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Comparison of Paired T-Test and
Wilcoxon Signed Rank Test for
Various Change Measures in Pre-Post Designs:
A Simulation Study

Once-Sonra Denemelerinde
Farkli Degisim Olciimleri Icin Eslestirilmis T-Testi ve
Wilcoxon Isaretli Sira Sayilar1 Testinin
Kargilastirilmasi: Bir Simiilasyon Caligsmasi

ABSTRACT Objective: In a pre-post design, most commonly used change measure is simple dif-
ference (D), but percent change (PC) and symmetrized percent change (SPC) are not. We aimed to
determine whether paired t-test and Wilcoxon signed rank test are suitable for PC and SPC ac-
cording to type I-error and the power by a simulation. Material and Methods: Simulation study
was performed by using normally distributed random numbers. Two samples which were called pre
and post treatment measures with replacement were taken from a standard normal population
which included 10.000 observations. Three different sample size, two different correlation degree,
two different standard deviation and two different effect sizes were investigated for the purposes
in simulation study. Results: The actual type-I error probabilities of paired t-test for PC were higher
than nominal level except variances of pre and post measurements were near to homogenous. But
they were observed significantly different from its nominal level in all test combinations for SPC.
Actual type-I error of WSR for PC and SPC were found different from 5% when sample size is
lower than 20. The powers of t-test and WSR test for PC and SPC were also low or moderate level
in the simulation conditions. Conclusion: PC and SPC measures should only be used for descriptive
purposes until appropriate test will found.

Key Words: Symmetrized percent change; percent change score; paired designs;
Wilcoxon signed rank test

OZET Amag: Once-Sonra Slgiimlerin alindigi deney tasarimlarinda, genellikle islem etkisini (de-
gisimi) 6lgmede yaygin olarak basit fark (D) kullanilir, Bu etkiyi tanimlamak i¢in bazi durumlarda
yiizde degisim (PC) veya simetrik yiizde degisim (SPC) de kullanilmaktadir. Bu ¢aligmada, PC ve
SPC degerleri degisim 6lgiisii olarak kullanildiginda, eslestirilmis t-testi ve Wilcoxon isaretli sira say-
ilar1 testinin L. tip hata ve giiciiniin ne olacag aragtirilmigtir. Gereg ve Yontemler: Normal dagilim
gosteren veriler tiretilerek simulasyon ¢aligmasi yapilmigtir. Muamele 6ncesi ve sonrasi olarak ad-
landirilan ve standart normal dagilim gosteren populasyondan her defasinda geri iadeli olarak segi-
len 10000 gozlem iceren iki 6rnek dikkate alinarak hesaplamalar yapilmigtir. Amaci gergeklestirmek
i¢in simulasyon galigmasinda, ti¢ farkl 6rneklem genisligi, iki farkli korelasyon diizeyi, iki farkli
standart sapma degeri ve iki farkh etki bityiikligii degerlendirilmistir. Bulgular: PC degerleri kul-
lanilarak paired t-testi uygulandiginda gerceklesen I. tip hata yapma olasiliklari, once ve sonra 6l1-
¢iimlerinin varyanslar1 homojen iken beklenen seviyede ¢ikmis diger kosullarda beklenen seviyeden
biiyiik deger almigtir. Fakat biitiin incelenen kombinasyonlarda bu testin SPC 6lgiisii i¢in gozlenen
L. tip hatas, beklenen diizeyinden oldukga yiiksek bulunmustur. Orneklem genisligi 20’nin altinda
oldugu durumlarda PC ve SPC 6lgiileri i¢cin WSR testinin gerceklesen I. tip hatasi %5’ten oldukga
farkli bulunmustur. Calismada denenen biitiin simulasyon kosullarinda, PC ve SPC 6lgiileri igin pai-
red t-testinin ve WSR testinin giicii diisiik vey orta diizeyde bulunmustur. Sonug: Bu sonuca gore de-
gisimi ifade etmede PC ve SPC 6lgiilerinin tamimlayici amaglar i¢in kullanilabilecegi sGylenebilir.

