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MEMO 
 
To:  Kirk McClure, Planning Director 
From:  Zach Tusinger 
Date:  May 6, 2015 
Re:  Mortgage Revenue Bond (MRB) Financing 
 
 
This document summarizes the procedures and outcomes of multivariate regression modeling to examine 
recent sales of single-family homes to determine if there is any evidence that sellers are raising the price 
of homes if buyers have Mortgage Revenue Bond (MRB) financing provided by the State Housing 
Finance Agency. Based on this analysis, the availability of MRB financing has no influence on the 
selling price of a home. Additionally, homes purchased with MRB financing tend to be found in the 
same neighborhoods as conventional lenders, leading to the conclusion that there is no displacement 
of conventional lenders.  
 

 
Concerns have been raised by recently published research that indicates that sellers of homes raise the 
selling price of a home if the buyer has been able to arrange MRB loan financing. The State Housing 
Finance Agency (the Agency) has asked that planners examine the data on 285 recent home sales in the 
metropolitan area served by the Agency. Some of the homes were sold with MRB financing, while others 
were sold with unsubsidized financing from conventional lenders.  
 
Home prices can vary for many reasons and the data on the 285 homes includes variables reflective of 
many of the characteristics of the homes. Because of the wide variation caused by of these factors it is 
impossible to compare two samples of homes, one with and one without MRB financing.  
 
In order to determine if MRB financing is leading to a change in home prices, multivariate regression is 
used. Hedonic price models like this standardize the selling prices of goods: in this case homes. By 
looking at the regression coefficients in the model we can tell which variables may be leading to an 
increase in prices. Alternative forms of the model were generated using the LIN-LOG method and did not 
lead to any different conclusions. The data appears to be normally distributed, and outliers account for 
less than 1 percent of the data.  
 
Based on the analysis of the residuals the model can be seen as robust. However, there is a bias built into 
the model that over predicts the values of cheaper homes and under predicts the more expensive homes. 
This may mean additional data points and additional variables could be included to improve the strength 
of the model and eliminate or reduce this bias.  
 
We cannot conclude that MRB financing is influencing the selling price of homes. The coefficient for 
MRB financing in the model cannot be distinguished from zero at better than a .05 level. Additionally, 
analysis of GIS data indicates that the homes purchased with MRB financing tend to be found in the same 
neighborhoods as those purchased with conventional financing. Additionally, they are distributed fairly 
evenly across the county in terms of price. There is no discernible displacement of conventional lenders.  
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Descriptives  
Before looking at the regression model it is important to first conduct explanatory research. This includes 
looking at descriptive statistics as well as correlation data. We can see from the data in the Descriptives 
Table that the mean sale price of the homes in the data set is $46,500, with a standard deviation of 
$12,500. Additionally, we can see that 44% of the homes in the data set were purchased with the 
assistance of MRB financing.  
 
Descriptive Statistics 
 Mean Std. Deviation N 
Sale Price 46570.30 12634.750 285 
Month of Sale 8.98 2.571 285 
Number of Bedrooms 2.86 .637 285 
Number of Bathrooms 1.363 .4827 285 
Number of Square Feet in Home 901.03 276.098 285 
Number of Garage Spaces 1.11 .660 285 
Number of Square Feet in Lot 9116.49 5082.086 285 
Air Conditioning .04 .193 285 
Basement .80 .403 285 
Age of home in years 26.02 12.355 285 
Suburban school district .68 .466 285 
Central City Address .55 .499 285 
MRB Financing .44 .498 285 

 
Correlation Table 
From the correlation table we can see that there are a number of independent variables that that are related 
to the dependent variable home price, among them: the number of garage spaces the home has, the 
number of bathrooms, square footage, the home’s age, and the number of bedrooms. By virtue of the 
results in the correlation matrix the Number of Garage Spaces, Number of Bathrooms, Number of Square 
Feet in Home, and Age of Home in Years ought to be entered into the model. The correlation table also 
suggests that Month of Sale and Air Conditioning are not significant and are probably not important to the 
model. Interestingly, and with some degree of sense, it appears Age of Home in Years negatively impacts 
the price of homes.  
 
