Problem set 1 solutions

A: t-test practice
1.
(@  Ho 30
Ha: 1 x<30
(b) 1-tailed 1-sample t-test
(c) t=-0.4657, df = 12, P = 0.3249
(d) At all levels of alpha, p»so we fail to reject the null hypothesis and codelthat
this species does not maintain a coelomic calciancentration less than that of their
environment.

2.
(@) Hy: ux=24.3

Ha: UX7£243
(b) 2-tailed, 1-sample t-test
(c)t=2.7128, df = 24, P = 0.01215
(d) Fora= 0.1 and 0.05, pxso we reject the null hypothesis and concludettieatrabs
maintain a body temperature different than air. #er0.01 and 0.001, p>so we fail to
reject the null hypothesis and conclude that thdsmaintain a body temperature the
same as the air.

3.
(@) H: =295

Ha: Mx #29.5
(b) 2-tailed, 1-sample t-test
(c) t=-2.2859, df = 13, P = 0.03968
(d) Fora=0.1 and 0.05, px so wereject the null hypothesis and conclude that averag
human menstrual cycle does not equal a lunar mdfabina=0.01 and 0.001, p»so we
fail to reject the null hypothesis and concludd tha average human menstrual cycle
equals a lunar month.

4.
(@  H: <45
Ha: HW>45
(b)1-tailed, 1-sample t-test
(c)t=0.3665,df =7, P =0.3624
(d) Fora=0.1, 0.05, 0.01, and 0.001, =0 we fail to reject the null hypothesis and
conclude that the mean dissolving time is less thraqual to 45 seconds.

5.
(@  Hr =45
Ha:  Hx <45
(b) 1-tailed, 1-sample t-test



(c)t=0.3665,df=7, P =0.6376
(d) Fora=0.1, 0.05, 0.01, and 0.001, =0 we fail to reject the null hypothesis and
conclude that the mean dissolving time greater traqual to 45 seconds.

[Combining questions 4 and 5, if we use a 2-tailedample t-test with § =45 and
Ha: W#45, (t = 0.3665, df =7, P = 0.7248). @pso we fall to reject the null hypothesis
and conclude that the mean dissolving time is 46rsds.]

6.
(@ H  He=He

Ha:  Me#Hc
(b) 2-tailed, two-sample t-test
(c)t=-2.54,df =10.7, P =0.0277
(d) Fora=0.1 and 0.05, pxso we reject the null hypothesis and concludetti@trugs
differ in their effectiveness (mean blood-clottinges are not the same). For0.01
and 0.001, pa so we fail to reject the null hypothesis and cadelthat there is no
difference in the mean effectiveness of the drtigs ihean blood-clotting times are the
same).

7.
(a) HO:a I-J-newf I-J-current,so Hnew' chrrentg O

HA: l-]-new> Mcurrent, SO Mnew~ lJ-current> 0
(b) two sample t-test (one-tailed)
(c) t=-3.013, df = 15.6, P = 0.0042
(d) Fora=0.1, 0.05 and 0.01, jp<so we reject the null hypothesis and concludettieat
mean height of plants grown with the new fertilizelarger than the height of plants
grown with the current fertilizer. Fer=0.001, px so we fail to reject the null
hypothesis and conclude that the heights of thetplasing the current fertilizer are at
least as high or higher than using the new feetil(ze. the new fertilizer does no better
than the current fertilizer).



8.
(a) Ho: HMmale=Mfemale
Ha: MmaleZMfemale

(b) two-sample t-test (2-tailed)

(c)t=0.632, df = 10.9, P = 0.5405

(d) Fora=0.1, 0.05, 0.01, and 0.001, =0 we fail to reject the null hypothesis and
conclude that male and female turtles have the saea® serum cholesterol
concentrations.

9.
(@ H  Ha=Hc
Ha:  HaFHc

(b)2-tailed, paired t-test

(c) t=5.3057, df =56, P = 1.984e-06

(d) Fora=0.1, 0.05, 0.01, and 0.001, @<so we reject the null hypothesis and conclude
that there is a difference in the mean peak strieandf these two creeks.

