Education Factors and Graduation Rate
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§1: Introduction
The value of a 4 years education is frequently of increasing importance. The job market’s skill dependency rises at an exponential rate every year and a college education is our society’s way of giving necessary jobs to appropriately qualified candidates. Additionally, a 4 year degree is sought after by those who seek personal fulfillment for many different reasons, from becoming a genuine contributor to society, to increasing everyday quality of life. 


College graduation rates have a great effect on a wide variety of people throughout American society. For example, those who move to a new area may be concerned with the quality of education their kids will receive. Educators might be interested in the value that their efforts will have on the students and what other factors will be influencing the path their lives are set on. Students themselves may be interested to know how they compare to others from the same background, circumstances, or location, and would to be able to gauge their success in school and in career development. 


The National Center for Education Statistics (NCES) is the primary federal entity for collecting and analyzing data related to education. The NCES is located within the U.S. Department of Education and the Institute of Education Sciences. Their website aims to provide clear, complete information on education statistics so that it may be accessed and understood by anyone, from the casual browser to the serious researcher. There are many resources available on the website, the most notable of which, the Common Core of Data, was used to provide relevant data on college graduation statistics.  


The Common Core of Data (CCD) is a database on education in the United States. The CCD collects annual data on all public elementary and secondary schools and school districts. The data is obtained from administrative records maintained by the state education agencies, as well as the United States Census Bureau.


The CCD allows the user to choose specific variables and which years they are from, and then creates an appropriate table with all of the requested information. The data used was from the year 2000 because this year contained the complete information required by the potential model. The model will be able to determine what factors will increase or decrease the rate of education and by how much. 


The relevant data was chosen from the following web site and sorted into the following variables:   
http://nces.ed.gov/ccd/bat/selectcolumns.asp

§1a: Variables
Dependent Variable

Y = Total number of College Graduates by county.  This is the number of people with an education attainment of all the college degrees for population 25 years and over as reported on the Census 2000 School District Tabulation table number P37.
Independent Variables 

x2 - Total number of schools in county.  This is the total number of schools as reported by the district.

x3 - Total number of districts in county. This is the total number of school districts as reported by the district.

x4 - Total number of students, home, public and private schooling, in county. This is the total number of students (ungraded and prekindergarten through 12th grade) as reported by the district. In some cases, this may not be equal to the total number of students as reported by the schools in the district, since some district students may attend schools outside the district. 

x5 - Diploma recipients, per county.  The total number of students who receive either a regular diploma or some other diploma during the school year and subsequent summer school. 

x6 - Free and  reduced school lunch, number of eligible students per county.  This is the total Free Lunch Eligible student and Reduced-price Lunch Eligible students. The total is only available if both details were reported.

x7 - Total staff in county.  This value is the sum of all FTE Teacher and Staff positions.

x8 - Pupil/teacher ratio in county.  This is the calculated pupil teacher ratio: the total reported students divided by the Full Time Equivalent classroom teachers.

x9 - Guidance Counselors in county.  This is the Full Time Equivalent count of all guidance counselors as reported by the school district. 

x10 - Property Tax revenue per county. From property tax receipts which will be applicable to most independent school districts. These data are taken from the CCD LEA Finance (F-33) survey.

x11 - Total population – Male 5 to 17 years, per county.  The total population of males 5 to 17 years as reported on the Census 2000 School District Tabulation table number P8.
x12 - Total population – Female 5 to 17 years, per county  The total population of females 5 to 17 years as reported on the Census 2000 School District Tabulation table number P8.
x13 - Male High School Graduates, per county.  The number of males with an education attainment of HS graduate for the population 25 years and over as reported on the Census 2000 School District Tabulation table number P37.
x14 – Female High School Graduates, per county.  The number of females with an education attainment of HS graduation for the population 25 years and over as reported on the Census 2000 School District Tabulation table number P37.
x15 - Total labor force, per county.  Number of people with employment status of in the labor force for the population 16 years and over as reported by the Census 2000 School District Tabulation table number P43.
x16 - Non labor force, per county.  Number of people with employment status of not in the labor force for the population 16 years old and over as reported by the Census 2000 School District Tabulation table number P43.
x17 - Per capita income, average per person in county.  Per capita income in 1999 dollars as reported on the Census 2000 School District Tabulation table number P82.
x18 - Median income per household, in county.  This is the median family income in 1999 dollars as reported on the Census 2000 School District Tabulation table number P77.
§1b: Preliminary Inadequate Model

The original model that was attempted for this dataset was designed to predict the number of college graduates in a county based on the various independent variables.  This was the best model chosen from the initial CP test. 
y  = β1+β2x2+ β3x3+ β4x4+ β5x5+ β6x6+ β7x7+ β8x8+ β9x9+ β10x10+ β11x11+ β12x12+ β13x13+ β14x14+ β15x15+ β16x16+ β17x17+ β18x18+є, є ~ N(0,σ2).
This model showed relatively decent p-values in the initial ANOVA, with some insignificant values, and some very small coefficient terms.  Some variables, notably x10, x17, and x18, had very large numbers, thousands or millions higher, compared to the number of graduates per county.  These variables, pertaining to money, have exponential growth so they were corrected by using the log of the variable instead  
A Pearson Correlation test was run to analyze the relationship among insignificant variables.  The Pearson correlation test showed alarming results. 

Small portion of Pearson correlation:
         y          x2        x3         x4         x5         x6         x7         x8        x9
x4     0.97512    0.97002    0.59697    1.00000    0.99462    0.96378    0.98044    0.11798    0.92944
x4      <.0001     <.0001     <.0001                <.0001     <.0001     <.0001     <.0001     <.0001

x5     0.97021    0.97791    0.63125    0.99462    1.00000    0.93889    0.97994    0.12508    0.92857
x5      <.0001     <.0001     <.0001     <.0001                <.0001     <.0001     <.0001     <.0001

x6     0.92834    0.90076    0.50336    0.96378    0.93889    1.00000    0.92266    0.09277    0.86195
x6      <.0001     <.0001     <.0001     <.0001     <.0001                <.0001     <.0001     <.0001

x7     0.97025    0.97573    0.64501    0.98044    0.97994    0.92266    1.00000    0.11102    0.97004
x7      <.0001     <.0001     <.0001     <.0001     <.0001     <.0001                <.0001     <.0001

x8     0.12927    0.12643    0.04572    0.11798    0.12508    0.09277    0.11102    1.00000    0.10606

