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Introduction:


The U.S. prison population displays a diverse range of variables and categories of which to use for statistical inference. Such variables include race, sex, region, age, etc. For this reason, our group chose to complete statistical analysis on the data obtained from U.S. Department of Justice-Bureau of Justice Statistics on the imprisonment rates of sentenced prisoners under state and federal jurisdiction. Furthermore, our specific aims were to identify any statistical differences between the imprisonment rates in different regions as of June 30, 2008, as well as compare any possible differences between males and females within each region as of June 30, 2008. 


Using comparative statistical inference we chose to make the imprisonment rate of each region, from summation of states in each region, as well as each gender the explanatory variable for our analysis and the imprisonment rate of each the explanatory variable. The data itself depicted the number of inmates per 100,000 U.S. residents and included data from all 50 U.S. states, which was then compiled to produce four regions for which we used for our comparison. The regions used were named: West, Midwest, South and East. 

In order to check for significant outliers as well as to display the raw data, bar graphs using SAS will be created for each the regions and gender variables. For statistical computation and significance, ANOVA will be carried out to compare overall region discrepancy and relative significance, as well as paired t-tests for gender comparison across all regions. 

Data/Results:  
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As observed above, the obtained data does not present significant outliers, but does show the drastic discrepancy between male and female inmate populations. Furthermore, the general trend apparent in the graphs is that while the proportion of inmates is largely skewed towards males, that the proportion of females per Region remains almost constant. The graph seems to show that while the absolute number of prisoners may be different, the proportion of males and females that make up each Region’s sample of inmates remains somewhat constant and that relative geographic bias towards a sex does not exist.

Next, to compare the overall possibility of statistical significant difference between the regions, ANOVA was carried out. The data is shown below:
                                         The SAS System        

---------------------------------------- Region=Midwest ----------------------------------------

                                      The MEANS Procedure

                                   Analysis Variable : total

                N            Mean         Std Dev         Minimum         Maximum

              --------------------------------------------------------------------
               11     359.1818182     113.9384204     191.0000000     515.0000000

              --------------------------------------------------------------------
--------------------------------------- Region=Northeast ----------------------------------------

                                   Analysis Variable : total

                N            Mean         Std Dev         Minimum         Maximum

              --------------------------------------------------------------------
                9     276.6666667      83.7421638     133.0000000     411.0000000

              --------------------------------------------------------------------
----------------------------------------- Region=South -----------------------------------------

                                   Analysis Variable : total

                N            Mean         Std Dev         Minimum         Maximum

              --------------------------------------------------------------------
               16     543.6250000     140.5180297     334.0000000     858.0000000

              --------------------------------------------------------------------
----------------------------------------- Region=West ------------------------------------------

                                   Analysis Variable : total

                N            Mean         Std Dev         Minimum         Maximum

              --------------------------------------------------------------------
               13     392.6153846      98.1754709     232.0000000     565.0000000

              --------------------------------------------------------------------
                                         The SAS System         

                                      The ANOVA Procedure

Dependent Variable: total

                                              Sum of

      Source                      DF         Squares     Mean Square    F Value    Pr > F

      Model                        3      477548.802      159182.934      11.98    <.0001

      Error                       45      597762.463       13283.610

      Corrected Total             48     1075311.265

                       R-Square     Coeff Var      Root MSE    total Mean

                       0.444103      27.89840      115.2545      413.1224

      Source                      DF        Anova SS     Mean Square    F Value    Pr > F

      Region                       3     477548.8020     159182.9340      11.98    <.0001

                                      The ANOVA Procedure

                              Bonferroni (Dunn) t Tests for total

 NOTE: This test controls the Type I experimentwise error rate, but it generally has a higher

                 Type II error rate than Tukey's for all pairwise comparisons.

                               Alpha                        0.05

                               Error Degrees of Freedom       45

                               Error Mean Square        13283.61

                               Critical Value of t       2.75993

                Comparisons significant at the 0.05 level are indicated by ***.

                                         Difference

                        Region              Between     Simultaneous 95%

                      Comparison              Means    Confidence Limits

                  South    - West            151.01       32.24   269.78  ***

                  South    - Midwest         184.44       59.85   309.03  ***

                  South    - Northeast       266.96      134.42   399.50  ***

                  West     - South          -151.01     -269.78   -32.24  ***

                  West     - Midwest          33.43      -96.88   163.75

                  West     - Northeast       115.95      -21.99   253.88

                  Midwest  - South          -184.44     -309.03   -59.85  ***

                  Midwest  - West            -33.43     -163.75    96.88

                  Midwest  - Northeast        82.52      -60.46   225.49

                  Northeast - South         -266.96     -399.50  -134.42  ***

                  Northeast - West          -115.95     -253.88    21.99

                  Northeast - Midwest        -82.52     -225.49    60.46


As observed in the data, f-value given is 11.98, which gave a p-value of <.0001, strongly suggesting that there is statistical significance present in the data. A p-value denoting this much significance allows us to undoubtedly reject the null hypothesis that imprisonment rates per region were equal. Once overall significance was established, further testing was carried out to see which region(s) were significantly different from each other (Bonferroni procedure). 

