Problem set 4

1. For each of the following state i) the null hypothesis, ii) the alternate hypothesis, and iii) indicate whether the alternate hypothesis is one- or two-sided/tailed.

a) You wish to explore whether drinking coffee changes one's heart rate.

Ho: coffee has no effect on heart rate

Ha: coffee does change on heart rate (2-sided)

b) You believe ground squirrels in southern Ontario are smaller than those found north of the arctic circle.

Ho: ground squirrels size in south = ground squirrel size in north

Ha: ground squirrels size in south < ground squirrel size in north (1-sided)

c) You explore whether drinking soda pop (like, coke etc.) increases the prevalence of diabetes.

Ho: soda pop consumption doesn't increase prevalence of diabetes

Ha: soda pop consumption does increase diabetes (1-sided)

d) You explore whether cellphone use while driving increases the accident rate.

Ho: cellphone use does not affect accident rate

Ha: cellphone use increases accident rate (1-sided)

e) You explore whether shading of coffee plants alters the production of coffee beans.

Ho: shading coffee plants doesn't affect production

Ha: shading coffee plants does affect production (2-sided)

f) You explore whether there is more DNA sequence variation in large versus small populations of field mice.

Ho: DNA sequence variation does not differ between large and small mice popns

Ha: DNA sequence variation greater in large vs small popns (1-sided)

2. Draw a diagram that illustrates the meaning of the "power" of a hypothesis test.

See diagram from previous lecture
3. What is a P-value? How is a P-value different from α ?

α is the probability of incorrectly rejecting a true null Hypothesis.

It is set prior to our conducting a statistical test and normally α = 0.05.

The P-value is one of the final estimates from a statistical test. It is the probability of observing an experimental outcome (test statistic) as extreme or more extreme than the one we obtained. We reject Ho if the P-value < α.

4. The expected proportion of red-eyed fruitflies is p = 0.75 in a particular cross. If you randomly sample 8 flies from such a cross, determine the probability of all possible outcomes.

so here we use the binomial distribution to obtain the probabilities of all possible outcomes of numbers of flies. Here p = 0.75, n=8, and we'll call the outcomes or successes X = the numbers of red-eyed flies out of 8.

Pr(X) =      n!/{X!(n-X)!}   pX (1-p)n-X
Pr(0 red) =  8!/{0!8!} .750 .258  = 0.0000153

Pr(1 red) =  8!/{1!7!} .751 .257  = 0.000366

Pr(2 red) =  8!/{2!6!} .752 .256  = 0.00385

Pr(3 red) =  8!/{3!5!} .753 .255  = 0.0231

Pr(4 red) =  8!/{4!4!} .754 .254  = 0.0865

Pr(5 red) =  8!/{5!3!} .755 .253  = 0.2076

Pr(6 red) =  8!/{6!2!} .756 .252  = 0.311

Pr(7 red) =  8!/{7!1!} .757 .251  = 0.267

Pr(8 red) =  8!/{8!0!} .758 .250  = 0.100

Note the asymmetry of the distribution as one would expect.

5. For the cross in question 4 above, you actually conduct a larger experiment where you obtain a random sample of 20 flies from the cross. Your sample contains 

i) 18 red-eyed flies and 2 white-eyed flies. Conduct a formal hypothesis test for this cross.

ii) estimate the  standard error of the proportion of red-eyed flies
Ho : proportion of red-eyed flies is 0.75

Ha: proportion of red-eyd flies is not 0.75 (two-sided )

set α = 0.05

Conduct a binomial test.

Here we observe 18 red-eyed so we want to know the probability of obtaining a result

as extreme or more extreme than the one we observed in both directions. Note that when doing a 2-sided test where the binomial distribution is asymmetrical (that is where p doesn’t equal 0.5), we will calculate the probabilities in the direction of the deviation in our data and then multiply that by two. So here we have more reds than we expect (we expect only .75 x 20 = 15 reds but have 18. Or p̂ = 0.9 not 0.75 so too many reds).
So, as extreme or more extreme in one direction is given by: 18 red, 19 red, and 20 red.
We’ll multiply the sum of those probabilities by 2.

So obtain these probabilities using the binomial distribution as above.

