
Chapter 7

Unpaired Continuous Data (Unpaired T-Test,
Mann-Whitney)

1 General Purpose

For the study of two outcomes often two parallel groups of similar age, gender and

other characteristics are applied, and the studies are called parallel-group studies,

and the two groups are called independent of one another. This study gives

examples of parallel-group analyses.

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

Are unpaired t-tests or Mann-Whitney tests appropriate for testing, whether the

outcome of the first group is significantly different from that of the second group?

4 Data Example

The underneath study assesses in 20 patients whether some sleeping pill (parallel-

group 1) is more efficacious than a placebo (parallel-group 2). The hours of sleep is

the outcome value.

Outcome Outcome

parallel-group 1 parallel-group 2

6,0 5,1

7,1 8,0

8,1 3,8

7,5 4,7

6,4 5,2

7,9 5,4

6,8 4,3

6,6 6,0

7,3 3,7

5,6 6,2

Outcome¼ hours of sleep after treatment

5 Unpaired T-Test

Two age- and gender- matched parallel-groups are compared with one another. For

the calculation of SDs see the Chap. 1.

group 1:

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

group 2:

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

Mean group 1 ¼ 6.93 SD ¼ 0.806 SE ¼ SD/√10 ¼ 0.255

Mean Group 2 ¼ 5.21 SD ¼ 1.299 SE ¼ SD/√10 ¼ 0.411
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A. not significant

B. 0.05 < p < 0.10

C. p < 0.05

D. p < 0.01

Is there a significant difference between the two groups, which level of significance

is correct?

Mean standard deviation (SD)

6.93 0.806

5.21 - 1.299 pepe

1.72
pooled SE ¼ √ 0:8062

10
þ 1:2992

10

� �
¼ 0.483.

The t-value¼ (6.93� 5.21) / 0.483¼ 3.56.

20–2¼ 18 degrees of freedom, because we have 20 patients and 2 groups.

According to the t-table of page 16 the p-value is< 0.01, and we can conclude

that that a very significant difference exists between the two groups. The values of

group 1 are higher than those of group 2. The answer D is correct.

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.
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A t-value of 3.56 with 18 degrees of freedom indicates, that we will need the

18th row of t-values. The upper row of the table gives the area under the curve of

the Gaussian-like t-distribution. The t-value 3.56 is left from 4.297, right from

3.250. Now look right up at the upper row: we are right from 0.01. The p-value

equals <0.01. The hours of sleep during the sleeping pill are significantly better

than those during placebo.
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7 Mann-Whitney test

Like the Wilcoxon test, being the non-parametric alternative for the paired t-test,

the Mann-Whitney test is the non-parametric alternative for the unpaired t-test.

Also this test is applicable for all kinds of data, and, therefore, particularly, to be

recommended for investigators with little affection to medical statistics.

Calculate the p-value of the difference between two groups of 10 patients with

the help of this test.

group 1:

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

group 2:

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

A. not significant

B. 0.05 < p < 0.10

C. p < 0.05

D. p < 0.01

Is there a significant difference between the two groups? What significance level

is correct?

All values are ranked together in ascending order of magnitude. The values from

group 1 are printed thin, those from group 2 are printed fat. Add a rank number to

each value. If there are identical values, for example, the rank numbers 9 and

10, then replace those rank numbers with average rank numbers, 9.5 and 9.5.

Subsequently, all fat printed rank numbers are added up, and so are the thin printed

rank numbers. We will find the values 142.5 for fat print, and 67.5 for thin print.

According to the underneath Mann-Whitney table. the difference should be

larger than 71 in order for the significance level of difference to be <0.05. We

find a difference of 75, which means that there is a p-value <0.05 and that the

difference between the two groups is, thus, significant.

3.7 1

3.8 2

4.3 3

4.4 4

5.1 5

5.2 6

5.4 7

5.6 8

6.0 9.5

6.0 9.5

6.2 11

6.4 12

6.6 13
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6.8 14

7.1 15

7.3 16

7.5 17

7.9 18

8.0 19

8.1 20

The Mann-Whitney test tables are given underneath. The values are the minimal

differences that are statistically significant with a p-value <0.01 (upper table), and

p< 0.05 (lower table). The upper row gives the size of Group 1, the left column the

size of Group 2.

8 Mann-Whitney Table P< 0.01

P< 0.01 levels
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9 Mann-Whitney Table P< 0.05

P< 0.05 levels

10 Conclusion

For the study of two outcomes two parallel groups of similar age, gender and other

characteristics are often applied, and the studies are called parallel-group studies,

and the two groups are called independent of one another. Unpaired tests, like the

unpaired t-test and Mann-Whitney test are appropriate for analysis.

11 Note

The theories of null-hypotheses and frequency distributions and additional exam-

ples of unpaired t-tests and Mann-Whitney tests are reviewed in Statistics applied to

clinical studies 5th edition, Chaps. 1 and 2, entitled “Hypotheses data stratification”

and “The analysis of efficacy data”, Springer Heidelberg Germany, 2012, from the

same authors.
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