Correlations 

 
Sale 
Price 

Month of 
Sale 

Number of 
Bedrooms 

Number of 
Bathrooms 

Number of 
Square Feet 
in Home 

Number of 
Garage 
Spaces 

Number of 
Square Feet 
in Lot 

Air 
Conditioning Basement 

Age of 
home in 
years 

Suburban 
school 
district 

Central 
City 
Address 

MRB 
Financing 

Pearson 
Correlation 

Sale Price 1.000 .008 .430 .569 .564 .633 .240 -.002 .309 -.500 .388 -.054 -.071 
Month of Sale .008 1.000 -.019 .114 .049 .086 .069 -.005 -.011 .046 -.003 .004 -.829 
Number of Bedrooms .430 -.019 1.000 .463 .511 .188 .070 -.012 .174 -.190 .191 .083 .024 
Number of Bathrooms .569 .114 .463 1.000 .556 .351 .080 -.113 .227 -.214 .144 .122 -.128 
Number of Square Feet 
in Home .564 .049 .511 .556 1.000 .319 .129 -.006 .229 -.204 .118 .028 -.082 

Number of Garage 
Spaces .633 .086 .188 .351 .319 1.000 .243 .078 .163 -.446 .353 -.064 -.115 

Number of Square Feet 
in Lot .240 .069 .070 .080 .129 .243 1.000 .256 .016 -.138 .241 -.128 -.046 

Air Conditioning -.002 -.005 -.012 -.113 -.006 .078 .256 1.000 -.080 .074 .019 -.037 .042 
Basement .309 -.011 .174 .227 .229 .163 .016 -.080 1.000 -.123 -.100 -.180 -.041 
Age of home in years -.500 .046 -.190 -.214 -.204 -.446 -.138 .074 -.123 1.000 -.599 .214 -.035 
Suburban school district .388 -.003 .191 .144 .118 .353 .241 .019 -.100 -.599 1.000 -.087 .012 
Central City Address -.054 .004 .083 .122 .028 -.064 -.128 -.037 -.180 .214 -.087 1.000 -.028 
MRB Financing -.071 -.829 .024 -.128 -.082 -.115 -.046 .042 -.041 -.035 .012 -.028 1.000 

Sig. (1-
tailed) 

Sale Price . .447 .000 .000 .000 .000 .000 .487 .000 .000 .000 .180 .116 
Month of Sale .447 . .374 .027 .204 .073 .124 .463 .427 .222 .482 .476 .000 
Number of Bedrooms .000 .374 . .000 .000 .001 .120 .420 .002 .001 .001 .082 .346 
Number of Bathrooms .000 .027 .000 . .000 .000 .089 .028 .000 .000 .008 .020 .015 
Number of Square Feet 
in Home .000 .204 .000 .000 . .000 .015 .457 .000 .000 .023 .318 .085 

Number of Garage 
Spaces .000 .073 .001 .000 .000 . .000 .096 .003 .000 .000 .141 .026 

Number of Square Feet 
in Lot .000 .124 .120 .089 .015 .000 . .000 .393 .010 .000 .015 .222 

Air Conditioning .487 .463 .420 .028 .457 .096 .000 . .090 .108 .378 .265 .242 
Basement .000 .427 .002 .000 .000 .003 .393 .090 . .019 .047 .001 .243 
Age of home in years .000 .222 .001 .000 .000 .000 .010 .108 .019 . .000 .000 .278 
Suburban school district .000 .482 .001 .008 .023 .000 .000 .378 .047 .000 . .071 .420 
Central City Address .180 .476 .082 .020 .318 .141 .015 .265 .001 .000 .071 . .319 
MRB Financing .116 .000 .346 .015 .085 .026 .222 .242 .243 .278 .420 .319 . 
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Certain problems may arise as the correlation table also indicates that certain independent variables are 
correlated. For example, the table indicates that Number of Bathrooms and Number of Bedrooms both 
have a reasonably strong correlation with Square feet in home. Our model may not function correctly if 
two correlated independent variables are included. 
 
