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Introduction

To aid in the choice of a student project for the Regression Analysis course, different data sets and examples of multiple regression were considered.  An interesting example found at

http://www.statsci.org/data/general/uscrime.html

examined the number of violent crimes in 47 U.S. States in 1960 and used multiple regression to predict the number of violent crimes in a state using various independent variables, including police expenditures per capita in both 1959 and 1960, the probability of imprisonment, the state population, a dummy variable indicating a Southern state, and various characteristics of the state’s population.  This is an attempt to update the study with more current data to see if many of the relationships continue to hold.  This project uses data from 2005 (the most recent year such data are readily available) to update the study.  The data for the number of violent crimes in the state, population, income and wealth, and unemployment came from the 2008 Statistical Abstract of the United States, available at 

http://www.census.gov/compendia/statab/

and is for the year 2005, the last year that the crime statistics were available.  The data for police expenditures per capita in both 2004 and 2005 can be found at the Bureau of Justice Statistics website,

http://bjsdata.ojp.usdoj.gov/dataonline/Search/EandE/state_exp.cfm

and the data on mean prison time, parolees, and sentencing information are available from the Sourcebook of Criminal Justice Statistics, which can be accessed at

http://www.albany.edu/sourcebook/pdf/t643.pdf

Much of the data in the 1960 study could not be easily updated without time-consuming research into state demographics; hence slightly different independent variables were included in this study.  

Original Model

The fourteen predictors included in this analysis are:  Southern state, a dummy variable with a value 1 if the state is considered a Southern state by the Sourcebook of Criminal Justice Statistics, and 0 otherwise, 2005 median state income, 2005 state unemployment rate, 2005 male labor force participation rate, the percent of the 2005 population of the state with a high school degree or more, the 2005 state population, the percent of the state’s population below the poverty level in 2005, the state’s police expenditures per capita in both 2004 and 2005, the state prison population in 2005, the mean maximum sentence in state courts, the mean time served, the percent of the total sentence served, and the number of parolees in the state.  Because the last three variables did not have data available for all fifty states, only 43 states were included in the study.

Preliminary Results


Minitab was used to conduct the statistical analysis. The Minitab output and explanation follows.  The first attempted regression was conducted and the equation and resulting statistics follow.  The regression equation is:

Violent Crime per 100000 = 1262 

+ 180 southern state 

- 0.00667 median income

                           + 68.8 unemployment rate

                           + 6.51 male labor force participation

-15.5 percent high school or more 

- 0.00259 state pop (1000)

- 1.51 police2004 + 3.08 police2005 

- 3.3 prison per 1000

                           - 2.80 mean max sentence (mos)

                           + 6.79 mean time served (mos)

