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Introduction:

This paper intends to show the application of regression modeling in forecasting level of wages using a combination of quantitative and qualitative (dummy) explanatory variables.  Data were extracted from the StatLib website (http://lib.stat.cmu.edu/datasets/CPS_85_Wages).  These data was gathered by the 1985 Current Population Survey of New York.  The ten (10) explanatory variables used are Education, Experience, Age, Region of Residence, Gender, Union Membership, Race, Occupation Category, Industry Sector, and Marital Status.  These variables will be tested in various combinations to determine the best and simplest wage prediction model.

Objective of this Study:

1. To determine the significant factors of wages

2. To derive the best regression model that best estimates the level of wages
3. To determine whether there is a gender gap in wages
Data and Software: 
These data consist of a random sample of 534 persons, with information on wages and other characteristics of the workers, including sex, number of years of education, years of work experience, occupational status, region of residence and union membership. 

Extracted data variables are enumerated below:

Original Data and Variable names:


EDUCATION: Number of years of education.


SOUTH: Indicator variable for Southern Region (1=Person lives in South, 0=Person 



lives elsewhere).


SEX: Indicator variable for sex (1=Female, 0=Male).


EXPERIENCE: Number of years of work experience.


UNION: Indicator variable for union membership (1=Union member, 0=Not union 



member).


WAGE: Wage (dollars per hour).


AGE: Age (years).


RACE: Race (1=Other, 2=Hispanic, 3=White).


OCCUPATION: Occupational category (1=Management, 2=Sales, 3=Clerical, 4=Service, 



5=Professional, 6=Other).


SECTOR: Sector (0=Other, 1=Manufacturing, 2=Construction).


MARR: Marital Status (0=Unmarried,  1=Married)

Changes applied:

Occupation values was transformed into two (2) values only. (1 =  Management/Professional, 2 = Sales/Clerical/Service/Others
Wage was log transformed to stabilize the variance.

 XLStat software was used in modeling the regression formula for logwages.
Methodology and Results:

Initial step would be to generate the correlation matrix of all the variables (dependent and explanatory variables).  Based on the table below (See Table 1), Experience and Age are significantly correlated.  This can be supported by the scatterplot of Age and Experience (See Chart 1. Scatterplot of Age and Experience).  Hence, one should be watchful of the possible collinearity effect of the two variables Age and Experience.  It can be anticipated that the best model would be the model with either Age or Experience eliminated. 
Table 1.

[image: image1.png]Occupation Marital
LogWage _Education _Experience __Age South Sex Union Race  Category  Sector _ Status
LogWage 1.000
Education 0380 1.000
Experience 0108 033 1000
Age 0198 ([.150) 1.000
South ©172 @140 ©007) QO 1000
Sex 0219 0002 0075 0073 @021 1000
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Chart 1.
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I prefer to apply the backward stepwise regression method wherein initial step would be to start with the model with all possible covariates.  

Regression Model 1 shows the model that considers all the possible covariates/explanatory variables.

Regression Model 1: ALL
Model Parameters

[image: image3.png]Source Value _Standard eror __t____Pr> | Lower bound (85%) _ Upper bound (95%)
Tntercept 1475 0667 2123 003 0106 2725
Education 0125 0109 1153 0250 0,088 0339
Experience 0068 0108 0629 0530 0144 0280
Age 0,059 0108 0542 0588 0271 0154
South-0 0093 0042 2214 0027 0010 0175
South-1 0.000 0.000

Sex0 0218 0042 5202 <0.0001 0136 0300
Sex-1 0.000 0.000

Union-0 0212 0051 4132 <0.0001 0312 0111
Union-1 0.000 0.000

Race-1 0,080 0057 1388 0166 0193 0033
Race2 0113 0087 302 0194 0284 0058
Race3 0.000 0.000

Occupation Category-1 0266 0080 3318 0001 0108 0423
Occupation Category-2 0,099 0085 1159 0247 0.266 0.069
Occupation Category-3 0056 0069 0815 0415 0079 0191
Occupation Category4 0118 0068 1737 0083 0251 0015
Occupation Category-5 0213 0073 2303 0004 0.069 0357
Occupation Category-6 0.000 0.000