Notice that if you had done a two-sample t-teshty@u would have reached a very
different conclusion (P = 0.229). This is becailmetest does not control for the large
year-to-year fluctuations that are due to regiatiaiate.

B: Assessing normality

You can begin by glancing at the distributions tdggsams) of each sample and you'll
notice that most look roughly normal. The Shapirdkést provides a formal way to
assess normality. For questions 1-5, you can remtetst in JMP by going to Analyze ->
Distribution -> Fit Distribution -> Normal -> FitteNormal -> Goodness of Fit.

It turns out that the only strongly non-normal date in problem 9, so you might want to
jump to that one. The other problems came froextbbok; they are so strongly normal
that | wonder if they came from a random numberegator rather than real data!

la) These data seem reasonably normal. ShapirotégitkP = 0.696; fail to reject
normality

2a) These data are clearly normal. S-W: P = 0.80l1to reject normality
3a) Again, normal as normal can be: S-W: P = Q.88#4to reject normality
4&5a) These are normal. S-W: P = 0.964.

6) The tests for normality should be evaluatedefeh group independently. You can run
the test in JMP by going to Analyze -> Distributidut make sure to put the type of drug



in the “By” box. You will end up with distribution®r Drug B and Drug G. Proceed as
before for each distribution by clicking -> Fit Bifution -> Normal -> Fitted Normal -
> Goodness of Fit.

We end up with the following S-W test statistias vge fail to reject normality.

a) Drug B Drug G
S-W: P =0.997 P =0.913
7a) Current fertilizer New fertilizer
S-W: P =0.683 P =0.902

In both cases the data look reasonably normalwanfail to reject normality.

8a) Male Female
S-W: P=0.674 P =0.135

The S-W test supports the notion that the maleibligton is normal. There is a hint of a
non-normal pattern in the Female data, but witfesovalues it is hard to tell. This
illustrates the challenge: if the population realigre non-normal, then 6 data points
probably aren’t enough to satisfy the assumptidriketest; but with so few points it is
hard to detect non-normality.

9) If we were doing a two-sample t-test (not theqzhtest) we would look at the
individual creeks:

a) Atascadero Carpenteria

S-W: P << 0.0001 P << 0.0001

In both cases the data are clearly non-normal, stittng positive skew. However,
because n is ‘large’, our t-tests are likely valiee to the Central Limit Theorem.
However, if n were smaller we would want to tramsfdhe data so that the resulting data
were more normal looking in order to conduct ad/éliest. Alternatively, we could use a
non-parametric test.

b) I first tried to take the square root of theedréow but this does not transform the
distributions to normal. | next tried logging tbeeekflow variable to see if that forces a
normal-looking distribution.

To log a variable in JMP, go to the relevant dagasliin this case the ‘creekflow’ sheet).
Right click on the column headers to create a n@wnen. Name the new column (here |
choose “Inflow” to denote the natural log of thevil variable). Click Column Properties -
> Formula ->Transcendental ->Log->flow. The tramsfed data now look reasonably
normal (at least they look more normal).



a) Atascadero Carpenteria
S-W: P=0.378 P=0.168

HOWEVER, since what we did was a paired t-testctitecal thing that we need to look
at is the distribution of thdifferences. So create a new variable which is the difference
between Atascadero and Carpenteria using the neanogrocedure as before. Go to
the creekflow data sheet with paired data (rathan the stacked data). Click Column
Properties -> Formula ->Atascadero - Carpentetiigs Will generate a new variable that
is the flow difference between the two creeks. Njmato Analyze and look at the
distribution of the difference variable you justated.

a) The test results suggest the differences arearatally distributed, S-W: P = 0.0001.

The deviation is primarily through positive skeWwgtupward curve of the majority of the
points) but the last few points on the left showderce of kurtosis.

c) The problem with a log transformation here &t ihwon’t work with negative values:
the transformations are undefined. We could adohatant before we do the
transformation, to make them all positive. Howelet’'s instead perform a non-
parametric test of the flow difference variable lNmarametric tests are less sensitive to
distributions. Click Analyze -> flowdiff->Y, Coluns-> OK ->flowdiff-> test mean.

