates 

ranged from -0.55 logits to -3.37 logits.  With the mean of each θDi latent dimension 

constrained to zero such that all item difficulty parameters were estimated, each 

parameter estimate was a negative value indicating the item’s relative ease of positive 

endorsement (i.e., ease in responding to “like me” or “very much like me” on the rating 

scale).  Infit and outfit mean-squares ranged from 0.82 to 1.44 and their t statistics ranged 

from -2.1 to 4.2, respectively.  According to de Ayala (2009), a cutoff criteria between 

0.5 and 1.5 for infit and outfit mean-squares is considered acceptable for fit adequacy; 

however, according to Bond and Fox (2007), the expected value for the t statistic is zero 

with a cutoff criteria outside the range -2.0 ≤ t ≤ 2.0.    
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Table 39 

Item Difficulty Estimates for CMV Nine-Factor Post Hoc Multidimensional Model 

             

            Infit   Outfit   

 Dimension Item Estimate Std. Error MNSQ t MNSQ t   

Courage   1 -2.18 <0.01 1.30  3.0 1.30  3.1 

   4 -1.70 <0.01 1.25  2.6 1.27  2.8 

   5 -0.55 <0.01 1.07  0.9 1.09  1.0 

Accountability   7 -1.10 <0.01 1.26  2.7 1.28  2.9 

   8 -2.12 <0.01 1.00  0.0 0.95 -0.5 

   9 -1.79 <0.01 1.17  1.8 1.16  1.8 

Humility 11 -1.45 <0.01 1.35  3.6 1.35  3.6 

 12 -1.26 <0.01 1.28  2.9 1.32  3.3 

 14 -3.06   0.01 1.27  2.7 1.16  1.7 

Duty 17 -2.15 <0.01 0.90 -1.1 0.86 -1.6 

 18 -2.16 <0.01 1.02  0.3 1.00  0.1 

 20 -2.80 <0.01 0.98 -0.1 0.96 -0.4 

Care for 21 -3.18 <0.01 1.44  4.2 1.37  3.8 

Others 22 -3.37 <0.01 1.04  0.5 0.99 -0.1 

 26 -2.19 <0.01 1.22  2.3 1.16  1.7 

Self-Control 27 -0.72 <0.01 0.99 -0.1 0.98 -0.2 

 29 -0.96 <0.01 1.03  0.4 1.04  0.5 

  30 -0.66 <0.01 0.97 -0.3 1.00  0.0 

Respect for 32 -2.01 <0.01 1.27  2.8 1.26  2.7 

Human 33 -2.03 <0.01 1.17  1.9 1.15  1.6 

Dignity 36 -2.23 <0.01 1.22  2.3 1.21  2.2 

Attention 39 -2.10 <0.01 1.17  1.8 1.15  1.7 

to Detail 40 -2.44 <0.01 0.82 -2.1 0.83 -1.9 

  41 -1.94 <0.01 1.36  3.6 1.26  2.8 

Excellence 43 -2.01 <0.01 1.31  3.2 1.26  2.7 

  44 -1.66 <0.01 0.93 -0.8 0.96 -0.5 

 45 -2.44 <0.01 1.05  0.5 0.99 -0.1  
Note.  An alternative constraint of setting the means of each latent dimension to zero was used such that all 

item difficulty parameters were estimated. 

 The item-person map, in which the mean of each θDi latent dimension was 

constrained to zero such that all item difficulty parameters were estimated, is illustrated 

in Figure 36.  This map, from left to right, provides visual estimates of cadet perceived 

virtue abilities on each dimension (i.e., the latent ability distributions for each dimension 

are annotated by groupings of ‘x’ where each ‘x’ represents 2.5 cases) followed by the 
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item difficulties relative to each dimension.  Since the items are plotted based on their 

estimated difficulty logit positions (e.g., the numeral ‘3’ representing item5 is plotted at 

its difficulty estimate of -0.55 logit), items near the top of the grouping of numerals are 

more difficult to endorse than those at the bottom. 

 By constraining the mean of each θDi latent dimension to zero (i.e., scaling the 

item difficulty parameters to the θ metric), the item-person map clearly revealed two 

problematic areas:  1) the items are only measuring levels of cadet virtue abilities near 

and below the latent trait means on each dimension, and 2) that while the items are fairly 

dispersed from near the means of the latent trait and below, there is too much item 

overlap (i.e., item difficulty redundancy) between the -2.0 and -2.5 logit positions.  
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Figure 36. CMV Nine-Factor Post Hoc Multidimensional Model Latent Variable Item-

Person Map (ConQuest 3.0).  1 = item1; 2 = item4; 3 = item5; 4 = item7; 5 = item8; 6 = 

item9; 7 = item11; 8 = item12; 9 = item14; 10 = item17; 11 = item18; 12 = item20; 13 = 

item21; 14 = item22; 15 = item26; 16 = item27; 17 = item29; 18 = item30; 19 = item32; 

20 = item33; 21 = item36; 22 = item39; 23 = item40; 24 = item41; 25 = item43; 26 = 

item44; 27 = item45. 

 

Another perspective was gained from review of the item-person map in Figure 37, 

in which the means of the item difficulty parameters on each dimension were constrained 

to zero such that the means for each latent ability distribution were estimated.  Inspection 

of the item-person maps, based on the means of each latent trait distribution being greater 

than the model expected value of zero, revealed that cadets found it easy to endorse the 
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items relative to each dimension’s mean.  Along the range of endorsability, items from 

the care for others dimension with a mean of 2.80 logits were very easy to endorse while 

items from the self-control dimension with a mean of 0.71 logit were somewhat easy to 

endorse. 