x8      <.0001     <.0001     0.0266     <.0001     <.0001     <.0001     <.0001                <.0001

x9     0.93757    0.94299    0.61243    0.92944    0.92857    0.86195    0.97004    0.10606    1.00000

x9      <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x10    0.84738    0.86939    0.65390    0.84129    0.85790    0.71733    0.90083    0.09111    0.89014
x10     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x11    0.97913    0.96891    0.59547    0.99856    0.99327    0.96385    0.97799    0.11711    0.92646
x11     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x12    0.97914    0.96889    0.59508    0.99854    0.99307    0.96427    0.97818    0.11679    0.92702
x12     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x13    0.99348    0.96010    0.63886    0.95567    0.95854    0.88405    0.96308    0.13745    0.94058
x13     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x14    0.98833    0.95447    0.63790    0.94684    0.95144    0.86905    0.96045    0.13370    0.94136
x14     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x15    0.98102    0.97469    0.60438    0.98786    0.98770    0.92947    0.97680    0.12112    0.93448
x15     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001

x16    0.98637    0.95397    0.58232    0.98700    0.97906    0.95975    0.96519    0.11641    0.91439
x16     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001     <.0001
Most of the variables were very highly correlated which raises concern as to whether the data gathered is interpreted correctly.  The CP test suggested the model was the best of those possible and most of the independent variables had sufficiently low p-values, but the so many high correlation values cannot be ignored.

It was realized that the model constructed predicts the amount of graduates in a county, and that all counties have a different population.  This means that our model really doesn’t make very much sense since the dependant variables that are counting students are not standardized in any way.  The model is more accurate if graduates are standardized to each county. 
§1c: Constrution of Suitable Model


The first obstacle in constructing a new model was to find a way to standardize our variables containing numbers of students.  Since x11 and x12 are population of males and females, respectively, from ages 5 to 17, it is understandable that the sum of these two independent variables would give the total population of students aged 5 to 17 in a county.  A new variable x1112 was constructed for this purpose.  The variables pertaining to the numbers of students in a county we standardized per 1000 in a county.  This was done by dividing these variables by the total population of the county (x1112) then multiplying that number by one thousand.  In other words the percentage of students in these counties was found and made into a ratio, per thousand.  x11 and x12 were then removed from our independent variables.  

As stated above,  x10, x17 and x18 consist of relatively large numbers.  Two approaches were made in creating the best model.

§1ci: Approach 1
Each variable was taken to scale in the first attempt. X10 was divided by 1,000,000, x17 and x18 were divided by 1,000. These ratios, which are linearly related to the original variables, bring the respective variables into appropriate range for the model. This also fixed the estimated values, bringing them up from extremely small decimals to values consistent with the other significant variables.

The following model contains the adjusted variables:

ratey = β2ratex2  + β3x3 + β4ratex4  + β5ratex5 + β6ratex6  + β7x7 + β8x8 + β9x9 + β10scalex10 + β1314ratex1314 + β15ratex15 + β16ratex16 + β17scalex17 + β18scalex18
The following output is the individual variable information from the ANOVA for this approach:
Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1       41.83804       21.63990       1.93      0.0533

ratex2                     1        1.87212        0.51741       3.62      0.0003

x3           x3            1       -1.50983        0.32766      -4.61      <.0001

ratex4                     1        0.03061        0.01324       2.31      0.0208

ratex5                     1       -1.62129        0.13105     -12.37      <.0001

ratex6                     1        0.06950        0.01920       3.62      0.0003

x7           x7            1        0.00316        0.00133       2.38      0.0176

x8           x8            1        0.05024        0.30165       0.17      0.8677

x9           x9            1       -0.23245        0.08401      -2.77      0.0057

scalex10                   1        0.01644        0.02834       0.58      0.5620

ratex1314                  1        0.54392        0.00689      78.91      <.0001

ratex15                    1       -0.03485        0.00500      -6.98      <.0001

ratex16                    1        0.15736        0.00510      30.87      <.0001

scalex17                   1      -13.98470        1.17017     -11.95      <.0001

scalex18                   1        5.48427        0.54304      10.10      <.0001
§1cii: Approach 2

The log of x10, x17 and x18 were taken in the second approach.  The log is an appropriate method because variables involving money are exponential.   

The following model contains the adjusted variables, and is the best model selected by the CP test:

ratey = β2ratex2  + β3x3 + β4ratex4  + β5ratex5 + β6ratex6  + β7x7 + β8x8 + β9x9 + β10lnx10 + β1314ratex1314 + β15ratex15 + β16ratex16 + β17lnx17 + β18lnx18
The following output is the individual variable information from the ANOVA for this model approach:

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1     -360.15593      160.48458      -2.24      0.0249

ratex2                     1        0.22256        0.54853       0.41      0.6850

x3           x3            1       -0.25885        0.32248      -0.80      0.4223

ratex4                     1        0.02218        0.01429       1.55      0.1209

ratex5                     1       -1.76675        0.13099     -13.49      <.0001

ratex6                     1        0.06234        0.01933       3.22      0.0013

ratex7                     1        0.18821        0.06604       2.85      0.0044

x8           x8            1        0.41415        0.30946       1.34      0.1809

x9           x9            1        0.04548        0.02749       1.65      0.0982

lnx10                      1      -14.27868        1.79157      -7.97      <.0001

ratex1314                  1        0.54076        0.00661      81.76      <.0001

ratex15                    1       -0.03625        0.00493      -7.36      <.0001

ratex16                    1        0.16311        0.00504      32.39      <.0001

lnx17                      1     -264.19818       20.81166     -12.69      <.0001

lnx18                      1      299.04058       23.03073      12.98      <.0001
§1ciii: Decision
The approach that was selected was the model with the scales x10, x17, and x18.  The reason for this was based on the comparison of the p-values.  The test using the natural logs resulted in 5 insignificant variables, compared to the 2 insignificant variables that resulted from the approach that scaled the respective variables.
§2: Adjusted Model and ANOVA
The first line of the ANOVA shows what the user intends to be the dependent variable, which in this case is the number of college graduations per 1000 people ages 5 to 17 in a county.  

Dependent Variable: ratey

This section is very important because it shows the user what the dependent variable is.  Without this line, the reader would not know what the model used for the ANOVA is calculating.

This is followed by the number of observations read and the number of observations found by SAS in the data set which is 2351.

Number of Observations Read        2351

Number of Observations Used        2351

The next section is the actual Analysis of Variance, or ANOVA.  This section includes the source, which is the model or the error, their respective degrees of freedom, sum of square, and mean square.  This section also shows the F value for the model and the p- value assigned to the F-value.