Anahtar Kelimeler: Simetrik yiizde degisim; yiizde degisim skoru; eslestirilmis tasarim;
Wilcoxon isaretli sira sayilari testi
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n some experimental researches, the data are

obtained two times when pre and post treat-

ment measures are taken from same subjects.
In such designs, pre-treatment measurements are
generally accepted as control values and these de-
signs called pre-post design, paired design or self-
controlled design. It is widely used in medical
researches since this type designs need fewer sub-
jects and eliminate misleading results caused by
variations between subjects. However, measures
for detecting the treatment effects must be chosen
correctly in a pre-post design. These measures are
called change measures and simple difference (D) is
the most commonly used change measures in sta-
tistics. Simple difference is calculated by subtract-
ing pre-treatment measurement values from
post-treatment measurement values. To determine
treatment effects either paired t-test or Wilcoxon
Signed Rank test (WSR) are used depending on
shape of the distribution of D in paired designs. In
all statistical package programs, simple difference
are calculated as change measure and one of above
mentioned test statistics are used to analyze the
data. These issues were argued in a book.!

Various change measures were defined and
their usages in different designs were discussed in
literature by some authors.>® Another frequently
used change measures are Ratio (R), Percent Change
(PC) and Symmetrized Percent Chance (SPC). R is
calculated by dividing pre-treatment measurement
to post-treatment measurement and if pre- and post-
treatment values are same, R equal to 1. In this case
the mean of R values are tested against “1”. To cal-
culate PC measure, difference of pre- and post-treat-
ment measurements is divided by pre-treatment
measurements and multiplied by 100. Since the re-
sult is “0” when pre- and post-treatment measures
are equal in this formula, PC is tested against “0”.
Another change measure SPC is developed due to
PC which has skewed distribution. It is calculated
by following formula; [(pre-post)/(pre+post) x 100].
Some authors have been suggested that sometimes
these change measures may be able to express the
treatment effects better than D.*°

The selection of suitable change measure has
become a more important issue when within vari-
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ance of pre-treatment values is large. For example,
we assume that the acne numbers reduced from 20
to 10 and 10 to 0 in a drug research for treatment of
acne on the face. Even though there is same amount
of change, according to success of the treatment this
change may be explained differently. Changing
from 10 to 0 may be shown that the treatment is
completely effective on the acne but changing from
20 to 10 is not. If PCs are calculated for these sub-
jects, values of 50% and 100% are obtained for the
treatment effect, respectively. It is possible to find
so many examples in medical researches. Two dif-
ferent change measures are used together by most
researchers at their study because they cannot de-
cide which change measure will be more appropri-
ate for the aims and there is no published research
on this subject to help researchers. Vickers used PC
and some modifications of PC, such as SPC, for de-
scriptive purposes or hypothesis testing.> However,
some authors claimed that PC and SPC have not
normal distribution and thus, using parametric tests
is not acceptable and nonparametric alternatives
should be used in hypothesis tests.>*

In this study, we aimed to determine suitabil-
ity of paired t-test and WSR for D, PC and SPC ac-
cording to actual type-I errors and the power with
a simulation study which is constitute for different
conditions, such as various sample sizes, effect
sizes, correlation degree and variance combination
in paired designs.

I MATERIAL AND METHODS

In our simulation study, two orjinal samples were
taken from a standard normal population which in-
cluded 10.000 observations. These two samples
which are named as populations were called pre
and post treatment measures. Resample with re-
placement a bootstrap samples of various sizes (7,10
and 20 in Table 1) were taken 5000 times the orig-
inal sample. Some numbers in the original sample
may be included several times in the bootstrap
sample. Others may be excluded.®

Three different sample size, two different cor-
relation degree and two different standard devia-
tion combinations were investigated for the
purposes in simulation study. In addition two dif-
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TABLE 1: Properties of populations and samples in the
simulation study.
. Standardized effect sizes
Correlation .
Coefficient M| Bik=00 | pep=01 | pyipp=0:2
(A:O) (A=1 ) (A:Q)
7
oy.0p=1:1 oy.0p=1:1 oy.o,=111
p=0.10 10 1:09 1:09 1:09
0'1:0'2=6:12 0'1:0'2=6:12 0'1:0'2=6:12
20
7
p= 0.90 10 0'1:62=1:1 0'1:0'2=1:1 0'1:0'2=1:1
61:0'2:6:12 0'1:0'2:6:12 0'1:0'2:6:12
20