 

 
Figure 37. CMV Nine-Factor Post Hoc Multidimensional Model Latent Variable Item-

Person Map (ConQuest 3.0).  1 = item1; 2 = item4; 3 = item5; 4 = item7; 5 = item8; 6 = 

item9; 7 = item11; 8 = item12; 9 = item14; 10 = item17; 11 = item18; 12 = item20; 13 = 

item21; 14 = item22; 15 = item26; 16 = item27; 17 = item29; 18 = item30; 19 = item32; 

20 = item33; 21 = item36; 22 = item39; 23 = item40; 24 = item41; 25 = item43; 26 = 

item44; 27 = item45.  Courage mean = 1.43 logits; Accountability mean = 1.59 logits; 

Humility mean = 1.79 logits; Duty mean = 2.25 logits; Care for Others mean = 2.80 

logits; Self-Control mean = 0.71 logits; Respect for Human Dignity mean = 2.03 logits; 

Attention to Detail mean = 2.12 logits; Excellence mean = 1.88 logits. 
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Research Question Four 

The latent factor structures of the September 2012 LMI self-rating and 

subordinate-rating versions were assessed by IRT techniques on the unidimensional 

theoretical model (Rosebush, 2012) and on the competing six-factor hypothetical 

multidimensional model by incorporating Allen and Wilson’s (2006) three phased 

approach—composite, consecutive, and multidimensional—with ConQuest 3.0 modeling 

software (Wu et al., 2012). 

LMI self-rating model.  The unidimensional theoretical model, based on 

Rosebush’s (2012) EFA results, contained 29 items designed to measure cadet element 

leader effectiveness.  The competing hypothetical model formed a multidimensional 

construct based on the following six USAF institutional leadership effectiveness sub-

competencies:  develops and inspires others, takes care of people, builds teams and 

coalitions, negotiating, vision, and adaptability. 

Composite approach.  The composite approach was applied as a means of 

comparison with the consecutive and multidimensional approaches.  The total score, 

based on responses to each item on the LMI, was treated as the indicator of a single 

estimate (i.e., unidimensional) of a cadet element leader’s perception of their overall 

effectiveness (i.e., θ).  The ConQuest command file executed for fitting the Rasch rating 

scale model using Gauss-Hermite Quadrature estimation to the LMI data to implement 

the composite approach is provided in Figure 38.  A graphical representation of the 

composite approach is illustrated in Appendix Q. 
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Figure 38. LMI Self-Rating Composite Model Specification (ConQuest 3.0) 

The analysis produced estimates for 33 parameters—including the mean and 

variance of θ, 28 item difficulty parameters (e.g., one parameter was constrained for 

model identification), and three step parameters (e.g., one parameter was constrained for 

model identification)—with a model fit statistic, G
2
 = 29457.87, and a degree of 

parsimony fit index, AIC = 29523.87.  The reliability of the perceived cadet element 

leader effectiveness estimates was 1.00. 

Consecutive approach.  The consecutive approach was applied as a means of 

comparison with the composite and multidimensional approaches.  This approach 

modeled each hypothetical USAF institutional sub-competency subscale separately as 

unidimensional constructs which produced independent θD estimates and standard errors 

for each dimension.  The ConQuest command file executed for fitting the Rasch rating 

scale model using Gauss-Hermite Quadrature estimation to the LMI self-rating data to 

implement the consecutive approach for the develops and inspires others subscale is 

provided in Figure 39 (command files for the other subscales were similar).  A graphical 

representation of the consecutive approach is illustrated in Appendix R. 
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Figure 39. LMI Self-Rating Consecutive Model Specification (Develops and Inspires 

Others Subscale Only—Other Subscales Similar) (ConQuest 3.0) 

 

Results of these independent analyses to include the model fit statistics, the 

number of parameters, the degree of parsimony fit indices, and the reliability of the θD 

estimates are displayed in Table 40.  The analyses produced estimates for 53 

parameters—including the means and variances of each θD, 23 item difficulty parameters 

(e.g., one parameter was constrained per model for identification), and 18 step parameters 

(e.g., one parameter was constrained per model for identification). 

Table 40 

LMI Self-Rating Model Consecutive Approach Fit Results 

             

  Subscale    Items        G
2
  Parameters      AIC  Reliability  

DaIO        1-6  3746.88       10    3766.88      0.76 

TCoP        7-9  2059.88         7    2073.88      0.54 

BTaC    10-15  3850.53       10    3870.53      0.74 

Negotiating   16-18  2258.39         7    2272.39      0.66 

Vision    19-24  3784.55       10    3804.55      0.77 

Adaptability   25-29  3033.68         9    3051.68      0.84  
Note.  DaIO = Develops and Inspires Others; TCoP = Takes Care of People; BTaC = Builds Teams and 

Coalitions. 

Multidimensional approach.  The multidimensional approach was applied as a 

means of comparison with the composite and consecutive approaches.  By incorporating 

the correlations between the dimensions, this approach simultaneously estimated separate 

cadet element leader effectiveness abilities, θDi, across each latent dimension.  The 

ConQuest command file executed for fitting the Rasch rating scale model using Monte 

Carlo estimation to the LMI self-rating data to implement the multidimensional approach 


