
Chapter 36

Z-Test for Cross-Tabs

1 General Purpose

If, as shown in the previous chapter, multiple similar a selective samples of binary

data have a normal frequency distribution, then t-tests, like the ones for continuous

data (Chap. 7), should be OK for their analysis. Consequently, if we compare two

binary samples, for example the outcomes of two treatment modalities, then a two

sample t-test should be OK for statistical testing. The two sample t-test for binary

outcomes is called the two sample z-test. This chapter shows how it works.

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

Is the two sample z-test adequate for comparing the differences in numbers of

responders to two different treatment modalities.

4 Data Example, Two Group Z-Test

Two groups of patients are assessed for being sleepy through the day. We wish to

estimate whether group 1 is more sleepy than group 2. The underneath cross-tab

gives the data.

Sleepiness no sleepiness

Treatment 1 (group 1) 5 (a) 10 (b)

Treatment 2 (group 2) 9 (c) 6 (d)

z ¼ difference between proportions of sleepers per group dð Þ
pooled standard error difference

z ¼ d

pooled SE
¼ 9=15� 5=15ð Þ

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

SE2
1 þ SE2

2

� �

q

SE1 or SEM1ð Þ ¼ ffip p1 1� p1ð Þ
n1

where p1 ¼ 5=15 etc::::::::;

z¼ 1.45, not statistically significant from zero, because for a two- tail p – value

<0.05 a z-value of at least 1.96 is required. This means that no significant differ-

ence between the two groups is observed. The p-value of the z-test can be obtained

by using the bottom row of the underneath t-table.
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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. The z-values and t-values are to be

understood as mean results of studies, but not expressed in mmol/l, kilograms, or

proportions of responders, 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. For

continuous outcome data, with many degrees of freedom (large samples) the curve

will be a little bit narrower, and more in agreement with nature. For binary outcome
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data, nature has determined that the curves will always be as narrow as can be,

according to the row at the bottom.

5 Single Group Z-Test

A single group z-test is also possible (see also Chap. 35). For example, in 10 patients

we have 4 responders. We question whether 4 responders is significantly more than

0 responders.

z ¼ proportion/(its SE)

SE ¼ √ [(4/10� (1� 4/10))/n]

¼ √ (0.24/10)

z ¼ 0.4/√ (0.24/10)

z ¼ 0.4/0.1549

z ¼ 2.582

According to the bottom row of the t-table the p-value is <0.01. A proportion of

0.4 is, thus, significantly larger than a proportion of 0.0.

6 Conclusion

As multiple similar a selective samples of binary data have a normal frequency

distribution, the t-tests like the ones for continuous data (Chap. 7) are OK for their

analysis. Consequently, for comparing two binary samples, for example the out-

comes of two treatment modalities, two sample t-test is OK for statistical testing.

The two sample t-test for binary outcomes is called the two sample z-test. This

chapter shows how it works.

7 Note

More background, theoretical and mathematical information is given in the Statis-

tics applied to clinical studies 5th edition, Springer Heidelberg Germany, Chap. 3,

2012, from the same authors.
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