
Chapter 10

Paired Continuous Data, Analysis with Help
of Correlation Coefficients

1 General Purpose

The t-value obtained from an unpaired analysis of paired data produces biased

results. This is, because the level of correlation between unpaired data is assumed to

be zero, and this may not be true for paired observations. Particularly, repeated

measurements in one subject produces usually results more similar than those from

single measurements in separate subjects. Repeated measurements, thus, tends to

produce a positive correlation. However, this is not always true. Negative correla-

tions will be observed, if completely different treatment effects are examined in one

subject. This is, because the responders to one treatment are more at risk of being

non-responder to the other treatment and vice versa. Indeed, correlations is a very

basic phenomenon in statistical analyses, and it almost entirely determines the

results of regression analyses.

This chapter is to examine the performance of correlation coefficients (r-values

or R-values) for testing paired data, alternative to the traditional paired t-test and

Wilcoxon test. The advantage is, that correlation coefficients unmask, how the level

of correlation between repeated measures affect the overall uncertainty in crossover

study, and other repeated measures studies.

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

Can analysis with help of correlation coefficients be used to test in a crossover study

whether the first outcome significantly different from second one?

4 Data Example

In a crossover study 10 patients are treated with a sleeping pill and a placebo. The

first 11 patients of the 20 patient data file is given underneath.

Outcome 1 Outcome 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 of Paired Data, the Wrong Analysis

outcome 1:

6.0, 7.1, 8.1, 7.5, 6.4, 7.9, 6.8, 6.6, 7.3, 5.6
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outcome 2:

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

Mean group 1¼ 6.93 SD¼ 0.806 SE¼ SD/√10¼ 0.255

Mean Group 2¼ 5.21 SD¼ 1.299 SE¼ SD/√10¼ 0.411

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

icance is correct (SD¼ standard deviation, SE¼ standard error of the mean)?

Mean standard deviation (SD)

6.93 0.806

5.21 - 1.299

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.

6 Paired T-Test of Paired Data

Observations 1:

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

Observations 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

A. not significant

B. 0.05< p< 0.10

C. P< 0.05

D. P< 0.01

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

level of significance is correct?

Mean difference ¼ 1.59

SD of mean difference ¼ 1.789 (SD¼ standard deviation)

SE¼ SD/√10 ¼ 0.566 (SE¼ standard error)

t¼ 1,59 / 0,566 ¼ 2.81
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This t-value of 2.81 is a lot smaller than the one from the above unpaired t-test

(3.56). Obviously, the correlation between the first and second observations is

negative. We will first calculate the level of correlation, r, and then use the

underneath 2nd equation for adjustment of the overestimated t-value instead of

the first equation.

Standard error unpaired differences ¼ √ SD1
2þSD2

2ð Þ
n

Standard error paired differences ¼ √ SD1
2þSD2

2� 2 r SD1:SD2ð Þ
n

7 Linear Regression for Adjustment of Erroneous T-Value
from Sect. 5

The equation of a linear regression model is given by

y ¼ a þ bx;

with y named the dependent variable and x the independent variable.

The line drawn from this linear function provides the best fit for the data given,

where y¼ so-called dependent, and x¼ independent variable, b¼ regression

coefficient, a¼ intercept:

a and b from the equation y¼ a + bx can be calculated.

b¼ regression coefficient ¼
X

x� xð Þ y� yð ÞX
x� xð Þ2

a¼ intercept ¼ y� bx

r¼ correlation coefficient¼ another important determinant and looks a lot like b.

r ¼
X

x� xð Þ y� yð ÞffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiX
x� xð Þ2

X
y� yð Þ2

q
r¼measure for the strength of association between y and x-data. The stronger the

association, the better y predicts x, with +1 and �1 as maximal and minimal

r-values.

We will use the Electronic Calculator (see Chap. 1).

Command:

click ON....click MODE....press 3....press 1....press SHIFT, MODE,

and again 1....press¼....start entering the data. . .. [1, 6,0]. . ..[1,

7,1]. . ..[1, 8,1] etc.. . .

In order to obtain the b value, press: shift, S-VAR, ►, ►, 2, ¼ .

In order to obtain the r value, press: shift, S-VAR, ►, ►, 3, ¼ .
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The b value equals 1.70, the r value equals �0.643.

Standard error paired differences (* is symbol of multiplication)

¼ √ SD1
2þSD2

2� 2 r SD1:SD2ð Þ
√ n

¼ √ 0:8062þ 1:2992þ 1, 286 * 0:806 * 1:299ð Þ
√10

¼ 0.607

Adjusted t-value ¼ 1.72 / 0.607

¼2.83

This adjusted t-value is approximately equal to the t-value obtained from the

paired t-test in above Sect. 6. The small difference is due to shortening of the final

digits during calculations.

8 T-Table

According to 9th row of the underneath t-table (10 subjects in one group means

9 degrees of freedom), with t¼ 2.83, the t-value is between 2.821 and 3.250. The

corresponding p-values can be observed in the second top row. It is between 0.02

and 0.01, and, thus, < 0.02.

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 mean-

ing 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, with1 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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9 Conclusion

The t-value obtained from an unpaired analysis of paired data produces biased

results. This is, because the level of correlation between unpaired data is assumed to

be zero, and repeated measurements tend to produce a positive correlation. How-

ever, negative correlations may sometimes also be observed, if the responders to

one treatment are more at risk of being non-responder to a subsequent treatment and

vice versa. This chapter examines the use of correlation coefficients for testing

paired data, as an alternative to the traditional paired t-test and Wilcoxon test

(Chap. 5). The advantage of is that this method unmasks, how the level of corre-

lation between repeated measures affects the overall uncertainty in a study.
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Correlations is a phenomenon of major importance in statistical analyses, and must

always taken into account.

10 Note

More examples of t-tests and linear regression analyses are given in Statistics

applied to clinical studies 5th edition, Chaps. 1, 2, 14 and 15, Springer Heidelberg

Germany, 2012, from the same authors.
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