1

Luke Hawthorne and Shea Roche

High school students are constantly looking for ways to better their chances of getting into a qualified university of their choice.  SAT and ACT courses, help books and tutors are used to give them any advantage of raising their score on these tests.  Once this stressful time as a high school senior is complete, it is time to begin the process of choosing a school that is best suited for them.  Choices such as location, the type of school, the acceptance rate and how much it is going to cost all play a factor in the selection process.  No matter what school a student chooses to go to, they all have the same goal to accomplish and that is graduating.  


A school is often considered a “good school” based on tradition, pride, and the type of individuals they produce.  Students spend hours working hard and trying their best to attend one of these schools, but are often very indecisive when selecting the school that will benefit them the most.  A dataset was obtained from The Data and Story Library (DASL) that collected statistical information from 50 colleges (25 liberal arts, 25 top research universities).  The categories that were used to complete this set were school type, median combined math and verbal SAT score, acceptance rate, money spent per student, percentage of students in the top ten percent of their graduating class, percentage of faculty at the university that have PhD’s, and percentage of students at the institution who eventually graduate.  A thorough statistical analysis will be conducted to analyze what variables are the most influential with respect to graduation rate. 

Initial Code Entry:

We will first show our SAS code to read in the data that we are going to use to test our questions and hypothesis.  The first portion is a print out of the data with a variable description.
data colleges ;

input school $ type $ SAT acceptance money topten phd grad ;

datalines ;
proc print data = colleges ;

run ;
School
         School_Type
SAT
Acceptance
$/Student
Top 10%
%PhD
Grad%

Amherst
Lib Arts
1315
22
26636
85
81
93

Swarthmore
Lib Arts
1310
24
27487
78
93
88

Williams
Lib Arts
1336
28
23772
86
90
93

Bowdoin
Lib Arts
1300
24
25703
78
95
90

Wellesley
Lib Arts
1250
49
27879
76
91
86

Pomona

Lib Arts
1320
33
26668
79
98
80

Wesleyan (CT)
Lib Arts
1290
35
19948
73
87
91

Middlebury
Lib Arts
1255
25
24718
65
89
92

Smith

Lib Arts
1195
57
25271
65
90
87

Davidson
Lib Arts
1230
36
17721
77
94
89

Vassar
           Lib Arts
1287
43
20179
53
90
84

Carleton
Lib Arts
1300
40
19504
75
82
80

Claremont McKenna
Lib Arts
1260
36
20377
68
94
74

Oberlin
Lib Arts
1247
54
23591
64
98
77

Washington & Lee
Lib Arts
1234
29
17998
61
89
78

Grinnell
Lib Arts
1244
67
22301
65
79
73

Mount Holyoke
Lib Arts
1200
61
23358
47
83
83

Colby

Lib Arts
1200
46
18872
52
75
84

Hamilton
Lib Arts
1215
38
20722
51
86
85

Bates

Lib Arts
1240
36
17554
58
81
88

Haverford
Lib Arts
1285
35
19418
71
91
87

Colgate
Lib Arts
1258
38
17520
61
78
85

Bryn Mawr
Lib Arts
1255
56
18847
70
81
84

Occidental
Lib Arts
1170
49
20192
54
93
72

Barnard
Lib Arts
1220
53
17653
69
98
80

Harvard
Univ
1370
18
46918
90
99
90

Stanford
Univ
1370
18
61921
92
96
88

Yale

Univ
1350
19
52468
90
97
93

Princeton
Univ
1340
17
48123
89
99
93

Cal Tech
Univ
1400
31
102262
98
98
75

MIT

Univ
1357
30
56766
95
98
86

Duke

Univ
1310
25
39504
91
95
91

Dartmouth
Univ
1306
25
35804
86
100
95

Cornell
Univ
1280
30
37137
85
90
83

Columbia
Univ
1268
29
45879
78
93
90

U of Chicago
Univ
1300
45
38937
74
100
73

Brown

Univ
1281
24
24201
80
98
90

U Penn

Univ
1280
41
30882
87
99
86

Berkeley
Univ
1176
37
23665
95
93
68

Johns Hopkins
Univ
1290
48
45460
69
58
86

Rice

Univ
1327
24
26730
85
95
88

UCLA

Univ
1142
43
26859
96
100
61

U Va.

