Stat 217, Section 11.2  Refining the MLR worksheet

Ice cream consumption was measured over 30 four-week periods from March 18, 1951 to July 11, 1953.  The purpose of the study was to determine if ice cream consumption (IC) depends on the variables price, income, or mean outside temp.  The variables Lag-temp (mean temp of the previous day) and Year have been added to the original data.  Past studies indicate ice cream consumption has a seasonal cycle.  The original study concluded that of the three possible predictor variables, Price, Income, and Temp, only Temp had a significant effect on the dependent variable IC.  However, that study did not include the variable Year or Lag temp.  There appears to be a gradually increasing trend in ice cream consumption from year to year.    This is time series data and the assumption that the observations are independent will probably be violated so interpretation of results must be tempered.

A.  With all 5 predictors.  Fm = 21.5,  p-value = 0.000

IC = 0.737 - 1.43 price - 0.00227 income + 0.00229 temp + 0.00104 Lag-temp + 0.0487 Year

Predictor        Coef       StErr          T        P

Constant       0.7371      0.2791       2.64    0.014

price         -1.4287      0.7090      -2.02    0.055

income      -0.002268    0.002038      -1.11    0.277

temp        0.0022900   0.0006416       3.57    0.002

Lag-temp    0.0010400   0.0006189       1.68    0.106

Year          0.04870     0.01602       3.04    0.006

S = 0.03089     R-Sq = 81.8%     R-Sq(adj) = 77.9%

1.  First look at significance tests of the model with all five variables present.  What are the hypotheses for the F test and what is the conclusion?
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H0: There is no linear relationship between ice cream consumption and any of price, income, temperature, Lag-temperature, or year
Ha: There is a linear relationship between ice cream consumption and at least one of price, income, temperature, Lag-temperature, or year
2.  Why is the R-sq(adj) different from R-Sq?

R2(adj) = 77.9% = 1-(n-1)/(n-p-1)SSE/SST.   R2(adj)  is different than R2 = 81.8% = 1 – SSE/SST because it takes the number of predictors into account.

3.  What are the hypotheses for the test on income and what is the conclusion?
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OR
H0: There is no linear relationship between ice cream consumption and income given that the other predictors are in the model

Ha: There is a linear relationship between ice cream consumption and income given that the other predictors are in the model
4.  In a model refinement process, which variable should one remove first?  Explain why.


Remove the explanatory variable with the largest p-value.   This is the one with the least amount of significance in the model.

B.  Remove Income:    Fm = 26.3,  p-value = 0.000

IC = 0.516 - 1.30 price + 0.00244 temp + 0.00106 Lag-temp + 0.0331 Year

Predictor        Coef       StErr          T        P

Constant       0.5158      0.1968       2.62    0.015

price         -1.3002      0.7029      -1.85    0.076

temp        0.0024350   0.0006312       3.86    0.001

Lag-temp    0.0010610   0.0006216       1.71    0.100

Year         0.033099    0.007784       4.25    0.000
S = 0.03104     R-Sq = 80.8%     R-Sq(adj) = 77.7%

Notice the R-sq(adj) has decreased but not as much as R-sq.

5.  What is the main reason this model could be considered an improvement?

The R2 = 80.8% is about the same as the larger model, but now we have a simpler model which doesn’t include the insignificant term for income.
Remove the Year variable and note what happens to the Fm statistic, the p-values and the R-sq(adj)

C.  Remove Year:    Fm = 17.5,  p-value = 0.000
IC = 0.634 - 1.58 price + 0.00192 temp + 0.00135 Lag-temp

Predictor        Coef       StErr          T        P

Constant       0.6336      0.2508       2.53    0.018

price         -1.5793      0.9008      -1.75    0.091

temp        0.0019207   0.0007974       2.41    0.023

Lag-temp    0.0013470   0.0007954       1.69    0.102

S = 0.03996     R-Sq = 66.9%     R-Sq(adj) = 63.1%
6.  Rather then Year, Lag-temp would be a better choice to remove.  Why?

According to the TINY p-value=0.000 in the MLR for Year in (B), there is a significant linear relationship between Year and Ice Cream consumption (given that the other predictors are in the model).   However, there is NOT a significant linear relationship between Ice Cream consumption and Lag-temp, both in this model (C) and the previous model (B).

D.  Replace year and remove Lag Temp    Fm = 31.8,  p-value = 0.000

IC = 0.482 - 1.15 price + 0.00332 temp + 0.0345 Year

Predictor        Coef       StErr          T        P

Constant       0.4819      0.2028       2.38    0.025

price         -1.1499      0.7225      -1.59    0.124

temp        0.0033210   0.0003720       8.93    0.000

Year         0.034537    0.008018       4.31    0.000

S = 0.03216     R-Sq = 78.6%     R-Sq(adj) = 76.1%

7.  Is there a reason to not further tinker with the model or should we remove price?

There is not a significant linear relationship between price and Ice Cream consumption (p-value=.124).   Thus, we ought to remove price.
E.  Remove Price:    Fm = 43.9,  p-value = 0.000
IC = 0.161 + 0.00339 temp + 0.0356 Year

Predictor        Coef       StErr          T        P

Constant      0.16085     0.02205       7.29    0.000

temp        0.0033925   0.0003796       8.94    0.000

Year         0.035570    0.008215       4.33    0.000

S = 0.03306     R-Sq = 76.5%     R-Sq(adj) = 74.7%

8.  What is your conclusion on which of the five models (A – E) is best and why? 

There is no BEST model.   Model selection is subjective.   The first model A has the highest R2 = 81.8%.   Thus, model A explains the most variability of ice cream consumption out of all models we looked at.   However, model A contains some predictors that are do not necessarily have a linear relationship with ice cream consumption.   Removing all of the insignificant predictors yields model E, which is the simplest model.   And model E still explains 76.5% of the variability of ice cream consumption, so it’s not that worse than model A in predicting ice cream consumption.   So, one can argue that model E is the “best”.
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