Source                   DF        Squares         Square    F Value    Pr > F

Model                    14      106219262        7587090    1477.41    <.0001

Error                  2336       11996333     5135.41646

Corrected Total        2350      118215595

In this ANOVA report the F-value is very high which results in a very small p-value, which shows that this model is highly significant.  The null hypothesis can be rejected in its’ current, unadjusted condition.
H0: βj ≠ 0, j = 2, 3, 4,….,18

Ha: βj = 0, j = 2, 3, 4,….,18

The next section of the ANOVA shows the root MSE, dependent mean, coefficient of variation, the R2, and the adjusted R2.  The most important number in this set of calculations is the R2 term.  The R2 for this data shows how much of the variation in the dependent variable can be explained by the independent variables.  Usually a higher R2 term indicates a decently fitted model.  In this case, the model has many independent variables.  Consequently, the R2 term is going to be high just because there are so many.  The reader must look at the adjusted R2, which improves the meaning of R2 by considering the number of independent variables in the model.  In this model, the R2 is .8985, and our adjusted R2 is .8979.  This is a very good value for the adjusted R2, and is another indicator, along with the high F-value, that the model explains the dependent variable appropriately.

Root MSE             71.66182    R-Square     0.8985

Dependent Mean      813.71010    Adj R-Sq     0.8979

Coeff Var             8.80680

The final portion of the ANOVA output, parameter estimates, includes the most information used in further steps that create the final model.  This section gives in depth information on all of the variables used to construct the model.  The parameter estimates give the variable name, the coefficient value, the standard error for that particular variable, the t-value and the p-value.  This is very important since the estimated model will use the coefficient estimates that the ANOVA produces, and the p- value for each particular variable will indicate if that variable is significant to the model or not.  At first glance, the output for the data shows that the model has reasonable estimates for coefficients, unlike some of the estimates from the inadequate model that was first used.  Also, the p-values for the independent variables are mostly all below .05.  The two independent variables that are above .05 are x8, which is pupil to student ratio, and scalex10 which is property tax revenue for the county.  
   Parameter Estimates

                                  Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1       41.83804       21.63990       1.93      0.0533

ratex2                     1        1.87212        0.51741       3.62      0.0003

x3           x3            1       -1.50983        0.32766      -4.61      <.0001

ratex4                     1        0.03061        0.01324       2.31      0.0208

ratex5                     1       -1.62129        0.13105     -12.37      <.0001

ratex6                     1        0.06950        0.01920       3.62      0.0003

x7           x7            1        0.00316        0.00133       2.38      0.0176

x8           x8            1        0.05024        0.30165       0.17      0.8677

x9           x9            1       -0.23245        0.08401      -2.77      0.0057

scalex10                   1        0.01644        0.02834       0.58      0.5620

ratex1314                  1        0.54392        0.00689      78.91      <.0001

ratex15                    1       -0.03485        0.00500      -6.98      <.0001

ratex16                    1        0.15736        0.00510      30.87      <.0001

scalex17                   1      -13.98470        1.17017     -11.95      <.0001

scalex18                   1        5.48427        0.54304      10.10      <.0001
§3: Pearson Correlation

The variables that were standardized to every 1000 students gave a much better Pearson Correlation matrix compared to the original matrix that wasn’t standardized. (The original model that wasn’t standardized will now be referred to as the failed model.)  In the failed model we observed that all of the significant variables were very highly correlated.  The correlations between variables dropped down to reasonable numbers in the matrix for the standardized model. 
Small portion of correlation:
               ratey     ratex2         x3     ratex4     ratex5     ratex6     ratex7         x8

ratex4       0.08281    0.19319    0.05128    1.00000    0.50508    0.33322    0.61094   -0.00164

              <.0001     <.0001     0.0129                <.0001     <.0001     <.0001     0.9367

ratex5       0.05418    0.48967    0.01071    0.50508    1.00000   -0.06994    0.49228   -0.18656

              0.0086     <.0001     0.6036     <.0001                0.0007     <.0001     <.0001

ratex6       0.12738    0.01830   -0.17851    0.33322   -0.06994    1.00000    0.36342   -0.03183

              <.0001     0.3751     <.0001     <.0001     0.0007                <.0001     0.1228

ratex7       0.14725    0.40765   -0.10038    0.61094    0.49228    0.36342    1.00000   -0.31367

              <.0001     <.0001     <.0001     <.0001     <.0001     <.0001                <.0001             

x8          -0.02729   -0.30597    0.04572   -0.00164   -0.18656   -0.03183   -0.31367    1.00000

x8            0.1859     <.0001     0.0266     0.9367     <.0001     0.1228     <.0001

x9          -0.22719   -0.18301    0.61243   -0.04576   -0.18259   -0.07960   -0.15834    0.10606

x9            <.0001     <.0001     <.0001     0.0265     <.0001     0.0001     <.0001     <.0001

scalex10    -0.20327   -0.14510    0.65390   -0.04556   -0.13939   -0.12250   -0.13420    0.09111

              <.0001     <.0001     <.0001     0.0272     <.0001     <.0001     <.0001     <.0001

ratex1314    0.88880    0.05723   -0.13692    0.08501    0.19434   -0.10660    0.12554   -0.04723

              <.0001     0.0055     <.0001     <.0001     <.0001     <.0001     <.0001     0.0220

x15         -0.20731   -0.15684    0.60438   -0.05357   -0.16189   -0.08856   -0.17732    0.12112

x15           <.0001     <.0001     <.0001     0.0094     <.0001     <.0001     <.0001     <.0001

x16         -0.16237   -0.14798    0.58232   -0.04610   -0.15716   -0.04794   -0.16092    0.11641

x16           <.0001     <.0001     <.0001     0.0254     <.0001     0.0201     <.0001     <.0001

Observing highly correlated variables is now relevant.  The failed model included variables that were intuitively base on population, meaning that the numbers were all going to be higher with a higher population, or all going to be lower with a lower population.  The variables are not as highly correlated because the variables pertaining to students are standardized to being the number per thousand, regardless of the population.
§4: Removal of Variables
§4a: Based on Pearson Correlation
Ratex6, Free and Reduced School lunch, per thousand students, was removed from the model because it is relatively highly correlated with scalex17, Per capita income, average per person in county and scalex18, median income per household in county.   Also, free lunches do not predict number of college graduates. Intuitively, it should not be in the model at all.  