Univ
1218
37
19365
77
91
88

Georgetown
Univ
1278
24
23115
79
89
89

UNC

Univ
1109
32
19684
82
84
73

U Michican
Univ
1195
60
21853
71
93
77

Carnegie Mellon
Univ
1225
64
33607
52
84
77

Northwestern
Univ
1230
47
28851
77
79
82

Washington U (MO)
Univ
1225
54
39883
71
98
76

U of Rochester
Univ
1155
56
38597
52
96
73

Variable Names

1. School: Contains the name of each school 

2. School_Type: Coded 'LibArts' for liberal arts and 'Univ' for university 

3. SAT: Median combined Math and Verbal SAT score of students 

4. Acceptance: % of applicants accepted 

5. $/Student: Money spent per student in dollars 

6. Top 10%: % of students in the top 10% of their h.s. graduating class 

7. %PhD: % of faculty at the institution that have PhD degrees 

8. Grad%: % of students at institution who eventually graduate 

Univariate:

The purpose of the following univariate procedure is to check for an extreme difference in liberal arts colleges and universities when considering the graduation %.  The results are shown below in plots and the basic statistical measures.  The rest of results and follow up to what this says will be given in an ANOVA at the end of analysis.
proc univariate plot data = colleges ;

var grad ;

by type ;

run ;
The SAS System         17:25 Sunday, April 19, 2009   2

----------------------------------------- type=LibArts -----------------------------------------

                                    The UNIVARIATE Procedure

                                        Variable:  grad

                                            Moments

                N                          25    Sum Weights                 25

                Mean                    84.12    Sum Observations          2103

                Std Deviation      6.09179776    Variance                 37.11

                Skewness           -0.4579085    Kurtosis             -0.574104

                Uncorrected SS         177795    Corrected SS            890.64

                Coeff Variation    7.24179477    Std Error Mean      1.21835955

                                   Basic Statistical Measures

                         Location                    Variability

                     Mean     84.12000     Std Deviation            6.09180

                     Median   85.00000     Variance                37.11000

                     Mode     80.00000     Range                   21.00000

                                           Interquartile Range      8.00000

             NOTE: The mode displayed is the smallest of 2 modes with a count of 3.

                                   Tests for Location: Mu0=0

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

                        Student's t    t  69.04366    Pr > |t|    <.0001

                        Sign           M      12.5    Pr >= |M|   <.0001

                        Signed Rank    S     162.5    Pr >= |S|   <.0001

                                    Quantiles (Definition 5)

                                     Quantile      Estimate

                                     100% Max            93

                                     99%                 93

                                     95%                 93

                                     90%                 92

                                     75% Q3              88

                                     50% Median          85

                                     25% Q1              80

                                     10%                 74

                                     5%                  73

                                     1%                  72

                                     0% Min              72
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-This output for libarts shows the mean percentage of graduation for the 25 liberal arts schools and the boxplots, stemplots, s.d., etc.  The data seems normal given the stemplot and boxplot.
The SAS System                            9

                                            17:55 Sunday, April 19, 2009

------------------------------ type=Univ -------------------------------

                        The UNIVARIATE Procedure

                            Variable:  grad

                                Moments

    N                          25    Sum Weights                 25

    Mean                    82.84    Sum Observations          2071

    Std Deviation      8.86791971    Variance                 78.64

    Skewness             -0.74451    Kurtosis            -0.1971685

    Uncorrected SS         173449    Corrected SS           1887.36

    Coeff Variation    10.7048765    Std Error Mean      1.77358394

                       Basic Statistical Measures

             Location                    Variability

         Mean     82.84000     Std Deviation            8.86792

         Median   86.00000     Variance                78.64000

         Mode     73.00000     Range                   34.00000

                               Interquartile Range     14.00000

 NOTE: The mode displayed is the smallest of 4 modes with a count of 3.