Now put in ‘0’ as the hypothesized mean and cliekbox to do a Wilcoxon Signed
Rank test. The Signed-Rank test statistic is hu@8h5 so we can reject the hypothesis
that the mean and median of the differences araléguero. (If you are interested you
can read more about the Wilcoxon Signed Rank tegbar own).

C: Integrative problems

Problem 1
1. Determinetheappropriate null and alter nate hypothesesto makethe
decision. Explain why you chose these.

Ho: ux = 6 ppm
Ha: ux < 6 ppm

The null hypothesis is that the mean TcCB concéatran the soil is greater than or

equal to 6 ppm, and the alternative hypothesisasthe mean TcCB concentration in the
soil is less than or equal to 6 ppm. This was setebecause the null hypothesis, which
generally represents the “no effect” scenario, sstgythat the clean up has had no impact
on soil concentrations. The alternative hypothssggests that an effect has been
achieved as a result of the clean up. Notice thatsetup puts the burden of proof, so to
speak, on the company responsible for the cleanup.



2. 1f you makeatypel error, what will be the consequence? If you makeatype
Il error, what will be the consequence?

A Type | error occurs when the null hypothesiseigeted when it is actually true. In this
case, we would conclude that the site is clean vitnéaict it is contaminated.
Consequences of this error include threats to huandrwildlife health and well being,
as well as the continued degradation of soil aritaia

A Type Il occurs when the null hypothesis is fatb®ugh we fail to reject it. Here, we
would conclude that the site is contaminated ali®A standards, when it is not.
Consequences of this error include additional amteaessary clean up costs.

3. What statistical procedure will you useto test the null hypothesis? Justify
your choicein words

A one sample, one-sided t-test of the clean-ujg siteuld be used in this situation. We
are assuming normality of the non-transformed datan though they are highly skewed.
We select a t-test and not a z-test because wetdaow the standard deviation of the
population. We are using a one-sided t-test becaesare interested in (depending on
how your null and alternative hypotheses were pgtmnether the data exceed the EPA
standard in a particular direction. If we only weohto know if the data are different from
the EPA standard, we would select a two sidedtt-tes

4. Run thetest, report theresults, and state your conclusions.

With an alpha of 0.05, we fail to reject the nutpbthesis (t stat = -0.9140, df =76, p =
0.1804), and cannot conclude that the soil conagatr of TcCB is less than the EPA
standard.

5. Examinedistributions of the data. Areyou concerned that the assumptions of
thetest might beviolated? Why or why not? (If thereisa problem, you are not
required tofixit.)

As mentioned above, the data have a strong posikiee and appear to have strong
deviations from a normal distribution. This violatene of the main assumptions of
the t-test, that our data are normal. The skewisems issue here because it greatly
increases the length of the tail of the distribmtimaking it highly leptokurtotic. This
leads to the sample means not being normally biged, and thus our t-test
assumptions violated.

Log transforming helps to normalize our data, altffothe transformed data are still
skewed. Given the large sample size, howeverts-testhe transformed data are
likely to be reliable.



Problem 2
a) H:  Ha=Hsr

Ha:  HaZMsr
b) Because we have measurements at both siteyeaGhwe can do a paired t-test. In
fact, if we did a two-sample t-test, we would belaiing the assumptions of
independence, as the values are correlated betiveawo sites:

We are doing a two-tailed test, so we can reskatdnypotheses:
Ho:  MHa-Msg= 0
Ha: Ha-Msr#0

c)t=9.47,df =13, P << 0.0001. We reject thé hypothesis and conclude that kelp
densities are different at the two sites.

d) The differences (Anacapa — Santa Rosa) are tigrdistributed (Shapiro-Wilks test:
P =0.207). Thus the assumptions of the testa@irékely to be violated.

However, there is a conceptual challenge. Ourrehtiens span just over a year, and
indicate a consistent difference (Anacapa is alratygays higher) over that time. But it
would be risky to extend this conclusion acrosggjesspecially if large-scale
oceanographic shifts occur.



