Biostatistics 515, Winter 2004

Homework 2 comments and solutions

General comments:
a. Show your work, not just simply copy R output. For example, for hypothesis testing question, state your null and alternative hypothesis, your test statistic and conclusion. 

b. Read assignment carefully and make sure answer all the questions. 
1. It was well done except that there should be two ANOVA tables: one for all cities and the other for the cities with more than 20 inches of rain fall per year. But some students only did one ANOVA table.

2. Solution:

(a) Scatter plot matrix will give be a good tool to assess the relationship between multiple variables. We can see that log(NOx) and rainfall both have a positive association with mortality. However, log(NOx) has an inverse relationship with rainfall, where an increase in rainfall is associated with a decrease in log(NOx). 
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(b) We see that rainfall is a potential confounder since rainfall is associated with both response mortality and predictor of interest NOx (above scatter plot). 
      Assuming that rainfall is not an effect modifier, we use the following model:

 

Mortality = β0 + β1*log10(NOx) + β2*Rain + ε

to assess rainfall as a confounder in the relationship between NOx and mortality. Fitting this model, we find that β1.hat = 60.70 and β2.hat = 3.35. Without rainfall as a covariate in the model: Mortality = β0 + β1*log10(NOx) + ε , we found that β1.hat  was 34.77 (hw1). Since the estimate of β1 from the multiple regression model is much larger than the one from the simple regression model, we might conclude that rainfall is a confounder in the relationship between NOx and mortality. 
However, rainfall is negatively associated with NOx, so the impact of NOx on the mortality might be modified by rainfall. The fitted model including interaction is the following:
Mortality = 888.91 -52.27*log10(NOx) -0.48*Rain + 3.37*log(NOx)*Rain

lm(formula = Mortality ~ log10(NOx) * Rain, data = smsa)

Coefficients:

                Estimate Std. Error t value Pr(>|t|)    

(Intercept)     888.9087    39.7102  22.385  < 2e-16 ***

log10(NOx)      -52.2675    27.0378  -1.933   0.0583 .  

Rain             -0.4785     0.9770  -0.490   0.6262    

log10(NOx):Rain   3.3684     0.7377   4.566 2.77e-05 ***

---

Residual standard error: 41.38 on 56 degrees of freedom

Multiple R-Squared: 0.5802,     Adjusted R-squared: 0.5577 

F-statistic: 25.8 on 3 and 56 degrees of freedom,p-value: 1.302e-010 

We see that the interaction term is highly significant and might consider rainfall as an effect modifier. This model would be more appropriate to address relationship between mortality and NOx.

(c) t-test or partial F-test will be two ways to assess relationship between mortality and NOx.
(d) (Thank Betsy !) We can examine the relationship between log(NOx) and mortality at several levels of rainfall (the following table) based on the fitted model including interaction term.  At lower level of rainfall (10 inches), log(NOx) and mortality appear to have a negative association. However, at higher level of rainfall (20 or 30 inches), mortality increases as log(NOx) increases. For example, at 30 inches rainfall level, for very 10 fold increase in NOx, mortality increases by 48.83, on average. So, overall, increasing pollution is associated with higher mortality in a rainier city than in a drier city.
	Rainfall (inches)
	Fitted Model

	10
	884.11-18.57*log10(NOx)

	20
	879.31+15.13*log10(NOx)

	30
	874.51+48.83*log10(NOx)


3. (b) it is a simple linear regression, so t-test or F-test will test whether beta is equal to zero.

(c) This is a hypothesis testing question, so either t-test on beta (H0: beta=10) or 95%CI for beta will do.  95%CI for β1: 9130~9280lbs, so the data do not support the plant management with 95% confidence.
(d)  99% prediction interval (not fitted CI) on steam usage at average temperature of 58: (521223.7, 534294.4 lbs) 

4. All students got these histograms. For (c,d), the expect coverage probability of the truth should be 95% since we compute 95% CI in each iteration. By the definition of 95% CI, we expect that 95% of times the 95% CIs should cover the truth if we repeat the experiments many times. Of course, we wont get exactly 95% coverage probability (should be close) because of simulation variation.  
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