Sector- 0093 0097 092 0336 0283 0.097
Sector-1 0022 0099 0226 082 0172 0217
Sector2 0.000 0.000

Marital Status-0 0,063 0041 541 0124 0144 0017
Marital Status-1 0.000 0.000





With 95% Confidence Interval, the Model Parameters table above reflects a number of insignificant explanatory variable with p-values greater than 5%.  Only the variable ‘Sex’ and ‘Union’ resulted to p value < 0.0001 which implies that the vaariable is significant hence should be retained.  To improve the model, recommended to eliminate the explanatory variable with the highest p value which is the ‘Age’ with 0.588 p value.  The effect of age was not significant after controlling for experience.
Regression Model 2 will show the revised model without Age.

Goodness of Fit Statistics
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Further, R2 is at 36.2%, which means that only 36.2% of the variation of wages is explained by the variables in the model.

Analysis of Variance

[image: image5.png]Source DF___ Sumofsquares Wean squares __F Pr>F
Model 6 53.700 335 18314 < 00001
Ertor 517 94747 0183

Corrected Total 533 148447

‘Computed against model Y=Mean(Y)




Although, the significance of the F-test in the Analysis of Variance above is favorable with p value < 0.0001.

Regression Model 2 will give adjust Regression model 1 by removing the variable ‘Age’.

Regression Model 2: Less Age

Model Parameters

[image: image6.png]Source Valus __Standard error t__ Pr> [t Lower bound (95%)  Upper bound (35%)
Tntercept 1,061 0168 6317 <00001 0731 1390
Education 0.068 0010 7105 <0.0001 0.049 0.087
Experience 0.009 0002 5348 <0.0001 0.006 0013
South-0 0090 0042 2130 003 0.007 0172
South-1 0.000 0.000
Sex0 0212 0039 5472 <0.0001 0136 0288
Sex-1 0.000 0.000
Union-0 0206 0050 4109 <0.0001 0305 0108
Union-1 0.000 0.000
Race-1 0,083 0057 454 047 0196 0029
Race2 0114 0087 1313 0190 0286 0057
Race3 0.000 0.000
Occupation Category-1 ~ 0.254 0051 5016 <0.0001 0154 0353
Occupation Category2 ~ 0.000 0.000
Sector- 0128 0093 1386 0173 0311 0056
Sector-1 0010 0099 0105 0916 0185 0206
Sector2 0.000 0.000
Marital Status-0 0,062 0041 ST 0130 0143 0018
Marital Status-1 0.000 0.000





With the new model, considering the 95% Confidence Interval, removing the variable ‘Age’ improved the model and have increased the number of significant explanatory variable from 2 to 5 variables namely ‘Education’, ‘Experience’, ‘Region’, ‘Race’ and ‘Union’ with p-value less than 5%.
Goodness of Fit Statistics
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With the elimination of the variable ‘Age’, R2 have slightly reduced from 36.2% to 35%.

Analysis of Variance

[image: image8.png]Source DF___ Sum of squares _Mean squares F Pr>F
Model i 51971 4725 25563 < 00001
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Significance of the F-test in the Analysis of Variance above is still favorable with p value < 0.0001.

Based on the 2nd model, the least significant parameter is ‘Sector’, hence to further improve the regression model, it is recommended to remove the variable ‘Sector’ from the regression model as shown in the next model below. 
Regression Model 3: Model 2 less ‘Sector’
Model Parameters

[image: image9.png]Source. Valus __Standard error Pr> [t Lower bound (95%) Upper bound (95%)
Tntercept 0.989 0149 6635 <0001 0696 1282
Education 0.066 0010 6840 <0.0001 0.047 0084
Experience 0.009 0002 5446 <0.0001 0.006 0013
South-0 0096 0042 2287 0023 0014 0179
South-1 0.000 0.000
Sex0 0227 0038 5923 <0.0001 0152 0302
Sex-1 0.000 0.000
Union-0 0212 0050 4202 <0.0001 0311 0113
Union-1 0.000 0.000
Race-1 0,083 0058 448 0148 0196 0030
Race2 0128 0088 462 044 0300 0044
Race3 0.000 0.000
Occupation Category-1 0241 0051 4745 <0.0001 0141 0340
Occupation Category-2 0.000 0.000
Marital Status-0 0.067 0041 613 0107 0148 0014
Marital Status-1 0.000 0.000





