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VEE – Regression Analysis

Student Project

Regression Analysis of Cigarette Use Among Adults

Introduction

This project is a regression analysis on cigarette use among adults (18 and older) by state. There are many factors that could influence cigarette use among adults and the following are included in this analysis: educational attainment, median household income, percentage of adults age 45 and older, percentage of single parent homes, and percentage of households with married couples with children. All regression statistics are provided by Excel’s regression functionality.
Data
All data collected for this analysis was found at the following sites.

Cigarette use: Center for Disease Control (cdc.gov)

All explanatory variables: U.S. Census Bureau (census.gov)
Variables
The initial equation is of the following form:

Y = β1 + β 2 X1 + β 3 X2 + β 4 X3 + β 5 X4 + β 6X5
with,

Y = % of adults who smoke cigarettes

X1 = % of population with a bachelor’s degree or more

X2 = Median household income

X3 = % of adults age 45 and older

X4 = % of single parent homes

X5 = % of households with married couples with children

The beta coefficients will be defined as least squares coefficients.

Null Hypothesis
The null hypothesis is that all beta coefficients are zero except β 1.
Five Variable Regression
The following statistics are for a model that considers all five explanatory variables.
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According to the statistics above, the five variable model is:

Y = 41.784161 – 0.466477X1 + 0.000035X2 – 0.046823X3 + 0.007843X4 – 0.467269X5
The R2 value of this model is about 62.6%. This value is not too bad, but less than desirable. Perhaps there are some other variables not considered in this analysis that would be better predictors of cigarette use among adults. The P-values for median household income (.645), % of adults age 45 and older (.808), and % of single parent homes (.941) are quite high and suggest that they are not good explanatory variables for cigarette use.
The following is a correlation matrix of the five variables included in the study. This can be useful in determining which variables to exclude from the model.
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Based on P-values alone I will exclude the % of single parent homes as an explanatory variable for cigarette use among adults.
Four Variable Regression
The following statistics are for a model that considers four explanatory variables (excluding % of single parent homes).
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According to the statistics above, the four variable model is:

Y = 42.902971 – 0.466438X1 + 0.000033X2 – 0.055674X3 – 0.482583X5
The R2 value of this model is almost exactly the same as the value in the five variable model at about 62.6%; however, the adjusted R2 value increased by almost 1 percentage point. This means that while eliminating one explanatory variable we were able to increase the efficiency of the model at the same time. This model is clearly superior to the five variable model. The % of adults age 45 and older remains to have the highest P-value at about 0.710, so this variable will be excluded to develop a three variable model.
Three Variable Regression
The following statistics are for a model that considers three explanatory variables (excluding % of single parent homes and % of adults age 45 and older).
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According to the statistics above, the three variable model is:

Y = 39.185865 – 0.470824X1 + 0.000033X2 – 0.438662X5
The R2 value seems to be holding steady so far after eliminating two explanatory variables. Fortunately the efficiency is improving as we eliminate variables as evidenced by the increasing adjusted R2 value. Median household income will be the next variable excluded as we try to find the optimal model. Median household income has a t stat very close to zero and a high P-value so it is the best candidate to be eliminated.
Two Variable Regression
The following statistics are for a model that considers two explanatory variables (excluding % of single parent homes, % of adults age 45 and older, and median household income).
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According to the statistics above, the two variable model is:

Y = 39.331541 – 0.431844X1 – 0.416159X5
After eliminating another variable the R2 value is still above 62%, the adjusted R2 value is nearly 61% and we can be confident that the explanatory variables that we have eliminated to this point have very little, if any, explanatory power when it comes to cigarette use among adults. We will eliminate one more variable and compare to the two variable model, which is the best model so far. It has no more predictive ability than the three, four or five variable models, but it is much more efficient. The two remaining variables appear to have much predictive power and % of households with married couples with children will be eliminated based on a lower t stat and a higher P-value when compared to % of population with bachelor’s degree or more.
One Variable Regression
The following statistics are for a model that considers one explanatory variable (excluding % of single parent homes, % of adults age 45 and older, median household income, and % of households with married couples with children).
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For the first time in this analysis, the R2 value decreased significantly. It is now about 52.4%. It is clear from this that the two variable regression model is the optimal model.
Conclusion
Given the five explanatory variables we started with, only variables % of population with a bachelor’s degree or more, and % of households with married couples with children are a part of the optimal regression model. The optimal model is defined by:

Y = 39.331541 – 0.431844X1 – 0.416159X5
The two variables are significant at the 95% confidence level and the R2 value is about 62.3%. We would like this value to be higher so there are likely other explanatory variables that should be considered to help explain and predict cigarette use. Some other variables to consider could be family history, region of residence, or rural vs. city population.

The F statistic is given by: F0 = [(n-k-1)/k]*[R2/(1-R2)] = 38.855896.

The P-values are very low (both under 0.1%) and the F statistic is high so we can reject the null hypothesis that all coefficients are zero.
