
 
 

Executing analyses based on the MDM file 

Once the MDM file is constructed, it can be used as input for the analysis. Model specification 
has three steps: 

1. Specification of the level-1 or within-cell model. In our example, we shall model 
educational attainment (ATTAIN) as the outcome. We first formulate an 
unconditional model that includes no predictor variables at any level. In the 
second or conditional model, we use prior measures of cognitive skill, verbal 
reasoning quotient and reading achievement, father's employment status and 
occupation and father's and mother's education to predict attainment.  

2. Specification of the row- or column-factor prediction model. In the second or 
conditional model, we shall predict each student's intercept with social 
deprivation.  

3. Specification of the residual row, column, and cell-specific effects as random or 
non-random, the effects associated with row-specific predictors as varying 
randomly or fixed over columns, and the effects associated with column-specific 
predictors as varying randomly or fixed over rows. We shall test whether the 
association between social deprivation (a row-specific predictor) and attainment 
varies over schools in the third model. 

 
Following the three steps above, we first specify a model with no student-, neighborhood-, or 
school-level predictors. The purpose is to estimate the components of variation that lie 
between neighborhoods, between schools, and within cells. 

1. From the WHLM window, open the File menu. 
2. Choose Create a new model using an existing MDM file to open an Open 

MDM File dialog box. Open the existing MDM file (ATTAIN.MDM in our example).  
3. Click on the name of the outcome variable (ATTAIN in our example). Click 

Outcome variable. The specified model will appear in equation format (see 
Figure 8). 

 



 
Figure 8 Unconditional model for the attainment example 

 
The results of the analysis are given below. 
 
Problem Title: Unconditional model 
 
The data source for this run = ATTAIN.MDM 
The command file for this run = attain1.hlm 
Output file name = hcm2.html 
The maximum number of level-1 units = 2310 
The maximum number of row-level units = 524 
The maximum number of column-level units = 17 
The maximum number of iterations = 100 
 
Method of estimation: full maximum likelihood 
The maximum number of iterations = 100 
Z-structure: independent 
 
The outcome variable is ATTAIN  
 

Summary of the model specified 
 
Level-1 Model 

      
 ATTAINijk = π0jk + eijk 

 
Level-2 Model 

 
 π0jk = θ0 + b00j + c00k 
 
For starting values, data from 2310 level-1, 524 row-level and 17 column-level records were used 

 



Final Results - iteration 21 
 
Iterations stopped due to small change in likelihood function 
 
 σ2 = 0.79909 
 
τrows 

INTRCPT1   
ICPTROW,b00j 
   0.14105 

 
 τcolumns 

INTRCPT1   
ICPTCOL,c00k 
   0.07546 

 
  
 The intra-neighborhood correlation, the correlation between outcomes of two students who 
live in the same neighborhood but attend different schools, is estimated to be: 
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Thus, about 13.9% of the total variance lies between neighborhoods. 

 
The intra-school correlation is the correlation between outcomes of two students who attend 
the same school but live in different neighborhoods: 
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That is, about 7.4% of the variation lies within schools.  

 
 The intra-cell correlation is the correlation between outcomes of two students who live in the 
same neighborhood and attend the same school: 
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Thus, according to the fitted model, about 21% of the variance lies between cells. 
 

The value of the log-likelihood function at iteration 21 = -3.178356E+003 
 

Final estimation of fixed effects: 
 

Fixed Effect  Coefficient  Standard 
error  t-ratio  Approx. 

d.f.  p-value 

For INTRCPT1, π0 
     INTERCEPT,θ0 0.075357 0.072226 1.043 1769 0.297 
  
Final estimation of row and level-1 variance components: 

 
Random Effect Standard 

 Deviation 
Variance 
 Component   d.f. χ2 p-value 

INTRCPT1/ ICPTROW,b00j 0.37556 0.14105 523 904.83225 <0.001 
level-1, e 0.89392 0.79909       

 
Final estimation of column level variance components: 

 
Random Effect Standard 

 Deviation 
Variance 
 Component   d.f. χ2 p-value 

INTRCPT1/ ICPTCOL,c00k 0.27470 0.07546 16 120.45262 <0.001 
 

Statistics for the current model 
 

Deviance = 6356.711470 
Number of estimated parameters = 4  
 

Specification of a conditional model with the effect associated with a 
row-specific predictor fixed 

The above example involves a model that is unconditional at all levels. In this model we set 
up a level-1 and a row-factor prediction model. 