To address these problems of multicollinearity, the stepwise procedure is used to determine which 
independent variables should be entered into the model. The stepwise process proceeds through sequential 
steps to determine the independent variable that should be entered into the model. This method is 
designed with the goal of building the strongest model possible using the available independent variables, 
but to only include the variables that do not suffer from multicollinearity.  
 
The first variable chosen is the one with the highest significant correlation with the dependent variable. 
After this variable is entered, a model is estimated and residuals are calculated. The second variable 
selected is the variable with the highest significant correlation with the residuals from the preceding 
model. At each point along the way, the variables from prior steps are examined to see if they continue to 
be significant. If not, it is omitted. The process continues until there are no more significant independent 
variables to be added.  
 
Variables Entered/Removeda 
Model Variables Entered Variables Removed Method 
1 Number of Garage 

Spaces . Stepwise (Criteria: Probability-of-F-to-enter <= 
.050, Probability-of-F-to-remove >= .100). 

2 Number of Square 
Feet in Home . Stepwise (Criteria: Probability-of-F-to-enter <= 

.050, Probability-of-F-to-remove >= .100). 
3 Age of home in years . Stepwise (Criteria: Probability-of-F-to-enter <= 

.050, Probability-of-F-to-remove >= .100). 
4 Number of Bathrooms . Stepwise (Criteria: Probability-of-F-to-enter <= 

.050, Probability-of-F-to-remove >= .100). 
5 Basement . Stepwise (Criteria: Probability-of-F-to-enter <= 

.050, Probability-of-F-to-remove >= .100). 
6 Suburban school 

district . Stepwise (Criteria: Probability-of-F-to-enter <= 
.050, Probability-of-F-to-remove >= .100). 

 
Model Summary 

Model R R Square Adjusted R Square 
Std. Error of the 
Estimate 

1 .633a .401 .398 9799.737 
2 .739b .546 .543 8539.883 
3 .770c .593 .589 8101.218 
4 .796d .633 .628 7709.486 
5 .803e .645 .638 7597.116 
6 .809f .654 .647 7509.420 
a. Predictors: (Constant), Number of Garage Spaces 
b. Predictors: (Constant), Number of Garage Spaces, Number of Square Feet in Home 
c. Predictors: (Constant), Number of Garage Spaces, Number of Square Feet in Home, Age 
of home in years 
d. Predictors: (Constant), Number of Garage Spaces, Number of Square Feet in Home, 
Age of home in years, Number of Bathrooms 
e. Predictors: (Constant), Number of Garage Spaces, Number of Square Feet in Home, Age 
of home in years, Number of Bathrooms, Basement 
f. Predictors: (Constant), Number of Garage Spaces, Number of Square Feet in Home, Age 
of home in years, Number of Bathrooms, Basement, Suburban school district 
 
Here, twelve independent variables were considered for inclusion, but ultimately only six were included. 
The Model Summary shows us how the model evolved with each step. With the addition of each 
significant variable the R Square statistic rises and the standard error of the estimate falls as the predictive 
power of the model grows. For this model the final R Square statistic is .65 and the standard error is 
$7,500.  
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ANOVAa 

Model Sum of Squares df Mean Square F Sig. 
1 Regression 18159023916.154 1 18159023916.154 189.088 .000b 

Residual 27177860363.495 283 96034842.274   
Total 45336884279.649 284    

2 Regression 24770734455.161 2 12385367227.580 169.826 .000c 
Residual 20566149824.489 282 72929609.307   
Total 45336884279.649 284    

3 Regression 26894928769.815 3 8964976256.605 136.599 .000d 
Residual 18441955509.834 281 65629734.910   
Total 45336884279.649 284    

4 Regression 28694754021.753 4 7173688505.438 120.696 .000e 
Residual 16642130257.897 280 59436179.492   
Total 45336884279.649 284    