With the new model, removing the variable ‘Sector’ does not show any significant change to other model parameters.  The variable ‘Race’ reflects high p-value (>5%) hence recommended to just remove this variable from the model, which is shown in Regression Model 4 below.
Goodness of Fit Statistics
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Analysis of Variance
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Regression Model 4:  Model 3 Less ‘Race’
Model Parameters

[image: image12.png]Source Value Standardemor __t ___Pr> [l Lower bound (95%) Upper bound (85%)
‘Education 0336 0047 7173 <0.0001 0244 0428
Experience 0223 0040 5518 <0.0001 0143 0302
South-0 0091 0036 256 0012 0020 0162
South-1 0.000 0.000
Sex0 0215 0036 5924 <0.0001 0143 0286
Sex-1 0.000 0.000
Union-0 0148 0037 4050 <0.0001 0220 0,076
Union-1 0.000 0.000
Occupation Category-1 ~ 0.206 004 4704 <0.0001 0120 0292
Occupation Category2 ~ 0.000 0.000
Marital Status-0 0,064 0037 AT18 0086 0137 0.009
Marital Status-1 0.000 0.000





With the new model, removing the variable ‘Race’ slightly improved the p-value for ‘Marital Status’ from 10.7% to 8.6%.  But considering the 5% level of significance, it is still recommended to just remove the  variable ‘Marital Status’ which is shown in Regression model 5 below. 

Goodness of Fit Statistics
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Analysis of Variance

[image: image14.png]Source DF ___ Sum of squares _ Mean squares F Pr>F
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Regression Model 5: Model 4 less ‘Marital Status’
Model Parameters

[image: image15.png]Source. Valus___Standard error t_ Pr>ftl__ Lowerbound (95%) _ Upper bound (35%)
Tntercept 0892 014 6179 <00001 0608 1175
Education 0068 0009 7138 <0.0001 0.050 0.087
Experience 0010 0002 6153 <0.0001 0.007 0014
South-0 0104 0042 2475 001 0021 0187
South-1 0.000 0.000
Sex0 0227 0038 5910 <0.0001 0152 0303
Sex-1 0.000 0.000
Union-0 0209 0050 4166 <0.0001 0308 0111
Union-1 0.000 0.000
Occupation Category-1 0243 0050 4811 <0.0001 0144 0342
Occupation Category-2 0.000 0.000





With the new model, all explanatory variables meets the requirement of p-value < 5%.

Equation of the model would be:

[image: image16.png]LogWage = 0.892+0.068"Education+0.01"Experience+0.104South-0+0.227"Sex-0-0.209"Union-0+0.243"Occupation Category-1




Goodness of Fit Statistics
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Analysis of Variance

[image: image18.png]Source DF___ Sumofsquares _ Mean squares F Pr>F
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Significance of the F-test in the Analysis of Variance above is still favorable with p value < 0.0001.

Summary of Findings:
1. Multiple regression of logwages against education, experience, region, union membership, and occupational status showed that these variables were significantly related to wages.
2. Considering 5% level of significance, recommende logwages regression model would be:
[image: image19.png]LogWage = 0.892+0.068"Education+0.01"Experience+0.104South-0+0.227"Sex-0-0.209"Union-0+0.243"Occupation Category-1




3. The model reflects a gender gap on wages and reflects an additional average logwage of 0.227.  This means that male wage is 25% higher than the female.
4. The model reflects an additional average logwage of 0.104 for noerthern.  This means that northern peoples’s wage is 11% higher than the southern.

5. The model reflects an additional average logwage of 0.209 for union members.  This means that union member’s wage is 23% higher than the non-union members.

6. The model reflects an additional average logwage of 0.243 for professional/management occupation over the sales/clerical/others.  This means that professional/management employees’ wage is 28% higher than the other occupation.

7. R2 is at 33%, which means that only 33% of the variation of wages is explained by the variables in the model.

