
Chapter 11

Power Equations

1 General Purpose

Power can be described as statistical conclusive force. It can be defined as the

chance of finding a difference where there is one. Other chances are the chance of

finding no difference where there is one (type II error) and the chance of finding a

difference where there is none (type I) error (Chap. 3). A study result is often

expressed in the form of the mean result and its standard deviation (SD) or standard

error (SE). With the mean result getting larger and the standard error getting

smaller, the study will obtain increasing power. This chapter is to show how to

compute from a study’s mean and standard error its statistical power.

2 Schematic Overview of Type of Data File
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3 Primary Scientific Question

What is the power of a study with its mean study result and its standard error given.

4 Power Assessment

Important hypotheses are hypothesis 0 (H0, no difference from a 0 effect), and

hypothesis 1 (H1, real difference from a 0 effect). For the purpose of power

assessment, we will, particularly, emphasize hypothesis 1. The underneath figure

shows graphs of H0 and H1.
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H1 is a graph based on a 2-group trial with a sample size of 20. Mean� SEMs

are on the x-axis (commonly called z-axis here). H0 is the same graph with mean

0. H1 is also the summary of the means many trials similar to ours. H0 is also the

summary of the means many trials similar to ours, but with an overall mean effect

of 0. If the hypothesis 0 is true, then the mean of our study is part of H0, if the

hypothesis 1 is true, then the mean of our study is part of H1. So, the mean of our

study may be part of H0, or of H1. We can’t prove anything, but we can calculate

the chance of either of these possibilities.

A mean result of 2.9 is far distant from 0. Suppose, it belongs to H0. Only 5 % of

the H0 trials> 2.1 SEMs distant from 0. The chance, that it belongs to H0 is, thus,<
5 %. Reject this small possibility. Now, suppose the result belongs to H1.

Up to 30 % of the H1 trials are< 2.1 SEMs distant from 0. These 30 % cannot

reject null hypothesis of no effect. The trials right from 2.1 SEMs (corresponding

with 70 % of the area under the curve (AUC)) can do so.
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We can conclude from all of the above considerations: if H0 is true, we will

have< 5 % chance to find it; if H1 is true, we will have 70 % chance to find it. And

so, we will decide to reject the null hypothesis of no effect at p< 0.05, and to do so

with a power of 70 %.

5 Data Example

A blood pressure study shows a mean decrease in blood pressure of 10.8 mm Hg

with a standard error of 3.0 mm Hg. Results from study samples are often given in

grams, liters, Euros, mm Hg etc. For the calculation of power we have to first

standardize our study result, which means that the mean result has to be divided by

its own standard error (SE or SEM):

Mean� SE ¼
mean /SE� SE/SE ¼
t-value� 1.

All of the t-values, as found in the t-table, can be looked at as the standardized

mean results of all kinds of studies. In our blood pressure study the t-value¼ 10.8 /

3.0¼ 3.6. The unit of the t-value is not mm Hg, but rather SE-units or SEM-units.

The question is: what power will the study have, if we assume a type I error

(alpha)¼ 5 % and a sample size of n¼ 20.

The question is: what will the power of this study be, if we assume a type I error

(alpha) of 5 %, and a sample size of n¼ 20.

A. 90 %< power< 95 %,

B. power> 80 %,

C. power< 75 %,

D. power> 75 %.

n¼ 20 indicates 20–2¼ 18 degrees of freedom in the case of 2 groups of

10 patients.

We will use the following power equation (prob¼ probability, z¼ value on the

z-line (the x-axis of the t-distribution)

Power ¼ 1� prob z < t� t1
� �

t ¼ the t-value of your results,

t1 ¼ the t –value, that matches a p-value of 0.05¼ 2.1;

t ¼ 3.6; t1¼ 2.1; t-t1¼ 1.5;

prob (z< t� t1) ¼ beta¼ type II error¼ between 0.05 and 0.1

1-beta¼ power ¼ between 0.9 and 0.95¼ between 90 and 95 %.
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So, there is a very good power here. Explanation of the above calculation is

given in the next few lines.

6 T-Table

The t-table has a left-end column giving degrees of freedom (� sample sizes), and

two top rows with p-values (areas under the curve¼ p-values), one-tail meaning

that only one end of the curve, two-tail meaning that both ends are assessed

simultaneously. The t-table is, furthermore, full of t-values, that, with 1 degrees

of freedom, are equal to z-values (Chap. 36). The t-values are to be understood as

mean results of studies, but not expressed in mmol/l, kilograms, but in so-called

SEM-units (Standard error of the mean units), that are obtained by dividing your

mean result by its own standard error. With many degrees of freedom (large

samples) the curve will be a little bit narrower, and more in agreement with nature.

The current chapter shows how the t-table can also be applied for computing

statistical power.

With a t-value of 3.6 as shown in the previous section, and 18 degrees of

freedom, the term (t� t1) equals 1.5. This value is between 1.330 and 1.734.

Look right up at the upper top row for finding beta (type II error¼ the chance of

finding no difference where there is one). We have two top rows here, one for

one-tail testing one for two-tail testing. Power is always tested one-tail. We are

between 0.1 and 0.05 (10 and 5 %). This is an adequate estimate of the type II error.

The power, thus, equals (100 %� beta)¼ between 90 and 95 % in our example.
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7 Conclusion

Power can be defined as the chance of finding an effect (or a difference from zero),

where there is one. It is equal to 1 minus the type II error (¼1� β). A study result is

often expressed in the form of the mean result and its standard deviation (SD) or

standard error (SE or SEM). With the mean result getting larger and the standard

error getting smaller, the study will obtain increasing power. This chapter shows,

how to compute a study’s statistical power from its mean and standard error.
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8 Note

More background, theoretical and mathematical information of power assessments

is given in Statistics applied to clinical studies 5th edition, Chap. 6, Springer

Heidelberg Germany, 2012, from the same authors.

70 11 Power Equations


	Chapter 11: Power Equations
	1 General Purpose
	2 Schematic Overview of Type of Data File
	3 Primary Scientific Question
	4 Power Assessment
	5 Data Example
	6 T-Table
	7 Conclusion
	8 Note


