
Chapter 16

Superiority Testing Instead of Null-
Hypothesis Testing

1 General Purpose

For this chapter some knowledge of power equations is required. This is given in the

Chaps. 11 and 50. Superiority testing of a study means testing whether the study

meets its a priori defined expected power. Many therapeutic studies may be able to

reject their null-hypotheses, and, are, thus, statistically significant, but they do not

meet their expected power. Although p-values are widely reported, power is rarely

given in the report. This may be a problem in practice, since lack of power indicates

that the treatments are less efficaceous than expected. Superiority testing assesses

whether the eventual power of a study is in agreement with the power as stated in

the protocol of the study. This chapter shows how superiority can be assessed.

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

Is the expected power level as assessed prior to a study in agreement with the power

level obtained.

4 Data Example

The expected power of a study of a 10 patient crossover study is 90 %. The results

of the study are given underneath:

observation 1:

6.0, 7.1, 8.1, 7.5, 6.4, 7.9, 6.8, 6.6, 7.3, 5.6

observation 2:

5.1, 8.0, 3.8, 4.4, 5.2, 5.4, 4.3, 6.0, 3.7, 6.2

Individual differences

0.9, -0.9, 4.3, 3.1, 1.2, 2.5, 2.5, 0.6, 3.8, -0.6

Is there a significant difference between the observation 1 and 2, and which level

of significance is correct?

Mean difference ¼ 1.59

SD of mean difference ¼ 1.789

SE¼ SD/√10 ¼ 0.566

t¼ 1.59/0.566 ¼ 2.809

10 – 1¼ 9 degrees of freedom (10 patients and 1 group of patients).

Look at the underneath t-table to find the p-value, and assess the presence of

superiority.
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5 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.
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The ninth row of t-values shows that our t-value is between 2.262 and 2.821.

This would mean a p-value between 0.05 and 0.02. There is, thus, a significant

difference between observation 1 and 2. However, is the expected power obtained

or is this study underpowered. The t-table is helpful to calculate the t-value required

for a power of 90 %: it mean a beta-value (type II error value) of 10 % (¼ 0.1). Look

at the upper row of the t-table.

If

beta ¼ 0.1, then

zbeta for 9 degrees of freedom

¼ 1.383.

The t-value required for a power of 90 %

¼ 1.383 + t1, where t1 is the 0.05

¼ 1.383 + 2.262

¼ 3.645.

The required t-value is much larger than the obtained t-value of 2.809, and, so,

the study does not meet its expected power. The treatment is less efficaceous than

expected.

If the investigators had required a power of 60 %, then the superiority testing

would be as follows.

beta ¼ 0.40

z ¼ 0.261

The t-value required for a power of 60 %

¼ 0.261 + t1, where t1 is the 0.05

¼ 0.261 + 2.262

¼ 2.523.

This t-value is smaller than the obtained t-value of 2.809, and, so, the study

would have met an expected power of 60 %.

6 Conclusion

Superiority testing of a study means testing whether the study meets its a priori

defined expected power. Many therapeutic studies may be able to reject their null-

hypotheses, and, are, thus, statistically significant, but they do not meet their

expected power. Superiority testing assesses whether the eventual power of a

study is in agreement with the power as stated in the sample size calculation of

the study. This chapter shows that with the help of the t-table the presence of

superiority can be readily assessed.
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We should note that the terms z-value and t-values are often used interchange-

ably, but strictly the z-value is the test statistic of the z-test, and the t-value is the

test statistic of the t-test. The bottom row of the t-able is equal to the z-table.

7 Note

More background, theoretical and mathematical information, and alternative

approaches to superiority testing is given in Statistics applied to clinical studies

5th edition, Chap. 62, Springer Heidelberg Germany, 2012, from the same authors.
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