As indicated in the Bonferroni procedure chart with ***, the South region was responsible for the ANOVA outcome as when the South region was compared to all other regions it was significantly different from each one. Furthermore, the confidence intervals found for all other region comparisons contained ‘0’ within the interval, suggesting it may be that the other regions are not different at all; this was not the case when comparing all other regions to the South. The comparison confidence intervals between the South and the other regions did not contain ‘0’ as a value.

Next paired t-tests were carried out to observe possible significant differences between genders of each region. The data is shown below:

                                      The MEANS Procedure

                                   Analysis Variable : diff

                                                               Lower 95%       Upper 95%

       N            Mean         Std Dev       Std Error     CL for Mean     CL for Mean

      -----------------------------------------------------------------------------------
       4     743.0000000     170.6595051      85.3297525     471.4426443         1014.56

      -----------------------------------------------------------------------------------
                                         The SAS System         

                                    The UNIVARIATE Procedure

                                        Variable:  diff

                                            Moments

                N                           4    Sum Weights                  4

                Mean                      743    Sum Observations          2972

                Std Deviation      170.659505    Variance            29124.6667

                Skewness           0.88201089    Kurtosis            1.65511723

                Uncorrected SS        2295570    Corrected SS             87374

                Coeff Variation    22.9689778    Std Error Mean      85.3297525

                                   Basic Statistical Measures

                         Location                    Variability

                     Mean     743.0000     Std Deviation          170.65951

                     Median   716.5000     Variance                   29125

                     Mode        .         Range                  409.00000

                                           Interquartile Range    226.00000

                                   Tests for Location: Mu0=0

                        Test           -Statistic-    -----p Value------

                        Student's t    t  8.707397    Pr > |t|    0.0032

                        Sign           M         2    Pr >= |M|   0.1250

                        Signed Rank    S         5    Pr >= |S|   0.1250

                                    Quantiles (Definition 5)

                                     Quantile      Estimate

                                     100% Max         974.0

                                     99%              974.0

                                     95%              974.0

                                     90%              974.0

                                     75% Q3           856.0

                                     50% Median       716.5

                                     25% Q1           630.0

                                     10%              565.0

                                     5%               565.0

                                     1%               565.0

                                     0% Min           565.0

The first analysis compared the difference between male and female imprisonment rates as of June 30, 2008 across all Regions. It was found that for the difference between male and female imprisonment rates across all Regions, the 95% confidence interval is (471.443, 1014.56) with the mean difference being 743. Furthermore, the p-value obtained is .0032 so we can reject the null hypothesis at the .05 significance level, namely that there is no difference between male and female imprisonment rates as of June 30, 2008 across all Regions.
Next a specific t-test was carried out on the Midwest region, to compare the difference between male and female inmates. The data is shown below:
The MEANS Procedure

Analysis Variable : diff

Lower 95%     Upper 95%

N          Mean       Std Dev     Std Error   CL for Mean   CL for Mean

-------------------------------------------------------------------------
11   478.6363636   410.8375038   123.8721682   202.6319730   754.6407542

-------------------------------------------------------------------------
The UNIVARIATE Procedure

Variable:  diff

Moments

N                          11    Sum Weights                 11

Mean               478.636364    Sum Observations          5265

Std Deviation      410.837504    Variance            168787.455

Skewness           -1.0549748    Kurtosis            0.35775349

Uncorrected SS        4207895    Corrected SS        1687874.55

Coeff Variation     85.834996    Std Error Mean      123.872168

Basic Statistical Measures

Location                    Variability

Mean     478.6364     Std Deviation          410.83750

Median   537.0000     Variance                  168787

Mode        .         Range                       1275

Interquartile Range    444.00000

Tests for Location: Mu0=0

Test           -Statistic-    -----p Value------

Student's t    t  3.863954    Pr > |t|    0.0031

Sign           M       3.5    Pr >= |M|   0.0654

Signed Rank    S      29.5    Pr >= |S|   0.0059

Quantiles (Definition 5)

Quantile      Estimate

100% Max           942

99%                942

95%                942

90%                887

75% Q3             777

50% Median         537

25% Q1             333

10%               -174

5%                -333

1%                -333

0% Min            -333

From the previous data, for the difference between male and female imprisonment rates in the Midwest, the 95% confidence interval is (202.632, 754.641) and the mean for the difference is 478.636. The p-value obtained was .0031 so we can easily reject at the .05 significance level the null hypothesis that there is no difference between male and female imprisonment rates as of June 30, 2008 in the Midwest. 
Conclusion:


