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Partial answers to Prerequisite Review Problems

Analysis A:  t-test

2. Research Question:  Is there a difference in mean oxygen consumption rate for limpets in the 50% group and the 75% group?  We are asking about fixed, unknown population means.

 4.  

· Measurements of oxygen consumption are independent within each seawater treatment group, and between the 2 seawater groups.  That is, knowing about any single measurement does not tell us about any other single measurement. 

· We assume that the population of measurements of oxygen consumption is normally distributed.  Under the alternative hypothesis, the population of measurements of oxygen consumption is normally distributed, but the population means of the 2 groups are shifted away from each other.  (Note that looking at a boxplot or qqplot of the sample of observed oxygen consumption rates cannot confirm this assumption, but we can use the boxplot as evidence that this assumption is reasonable.)

· We assume that the measurements of oxygen consumption have common variance in the two groups of seawater treaments.  That is, one group is not more variable than the other.  

· NOTE:  We are making assumptions are about measurements of oxygen consumption rates.  This is what we mean about putting the assumptions in the context of the problem.  

5.  

· Independence:  Perhaps a confounding variable induced a common response in a subgroup of the limpets (“clustering” in 3.2.4 in Sleuth)  In particular, perhaps the tank containing 50% seawater contained limpets that were related, or perhaps one tank contained fish that were already accustomed to 50% seawater.  In these cases, knowledge of one limpet’s reaction to the treatment gives us some indication of another limpet’s reaction, since the oxygen consumption rates are now correlated within some cluster of observations.

· Normality:Perhaps on the whole the measurements tend to be lognormally distributed, with mostly low values of oxygen consumption and a few high values.  

· Variance:  Perhaps a confounding variable (like temperature) is causing measurements in the 50% range to have much higher variability than the 75% group.

6.

· Two sided hypothesis.  You should also know how to present this as a one-sided hypothesis test and phrase the associated research question in terms of the problem.

8.

· This is the Splus output associated with the t-test:

        Standard Two-Sample t-Test

data:  gp50 and gp75

t = 2.5001, df = 30, p-value = 0.0181

alternative hypothesis: true difference in means is not equal to 0

95 percent confidence interval:

 0.6606209 6.5539748

sample estimates:

 mean of x mean of y

   14.8888   11.2815

Here, spooled is 4.081.  SE is 1.442.  We compare the test statistic to a t on 30 (32-2) degrees of freedom.  To find this in Splus, type at the command line:  qt(.975,30=2.02)

Remember that the p-value gives an indication of evidence against the null hypothesis.  (Display 2.11)  Smaller p-values do not necessarily mean stronger evidence for the alternative hypothesis.  Why is the p-value dependent on sample size?

9. Using alpha = 0.05, we conclude that we have sufficient evidence to reject the null hypothesis (since the p-value is less than the significance level of the test).  

In terms of the problem, we write our conclusion as:  

Based on a two-sample t-test, we conclude that the oxygen consumption rate differs between the 50% seawater group and the 75% seawater group  (two-sided p-value 0.02)  A 95% confidence interval for the amount by which the 50% group exceeds the 75% group is (0.66, 6.55).  

You should know how to answer the question above using a one-sided test as well.

10. See above.

11. We refer back to our answer to Question 3.  The results of this test cannot be generalized to the population of limpets (there are no details on whether this is a random sample from some population of limpets), but since this was a randomized experiment, we can infer causality.  

Thus, in terms of the problem, the results appear to indicate that decreased seawater levels have a causal effect in increasing oxygen consumption rates, but these results are associated only with the sample used in this study and cannot be generalized to the population of limpets.  

Analysis B:  ANOVA

2.  Is there a difference in mean oxygen consumption rate for limpets in the 50%, 75% and 100% seawater treatment groups?

4 and 5. You should be able to write these out in a manner similar to that given for Analysis A in terms of the problem at hand.

6. See p. 753 of M&M.  Here  is the  (fixed and unknown) mean oxygen consumption rate.  There are I=3 seawater treatment groups.  i = 1,2,3.   This notation needs to be included and defined.  We will estimate 3 parameters (population means).

7. See page 751 of Sleuth.  Define I, J, and the parameters of the model.  

8. Here is the ANOVA table from Splus.  You should be able to fill it in from the partial one I gave in the review sheet.

                             Df Sum of Sq  Mean Sq  F Value       Pr(F)

Seawater                      2  187.6469 93.82346 5.285304 0.008674924

Residuals                    45  798.8293 17.75176
Note that the MSE above is the estimated pooled variance.  

We conclude that at least one of the mean oxygen consumption rates is different in the three sewater treatment groups (one-sided p-value < 0.01).  

9. A 95% confidence interval requires 3 pieces:

· Difference in means between the 2 groups is  3.61 (same as calculation for interval based on t-test).

· Mulitplier:  Here it is the quantile of a t-distribution on N-I =45 degrees of freedom.  Degrees of freedom are different thn the t-test, even though we are comparing the same groups.

· SE:  See formula on the bottom of page 115.  In the Splus command line, you would type:

sqrt(1/16+1/16)*sqrt(17.75)

to get 1.49.  (What are the units of the SE?)

· Then the width of half of the confidence interval is:

1.49*qt(.975,45)

 which is:  3.001014

· The interval is then

(3.61-3.00,3.61+3.00)

which is (0.61, 6.61)

What is important here is understanding why the SE is different than in the t-test, and why the interval is different than the t-test.

