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Announcements

• Pick up homework papers from boxes on
4th floor of MSB.

• Final: Friday 12/14 10:30am in CHEM194
Bring 2 scantrons!

• Review session: Wednesday 12/12 6:00pm
in SciLec 123



Major or Minor in Statistics
• Degrees: Applied Statistics, Mathematical

Statistics, and Computational Statistics
• Combine (double major or minor) with

social sciences, biological sciences, etc…
• Next courses: STA32, STA106, STA108
• Flyers
• See me or Min Yu or Jiming Jiang for info



Chapter 11

• Other t tests
– conservative df formula
– pooled t test
– paired t test

• Comparing 2 treatments
• Causal inference



Conservative df Formula

• The formula for the degrees of freedom in a
two sample t test has a lot of computation.

• It can be programmed in your calculator or
computer software.

• As a short cut, use same test statistic but use
df = min(n1-1, n2-1) to compute the p-value.

• This value of df gives a conservative result.



Pooled t Test

• If the two populations being compared in a
two sample t test have equal standard
deviations (! 1=! 2), a "pooled" estimate of
the sampling distribution s.d. can be used
and df=n1+n2-2.

• The resulting test is more powerful.
• However, the test is very sensitive to

deviations from the assumption ! 1=! 2.



Paired Study Designs

• Paired samples are as similar as possible to
each other, so that any difference is likely not
due to a confounding variable.

• The two samples may consist of the same
individuals (e.g. before and after a treatment)
or different but exchangeable individuals (e.g.
matched for age, sex, race).

• The two sample sizes are identical (1-1 pairs).



Paired t Test

• There is a special form of the t test statistic
for paired samples (p. 499) based on the
sampling distribution of the differences
between individuals in each pair.

• Degrees of freedom: df=n-1, where n1=n2=n.
• There is also a confidence interval formula

based on the differences (p.503).



Comparing Two Treatments

• The tests for comparing two population
means or two population proportions can also
be applied to comparisons of two treatments
assigned randomly to a single population.

• Note that one of the two "treatments" (Tx)
may be a control or placebo.

• The two sample confidence intervals are also
valid for comparing two treatments.



Comparing Two Treatments

• Rather than requiring independent samples,
the necessary assumption for comparing two
treatments is that they be assigned randomly
to individuals or objects (or vice versa).

• In addition, the usual assumptions must still
hold for the two treatment distributions.
– µ: n1≥30 AND n2≥30 OR normality of Tx distns
– π: n1 p1" 10, n1(1-p1)" 10, n2 p2" 10, n2(1-p2)" 10



Causal Inference
• If the assignment of treatments is not done

randomly by the investigators, then the study
is observational.

• Association in an observational study does
not imply causation!

• Association in a randomized experiment
does suggest causation, however, because
confounding factors should be equal in both
treatment groups.



Generalizing to Populations
• If the individuals in a comparison of two

populations are sampled randomly, then the
results can be generalized to the two
populations being studied.

• In a comparison of two treatments, the
individuals may not be selected randomly.
Hence, it may not make sense to generalize
to a larger population even when a
convincing treatment effect is found.



Examples

1. Examine medical records of 100 randomly
selected cancer patients who had radiation
at a hospital and 100 randomly selected
patients who had chemotherapy there.
Compare mean survival time.
Causal inference OK?
Generalizing to all cancer patients at
hospital OK?         To all US patients?

No.

No.Yes.



Examples

2. An oncologist randomly gives 100 cancer
patients chemotherapy and 100 patients
radiation. Compare mean survival time.
Causal inference OK?
Generalizing to all cancer patients of that
oncologist OK?         To all patients at the
oncologist's hospital OK?       To whole US
population?

Yes.

Yes.
No.

No.



Examples

3. Randomly select 200 cancer patients from
US. Then, randomly give 100 patients
chemotherapy and 100 patients radiation.
Compare mean survival time.
Causal inference OK?
Generalizing to all cancer patients in the
US OK?

Is any of these a realistic study design?

Yes.

Yes.



Evaluations