* Bootstrap sample size.

ferent effect sizes were taken into consideration
while evaluating the powers of paired t-test and
WSR test. So, we evaluated 36 different combina-
tions in simulation study. Twelve of them were
used to calculate actual type-I error and remains
were used for the power of tests. Each combination
was repeated 5000 times (Table 1). In each sample,
taken from population, “D”, “PC” and “SPC” were
calculated to express changes between pre and post
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treatment measurements and then test statistics
were calculated by using these measures. Mean val-
ues of type I errors and power values of the tests
which were obtained from 5000 trials were com-
puted as in Table 2 and Table 3. To calculate the
powers of tests pre- and post-treatment measures
were taken from two different standard normal
populations which had different means. At the be-
ginning of the simulation study, nominal type-I
error probability was accepted as 5%. FORTRAN
POWER STATION DEVELOPER STUDIO IMSL
subroutines were used for all calculations.

I RESULTS

Actual type-I error and power of the tests were used
to evaluate which test statistic is more suitable for
D, PC and SPC measures. Actual type-I error of
paired t-test for D preserved its nominal level when
the correlation between pre and post treatment is
low and sample size is small or moderate (Table 2).
‘When the variances of pre and post treatment meas-
urements were homogenous or near to homogenous,
similar results were obtained. However, actual type-
I error of paired t-test for PC preserved its nominal

TABLE 2: Mean actual type-I error probabilities of tests for D, PC, SPC when the null hypothesis is
true about treatment effect (uy: = 0:0).
. . Observed Type | Error Probabilities of Tests (%)
Correlation coefficient
Test Sample Size (n) — p=010 p=0%0
Standart deviation of D PC SPC D PC SPC
pre-post measures

1:1 5.40 12.80 2.18 4.23 1.90 1.75

7
6:12 5.10 417 9.40 5.40 2.40 3.70
1:1 4.47 11.83 1.97 5.60 1.97 173

Paired t-test 10
6:12 5.10 5.37 10.77 4.90 1.70 2.90
1:1 5.00 16.30 2.12 5.23 2.43 1.80

20
6:12 4.40 5.50 11.70 450 2.25 3.65
1:1 3.40 12.86 2.12 2.60 2.20 1.90

7
6:12 3.33 4.30 8.47 4.30 5.00 5.30
Wilcoxon Sign Rank 0 1:1 447 11.83 1.97 3.93 2.10 2.10
Test 6:12 417 4.20 473 4.03 2.03 247
1:1 438 4.38 4.20 4.80 7.00 7.00

20
6:12 4.40 4.38 4.20 3.86 7.00 7.00
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TABLE 3: Mean power of tests for D, PC, SPC when the effect sizes are 1SD and 2SD.
Observed Power of Test (%)
s Si Correlation coefficient
Test Effect size am;():; ize p=0.10 p=0.90
Standart deviation of D PC SPC D PC SPC
pre-post measures