                       Tests for Location: Mu0=0

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

            Student's t    t  46.70768    Pr > |t|    <.0001

            Sign           M      12.5    Pr >= |M|   <.0001

            Signed Rank    S     162.5    Pr >= |S|   <.0001

                        Quantiles (Definition 5)

                         Quantile      Estimate

                         100% Max            95

                         99%                 95

                         95%                 93

                         90%                 93

                         75% Q3              90

                         50% Median          86

                         25% Q1              76

                         10%                 73

                         5%                  68

                         1%                  61

                         0% Min              61
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-This output shows the same as above but for the universities.  Again the data is assumed normal.
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-Side by side boxplot comparing the two college types: University and Liberal Arts.  The liberal arts college do have a slightly higher mean graduation rate at 84% and universities at 82%.  This data is good to know and at least check for a relationship that is worthwhile.  We can also keep in mind that the distribution of university is spread out a little more than liberal arts, the variation being substantially larger.
Regression:


The regression procedures will be used to compare the rest of the variables to graduation percentage because the rest are numeric or quantitative data.  We will first plot the data to get a vision of how the data is laid out and visually check for normalcy, outliers, and matching numbers with what data looks like.  Then we ran a regression procedure to check R-square for the numeric value of correlation.  Lastly a residual plot was added in to check for further residual observation and check for normal spreads.
Graduation % and SAT score:

proc reg data = colleges ;

model grad = SAT ;

run ;
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                                            17:55 Sunday, April 19, 2009

                           The REG Procedure

                             Model: MODEL1

                       Dependent Variable: grad

                Number of Observations Read          50

                Number of Observations Used          50

                          Analysis of Variance

                                  Sum of         Mean

  Source                 DF      Squares       Square  F Value  Pr > F

  Model                   1    906.43986    906.43986    23.00  <.0001

  Error                  48   1892.04014     39.41750

  Corrected Total        49   2798.48000

          Root MSE              6.27834    R-Square     0.3239

          Dependent Mean       83.48000    Adj R-Sq     0.3098

          Coeff Var             7.52077

                          Parameter Estimates

                       Parameter       Standard

  Variable     DF       Estimate          Error    t Value    Pr > |t|

  Intercept     1       -3.73888       18.20969      -0.21      0.8382

  SAT           1        0.06900        0.01439       4.80      <.0001

proc plot data = colleges ;

plot grad * SAT ;

run ;
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proc reg data = colleges ;

model SAT = grad ;

plot SAT * grad ;

run ;

plot residual. * predicted. ;

run ;
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-The R-squared value shows a somewhat linear relationship but nothing too good.  The parameters of the fit show that when SAT scores increase so does Grad %, a positive relationship that makes sense.  The plot depicts this and gives a good visual.
Acceptance % and Grad %:
proc plot data = colleges ;

plot grad * acceptance ;

run ;
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proc reg data = colleges ;

model grad = acceptance ;

run ;
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                           The REG Procedure

                             Model: MODEL1

                       Dependent Variable: grad

                Number of Observations Read          50

                Number of Observations Used          50

                          Analysis of Variance

                                  Sum of         Mean

  Source                 DF      Squares       Square  F Value  Pr > F

  Model                   1    884.54599    884.54599    22.18  <.0001

  Error                  48   1913.93401     39.87363

  Corrected Total        49   2798.48000

          Root MSE              6.31456    R-Square     0.3161

          Dependent Mean       83.48000    Adj R-Sq     0.3018

          Coeff Var             7.56416

                          Parameter Estimates

                       Parameter       Standard

 Variable      DF       Estimate          Error    t Value    Pr > |t|

 Intercept      1       95.51066        2.70591      35.30      <.0001

 acceptance     1       -0.31793        0.06750      -4.71      <.0001

proc reg data = colleges ;

model acceptance = grad ;

plot acceptance * grad ;

run ;

plot residual. * predicted. ;

run ;
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-The output shows a similar R-squared of 0.31 and a logical parameter showing grad % going down when acceptance % goes down.  This shows graduation % going down when acceptance % goes up.
Money spent per student and Grad %:

proc plot data = colleges ;

plot grad * money ;

run ;
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proc reg data = colleges ;

model grad = money ;

run ;
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                                            17:55 Sunday, April 19, 2009