5 Regression 29234074302.606 5 5846814860.521 101.303 .000f 
Residual 16102809977.043 279 57716164.792   
Total 45336884279.649 284    

6 Regression 29660078314.031 6 4943346385.672 87.661 .000g 
Residual 15676805965.618 278 56391388.366   
Total 45336884279.649 284    

 
The sixth version of the model is significant (F Score is 87.661 at a significance of better than .05). The 
model included six independent variables: Number of Garage Spaces, Number of Square Feet in Home, 
Age of home in years, Number of Bathrooms, Basement, and Suburban School District. Each of the six 
variables has partial regression coefficients that are significant at better than the .05 level. On the whole, 
most of the same variables predicted by the correlation table are included in the final model.  
 
Coefficientsa 

Model 
Unstandardized Coefficients Standardized Coeffs. 

t Sig. B Std. Error Beta 
1 (Constant) 33132.444 1136.639  29.149 .000 

Number of Garage Spaces 12119.584 881.365 .633 13.751 .000 
2 (Constant) 19246.888 1762.914  10.918 .000 

Number of Garage Spaces 9659.501 810.350 .504 11.920 .000 
Number of Square Feet in Home 18.438 1.936 .403 9.521 .000 

3 (Constant) 28570.629 2341.509  12.202 .000 
Number of Garage Spaces 7693.334 842.839 .402 9.128 .000 
Number of Square Feet in Home 17.669 1.842 .386 9.592 .000 
Age of home in years -247.938 43.581 -.242 -5.689 .000 

4 (Constant) 25502.669 2296.974  11.103 .000 
Number of Garage Spaces 6849.991 816.594 .358 8.388 .000 
Number of Square Feet in Home 12.126 2.022 .265 5.998 .000 
Age of home in years -239.499 41.502 -.234 -5.771 .000 
Number of Bathrooms 6439.249 1170.161 .246 5.503 .000 

5 (Constant) 23805.243 2330.611  10.214 .000 
Number of Garage Spaces 6725.115 805.728 .351 8.347 .000 
Number of Square Feet in Home 11.434 2.005 .250 5.703 .000 
Age of home in years -234.446 40.930 -.229 -5.728 .000 
Number of Bathrooms 6073.117 1159.309 .232 5.239 .000 
Basement 3549.576 1161.186 .113 3.057 .002 

6 (Constant) 19412.745 2803.761  6.924 .000 
Number of Garage Spaces 6420.030 804.125 .335 7.984 .000 
Number of Square Feet in Home 11.478 1.982 .251 5.791 .000 
Age of home in years -162.325 48.222 -.159 -3.366 .001 
Number of Bathrooms 5982.768 1146.398 .229 5.219 .000 
Basement 4311.992 1180.826 .138 3.652 .000 
Suburban school district 3405.848 1239.153 .126 2.749 .006 

a. Dependent Variable: Sale Price 
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The data indicates that the Age of the home negatively impacts the price of the home, while the other five 
independent variables positively impact the price of the home. This is as expected. While this is a strong 
model at an R Square of .65, it does have one flaw: it does not include MRB, which is the independent 
variable we are specifically looking at. As it was not included, the regression analysis needs to be rerun.  
 
 
Regression Model with MRB Included 
 
Because the MRB variable was not included in the final version of the model generated by the stepwise 
method, the analysis is rerun using just the variables entered in the final step of the stepwise method plus 
the MRB variable. The Model Summary indicates that the model is still statistically significant as the R 
Square is .65. The standard error of the estimated value of the dependent variable is $7,520. The F Score 
is 74.954 and is significant at better than the .001 level. 
 