To set up the level-1 model: 

At the model specification dialog box, select P7VCR, P7READ, DADOCC, DADUNEMP, 
DADED, MOMED, and MALE and grand-mean center all the predictors. Figure 13.9 shows the 
model with the level-1 predictors. In the interest of parsimony, given the small cell sizes and 
within-neighborhood sizes, all level-1 coefficients are fixed. (To specify any of them as 



randomly varying, select the equation containing a specific regression coefficient, pπ , and 
click on 0pb ). 

 

 
Figure 9 Level-1 Prediction Model for the Attainment Study  

To set up the level-2 row-factor prediction model: 

Select the equation containing 0π . A list box for row-factor variables (>>Row<<) will 
appear. Click DEPRIVE and apply the grand-mean centering scheme. In the level-2 model, we 
treated the association between social deprivation and educational attainment as fixed across 
all schools. We relax this assumption in our next model. Figure 10 displays the conditional 
model. Note that c01 is disabled. 

 



 
Figure 10 Conditional Model for the Attainment Study, with Social Deprivation Effect 
Fixed 

The results of the analysis are given below. 
 

Problem Title: Conditional Model, with social deprivation effect fixed 
The data source for this run = ATTAIN.MDM 
The command file for this run = ATTAIN2.hlm 
Output file name = hcm2.html 
The maximum number of level-1 units = 2310 
The maximum number of row-level units = 524 
The maximum number of column-level units = 17 
The maximum number of iterations = 100 
Method of estimation: full maximum likelihood 
The maximum number of iterations = 100 
Z-structure: independent 
 
The outcome variable is ATTAIN  
 

Summary of the model specified 
 
Level-1 Model 
     
 ATTAINijk = π0jk + π1jk*(P7VRQijk) + π2jk*(P7READijk) + π3jk*(DADOCCijk) + π4jk*(DADUNEMPijk)  
         + π5jk*(DADEDijk) + π6jk*(MOMEDijk) + π7jk*(MALEijk) + eijk 

 



Level-2 Model 
     
 π0jk = θ0 + b00j + c00k  + (γ01)*DEPRIVEj 
     π1jk = θ1 
     π2jk = θ2 
     π3jk = θ3 
     π4jk = θ4 
     π5jk = θ5 
     π6jk = θ6 
     π7jk = θ7 
 
P7VRQ P7READ DADOCC DADUNEMP DADED MOMED MALE have been centered around the 
grand mean. 
DEPRIVE has been centered around the grand mean. 
 
For starting values, data from 2310 level-1, 524 row-level and 17 column-level records were used 
 
Final Results - iteration 34 
 
Iterations stopped due to small change in likelihood function 
 
σ2 = 0.45891 
 
τrows 

INTRCPT1   
ICPTROW,b00j 
   0.00014 

 
τcolumns 

INTRCPT1   
ICPTCOL,c00k 
   0.00389 

 
The value of the log-likelihood function at iteration 34 = -2.384802E+003 
 

Final estimation of fixed effects: 
 

Fixed Effect  Coefficient  Standard 
error  t-ratio  Approx. 

d.f.  p-value 

For INTRCPT1, π0 
     INTERCEPT,θ0 0.094740 0.021133 4.483 1769 <0.001 
     DEPRIVE, γ01 -0.156676 0.025178 -6.223 522 <0.001 

For P7VRQ, π1 
     INTERCEPT,θ1 0.027556 0.002263 12.176 1769 <0.001 

For P7READ, π2 
     INTERCEPT,θ2 0.026291 0.001749 15.028 1769 <0.001 

For DADOCC, π3 
     INTERCEPT,θ3 0.008165 0.001359 6.008 1769 <0.001 

  



For DADUNEMP, π4 
     INTERCEPT,θ4 -0.120771 0.046779 -2.582 1769 0.010 

For DADED, π5 
     INTERCEPT,θ5 0.144426 0.040782 3.541 1769 <0.001 

For MOMED, π6 
     INTERCEPT,θ6 0.059440 0.037381 1.590 1769 0.112 

For MALE, π7 
     INTERCEPT,θ7 -0.056058 0.028401 -1.974 1769 0.049 
 
Final estimation of row and level-1 variance components: 
 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

INTRCPT1/ ICPTROW,b00j 0.01184 0.00014 522 548.81015 0.202 
level-1, e 0.67743 0.45891       
 
Final estimation of column level variance components: 
 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

INTRCPT1/ ICPTCOL,c00k 0.06239 0.00389 15 36.38151 0.002 
 
Statistics for the current model 
 
Deviance = 4769.604659 
Number of estimated parameters = 12 

 

Several features of the results are remarkable: 
 

• Several level-1 covariates are significantly related to educational attainment, with 
especially large effects for P7READ and P7VRQ.  