1:1 40.3 6.5 4.85 58.83 2.3 2.27

7
6:12 5.6 42 7.98 517 1.93 2.90
1:1 61.73 5.57 4.7 77.93 1.97 2.3

A=1.0c 10
6:12 6.23 3.9 10.67 5.33 1.93 2.67
1:1 91.67 7.43 6.1 98.4 2.37 1.97

20
6:12 6.43 4.67 10.1 7.93 2.43 3.53

Paired t-test

1:1 91.73 3.47 27.6 98.87 2.47 3.53

7
6:12 57 4.4 9.2 6.37 2.37 2.8
1:1 99.3 3.37 25.5 100 2.63 3.1

A=2.0c 10
6:12 7.2 49 9.1 6.7 2.2 3.83
1:1 100 437 26.2 100 1.97 3.97

20
6:12 8.03 4.03 12.63 10.1 213 2.96
1:1 29.3 6.7 5.95 44.37 2.3 2.73

7
6:12 3.6 424 7.86 3.4 2.83 2.8
1:1 55.3 3.03 3.1 70.47 2.0 2.23

A=1.0c 10
6:12 473 2.4 5.33 4.03 1.93 2.2
1:1 89.3 7.03 7.03 97.67 7.0 7.0

20
Wilcoxon Sign 6:12 5.63 71 71 6.73 7.03 7.03
Rank Test 1:1 93.43 2.83 32.93 96.47 2.77 427

7
6:12 3.3 457 9.1 42 2.63 3.4
1:1 98.6 2.2 19.0 99.9 2.2 2.57

A=2.0c 10
6:12 5.87 3.23 3.7 517 213 217
1:1 100 7.0 10.23 100 7.0 7.0

20
6:12 71 7.03 7.0 9.3 7.0 7.03

level only when variances of pre and post measure-
ments were near to homogenous. In all other condi-
tion, actual type-I error probabilities were higher
than nominal level (Table 2). Actual type-I error
probabilities of paired t-test for SPC were observed
significantly different from its nominal level in all
test combinations. Actual type-I error of WSR for D
preserved its nominal level, especially when the
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sample size higher than 10. Although, its actual lev-
els for PC and SPC were found different from 5%
when sample size is lower than 20 (Table 2).

Actual type-I error of paired t-test for D was
preserved at level of 5%, when the correlation level
between pre and post treatment was high. How-
ever actual level for PC and SPC in the same con-
dition was too lower than nominal level. The
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results of actual type-I error of WSR for D, PC and
SPC were similar to above mentioned results when
the correlation level is high (Table 2).

In addition, two standardized effect sizes were
used for calculation of the tests power and then the
powers were compared with each other (Table 3).

When the effect size is 1 standard deviation
and variances are homogenous, the power of paired
t-test for D was moderate levels and it was increas-
ing as parallel with correlation degree. In other
word, when the variances of pre and post measure-
ments are different from each other, the power of t-
test for D was quite low. However, the powers of
t-test for PC and SPC were also low and they were
independent from sample size and homogeneity of
variance for above mentioned conditions. In the
same conditions, the power of WSR was very low
especially for PC and SPC. When the effect size is
two standard deviation and variances are homoge-
nous, the power of t-test and WSR for D were ob-
tained larger than small effect sizes’ condition. In
addition, the powers of t-test and WSR for SPC at
low correlation levels were little increased, but they
were not changed in other conditions (Table 3).

I DISCUSSION

Simple difference is most frequently used change
measure for prediction of treatment effect in sim-
ple paired designs, because existing statistical tests
are developed for the simple difference. However,
some researchers claim that sometimes PC or its
modifications can be more suitable change meas-
ures than D for prediction of treatment effect.*” If
the between subjects variation in pre treatment
measurements is large, PC measure may be more
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suitable for treatment effect than D. In this case,
either change measures are used together in statis-
tical analysis or PC, R or SPC are only computed
for descriptive purposes. Parametric tests were used
to analyze PC or R.°> Because the change measures
values, except D, have not got normal distribution,
some other researchers suggested that nonpara-
metric tests should be used for analyzing these type
measures.>*8 However, detailed information has
not found in literature about which statistical test
is suitable for change measures which have non-
normal distributions. Choosing a statistical test to
analyze various change measures data is one of the
most difficult decisions that a researcher makes in
the experimental process because choosing the
wrong test may lead to the wrong conclusion.
Sometimes PC and SPC are superior to describe
treatment effect than D. In this study, we evalu-
ated whether statistical tests which are used for D
are also suitable for PC and SPC regarding type-I
error and power or not. According to our results
both paired t-test and WSR give similar and good
results for D and these findings are consistent with
a previous study performed.” However we observed
that actual type-I error and power of these two
tests for PC and SPC are significantly different from
nominal level.

I CONCLUSION

PC and SPC give more information than D about
treatment effect, paired t-test and Wilcoxon signed
rank tests are not suitable for PC and SPC. We con-
clude that new test statistic should be developed
for PC and SPC and these measures should only be
used for descriptive purposes until suitable test will

found.
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