Model Summaryb 

Model R R Square Adjusted R Square 
Std. Error of the 
Estimate 

1 .809a .654 .646 7520.154 
a. Predictors: (Constant), Suburban school district, MRB Financing, Basement, Number of 
Square Feet in Home, Number of Garage Spaces, Number of Bathrooms, Age of home in 
years 
b. Dependent Variable: Sale Price 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 29671783003.625 7 4238826143.375 74.954 .000b 

Residual 15665101276.024 277 56552712.188   
Total 45336884279.649 284    

a. Dependent Variable: Sale Price 
b. Predictors: (Constant), Suburban school district, MRB Financing, Basement, Number of Square Feet in Home, Number of 
Garage Spaces, Number of Bathrooms, Age of home in years 
 
Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 19068.660 2907.852  6.558 .000 

MRB Financing 414.913 912.019 .016 .455 .650 
Number of Garage Spaces 6459.872 810.022 .337 7.975 .000 
Number of Square Feet in Home 11.482 1.985 .251 5.785 .000 
Age of home in years -160.414 48.473 -.157 -3.309 .001 
Number of Bathrooms 6027.171 1152.178 .230 5.231 .000 
Basement 4316.982 1182.565 .138 3.651 .000 
Suburban school district 3404.545 1240.927 .125 2.744 .006 

a. Dependent Variable: Sale Price 
 
Is the MRB financing really adding to the prices of homes? The coefficient table here indicates that MRB 
financing may be contributing to an increase of $415 in the price of homes. However, upon close 
examination we can see that the significance is .650. What this means is that 65% of the time you could 
get this randomly. Because the coefficient cannot be distinguished from zero at a better than a .05 level 
we must therefore conclude it has no influence.  
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Residual Analysis 
It is now necessary to determine the quality of the model itself. Residuals are simply the difference 
between the actual values of the dependent variable and the predicted value of the dependent variable for 
each case. This analysis tests whether or not the model adheres to the assumptions required of the 
regression model. The final model including the seven dependent variables (Number of Garage Spaces, 
Number of Square Feet in Home, Age of home in Years, Number of Bathrooms, Basement, and Suburban 
School District, and MRB), is analyzed for residuals: 
 
Test for Outliers 

Casewise Diagnosticsa 

Case Number Std. Residual Sale Price Predicted Value Residual 

3 3.024 67000 44256.95 22743.049 

157 4.026 77000 46724.25 30275.749 

a. Dependent Variable: Sale Price 
 
While there are technically two outliers according to Casewise, these represent less than one percent of 
our total number of cases. Because there are so few outliers and neither of them large, there is no worry 
that there are outliers unduly influencing the model.  
 
Histogram: Test for Normal Distribution of Residuals 

 
The histogram of the residuals indicates that the residuals seem to be normally distributed. There appear 
to be some outliers on the high end as well as a little more peak towards the middle. On the whole 
however, the frequency bars appear to match the superimposed normal curve. It does not appear that the 
data is biased from this histogram.  
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Residual Plots 
The following residual plots help to indicate equal variance of the residuals and linear behavior of the 
residuals. In order to have equal variance, the residuals should have approximately the same vertical 
dispersion all along the distribution of the dependent variable. Linear behavior is demonstrated when the 
residuals are not clustered (or biased) above or below the horizontal axis at any one point.  
 

             
The standardized version (left) of the predicted value of the dependent variable along the vertical axis and 
the actual value of the dependent variable along the horizontal axis are shown above. It should follow a 
diagonal path. Here the diagonal is pretty clear, but in many circumstances it is hard to tell, and tends to 
be less informative, leading to its lack of use.  
 
The plot on the right shows the standardized version of the residuals. Standardized residual plots like this 
should follow a horizontal path with the vertical distribution away from the center close to constant all the 
way across. Here, a diagonal rather than a horizontal can be observed. The variance (vertical distribution), 
has some variation. It seems to be slightly less at the low end and a little higher at the high end. 
Additionally, the loose diagonal of the residuals shows some bias with negative residuals when the home 
price is low and higher, positive residuals when the home is high. Additional data may be required to 
increase the explanatory power of the model to correct this bias. Alternative forms of the model may also 
help correct this.  
 
Testing an Alternative Function For to Correct Non-linear Residuals: Stepwise with 
Forced Entry of MRB 
 
A new regression model is estimated using the linear form of the home price variable as the dependent 
variable and the natural log form of the interval level independent variables. Variables that are 
dichotomous are not modified. This is a semi-log model, and it is estimated using the stepwise technique. 
The data has not been truncated in any way as there is no problems associated with outliers present in the 
data.  
 
