Biostat 200 HW One, Chapter 3

Outline solutions

1 and 2

In perfectly symmetric distributions, the mean, median and mode are the same value, and represent the center, middle, or typical observed value. In distributions that are skewed, the mean is the most sensitive to the extreme tail end of the observed values, whereas the median is less sensitive, or more robust. In that case, the median better represents what is “typical”.

However, which measure of center is used depends on what the data are to be used for, e.g. if house prices in a city are measured (in dollars), the median gives a better picture of a “typical” house price in the city. On the other hand, if a tax assessor wanted an idea of the additional total tax that could be raised from the houses in the city with a 10% increase in rate, this could be obtained from the mean house price, but not the median. The mode is almost never used as a measure of central tendency, by the way.

3. Measures of dispersion measure spread. The range is the least useful, as it is extremely sensitive to outlying observations, and besides it uses only 2 of the observations, “wasting” the rest.

The IQR gives an idea of the spread of the middle half of the observations, and is more robust than the standard deviation, which takes into account all the observations, but is therefore unduly influenced by a small number of very large or small observations.

5. Chebyshev’s inequality is useful in that it sets a lower bound for the proportion of data between + or – k standard deviations of the mean for any shape of distribution (k >1). If the distribution is mound-shaped and at least roughly symmetric, the empirical rule gives much tighter bounds for the proportions of the distribution lying between +/- 1, 2 and 3 standard deviations from the mean.

9. (a) Europe has the smallest mean infant mortality rate. Africa has the largest median infant mortality rate. (I hope this is obvious. If not, check with me or the TAs in lab). Europe would have the smallest std. dev. The sum of the squared deviations around the European mean would be smaller than that around either the Asian or the African mean.
(b) I’d expect the mean and median for Africa to be about the same, as the distribution of rates looks roughly symmetric in the histogram and the boxplot. For Asia, the mean would lie to the right of the median, owing to the few high values in the right tail of Asia’s rate distribution.

11 (a) Using STATA – summarize zinc, detail – you get:
Mean = 87.93723 (present as 87.9)

Median = 86 (50th percentile)

Std dev = 16.00469 (present as 16.0)

Range = 50 (smallest) to 153 (largest)

IQR = 98 (75th percentile) – 76 (25th percentile) = 22

(b) sd = 16.0, so

- at least 75% of the data lie between 87.9 +/- (2.16.), i.e. between 55.9 and 119.9

- at least 88.8% of the data lie between 87.9 +/- (3.16.), i.e. between 39.9 and 135.9

- at least 93.75% of the data lie between 87.9 +/- (4.16.), i.e. between 23.9 and 151.9

(c) We expect, using the empirical rule, that:

- about 68% of the data lie between 87.9+/- 16 = 71.9, 103.9

- about 95% of the data lie between 87.9+/- 32 = 55.9, 119.9

- about 68% of the data lie between 87.9+/- 48 = 39.9, 135.9

(there are several ways to calculate how many of the 462 measurements fall between these values. Try the command “tabulate”, for example)

(d) Since the distribution of zinc is roughly symmetric (actually, it’s right skewed) and unimodal, the empirical rule does a reasonable job. Of course, Chebyshev, though conservative, is always correct.

13. 

(a)

mean = 0.9908571 (present as 0.991mg)

median = 1.1 mg

(b) Produce the histogram – STATA, of course. It seems that there are actually two groups of cigarettes, quite widely separated (low nicotine and “regular”?); It is almost impossible to describe the shapes of these two groups, as the histogram bin sizes are too wide, if you use the STATA default settings. Naturally, you can adjust these if you wish. In any event, neither the two groups separately nor the data as a whole are anything like symmetric or unimodal!

(c) What does “central tendency” mean here? If there are two groups, the median of each one is probably reasonable as a measure of “typical” low nicotine and “regular” cigarette nicotine content. The mean in the “regular” case would be too influenced by the extremes; the mean of the low nicotine group would probably be about the same as the median. If there is only one group, I would grit my teeth and go for the median, but would insist on showing the graph.
15. (a) Try these STATA commands (naturally there are other ways too) – 

sort sex

graph sbp, box by (sex)

 Whatever you use, you will see that the boxplots show roughly the same distributions – both sexes have similar medians (females slightly higher);
– perhaps girls are slightly more varied, with a slightly larger IQR (however boys have a larger range);

– both distributions appear roughly symmetric (median approx. in middle of the boz, whiskers roughly the same size on each end of the box)

– there are 2 possibly unusually large values for the boys and 1 unusually small value for the girls;

(b) (once you’ve sorted sex)

by sex: summarize sbp

Females: 
mean sbp = 46.4; sd sbp = 11.1

Males:
mean sbp = 47.9; sd sbp = 11.8

Compare these to (a). Can you see how important it is to avoid jumping to conclusions about these summary numbers. 

In fact, I’d say now, unless sbp’s of 1mmHg are clinically important, that boys and girls have roughly the same centers and spreads, based on the summary statistics.

(c) CV = (s/x)100%

CV for males = 24.67%

CV for females = 23.99%

Although 24.67 is obviously larger than 23.99, is this difference a meaningful difference? It could be, but I doubt it. If you are really interested in this, try changing one female sbp value until you get CV for females close to 24.67. Draw a suitable conclusion.