                           - 3.81 percent sentence served

                           + 0.013 parolees per 100000

                           - 23.0 percent below poverty

Predictor                            Coef   SE Coef      T      P

Constant                             1262      1739   0.73  0.474

southern state                     180.45     74.50   2.42  0.022

median income                   -0.006667  0.005671  -1.18  0.250

unemploy rate                       68.83     33.84   2.03  0.052

male labor force participation      6.508     8.476   0.77  0.449

percent hs or more                 -15.45     13.38  -1.16  0.258

state pop (1000)                -0.002586  0.004322  -0.60  0.554

pol2004                            -1.509     3.273  -0.46  0.648

pol2005                             3.079     3.013   1.02  0.315

prison per 1000                     -3.35     20.73  -0.16  0.873

mean max sentence (mos)            -2.795     3.714  -0.75  0.458

mean time served (mos)              6.790     6.788   1.00  0.326

percent sentence served            -3.807     6.529  -0.58  0.565

parolees per 100000                0.0135    0.1179   0.11  0.910

percent below poverty              -23.03     29.20  -0.79  0.437

S = 140.841   R-Sq = 58.9%   R-Sq(adj) = 38.4%

Analysis of Variance

Source          DF       SS     MS     F      P

Regression      14   796903  56922  2.87  0.009

Residual Error  28   555412  19836

Total           42  1352315

Notice that the t-statistic for many of the predictors is not significant at the 0.05 level.  The F-statistic for the regression is 2.87, and is significant at the 0.05 level.  This implies that the model can be used to predict a state’s number of violent crimes per 100000 residents using these fourteen independent variables.  The regression has an R-squared value of 58.9%, meaning that these predictors account for 58.9% of the variance in the number of violent crimes.  Because there are several determinants of violent crime, and many of these predictors are not readily available, this result is acceptable.  The corrected R-squared (adjusting for the number of independent variables) is 38.4%, which is rather low.  Minitab also computed the residual plots and these were examined.  The residuals were approximately normally distributed.  Computing the standardized residuals (dividing the residual by an estimate of its variance), it was determined that there were two unusual observations.  Mississippi and New Mexico were recorded as unusual observations with unusually high crime rates.  As a result, these two states were deleted from the data set and the regression was redone.  As noted in the text, FBI crime statistics are notoriously unreliable and thus the removal of these two states is justifiable.

Unusual Observations

Violent

southern  
Crime per

     state     100000    Fit  SE Fit  Residual  St Resid

Mississippi      
1.00      278.4  552.3    80.0    -273.9     -2.36R

New Mexico      
0.00      702.2  488.8    95.3     213.4      2.06R

With the 41 total observations, the regression equation is

Violent Crime per 100000 = 825 

+ 200 southern state 

- 0.00517 median income

                           + 85.9 unemploy rate

                           + 1.15 male labor force participation

                           - 7.9 percent hs or more + 0.00025 state pop (1000)

                           - 0.67 pol2004 + 2.00 pol2005 + 16.7 prison per 1000

                           - 1.63 mean max sentence (mos)

                           + 4.12 mean time served (mos)

                           - 3.19 percent sentence served

                           - 0.042 parolees per 100000

                           - 26.2 percent below poverty

Predictor                            Coef   SE Coef      T      P

Constant                              825      1528   0.54  0.594

southern state                     199.88     65.94   3.03  0.005

median income                   -0.005171  0.004932  -1.05  0.304

unemploy rate                       85.93     29.80   2.88  0.008

male labor force participation      1.151     7.729   0.15  0.883

percent hs or more                  -7.91     11.79  -0.67  0.508

state pop (1000)                 0.000250  0.003965   0.06  0.950

pol2004                            -0.674     2.889  -0.23  0.817

pol2005                             1.997     2.654   0.75  0.459

prison per 1000                     16.67     19.48   0.86  0.400

mean max sentence (mos)            -1.628     3.235  -0.50  0.619

mean time served (mos)              4.121     5.952   0.69  0.495

percent sentence served            -3.192     5.654  -0.56  0.577

parolees per 100000               -0.0415    0.1073  -0.39  0.702

percent below poverty              -26.17     27.43  -0.95  0.349

S = 121.890   R-Sq = 69.0%   R-Sq(adj) = 52.4%

Analysis of Variance

Source          DF       SS     MS     F      P

Regression      14   860980  61499  4.14  0.001

Residual Error  26   386285  14857

Total           40  1247264

With the unusual observations removed, the fit of the model has greatly improved. The R-squared value has increased from 58.9% to 69.0% and the adjusted R-squared value has increased from 38.4% to 52.4%.   Again, the F-statistic of 4.14 allows us to reject the null hypothesis that all the regression coefficients are zero at the 0.05 level of significance.  

Modifications to the Model

The next step is to examine the model and confirm that the assumptions of the least squares procedure are satisfied.  Believing that there might be a strong correlation between police expenditures per capita in 2004 and 2005, the correlation coefficient between these two predictors was computed.  The resulting correlation coefficient of 0.989 indicates a strong linear relationship between these two explanatory variables. This violates an assumption of the model and indicates multicollinearity.  Figure 1 is a scatterplot of police expenditures per capita in 2004 versus police expenditures per capita in 2005.  Clearly, there is a strong linear relationship between the two variables.
The correlation coefficients between the other explanatory variables were also computed.  Although many of these coefficients were significant at the 0.05 level, they were substantially smaller in absolute value.  This is not the only way that multicollinarity can arise (this only checks for linear relationships between two explanatory variables and ignores the possibility of a multicollinearity between several explanatory variables) but was the only analysis conducted for multicollinearity between the independent variables.  