The following except from the Pearson Correlation output shows the relatively high correlation between ratex6  and scalex17:

   x9     scalex10     ratex1314          x15          x16     scalex17     scalex18

ratex6  -0.07960  -0.12250     -0.10660        -0.08856     -0.04794   -0.64357     -0.72445

 0.0001   <.0001        <.0001         <.0001        0.0201     <.0001       <.0001


The Pearson Correlation shows that scalex18 is very high correlation to scalex17.  This makes sense because the variable x17 is per capita income in the county, and the variable x18 is median income per household in the county.  These both would be correlated since the median income and per capita income explain each other.  For this reason, scalex18 was removed from the model.
The following except from the Pearson Correlation output shows the high correlation between scale x17 and scalex18:

x9         scalex10      ratex1314       x15         x16       scalex17   scalex18
scalex17      0.31928      0.38360      -0.10694      0.33001      0.26708      1.000      0.91265
              <.0001       <.0001        <.0001       <.0001       <.0001                  <.0001
§4b: Based on Intuitive Logic

X3, Total number of districts in county, is removed from the model because it is explained in x2, Total number of schools in county. The amount of schools in a county would have an effect on the college graduation rate of students regardless of how many districts they’re divided up into. A district has no logical influence on college graduation rate. For example, if a county had 45 schools, divided into 2 districts, the graduation rate should stay the same if a similar county with 45 schools that are divided into 45 districts. The invisible boundaries that divide a county into districts don’t affect college graduation rate. 
X8, Pupil/teacher ratio in the county, is removed from the model because of it high p-value of .1651 in the ANOVA.  Another reason is that x7, total staff in the county, is standardized by thousand students in a county and x8 is students standardized by teachers in a county.  This inverse relationship does not fit well with the rest of the model of variables standardized by thousand of student in a county. 
§5: Adjusted Model After Removed Variables and ANOVA
The number of observations has not changes from the previous ANOVA.  This is understandable because the removal of independent variables would not lower the number of observations since only complete observations were used.

Number of Observations Read        2351

Number of Observations Used        2351

Comparing the preliminary ANOVA against the ANOVA used that has the independent variables from the last section removed, shows some subtle differences.  The F-value of the model has risen by 3 million, since the p-value was already very close to zero.  This shows that the removal of the independent variables does not affect the significance of the entire model.

ANOVA from section 2:

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                    14      106219262        7587090    1477.41    <.0001

Error                  2336       11996333     5135.41646

Corrected Total        2350      118215595

ANOVA after removal of x3, x8, and x17:

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                    10      105598094       10559809    1958.39    <.0001

Error                  2340       12617501     5392.09424

Corrected Total        2350      118215595

The adjusted R2 for the new ANOVA compared to the initial ANOVA decreased by a small amount.  This small drop in R2 is adjusted is reasonable, since the adjusted R2 is still a high value of .8979.
ANOVA from section 2:

Root MSE             71.66182    R-Square     0.8985
Dependent Mean      813.71010    Adj R-Sq     0.8979
Coeff Var             8.80680
ANOVA after removal of x3, x8, and x17:

Root MSE             73.43088    R-Square     0.8933

Dependent Mean      813.71010    Adj R-Sq     0.8928

Coeff Var             9.02421
From the removal of the variables in the last section the most obvious change to the ANOVA was the drastic increase in the ratex2 p-value, which rose from .0003 to .7563.  This is not a good direction for the p-values to go in, but this model seems to make more intuitive sense than the previous one.  This means that more work will be done to correct the negative progress made with this independent variable.  The other change noticed is the decrease in the p-value of scalex10, which moved from .5620 to .2402.  This means that scalex10 which is the property tax revenue is becoming more significant.   
ANOVA from section 2:

   Parameter Estimates

                                  Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1       41.83804       21.63990       1.93      0.0533

ratex2                     1        1.87212        0.51741       3.62      0.0003

x3           x3            1       -1.50983        0.32766      -4.61      <.0001

ratex4                     1        0.03061        0.01324       2.31      0.0208

ratex5                     1       -1.62129        0.13105     -12.37      <.0001

ratex6                     1        0.06950        0.01920       3.62      0.0003

x7           x7            1        0.00316        0.00133       2.38      0.0176

x8           x8            1        0.05024        0.30165       0.17      0.8677

x9           x9            1       -0.23245        0.08401      -2.77      0.0057

scalex10                   1        0.01644        0.02834       0.58      0.5620

ratex1314                  1        0.54392        0.00689      78.91      <.0001

ratex15                    1       -0.03485        0.00500      -6.98      <.0001

ratex16                    1        0.15736        0.00510      30.87      <.0001

scalex17                   1      -13.98470        1.17017     -11.95      <.0001

scalex18                   1        5.48427        0.54304      10.10      <.0001
ANOVA after removal of x3, x8, and x17:
Parameter Estimates

                                  Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1      147.43222       14.44605      10.21      <.0001

ratex2                     1       -0.15788        0.50863      -0.31      0.7563

ratex4                     1        0.03965        0.01281       3.10      0.0020

ratex5                     1       -1.66494        0.13000     -12.81      <.0001

ratex7                     1        0.12817        0.06382       2.01      0.0447

x9           x9            1       -0.12028        0.04544      -2.65      0.0082

scalex10                   1        0.03101        0.02641       1.17      0.2404

ratex1314                  1        0.53345        0.00629      84.74      <.0001

ratex15                    1       -0.03694        0.00503      -7.35      <.0001

ratex16                    1        0.14348        0.00445      32.23      <.0001

scalex17                   1       -4.22336        0.64295      -6.57      <.0001
Even though this model still has insignificant variables, progress towards a working model 

Being shown in this ANOVA compared to the previous ANOVA.  

§6: Plotting and Explaining Residuals
(Reference Appendix A, page 26, for Initial Residual Plots)

When plotting residuals, a perfect residual has a completely random plot of points around the mean zero.  When this happens it lets us assume that the expected value of the error term will then be zero in the model.  For plotting the residuals for the adjusted model, the results were far from this randomness.  There is also a degree of difficulty in interpreting the residual plots.  With 2351 observations, not all of the observations will show up on the residual plot.  Only 200 to 400 will appear depending on outliers.  

The first residual is the predicted value of ratey vs. residual.  The majority of the points lie between the values of 200 and 1200. In this range plot is a random pattern.  Once the values begin to go above 1200, the variance of the error becomes larger and the plots begin to be much more scattered.

