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Session Three Outline

• Testing – the t-test

• Confidence intervals – the mathematical form

• Power

• Analysis of binary, event-time, and other outcomes

• What’s next: Courses?

• What’s next: Contacts?
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Standard Hypothesis Testing

• Yesterday we say that in order to test a hypothesis we

needed:

◃ EXPECTED values for our comparison if the

NULL WERE TRUE.

◃ We then compared our OBSERVED difference to

these “reference values”.

◃ p-value shows placement of OBSERVED among

EXPECTED values.
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Standard Hypothesis Testing

• Same IDEA, just using a little more theory/math!

• Common presentation of t-test:

◃ Compute the OBSERVED difference and

STANDARDIZE:

Z =
Y 1 − Y 2√

s21
n1

+
s22
n2

◃ Compare this “distance” to standard normal

values (e.g. expectations using a bell curve)

• Idea is exactly parallel to our permutation approach.
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Standard Hypothesis Testing

• Needs measurement of variation captured in the data,

s21 (and s22), or equivalently the square root of this

sample variance – the sample standard deviation, s1
(and s2).

• Define:

s21 = average
[
(Yi − Y )2

]
in group 1

• Summary of expected “distance.”

• Our small surgical data: s1 = 1.71, s2 = 1.73.
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Principle: Plan your study to expect
success!

• We have seen the EXPECTED VARIATION assuming

the NULL determines the magnitude of a difference

that is needed to call results significant.

• Q: If the NULL doesn’t hold and we expect a

difference then how likely are we to actually get a

significant p-value?

• A: Depends on sample size and the effect you think

you might have (e.g. your alternative hypothesis)
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Power / Sample Size

• A three step process:

◃ Calculate EXPECTED results if NULL IS TRUE

(we did this already!)

◃ Determine cut-off values that have only 5% outside

these critical values.

◃ Calculate ANTICIPATED results if THERE IS AN

EFFECT (so you need to specify an effect size)

◃ Count how often the ANTICIPATED results will

reject the null – this is power!
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Power

• NULL EXPECTED: Here we have assumed that we

had a sample of n=20 untreated subjects available

(e.g. pilot data) – made 1,000 copies of each person –

and then we used these to simulate samples of n=10

subjects assigned to treatment and n=10 assigned to

control – but all created equal!

• Calculate threshold to call significance: critical value.
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Power

• AN EFFECT EXPECTED: Here we decided that we

expected a surgical effect of -2.0 points – our

“alternative hypothesis” – and use one population like

above to represent control subjects, and created

another population where we subtracted 2.0 points to

represent treated subjects.

• Simulate many studies with n=10 surgical and n=10

non-surgical subjects.

• Calculate how often the null is rejected: power.
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Power

Don’t Reject Reject Null

Null True good false positive

Alternative True false negative good

power

• We usually set false positive at 5%.

• We choose a sample size to get power ≥80%.
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Our Planned Surgical Trial

• Using these ideas we find that n=10 / group would

yield power = 74% if we anticipate a -2 point

treatment effect.

• Let’s consider a different sample size, n=20 / group,

and repeate the exercise. Here’s what will happen:

◃ If NULL IS TRUE we will have less variablity

around 0.0

◃ When ALTERNATIVE IS TRUE we will have less

variablity around -2.0
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Our Planned Surgical Trial

• We now find that with n=20/group we obtain power

= 96%.

• Notice that the critical value moved closer to 0.0

since the sample size increased.

• We can make a couple of graphs to help inform

sample size:

◃ vary sample size but hold alternative fixed and

display power.

◃ vary effect size but hold sample size fixed and

display power.
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Example: Power for Grant Application
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Example: Power for Grant Application

102 ITHS 2012



Power / Sample Size Tools

• You need some input information:

◃ standard deviation for each group (we had data

to suggest 1.7)

◃ anticipated group means – the alternative

hypothesis

• STATA has a simple tool sampsi.

• There are many online tools:

◃ n=12 stated using our parameters and:

http://www.stat.ubc.ca/~rollin/stats/ssize/
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Power Calculation with STATA
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Power Calculation with STATA
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Sample Size Calculation with STATA
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Summary of Power / Sample Size

• Planning to be confident that your study will yield a

definitive result if the effect of treatment is what you

anticipate.

• Requires input information / pilot data.

• Issues around selection of alternative hypothesis –

what is smallest clinically meaningful effect?

• Tools exist for quantitative outcomes, binary

outcomes, and event-time end-points.
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(*) Confidence Intervals

• common presentation:

(Y 1 − Y 2)− 1.96× SE, (Y 1 − Y 2) + 1.96× SE

• Where SE is the “standard error” defined as

SE =

√
s21
n1

+
s22
n2

• The interval above is a 95% confidence interval for

the true difference of means.
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Courses at UW
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Courses at UW
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Courses at UW
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Ask for help
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Outline for ITHS Bootcamp

• Why you might want to talk to a statistician.

• How a statistician approaches research aims

• Key considerations in study design

• What you need to know to “bridge the gap”

◃ What data should arise if there is no association?

◃ What data should arise if there is an association?
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