Figure 1: Scatterplot of Police Expenditures per Capita in 2004 and 2005
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To correct for the nearly perfect collinearity between police expenditures per capita in 2004 and 2005, the regression was redone with only one of police expenditures per capita from 2004 and 2005 used.  When police expenditures per capita in 2005 was used as an explanatory variable, the R-squared value of the model was 69.0% and the adjusted R-squared value was 54.0%.  The F-statistic was 4.62.  When police expenditures per capita in 2004 was used, the R-squared value of the model was 68.4% and the adjusted R-squared value was 53.1%.  The F-statistic was 4.49.  Thus, police expenditures per capita in 2004 was dropped as an explanatory variable in the model.  The updated model follows. 
Violent Crime per 100000 = 772 

+ 200 southern state 

- 0.00532 median income

                           + 85.4 unemploy rate

                           + 1.22 male labor force participation

                           - 7.5 percent hs or more + 0.00036 state pop (1000)

                           + 1.39 pol2005 + 16.5 prison per 1000

                           - 1.47 mean max sentence (mos)

                           + 3.81 mean time served (mos)

                           - 2.89 percent sentence served

                           - 0.043 parolees per 100000

                           - 25.8 percent below poverty  
Predictor                            Coef   SE Coef      T      P

Constant                              772      1484   0.52  0.607

southern state                     200.45     64.73   3.10  0.005

median income                   -0.005322  0.004803  -1.11  0.278

unemploy rate                       85.39     29.19   2.93  0.007

male labor force participation      1.218     7.588   0.16  0.874

percent hs or more                  -7.54     11.47  -0.66  0.517

state pop (1000)                 0.000358  0.003869   0.09  0.927

pol2005                            1.3886    0.4829   2.88  0.008

prison per 1000                     16.55     19.12   0.87  0.394

mean max sentence (mos)            -1.468     3.105  -0.47  0.640

mean time served (mos)              3.813     5.701   0.67  0.509

percent sentence served            -2.885     5.402  -0.53  0.598

parolees per 100000               -0.0429    0.1052  -0.41  0.687

percent below poverty              -25.79     26.90  -0.96  0.346

S = 119.736   R-Sq = 69.0%   R-Sq(adj) = 54.0%

Analysis of Variance

Source          DF       SS     MS     F      P

Regression      13   860172  66167  4.62  0.000

Residual Error  27   387093  14337

Total           40  1247264

Durbin-Watson statistic = 1.86013

Next, we examined the explanatory variables whose t-statistics were not significant.  This included many of the variables in the model, including median income, male labor force participation rate, percent of population with high school education or more, state population, the number of prisoners, the mean maximum prison sentence, the mean time served in prison, the percent of the sentence served, the number of parolees, and the percent of the population below poverty.  To test whether these variables together were significant, the regression was redone with these variables omitted.  This was the restricted model.  The restricted model has R-squared value of 65.5%.  To test the null hypothesis that the coefficients on these ten explanatory variables are zero, the F-statistic was computed. It has 10 degrees of freedom in the numerator and 41-14=27 degrees of freedom in the denominator.  The statistic is

F 10,27 = [(.69-.655)/10] /[ (1-.69)/27] = 0.30483.

The critical F-value at 0.05 level of significance is 2.24.  Hence we fail to reject the null and so there is insufficient evidence to conclude that any of the coefficients on these ten explanatory variables is different from zero.  Thus, these ten explanatory variables are removed from the model and the resulting regression is the restricted model.  

Adoption of the Restricted Model

The regression equation is

Violent Crime per 100000 = -347 

+ 226 southern state 

+ 75.8 unemploy rate

                           + 1.39 pol2005

Predictor         Coef  SE Coef      T      P

Constant        -346.6    112.9  -3.07  0.004

southern state  226.12    39.16   5.77  0.000

unemploy rate    75.81    19.06   3.98  0.000

pol2005         1.3859   0.3085   4.49  0.000

S = 107.869   R-Sq = 65.5%   R-Sq(adj) = 62.7%

Analysis of Variance

Source          DF       SS      MS      F      P

Regression       3   816744  272248  23.40  0.000

Residual Error  37   430520   11636

Total           40  1247264

Source          DF  Seq SS

southern state   1  359631

unemploy rate    1  222288

pol2005          1  234825

Durbin-Watson statistic = 1.94589

This is a much stronger model, whose t-statistics on the constant, Southern state dummy variable (which is believed to only affect the constant), the state’s unemployment rate, and the police expenditures per capita in 2005 are all significant at the 0.05 level.  The F-statistic for the regression is 23.40, which is also significant at the 0.05 level.  The R-squared of 65.5% indicates that 65.5% of the variation in the number of violent crimes per 100000 residents can be explained by these three explanatory variables.  The adjusted R-squared of 62.7% also indicates a much better model.  