The next residual plot is ratex2 vs. residual.  The majority of the points are between the values of 0 and 15, while above 15 there are fewer variables.  This residual plot also shows a ‘cone-shaped’ pattern when there is a large error variance in the smaller ratex2 values, while there this error variance gets smaller as the values become bigger.  

The following residual plot is ratex4, and the pattern on this plot is hard to determine because between the values of 0 and 2000 is where the majority of the plots lie.  Outside of this range shows two glaring outliers that will be removed in the next section.  

The next plot is ratex5, and this residual plot has the best initial plot of the rest of the variables.  The majority of points lie between 0 and 150 and a couple possible outliers with an above average variance or being above the value of 150.  

The following plot is ratex7.  This plot does not show many initial problems, it has a few observations with very high error variance or to the right of the majority of the plot that could be seen as outliers.  

The next residual plot is x9.  The majority of the points appear to between the values of 0 and 200, but with an outlier that ranges all the way to 2000, it makes it hard to determine where the majority actually lie.  This plot also shares a ‘cone-shape’ pattern.  

Scalex10 is the next variable.  The majority of points seem to fall between the values of 0 and 500, but this residual plot shares the same problem as x9’s plot did.  Since the range of values range all the way to 2500, the plot is squished to the right of the graph.  Scalex10’s residual plot also shares the same ‘cone-shape’ pattern that ratex2 and x9 had.  

The following residual plot is ratex1314.  This plot has the widest dispersion of points, with no obvious outliers to the left or right of the majority of plots.  However, to the right half of the plot the variance of the error term becomes larger. 

 In the next residual plot, ratex15 is being plotted.  This plot has the majority of points between the values of 1000 and 4000.  There appear to be some outliers where some variables have a very high error variance, or with points above the value 4000.  

The following variable is ratex16.  The majority of points are between the values of 500 and 3000.  Above the value of 3000 there are less observations, and the variance of the error term begins to grow rapidly.   Both of these factors could indicate outliers.  

The final variable is ratex17.  The majority of the points were between the values of 5 and 25.  There could be an indication of outliers in this plot with some observations having a very high error variance, and with fewer variables above the value 25. 

 In all of the residual plots there is a common factor that most of the outliers appear to be above a certain threshold on a given variable.  Even though none of the residuals were completely random, only the variables ratex2, x9, and scalex10 showed a ‘cone-shaped’ pattern.  In the next section, outliers will be removed in hope to improve the residual plots of the variables.
§7: Outliers
The examination of residuals showed definite outliers in the plots.  These outliers would skew the results of the ANOVA and also distort the residual plots to a shape that would be very biased towards the relatively small amount of outliers compared to the majority of the observations.  
§7a: Identification of Outliers
The first step taken was the identification of outliers in the data.  This was done by performing a test to show the standardized residuals.  In this test, SAS lists the observation number, the number of graduates (the standardized rate of graduates per 1000 people), the predicted value (the estimated ratey value, (ratey (hat)), the standard error for the ratey value, the residual value (ε), the standard error for the residual value (σε), the studentized residual, the plot of the studentized residual, and the Cook’s distance value.  From observing this we can see which residual values have a number that is either too high or too low.  The standard for identifying outliers with the studentized residual method is to find all of the studentized residuals that have an absolute value that is above 2.5. 

    Dependent  Predicted  Std Error               Std Error  Student                     Cook's

Obs  Variable  Value      Mean Predict  Residual  Residual   Residual    -2-1 0 1 2           D

 1  500.0000    446.8286     5.2167      53.1714    55.722    0.954    |      |*     |    0.001

14  861.3139    688.1173     7.5803     173.1966    55.450    3.123    |      |******|    0.017


The above observations are an example of the output obtained by running the studentized residual test on the data while looking for outliers.  Observation 1 shows that the studentized residual is .954, which falls in between -2.5 <  x < 2.5.  This shows that this observation is not identified as an outlier for this method of identifying outliers.  Observation 14 has a studentized residual of 3.123, which is obviously outside the range that is acceptable.  This means that observation 14 is an outlier, and should be removed from the data using this method.  Since there were a very large number of observations in the data set, outliers could be easily identified by looking at the studentized residual plot that is also shown in the output.  Observation 1 has only one asterisk on the plot, while observation 14 has the whole row filled with asterisks. This is an easy way to notice all of the observations that need attention while scrolling through the 2300+ lines of data that this test produced.

§7b: Removal of Outliers

 The decision was made to remove these outliers that exceeded an absolute studentized residual of 2.5.  This was done by including SAS code which eliminated observations that fell outside the range.
Example of code used to accomplish this:

Proc reg data = grads1;

where abs(r) < 2.5;

model ratey = ratex2 ratex4 ratex5 ratex7 x9 scalex10 ratex1314 ratex15 ratex16 scalex17 /r;

output out=grads2 r=resid2 p=yhat2 cookd=cd;

run;
§7c: ANOVA Analysis Without Outliers
After removing the outliers there are 53 less observations that are read by SAS.  Since there were originally 2351 observations, there was some leeway in the amount of observations that were able to be removed. Since 53 is only 2.254% of the total observations, the removal of them is considered to be a safe amount.

Previous ANOVA from section 5:

Number of Observations Read        2351

Number of Observations Used        2351
Current ANOVA without outliers:

Number of Observations Read        2298

Number of Observations Used        2298

The major difference in this section of the ANOVA from section 5 is that the F-value again increased, which is an indicator that the model is becoming more appropriate.

ANOVA from section 5:

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                    10      105598094       10559809    1958.39    <.0001

Error                  2340       12617501     5392.09424

Corrected Total        2350      118215595

ANOVA after removal of outliers:

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                    10       89718176        8971818    2864.42    <.0001

Error                  2287        7163250     3132.16023

Corrected Total        2297       96881427
In comparison to the ANOVA from section 5 the one noticeable improvement was found in the adjusted R2 values.  This improvement from .8928 to .9257, shows that the relationship between the dependent and independent variables is getting better. 
 ANOVA from section 5:
Root MSE             73.43088    R-Square     0.8933

Dependent Mean      813.71010    Adj R-Sq     0.8928

Coeff Var             9.02421

ANOVA after removal of outliers:

Root MSE             55.96571    R-Square     0.9261

Dependent Mean      802.62350    Adj R-Sq     0.9257

Coeff Var             6.97285
Some improvements were observed after outliers were removed, but not in every variable’s case.The first major change was that the p-value for ratex2 dropped from .7563 to .2855.  This means that the ratex2 independent variable, number of schools in a county per 1000 students became much more significant that the previous ANOVA.  Even though it is still considered an insignificant variable due to the p-value, this major drop in p-value shows that there is a good possibility that this variable could become significant with a little more work.