                           The REG Procedure

                             Model: MODEL1

                       Dependent Variable: grad

                Number of Observations Read          50

                Number of Observations Used          50

                          Analysis of Variance

                                  Sum of         Mean

  Source                 DF      Squares       Square  F Value  Pr > F

  Model                   1      7.29468      7.29468     0.13  0.7248

  Error                  48   2791.18532     58.14969

  Corrected Total        49   2798.48000

          Root MSE              7.62559    R-Square     0.0026

          Dependent Mean       83.48000    Adj R-Sq    -0.0182

          Coeff Var             9.13464

                          Parameter Estimates

                       Parameter       Standard

  Variable     DF       Estimate          Error    t Value    Pr > |t|

  Intercept     1       82.71553        2.41281      34.28      <.0001

  money         1     0.00002527     0.00007136       0.35      0.7248

proc reg data = colleges ;

model money = grad ;

plot money * grad ;

run ;

plot residual. * predicted. ;

run ;

[image: image9.png]Bl Edt Vew Took sobtins Window telp

I S BE &R RE DB xS
e

GRAPH1| WORK. GSEG.REGH!
& Resuts
&) Reg: The 545 System
&5 Reg: The 545 System
&) Reg: The 545 System money =
80000

21637 +103.14 grad

Residual

28000 28500 29000 29500

30000 30500 31000
Predicted Value

31500

& R B bl Output - (ntited] | ) Log - (untitied)

| [ Editor - Untitledt * | 4 GRAPH1 WORK.GS...

| Eprogram Fiestsesisas 9. faunch




-The regression here shows a very low R-squared of 0.0026.  This data shows no valid or useable relationship.

Topten High School % and Grad %:

proc plot data = colleges ;

plot grad * topten ;

run ;
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proc reg data = colleges ;

model grad = topten ;

run ;
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                           The REG Procedure

                             Model: MODEL1

                       Dependent Variable: grad

                Number of Observations Read          50

                Number of Observations Used          50

                          Analysis of Variance

                                  Sum of         Mean

  Source                 DF      Squares       Square  F Value  Pr > F

  Model                   1     72.84202     72.84202     1.28  0.2630

  Error                  48   2725.63798     56.78412

  Corrected Total        49   2798.48000

          Root MSE              7.53552    R-Square     0.0260

          Dependent Mean       83.48000    Adj R-Sq     0.0057

          Coeff Var             9.02674

                          Parameter Estimates

                       Parameter       Standard

  Variable     DF       Estimate          Error    t Value    Pr > |t|

  Intercept     1       76.76450        6.02427      12.74      <.0001

  topten        1        0.09021        0.07965       1.13      0.2630

proc reg data = colleges ;

model topten = grad ;

plot topten * grad ;

run ;

plot residual. * predicted. ;

run ;

[image: image11.png]Bl Edt Vew Took sobtins Window telp

The 545 System
The 545 System

The 545 System topten = 50.354 +0.2885 grad
The 545 System 30

4

Residual

2 73

Predicted Value

& R B bl Output - (ntited] | ) Log - (untitied)

| [ Editor - Untitledt * | 4 GRAPH1 WORK.GS...

| Eprogram Fiestsesisas 9. faunch




-This data again shows a very low 0.026 R-squared so the data is not valid for significance.