Our data revealed many things, some evident and some not as evident from simply observing the initial bar graphs. The first conclusion made from the obtained data in ANOVA was that the South region imprisonment rate was significantly different from all other regions (p-value = <.0001), while no other paired comparison between regions revealed any significance. Another conclusion which may be evident from the bar graph but was statistically supported via paired t-test was that male and female imprisonment rates were statistically different (p-value = .0032). This was further exemplified using the Midwest region as a specific model, where again the imprisonment rates between males and females were shown to be statistically different (p-value = .0031).   


These conclusions would support the notion that some variable in the South region is causing an increase in imprisonment and similarly there must be some explanation for the significant difference in male and female imprisonment (as modeled in the Midwest region).  
SAS output:
Bar Graph All Regions 

options linesize = 75 pagesize = 65 ;

data inmates ;

input category $ Region $ total  ;

datalines ;

Male NEast 594 

Female NEast 29

Male Midwest 747 

Female Midwest 52

Male South 1054 

Female South 80

Male West 805 

Female West 67

;

run ;

title "Inmates by Region";

title2 "Male and Female Inmates per 100,000 US Residents by Region";

proc gchart data= inmates; 

vbar Region / discrete 

 type=sum sumvar= total 

 group=category

 space=0
 gspace=3
 subgroup=Region

 maxis=axis1 

 raxis=axis2 

 gaxis=axis3

 autoref clipref cref=graycc

 nolegend

 coutline=black 

 des="" name="&name" ;  

run;

Bar Graph Males vs. Females 

data averages ;
input category $ total ;

datalines ;

Male 957 

Female 69

;

run ;

title "Average US Inmate Population";

title2 "Average Male and Female Inmates per 100,000 US Residents";

proc gchart data = averages;

vbar category / discrete

 type=sum sumvar= total 

 subgroup=category

 space=0
 gspace=3
 maxis=axis1 

 raxis=axis2 

 gaxis=axis3

 autoref clipref cref=graycc

 nolegend

 coutline=black 

 des="" name="&name" ;  

run;

Paired T-test by Region
data prison;
length Region $9.;
input Region$ total male female;
diff = male-female;
datalines;
Northeast 305 594 29
Midwest 395 747 52
South 559 1054 80
West 437 805 67
;
run;
proc means data=prison n mean stddev stderr clm alpha=.05;
var diff;
run;
proc univariate data=prison;
var diff;
run;

Paired T-Test Midwest Region Alone:

options linesize=72 pagesize=65;
run;
data prison;
length Region $12.;
input Region$ total male female;
diff = male-female;
datalines;
indiana 429 796 72
iowa 291 538 50
kansas 308 578 41
michigan 505 983 41
minnesota 191 358 25
missouri 515 969 82
nebraska 238 440 39
north dakota 226 400 50
ohio 445 843 66
south dakota 417 750 86
wisconsin 386 729 46
;
run;
proc means data=prison n mean stddev stderr clm alpha=.05;
var diff;
run;
proc univariate data=prison;
var diff;
run;

ANOVA

data prison;

input Region$ total male female;

datalines;

Northeast 411 795 46

Northeast 133 255 16

Northeast 252 506 13

Northeast 213 403 28

Northeast 305 591 31

Northeast 317 625 26

Northeast 368 713 40

Northeast 241 476 20

Northeast 250 476 32

Midwest 429 796 72

Midwest 291 538 50

Midwest 308 578 41

Midwest 505 983 41

Midwest 191 358 25

Midwest 515 969 82

Midwest 238 440 39

Midwest 226 400 50

Midwest 445 843 66

Midwest 417 750 86

Midwest 386 729 46

South 619 1187 85

South 507 960 73

South 473 926 46

South 548 1039 75

South 542 1030 69

South 488 894 99

South 858 1649 112

South 402 792 36

South 749 1412 125

South 366 703 42

South 668 1216 124

South 537 1033 67

South 434 821 66

South 668 1240 98

South 505 948 77

South 334 612 67

West 357 629 61

West 565 1028 100

West 471 879 63

West 468 837 93

West 332 588 72

West 482 853 105

West 368 667 69 

West 497 901 76

West 307 567 55

West 370 688 57

West 232 418 43 

West 266 490 42

West 389 680 90

;

run;

proc sort data=prison;

by Region;

run;

proc means data=prison;

by Region;

var total;

run;

proc anova data=prison;

class Region;

model total=Region;

means Region/ bon alpha=.05;

run;
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