Tests for Serial Correlation and Heteroscedasticity

We next test this model for serial correlation.  The Durbin-Watson statistic is 1.94589.  When k = 3 and N = 41, for 0.05 level of significance, the upper limit on the Durbin-Watson statistic is 1.66 while the lower limit is 1.34.  Since 1.94589 falls between the upper limit of the Durbin-Watson statistic and 2, the null hypothesis cannot be rejected and thus there is insufficient evidence to conclude, at 0.05 level of significance, that serial correlation is present in the model.  

Finally, we examine the residual plots to see if the assumptions of normality and homoscedasticity are satisfied.  The histogram, plot of residual fits, and normal probability plots follow in Figures 2, 3, and 4.  Figure 2, the histogram of the residuals, indicates the residuals may be more uniformly distributed.  However, Figure 3, the normal probability plot of the residuals, indicates that the assumption of normality may be satisfied.  Indeed, conducting an Anderson-Darling Test for normality using Minitab yields a statistic of 0.396 with a P-value of 0.356.  Hence we fail to reject the null hypothesis that the residuals are normally distributed.  The residuals have mean zero and standard deviation 103.7.  Finally, we tested for heteroscedasticity by conducting the White Test.  We regressed the square of the residuals on the independent variables and obtained 

(residuals)^2 = - 495 + 4712 southern state + 691 unemploy rate + 27.5 pol2005

Predictor        Coef  SE Coef      T      P

Constant         -495    11068  -0.04  0.965

southern state   4712     3839   1.23  0.227

unemploy rate     691     1869   0.37  0.714

pol2005         27.52    30.25   0.91  0.369

S = 10575.1   R-Sq = 5.8%   R-Sq(adj) = 0.0%

This regression has an R-squared value of 0.58, so the appropriate test statistic is NR2 = (41)(.058) = 2.378 and is distributed as chi-square with three degrees of freedom. The critical value for test statistic at 0.05 level of significance is 7.81. Thus, we fail to reject the null hypothesis and conclude that no heteroscedasticity is present in the model.

Figure 2: Histogram of Residuals
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Figure 3: Residuals versus Fitted Values
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Figure 4: Residual Normal Probability Plot
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Hence, the model is 

Violent Crime per 100000 = - 347 

+ 226 southern state 

+ 75.8 unemploy rate

                           + 1.39 pol2005.

We cannot interpret the intercept in the context of the model as there are no states with unemployment rates and police expenditures per capita in 2005 near zero.  The coefficient of 226 on the dummy variable Southern state indicates that Southern states have, on average, 226 more violent crimes per 100000 residents than states in other regions of the country.  An increase in the state’s unemployment rate of 1% leads to an increase in the number of violent crimes by 75.8 per 100000 residents.  States that spend more on police expenditures per capita tend to also have higher crime rates.  For each $1 increase in police expenditures per capita, the model predicts 1.39 more incidences of violent crime for every 100000 residents.  Certainly we do not expect increasing police expenditures to cause an increase in the number of violent crimes, but police expenditures correlate with the number of violent crimes and may serve as a useful predictor of the number of violent crimes in the state.  The model only illustrates positive correlation between a state’s police expenditures and the number of violent crimes. 

Conclusion

Beginning with fourteen possible explanatory variables, the number of violent crimes in a state per 100000 residents in 2005 was estimated.  Using the t- and F-statistics, the model was refined to include only three independent variables which possessed the most significant ability to estimate the number of violent crimes.  These variables are whether or not the state is southern, the state’s unemployment rate, and the state’s police expenditures per capita in 2005.  In examining the model specification, with more readily available data on state demographics, it would be interesting to see if particular demographic characteristics have any predictive power on the number of violent crimes in a state.  The model was also examined to be sure that it met the assumptions of the least squares procedure.  An Anderson-Darling Test, White Test, and Durbin-Watson Test allowed us to conclude that the residuals are normally distributed, homoscedastic, and do not possess serial correlation.  These results indicate that the model meets the OLS assumptions and can be used to predict the number of violent crimes in a particular state in 2005.
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