The stepwise procedure here entered seven total variables on its own. An additional eighth variable, 
MRB, was added through forced entry. The coefficients of the variables are all significant and of the 
expected sign. The data was not truncated to correct for outliers as this was not an issues in the original 
model. Two outliers remain in this model but comprise less than 1 percent of the data, which should not 
create a problem.  
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Model Summaryb 

Model R R Square Adjusted R Square 
Std. Error of the 
Estimate 

1 .818a .669 .659 7374.106 

 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 30328710441.930 8 3791088805.241 69.718 .000b 

Residual 15008173837.719 276 54377441.441   
Total 45336884279.649 284    

a. Dependent Variable: Sale Price 
b. Predictors: (Constant), MRB Financing, Suburban school district, Basement, Log of Number of Square Feet in Home, 
Log of Number of Square Feet in Lot, Log of Number of Garage Spaces, Log of Age of Home in Years, Log of Number of 
Bathrooms 
 
Coefficientsa 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) -75436.215 15590.592  -4.839 .000 

Log of Number of Bathrooms 8520.721 1694.228 .216 5.029 .000 
Log of Number of Garage Spaces 10767.288 1432.537 .304 7.516 .000 
Log of Number of Square Feet in 
Home 13242.619 1897.174 .295 6.980 .000 

Log of Age of Home in Years -2980.897 812.772 -.152 -3.668 .000 
Log of Number of Square Feet in 
Lot 2934.927 1117.937 .100 2.625 .009 

Basement 4270.396 1157.264 .136 3.690 .000 
Suburban school district 3177.924 1158.258 .117 2.744 .006 
MRB Financing 189.096 890.983 .007 .212 .832 

a. Dependent Variable: Sale Price 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The forced procedure here entered eight total variables. The model is significant with a slightly higher R 
square statistic of .669. The coefficients of the variables are all significant, with the notable exception of 
MRB, and of the expected sign.  
 
The residuals appear to be mostly normally distributed and the residuals appear to be of mostly equal 
variance. The residuals here in the LIN-LOG model continue to reflect a bias in the model that is over-
predicting the price of cheaper homes and over-predicting the price of more expensive homes. There does 
not appear to be much improvement here over the other models.  
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  Spatial Analysis 
 
The State Housing Finance Agency (SHFA) has requested further analysis regarding the spatial 
distribution of the homes purchased through the MRB program. Specifically, concerns have been raised 
as to whether the MRB program is leading to a “squeeze out effect” of conventional lenders.  
 
Figure 1: Distribution of MRB Financed Homes in Eastern Jackson County, Missouri 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As demonstrated in Figure 1, homes purchased with MRB financing tend to be found in the same 
neighborhoods as those purchased with conventional financing. This shows that there is no displacement 
of conventional lenders.  
 
Statistical analysis shows that in the central city (roughly inside I-435) 41% of the homes were purchased 
with MRB financing. Outside of I-435, 50% of the homes were purchased with MRB financing. A 
difference of proportions test determines that this difference is not significant at a .05 confidence level.  
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  Figure 2: Census Tracts in Eastern Jackson County, Missouri According to Average Price of MRB 
Financed Home Sold 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to Figure 2, MRB financed homes tend to be fairly evenly distributed across the city and 
suburbs in terms of price. Average prices vary widely across the entire area. From this it does not appear 
that MRB financed homes are following the tendency of the market with lower priced homes in the 
central city and higher priced homes in the suburbs.  
 
 
Conclusions 
This hedonic model standardizes the selling prices of homes in this area. This is a robust model, but there 
is some bias present that additional data may eliminate or reduce. While there are many independent 
variables that do affect the price of homes, MRB financing cannot be said to be one of them.  
 
Additionally, analysis of GIS data indicates that the homes purchased with MRB financing tend to be 
found in the same neighborhoods as those purchased with conventional financing. There is no discernible 
displacement of conventional lenders.  
 
 