Pr(20 red) =  20!/{20!20!} .7520 .250  = 0.00317

Pr(19 red) =  20!/{19!1!} .7519 .251  = 0.02114

Pr(18 red) = 20!/{18!2!} .7518 .252  = 0.06695

                                             sum = 0.0913 

Multiplying by two gives P-value = 0.1825

Since P-value > 0.05 we don't reject Ho. We have no evidence that the proportion of flies 

deviates from 0.75.

ii) to estimate the standard error, we need simply to use the equation

p̂ = 18/20 = 0.9

SEp̂ = {p̂ (1 - p̂)/(n)}1/2
SEp̂ = {0.9 x 0.1/(20)}1/2 = 0.067.

6. Some bumble bee species are polymorphic for colour, having either orange or yellow bands on their abdomens. You wish to test the hypothesis that the band colours are equally frequent so you obtain a random sample of 20 bumble and record their colours:

                   15 yellow  and 5 orange

Conduct a formal hypothesis test and estimate the confidence intervals for the proportion of yellow-banded bumble bees. 

Ho : proportion orange = proportion yellow

Ha: proportion orange not equal to proportion yellow (two-sided )

set α = 0.05

Conduct a binomial test.

Here p will be the proportion of yellow and we expect it to be 0.5 under Ho.

But our estimate is  p̂ = 15/20 = 0.75, so there are too many yellow in our sample and we’ll move in that direction. So we need probability of observing result as or more extreme. So, 15, 16, 17, 18 , 19, 20 yellow, we’ll obtain the probabilities, sum them and multiply by 2 since Ha is 2-sided.

Pr(15 yellow ) =  20!/{15!5!} .515 .55  = 0.0148

Pr(16 yellow) =  20!/{16!4!} .516 .54  = 0.0046

Pr (17 yellow) =  20!/{17!3!} .517 .53  = 0.0011

Pr(18 yellow) =  20!/{18!2!} .518 .52  = 0.0002

Pr(19 yellow) =  20!/{19!1!} .519 .51  = 0.00002

Pr(20 yellow) =  20!/{20!0!} .520 .50  = 0.000001

                                            sum = 0.02069

Multiplying the sum by two we find P-value = 0.041

Since P-value < 0.05 we reject the Ho.

Therefore there are different frequencies of orange vs yellow bees in the population and from the data there are more yellow than orange.

ii) standard error of proportion obtained as in question 5.

Our estimate of the proportion of yellow bees is simply p̂ = 15/20 = 0.75

 SEp̂ = {p̂ (1 - p̂)/(n)}1/2
SEp̂ = {0.75 x 0.25/(20)}1/2 = 0.097.

8. In an unusual plant breeding system (investigated by Charles Darwin), three kinds of plants occur in populations. The plants are either long-styled, mid-styled or short-styled. Theoretical studies by R.A. Fisher, indicated that all three kinds of plants should occur at equal frequenices in populations.

A biologist randomly samples a population of purple loosestrife (Lythrum salicaria) and finds the following numbers of each type of plant: 

60 Long-styled            63 Mid-styled                  27 Short-styled               

 Test the hypothesis predicted by Fisher's theoretical study.

Ho: proportion Long = proportion Mid = proportion Short

Ha: one or more of proportions differ

α = 0.05,                 

Chisquare goodness-of-fit test.

We need to compute the expected numbers of each kind of plant assuming the null hypothesis is true.

Total sample size n = 60 + 63 + 27 = 150

If the null hypothesis is true, the proportion of each plant type is

p = 0.33333.

So the expected number of each type of plant is p x 150 = 50.

                                Long                  Mid              Short           Total

Observed                    60                    63                   27              150

Expected                    50                    50                   50              150

Chisquare calculated = Sum of (observed - expected)2 / expected

Chisq calc = (60-50)2/50 + (63-50)2/50 + (27-50)2/ 50

 Chisq calc = 15.96. So here our text statistic I've called  Chisq calc). We need to know it's sampling distribution. It turns out that given some assumptions, it's sampling distribution is closely approximated by a family of theoretical distributions called the  

χ2 distribution.  The particular distribution we need is determined by the degrees of freedom.  For now the degrees of freedom

 df = the number of categories of observation - 1, in this case df = 3-1 =2

The critical value for the χ2 distribution with df = 2 is 5.991.

If our chisq calculated exceeds this value we reject Ho. So in this case we reject Ho.

The frequencies of plants are not equal in the population. Looking at the data it appears that the number of short-styled plants is particularly low.

Note that we can also determine the probability of observing a result as extreme or more extreme than our data which is the probability of observing a chisquare calculated as extreme or more extreme than 15.96. (at least this can be done on computer e.g using SAS).

So here P = 0.0003  and so P < 0.05