• The residual level-1 variance is estimated to be 0.459, implying that 43% of the 
unconditional level-1 variance (estimated at 0.799) is accounted for by the covariates. 

• Controlling these level-1 effects, a highly significant negative effect of social deprivation 
appears ( $01γ = -0.157, t = –6.22).  

• The residual variation between neighborhoods, 00bτ , (estimated at 0.0001), and between 
schools, 00cτ  (estimated at 0.004) are close to zero; compare to the unconditional 
variance estimates (0.141 and 0.075). The level-2 neighborhood variance component was 
substantially reduced. 

 

Specification of a conditional model with the effect associated with 
the row-specific predictor random 

In the previous model, the relationship between social deprivation and attainment was 
assumed invariant across schools. Now we test the tenability of this assumption.  

 



 
Figure 11 Conditional Model for the Attainment Study, with Social Deprivation Effect 
Random 

To specify the effect of the row-specific predictor random, select the equation containing 0π . 
Click on 01c . Figure 11 displays the conditional model with the social deprivation effect 
specified as random. We compare the model deviance of this model against the one estimated 
in the last analysis.  

 
The results of the analysis are given below. 
 

σ2 = 0.45519 
 
      τrows 
INTRCPT1   
ICPTROW,b00j 
   0.00371 

 
τcolumns 

INTRCPT1   INTRCPT1   
ICPTCOL,c00k DEPRIVE,c01k 
   0.00391    0.00159 
   0.00159    0.00067 

 



The point estimate of the variance of the unique contribution of school k to the association 
between social deprivation and attainment is .001 and that of the covariance between the 
effect with the school random effect is .002. 
 
 
τcolumns (as correlations)  

INTRCPT1/ ICPTCOL,c00k   1.000   0.984 
INTRCPT1/ DEPRIVE,c01k   0.984   1.000 

 
The value of the log-likelihood function at iteration 865 = -2.384254E+003 

 
Final estimation of fixed effects: 

 
Fixed Effect  Coefficient  Standard 

error  t-ratio  Approx. 
d.f.  p-value 

For INTRCPT1, π0 
     INTERCEPT,θ0 0.092434 0.021354 4.329 1752 <0.001 
     DEPRIVE, γ01 -0.159051 0.026763 -5.943 522 <0.001 

For P7VRQ, π1 
     INTERCEPT,θ1 0.027636 0.002263 12.211 1752 <0.001 

For P7READ, π2 
     INTERCEPT,θ2 0.026242 0.001750 14.992 1752 <0.001 

For DADOCC, π3 
     INTERCEPT,θ3 0.008112 0.001360 5.964 1752 <0.001 

For DADUNEMP, π4 
     INTERCEPT,θ4 -0.120306 0.046759 -2.573 1752 0.010 

For DADED, π5 
     INTERCEPT,θ5 0.142622 0.040753 3.500 1752 <0.001 

For MOMED, π6 
     INTERCEPT,θ6 0.060870 0.037358 1.629 1752 0.103 

For MALE, π7 
     INTERCEPT,θ7 -0.056139 0.028383 -1.978 1752 0.048 

 
Final estimation of row and level-1 variance components: 
 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

INTRCPT1/ ICPTROW,b00j 0.06087 0.00371 522 545.30137 0.232 
level-1, e 0.67468 0.45519       
 
Final estimation of column level variance components: 
 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

INTRCPT1/ ICPTCOL,c00k 0.06255 0.00391 15 32.32912 0.006 
INTRCPT1/ DEPRIVE,c01k 0.02582 0.00067 15 9.67718 >0.500 
 
Statistics for the current model 
 
Deviance = 4768.508277 
Number of estimated parameters = 14 

 



Model comparison test 
 

     χ2 statistic = 1.09638 
     Degrees of freedom = 2 
     p-value = >.500 

 
The result of the deviance test is not significant. There is no evidence that the association 
between neighborhood social deprivation and attainment varies over schools. Not 
surprisingly, the standard error for $01γ , the social deprivation effect, remains nearly 
unchanged, as do all inferences about the fixed effects.  
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