






Adjusted estimates

How could we adjust for baseline imbalances?

Suppose we had a continuous outcome Y , a treatment t (=0 if ’control’,
=1 with ’new treatment’), and possible ’confounders’ x1, ..., x

k

.

Confounder: something that might be correlated both with the treatment
(through imbalance) and the outcome.

Build a regression model

E[Y ] = a+ bt + c1x1 + ...+ c

k

x

k

For fixed x1, ..., x
k

, b is the change in the expectation of Y associated with
the treatment i.e.

E[Y |t = 1, x ] = a+ b + c1x1 + ...+ c

k

x

k

E[Y |t = 0, x ] = a+ c1x1 + ...+ c

k

x

k

and so

E[Y |t = 1, x ]� E[Y |t = 0, x ] = b

b is the ’treatment e↵ect’, adjusted for x1, ..., x
k
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Class data

> lm(handspan ~ gender)

Coefficients:

(Intercept) genderM

19.273 1.658

Male handspans are on average 1.66 cm wider than females

But is this just because men are taller? Need to ’adjust’ for height

> lm(handspan ~ gender + height)

Coefficients:

(Intercept) genderM height

8.06265 1.15941 0.06893

> confint(fitted)

2.5 % 97.5 %

genderM -0.02769957 2.3465157

Adjusting for height, male handspan is still 1.16 cm wider than females. 95%

confidence interval is (-0.03,2.34) so NOT significantly wider in men than women,

when we ’adjust’ for height.
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Class data

> summary(fitted)

Residuals:

Min 1Q Median 3Q Max

-3.2637 -1.3112 0.1904 1.0422 3.8701 (summary of distribution of residuals)

Coefficients:

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

(Intercept) 8.06265 4.54223 1.775 0.0833 ( t = Estimate/Std error)

genderM 1.15941 0.58781 1.972 0.0553 (2-sided P value, ¿ 0.05)

height 0.06893 0.02779 2.480 0.0173 *

---

Signif. codes: 0 *** 0.001 ** 0.01 * 0.05 . 0.1 1

Residual standard error: 1.737 on 41 degrees of freedom(estimate of sigma)

Multiple R-squared: 0.2699, Adjusted R-squared: 0.2343

F-statistic: 7.578 on 2 and 41 DF, p-value: 0.001583
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P-values and confidence intervals - putting them into words

P < 0.05 ’Evidence’ against the null hypothesis (i.e. evidence that
the di↵erence is real)

P < 0.01 ’Strong evidence’ against the null hypothesis

P < 0.001 ’Very strong evidence’ against the null hypothesis

The P-value is not the probability of the null hypothesis being true.

If P < 0.05, you cannot say there is less than 5% chance that H0 is
true (even if everyone said this about the Higgs Boson)

If P > 0.05, just say there is ’no good evidence against H0’. Do NOT
say that therefore H0 is true.

Remember: if a 95% confidence interval does not contain the null
hypothesis, this is the same as P > 0.05
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Is this a good interpretation? One or 2-sided?

1/pnorm(-5)

[1] 3488556

October 3, 2012 6 (1–14)



Which of you is psychic?

Guess which side the coin has come up.

20 flips, write down X or Y, and then circle it if it is right
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Which of you is psychic?

Number right 1-sided P-value
13 0.132
14 0.058
15 0.021
16 0.006
17 0.001

Prob. of at least one P-value < 0.05 in 50 attempts = 1� 0.9550 = 0.92

Prob. of at least one P-value < 0.01 in 50 attempts = 1� 0.9950 = 0.39

Prob. of at least one P-value < 0.001 in 50 attempts = 1� 0.99950 = 0.05
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Multiple testing

If you do k independent hypothesis tests, then even if the null hypothesis
is true -

Probability that at least one will have a P-value P < 0.05

= 1- ( Probability that they all will have a P > 0.05|H0)

= 1� 0.95k

for example, if k = 20, then there is a 1� 0.9520 = 0.64 chance of
(wrongly) rejecting H0 in at least of the tests

So if we do enough testing we are bound to reject H0

This is the multiple testing problem
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What do people do about multiple testing problem?

Adjust the P-values for multiple testing: e.g. the ’Bonferroni’
adjustment multiplies P-values by the number of tests done.

Use 99% confidence intervals if calculating many intervals.

If there have been lots of tests, demand a VERY low P-value (e.g.
P < 0.000001)

Demand replication of the ’discovery’ by other teams

Try to control the ’False Discovery Rate’ (out of things found to be
significant, what proportion are ’false discoveries’?)

The Higgs Boson team did almost all of these!
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Stats practical

Adapt commands from the previous .R files for the following.

1. Read in the data from the ’UN / Europe’ experiment - it is in UN-data.csv.

2. Plot all the estimates as a histogram

3. Plot the estimates for each group X (prompt.X=10) and Y (prompt.X=60) as a his-
togram [see class.data.R for how this was done using the ”lattice” package]

4. type the command prompt.X==10 and see that it produces a logical array with TRUE/FALSE
according to then value of prompt.X

5. Find the sample mean and variance for each group. You could select the two groups by
using prompt.X==10 in square brackets after estimate - this picks out the elements of
estimate corresponding to TRUE

x=estimate[prompt.X==10] # select guesses of people given the prompt X=10

y=estimate[prompt.X==60] # select guesses of people given the prompt X=60

6. Assuming each group represents a random sample from the population, estimate the
standard error for each sample mean.

7. Find an approximate 95% confidence interval for the di↵erence in population means,
using the formula given previously

X � Y ± 1.96

s
�̂2
X

n
+

�̂2
Y

m
.

Do this calculation in R

8. Test the hypothesis that there is no di↵erence between the groups (2-sided). You can
use the t.test function. Compare the 95% confidence interval they give with the one
you calculated above.

9. Put your conclusions into words!

Incidentally, out of 193 Member States of the UN, 48 (25%) are in Europe

http://www.blatantworld.com/feature/europe/united_nations_member_states.html

How does this compare with the opinions?

Do you think the ’wisdom of crowds’ worked in this case?
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Stats assignment

Data in sac.indsex.dat concern 706 unrelated South African Coloured TB cases and con-
trols (cPHENO), age, sex and individual genetic ancestry proportion from Yoruba (cYRI),
Khoesan(cSAN), European (cCEU), East-Asian (cCHB) and Indian (cGIH).

The question is to investigate the relationship between TB status (cPHENO), gender and
genetic ancestry

1. Read in the data from the file sac.indsex.dat - this is not a CSV file so use dat=read.table(....
instead of dat=read.csv

2. Check the content of the data-file with summary and listing it by typing dat. Check
you understand what each column means (ignore the NULL column)

3. attach the file as in previous examples, so you can just use the variable names

4. Look at each variable using a suitable plot

5. Look at correlations between the variables using suitable plots. You might want to look
at QuickR on scatter plots to see how to produce a nice table of scatterplots between
many di↵erent variables - there are a number of ways of doing this

6. How are the di↵erent genetic ancestry proportions related to each other?

7. Check how people with TB (cPHENO=1) di↵er from those without TB (cPHENO=0)
using appropriate tests and plots. Are they younger, and do they have di↵erent genetic
ancestry?

8. You might use the lm(cPHENO ~ ....) function to see how multiple variables predict
TB status. See slides in stats lecture 5.

9. Produce a short report, with graphs, summarising your conclusions
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