  The next major difference noticed in the ANOVA is the scalex10, scaled down property tax revenue for the county, dropped from .2404 to .0083.  This shows that the removal of the outliers changed this independent variable from being insignificant in the model to dropping the p-value to less than .05, which would make this variable a significant one.  

The negative effect noticed from the removal of outliers is that the p-value for the ratex7, the total school staff in a county per 1000 students, increased from .0447 to .1046, thus making this variable insignificant.  This means that this variable will have to be examined further.

Parameter estimates from section 5:

                                  Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1      147.43222       14.44605      10.21      <.0001

ratex2                     1       -0.15788        0.50863      -0.31      0.7563

ratex4                     1        0.03965        0.01281       3.10      0.0020

ratex5                     1       -1.66494        0.13000     -12.81      <.0001

ratex7                     1        0.12817        0.06382       2.01      0.0447

x9           x9            1       -0.12028        0.04544      -2.65      0.0082

scalex10                   1        0.03101        0.02641       1.17      0.2404

ratex1314                  1        0.53345        0.00629      84.74      <.0001

ratex15                    1       -0.03694        0.00503      -7.35      <.0001

ratex16                    1        0.14348        0.00445      32.23      <.0001

scalex17                   1       -4.22336        0.64295      -6.57      <.0001
Parameter estimates after removal of outliers:

                                  Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1      145.10229       12.93390      11.22      <.0001

ratex2                     1       -0.42890        0.40146      -1.07      0.2855

ratex4                     1        0.10689        0.01312       8.15      <.0001

ratex5                     1       -1.91344        0.10345     -18.50      <.0001

ratex7                     1        0.08052        0.04960       1.62      0.1046

x9           x9            1       -0.17914        0.03959      -4.52      <.0001

scalex10                   1        0.05477        0.02074       2.64      0.0083

ratex1314                  1        0.55081        0.00490     112.36      <.0001

ratex15                    1       -0.03594        0.00399      -9.01      <.0001

ratex16                    1        0.10685        0.00378      28.27      <.0001

scalex17                   1       -4.60153        0.50532      -9.11      <.0001
From the output shown, the removal of the outliers proved very beneficial to the model.  These 53 observations did have a very large effect on the data.  Now that they are removed, the calculations of the t values for some of the insignificant variables have dropped greatly.  

§7d: Residuals Without Outliers

(Reference Appendix B, page 37, for Residual Plots Adjusted for 
Absolute Value of Studentized Residuals >2.5 Removed)
Re-plotted residuals show much improved towards the goal of randomness among the error terms.  In the first attempt at plotting the residuals, the error ranged from -400 to 800 in any given variable.  Now after removal of outliers, this ranged has decreased to -200 to just above 200 for any given variable.  Not only is this a small range, but looking at the plots one would assume there were no more observations with an excessive error to the other observations.

Comparing each variable’s old and new residual plots shows different results.  In the variable ratey, the majority of observations now fall within the range of 200 and 1400, and the error of the observations stays within a constant range.  

The next variable is ratex2, and it shows a similar residual plot to its original one.  The outliers that were removed where the variables with the high error, but ratex2 still shows a ‘cone-shape’ pattern that will be fixed in the next section.
The following variable is ratex4.  The majority of observations now fall within the range of 250 to 1500. There is one variable in the plot that is above the value of 2250.  This observation was not deleted through the studentized residuals, but further consideration will be taken for this observation to be considered for an outlier.

Ratex5 is was the next adjusted variable.  The only difference from the original plot to the current plot is the range of the majority of observations now fall in between the range of 20 to 120.

Ratex7’s new residual plot does not show many problems.  The majority of variables lie between the values of 50 and 200, but the few variables above 200 do not appear to be outliers.

The next variable is x9 and it has a few changes in its new residual plot.  The majority of observations now lie between 0 and 140, however x9 has observations that go all the way to the value of 1250.  x9 still has the cone shape pattern that it showed in its original residual plot.

Scalex10 is the next variable to be plotted.  The range of most of the observations has now shrunk to the values of 0 to 250.  However there are still observations that range all the way to 2500, and scalex10 still has the cone-shape pattern.

The following variable is ratex1314.  This residual plot is as close to a completely random plot of all our variables.  There are no observations that are extremely bigger or smaller, or that have an excessive error than the majority of points

The next variable is ratex15.  The majority of plots are now in between the range of 1000 and 3500, while there are a few observations above 3500 that range to 6000 and have an extremely high error. 

Ratex16 was adjusted next.  The majority of values are now between the range of 500 and 3000, with only a few observations above the value of 3000. However, they are not outliers.

The last variable is scalex17.  The majority of the observations fall within the range of 10 to 25.  There are a few observations above 25, but these observations are not outliers.

After removing outliers, the residual plots improved for the variables, except for ratex2, x9, and scalex10.  A different approach much be taken to fix the residual plots for these variables.  

§8:Further Adjustment of Residual Plots    
§8a: Variable Transformation and Effect on Residuals
After the removal of outliers, all variables but three have improved.  Ratex2, x9 and scalex10 all have a cone-shaped pattern.  Since this pattern still persists in the three variables a transformation must be taken in order to fix the residuals.  With the error being large in small observations and shrinking as the observations gets larger, a natural log was taken.  After taking the natural log of ratex2 (lnrx2), x9 (lnx9), and scalex10 (lnsx10) the residual plots now appear random.  The majority of the points for lnrx2 now lie between 0 and 4.  For the variables lnx9 and lnsx10, the majority of the plots like between 0 and 8.   In all three of the residual plots, no observations have an extremely high error that would make them appear to be outliers.
§8b:Consideration of Final Outliers

After taking the natural log of x9 and scalex10, there was a problem in the ANOVA.  SAS automatically removed 21 observations.  After looking at the values for x9 and scalex10 it was seen that some values of both variables were zero, and taking the natural log of zero would be undefined.  To avoid the error in the SAS output, these 21 observations were removed.  This removal has no effect on the residual plots or the ANOVA output because they were going to be removed via an error before.