PHD faculty % and Grad %:

proc plot data = colleges ;

plot grad * phd ;

run ;
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proc reg data = colleges ;

model grad = phd ;

run ;
The SAS System                           21

                                            17:55 Sunday, April 19, 2009

                           The REG Procedure

                             Model: MODEL1

                       Dependent Variable: grad

                Number of Observations Read          50

                Number of Observations Used          50

                          Analysis of Variance

                                  Sum of         Mean

  Source                 DF      Squares       Square  F Value  Pr > F

  Model                   1      8.58982      8.58982     0.15  0.7024

  Error                  48   2789.89018     58.12271

  Corrected Total        49   2798.48000

          Root MSE              7.62383    R-Square     0.0031

          Dependent Mean       83.48000    Adj R-Sq    -0.0177

          Coeff Var             9.13252

                          Parameter Estimates

                       Parameter       Standard

  Variable     DF       Estimate          Error    t Value    Pr > |t|

  Intercept     1       88.07097       11.99080       7.34      <.0001

  phd           1       -0.05070        0.13187      -0.38      0.7024

proc reg data = colleges ;

model phd = grad ;

plot phd * grad ;

run ;

plot residual. * predicted. ;

run ;
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-The R-squared is 0.0031 so again it is not valid enough information to use.
Correlation Matrix with all continuous variables:

proc corr data = colleges ;

var SAT acceptance money topten phd grad ;

run ;
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                                            17:55 Sunday, April 19, 2009

                           The CORR Procedure

   6  Variables:    SAT        acceptance money      topten     phd

                    grad

                           Simple Statistics

    Variable             N          Mean       Std Dev           Sum

    SAT                 50          1264      62.32959         63198

    acceptance          50      37.84000      13.36361          1892

    money               50         30247         15266       1512360

    topten              50      74.44000      13.51516          3722

    phd                 50      90.56000       8.25897          4528

    grad                50      83.48000       7.55724          4174

                           Simple Statistics

                 Variable         Minimum       Maximum

                 SAT                 1109          1400

                 acceptance      17.00000      67.00000

                 money              17520        102262

                 topten          47.00000      98.00000

                 phd             58.00000     100.00000

                 grad            61.00000      95.00000

               Pearson Correlation Coefficients, N = 50

                       Prob > |r| under H0: Rho=0

                 SAT  acceptance     money    topten       phd      grad

SAT          1.00000    -0.60675   0.57942   0.50926   0.22094   0.56913

                          <.0001    <.0001    0.0002    0.1231    <.0001

acceptance  -0.60675     1.00000  -0.28882  -0.61633  -0.31166  -0.56221

              <.0001                0.0419    <.0001    0.0276    <.0001

money        0.57942    -0.28882   1.00000   0.50995   0.28667   0.05106

              <.0001      0.0419              0.0002    0.0436    0.7248

topten       0.50926    -0.61633   0.50995   1.00000   0.44862   0.16134

              0.0002      <.0001    0.0002              0.0011    0.2630

phd          0.22094    -0.31166   0.28667   0.44862   1.00000  -0.05540

              0.1231      0.0276    0.0436    0.0011              0.7024

grad         0.56913    -0.56221   0.05106   0.16134  -0.05540   1.00000

              <.0001      <.0001    0.7248    0.2630    0.7024

-This data shows a quick look of all the correlations of each variable and could lead us to further testing.

ANOVA:


The ANOVA procedure compares multiple means against each other relative to the variation in the individual observations.  We will compare the mean graduation rate of liberal arts colleges to the universities.  The first step in the ANOVA is to check assumptions with a univariate procedure.  The data passes all assumptions 1) SRS 2) Normality 3) Standard Deviations are ok.
Check for assumptions:

 proc univariate plot data = colleges ;

var grad ;

by type ;

run ;
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-The data shows that it is normal.
proc anova data = colleges ;

class type ;

model grad = type ;

means type / bon alpha = .05 ;

run ;
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-Given the output we don’t have any significance in the two population means, statistically that is.

Summary:


Of all the variables that can affect the graduation percentage of a college the top two most influential seem to be SAT score and acceptance %.  The SAT R-square value is 0.32 and the acceptance % R-square is 0.31.  They both make sense in the slope and intercept for one example the SAT equation for predicting Grad% is   3.73+.069(SAT)=grad%.
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