After looking through all of the residual plots, only one plot has an obvious outlier.  Ratex4 has all of its observations lie between the values of 250 and 1750, except one point which is above 2250 (Reference Appendix B,  page 37, residual plot for ratex4). This observation was removed with the code, and it spreads the plots in the whole residual plot (Reference Appendix C, page 48, residual plot for ratex4).  The points are no longer shifted to the left as seen in this above plot. 
§9: Removal of x7


Ratex7, Total staff in county, remains a problem, still, even after fixing the residuals and using numerous different transformations.  The logarithm, inverse, square root and many other transformations were tried, until all options were exhausted.  
         
                           Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

ratex7       

  1        0.04206         0.05009     0.84      0.4012
This is when realization occurred that the transformations were being preformed to fix a variable, not to truly understand what the variable means and if it actually makes sense.  The variable ratex7 is the total staff per 1000 children in a county.  At first glance the total staff makes sense to determine education.  However, the total staff in a county includes many positions within a school, not just instructors.  This category would include everything from maintenance to administration personnel.  These factors might be significant to predict the success rate of students who graduate high school, but would not necessarily have an effect on college students.  The drive for further education, among other things, in a high school or grade school setting often includes the motivation from guidance counselors.  This is mainly their one of their purposes is to expose students to opportunities after secondary school.  Since the variable x9 is the amount of guidance counselors in a county, and serves the purpose that ratex7 might have, ratex7 was removed from the model.  
§10: Final ANOVA 
The number of observations in the final ANOVA differs slightly from the number of observations observed in section 7.   All together there were 75 observations removed from the dataset.  Fifty three of these observations were removed in section 7b, and the other 22 outliers were removed in section 8b.  These 75 observations are 3.2397% of the total observations.

Previous ANOVA from section 7:

Number of Observations Read        2298

Number of Observations Used        2298

Final ANOVA:

Number of Observations Read        2276

Number of Observations Used        2276

In the final ANOVA the F-value has again increased.  The F-value for the final model is 3322.06, and has a P-value of less than .0001.    This means that the null hypothesis, that all of the betas equal zero, can be rejected. 

ANOVA from section 7:

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                    10       89718176        8971818    2864.42    <.0001

Error                  2287        7163250     3132.16023

Corrected Total        2297       96881427

Final ANOVA:

                                    Sum of           Mean

Source                   DF        Squares         Square    F Value    Pr > F

Model                     9       89398794        9933199    3322.06    <.0001

Error                  2266        6775506     2990.07334

Corrected Total        2275       96174300
The R2 values have again increased leaving this model with a final adjusted R2 value of .9293.  The high adjusted R2 shows that 92.93% of the variation in the model can be explained by the independent variables.
 ANOVA from section 7:
Root MSE             55.96571    R-Square     0.9261

Dependent Mean      802.62350    Adj R-Sq     0.9257

Coeff Var             6.97285

Final ANOVA:

Root MSE             54.68156    R-Square     0.9295

Dependent Mean      803.49771    Adj R-Sq     0.9293

Coeff Var             6.80544
Many of the underlying problems witnessed in the previous sections with the parameter estimates have been corrected by taking transformations and the removal of x7.  Looking at the final ANOVA there are no insignificant variables, and all of the parameter estimates show a reasonable value that in comparison to the other values.  This means that the final model has only meaningful variables that will contribute to how many college graduates per 1000 students there are in a county.  
Parameter estimates from section 7:

                                  Parameter       Standard

Variable     Label        DF       Estimate          Error    t Value    Pr > |t|

Intercept    Intercept     1      147.43222       14.44605      10.21      <.0001

ratex2                     1       -0.15788        0.50863      -0.31      0.7563

ratex4                     1        0.03965        0.01281       3.10      0.0020

ratex5                     1       -1.66494        0.13000     -12.81      <.0001

ratex7                     1        0.12817        0.06382       2.01      0.0447

x9           x9            1       -0.12028        0.04544      -2.65      0.0082

scalex10                   1        0.03101        0.02641       1.17      0.2404

ratex1314                  1        0.53345        0.00629      84.74      <.0001

ratex15                    1       -0.03694        0.00503      -7.35      <.0001

ratex16                    1        0.14348        0.00445      32.23      <.0001

scalex17                   1       -4.22336        0.64295      -6.57      <.0001
Parameter estimates in the final ANOVA:

                                   Parameter       Standard

Variable                  DF       Estimate          Error    t Value    Pr > |t|

Intercept                 1      133.34748       13.62302       9.79      <.0001

lnrx2                     1      -18.50184        3.00368      -6.16      <.0001

ratex4                    1        0.14088        0.01223      11.52      <.0001

ratex5                    1       -1.77367        0.11721     -15.13      <.0001

lnx9                      1       -5.43485        1.91581      -2.84      0.0046

lnsx10                    1       -7.91653        1.79236      -4.42      <.0001

ratex1314                 1        0.54875        0.00481     114.04      <.0001

ratex15                   1       -0.03448        0.00394      -8.75      <.0001

ratex16                   1        0.10638        0.00367      28.96      <.0001

scalex17                  1       -3.03322        0.54162      -5.60      <.0001
The final residual plots can be found in Appendix C, page 48.

§11: Final Estimated Model and Final Model
The final model is :
ratey  = β1+β2lnrx2+ β4ratex4+ β5ratex5+ β9lnx9+ β10lnsx10+ β1314ratex1314+ β15ratex15+ β16ratex16+ β17scalex17+є, 
є ~ N(0,σ2).
The final estimated model is:

ratey  =  133.34748 - 18.50184 lnrx2 + 0.14088 ratex4  -  1.77367ratex5 - 5.43485 lnx9  
- 7.91653 lnsx10  + 0.54875 ratex1314  - 0.03448 ratex15  +   0.10638 ratex16  - 3.03322 scalex17
§12: Conclusion

The final model is able to estimate the number of college graduates per thousand students in a county.  Initially, there were some independent variables included in the model that didn’t contribute to the graduation rate. Although these insignificant variables weren’t used in the final model, it is important to recognize that the removal of the variables has contributed to the clarity of the subject matter. It also contributes to the overall significance of the variables that remain. Each variable in the final model not only works well with the data provided from the CCD website, but also make sense intuitively. 

With the final model, those who move to a new area may be able to judge the quality of education their kids will receive. Educators can be aware of other factors that will contribute to their students’ educations. Students may also compare themselves to others from the same background, circumstances, or location, and would to be able to gauge their success in school and in career development. This model may also be used to improve the education system to produce higher graduation rates once factors that contribute a significant amount have been analyzed.   

Appendix A:

Initial Residual Plots

Ratex2 vs. Residual
                             Plot of resid1*ratex2.  Symbol used is '*'.
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Ratex4 vs. Residual
                             Plot of resid1*ratex4.  Symbol used is '*'.
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Ratex5 vs. Residual
                             Plot of resid1*ratex5.  Symbol used is '*'.
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Ratex7 vs. Residual
                             Plot of resid1*ratex7.  Symbol used is '*'.
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X9 vs. Residual
                               Plot of resid1*x9.  Symbol used is '*'.

       ‚

       ‚

   800 ˆ

       ‚

       ‚

       ‚

       ‚ *

       ‚

       ‚

   600 ˆ

       ‚

       ‚ **

       ‚

       ‚

       ‚

       ‚ *

   400 ˆ

       ‚

       ‚ *

R      ‚ **

e      ‚ *

s      ‚ **

i      ‚ **

d  200 ˆ **

u      ‚ **                                                                                        *

a      ‚ **

l      ‚ **    *

       ‚ *** *              *                       *              *

       ‚ ******* * *    *

       ‚ ***************    **      * *

     0 ˆ ***************** *     *        *

       ‚ ********** *****     *   *

       ‚ *********  *  * *

       ‚ *****   *  *         *

       ‚ ***** *        * *

       ‚ *** ***

       ‚ ***

  -200 ˆ ***

       ‚ *

       ‚   *

       ‚  **

       ‚ * *

       ‚

       ‚ *

  -400 ˆ

       ‚

       Šƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒ

         0        215       430       645       860      1075      1290      1505      1720      1935

                                                      x9

NOTE: 2209 obs hidden.
Scalex10 vs. Residual
                            Plot of resid1*scalex10.  Symbol used is '*'.
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Ratex1314 vs. Residual
                            Plot of resid1*ratex1314.  Symbol used is '*'.
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NOTE: 1774 obs hidden.

Ratex15 vs. Residual
                             Plot of resid1*ratex15.  Symbol used is '*'.
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Ratex16 vs. Residual
                             Plot of resid1*ratex16.  Symbol used is '*'.
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Scalex17 vs. Residual
                            Plot of resid1*scalex17.  Symbol used is '*'.
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Appendix B:

Residual Plots Adjusted 

for Absolute Value of

Studentized Residuals >2.5

Removed
Ratex2 vs. Residual
                             Plot of resid2*ratex2.  Symbol used is '*'.
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Ratex4 vs. Residual
                             Plot of resid2*ratex4.  Symbol used is '*'.
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Ratex5 vs. Residual
                             Plot of resid2*ratex5.  Symbol used is '*'.

   250 ˆ

       ‚

       ‚

       ‚

       ‚                      **

   200 ˆ                           *

       ‚                              *

       ‚                  *  *     *  *  *

       ‚                 *     *    *   **             *           *

       ‚               * *  * ****   *        *              *

   150 ˆ                      *  ** *  **                            *

       ‚                    *   *     *  ****     *  *

       ‚            *     * **     **      * *

       ‚   *                 ****** *  ** *     *  *     *          *

       ‚                *     *****  ** **   * *** *   * *

   100 ˆ                *  ***** ******  **** *      * *

       ‚                  ************ ****** ** ***  *     *

       ‚                 * *** ****** **  *  * *   ** *          *          *

       ‚          *    *** **  *************** ** ****  *   *  *  *                       *

R      ‚              * *  * ******** *********   * *         *

e   50 ˆ           *    * ******************** **  *******   ** *     *

s      ‚                ***  ***********************  *     *    **

i      ‚            * *   *  ***************** *** ** *  *  * **

d      ‚            * * ***  ************************ ***  *       *

u      ‚               *  **************************  * * *   *             *

a    0 ˆ              **  **************************** *          *     *

l      ‚             * ** ****************************  * *  *

       ‚             * * ****************************** *  **    *

       ‚             ** * *********************** *  ***     *

       ‚ *               * ***************************  *

   -50 ˆ                  ******************** ** **** *  *  *

       ‚            *  * ************************* ****         *

       ‚              **** ***** ********* ***** *      *     *

       ‚           *  *  ** ********** *********  **  **

       ‚          *      *   *******  ******* ***                  *

  -100 ˆ              *      ** **   ****  ***** *          *

       ‚                *   * **   * *** **    ***  *         *

       ‚                       * ** * * *       * *

       ‚                   ** * *   *   *  * * *

       ‚                            * * * *    *

  -150 ˆ                         *       *

       ‚                                    *

       ‚                           *

       ‚

       ‚

  -200 ˆ

       Šƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒƒƒƒƒƒƒƒˆƒƒ

         0        20        40        60        80        100       120       140       160       180

                                                    ratex5

NOTE: 1581 obs hidden.

Ratex7 vs. Residual
                             Plot of resid2*ratex7.  Symbol used is '*'.
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x9 vs. Residual
                               Plot of resid2*x9.  Symbol used is '*'.
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Scalex10 vs. Residual
                            Plot of resid2*scalex10.  Symbol used is '*'.
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Ratex1314 vs. Residual
                            Plot of resid2*ratex1314.  Symbol used is '*'.
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Ratex15 vs. Residual
                             Plot of resid2*ratex15.  Symbol used is '*'.
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Ratex16 vs. Residual
                             Plot of resid2*ratex16.  Symbol used is '*'.
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Scalex17 vs. Residual
                            Plot of resid2*scalex17.  Symbol used is '*'.
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Appendix C:

Final Residual Plots
After Transformations

And Removal of
Final Outliers

lnrx2 vs. Residual
                              Plot of resid7*lnrx2.  Symbol used is '*'.
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Ratex4 vs. Residual
                             Plot of resid7*ratex4.  Symbol used is '*'.
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Ratex5 vs. Residual
                             Plot of resid7*ratex5.  Symbol used is '*'.
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lnx9 vs. Residual
                              Plot of resid7*lnx9.  Symbol used is '*'.
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lnsx10 vs. Residual
                             Plot of resid7*lnsx10.  Symbol used is '*'.
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Ratex1314 vs. Residual
                            Plot of resid7*ratex1314.  Symbol used is '*'.
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Ratex15 vs. Residual
                             Plot of resid7*ratex15.  Symbol used is '*'.
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Ratex16 vs. Residual
                             Plot of resid2*ratex16.  Symbol used is '*'.
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Scalex17 vs. Residual
                            Plot of resid7*scalex17.  Symbol used is '*'.
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