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Special Article 

Experimental 
and statistical 
analysis 

design 

The failure of authors to recognize certain basic 
concepts of experimental design and statistical 
analysis continues to be a cause of concern to 
Editorial Boards, including the Board of this Jour- 
nal. These failures lead in many cases to rejection of 
manuscripts, after considerable expenditure of time 
and resources in the conduct of the research study 
and its written description. Other studies, with less 
serious flaws are published only following major 
revision. 

We hope that the following observations and 
recommendations will stimulate potential contribu- 
tors to the Journal to consider design and statistical 
factors and/or consult a statistician early, ideally 
when they are planning research studies. The 
common goal of authors and editors must be better 
research and improved manuscripts. 

What follows is not an exhaustive or in depth 
presentation of statistical maxims and design. We 
have addressed some of the major problems which 
we feel require more attention from authors. These 
are: generalization of the research, sample size, 
power, the issue of negative conclusions, and 
nonrandomized trials. 

As a first step, all researchers should be con- 
cerned about the generalization of their results, i.e., 
they must ensure that the conclusions of their 
research will be capable of extension to the study 
population (the population from which the study 
,sample is drawn). 1 It is rarely of interest to know, 
for example, how a given treatment affected the ten 
patients in a study, if no further generalization of 
these observations is possible. We need, therefore, 
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a mechanism which will assure us that the study 
sample chosen (the ten patients) is representative of 
the population from which it is drawn. This requires 
that we first define the population in precise detail in 
terms of who, where, when - for example all 
patients over 35 years of age admitted to maternity 
ward X in hospital Y and undergoing Caesarean 
section during time period Z. Upon having specified 
the study population, a sampling technique (ran- 
dom, stratified random, etc.) appropriate to the 
study should be employed. The choice of sampling 
technique could require consultation with a statis- 
tician. 

The reality of the situation, however, may be 
such that it is practical to do research on only those 
patients in one's own practice. In this less than ideal 
situation, it is very important to describe all the 
clinically relevant characteristics of these patients 
as well as anything else about them (e.g., an 
unusually high proportion of vegetarians) that 
might suggest they are not representative of the 
population of interest. This will help others decide 
whether the conclusions of the study can be ex- 
tended to their own patients. 

Estimation of sample size is also an important 
component of the design phase. Some research 
projects should never be initiated because one can 
predict that the numbers of subjects available for 
study will inevitably be inadequate. In order to 
estimate the required number of subjects, we need 
certain items of information: 
- the level o f  significance criterion (alpha) to be 

used. This may be defined as the level (extent) of 
risk one is willing to take in incorrectly declaring 
a result statistically significant. The level of 
significance is usually 0.05.2 

- whether a one-sided or two-sided statistical test 

will be applied. Often in anaesthesia a two-sided 
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test is appropriate, because if there is evidence to 
suggest that a difference exists, two possibilities 
(two sides) should be considered (e.g., drug A 
better or worse than drug B). 

- t h e d e s i r e d p o w e r .  Powercanbethoughtofas the  
likelihood of detecting statistical significance in a 
particular study, when a true difference exists. 
There is no consensus as to a cutoff value for 
power, unlike the magical P value of 0.05. This 
lack of consensus may well be a good thing. As a 
rule of thumb, however, it seems that achieving a 
power greater than or equal to 0.80 is considered 
acceptable. If the power of a study is 0.80, that 
means it has 0.80 probability (or 80 per cent 
chance) of detecting statistical significance when 
a real difference of a certain size exists. 

- the d i f ference  to be  detected.  This may be 
estimated from a pilot study or from the litera- 
ture. If a pilot study is not possible and one does 

not know what difference to expect, one could 
specify the minimum difference between treat- 
ments that it is clinically worthwhile to detect. 
For example, if a difference of 5 mmHg in 
systolic blood pressure between a standard and a 
new drug is of clinical importance but any 
difference less than five is not, then five could be 
specified as the value for the difference to be 
detected in this case. However, if the true differ- 
ence between the treatments is larger than five, 
say it was ten, then the sample size estimate 
based on a difference of five would be larger than 
was actually needed for the study. The larger the 
true difference between treatments, the smaller 
the number of subjects required to detect statisti- 
cal significance. 

- es t imated  s tandard  deviat ion.  3 This is required 
in the case of estimating sample size needed to 
detect a given true difference between means. 
The standard deviation may be estimated from a 
pilot study or the literature. (Note: it is necessary 
to know only the ratio of the standard deviation to 
the mean difference to be detected, not their 
actual values. However, it is not always easy for 
researchers to think in terms of this ratio.) 
Often researchers do not realize that these items 

of information are required for sample size estima- 
tion and are disappointed (sometimes indignant) 
when a statistician cannot specify the number of 
subjects required, in the absence of this input from 
them. A very useful handbook for researchers on 

sample size estimation is that of Cohen. 4 His 
approach is practical throughout and he provides 
tables from which sample size estimates can be 
obtained. 

The actual sample size used in any study has an 
important bearing on what can be concluded from 
the research when no statistically significant differ- 
ences are found. Lack of statistical significance 
should not be equated with negative proof. When 
a difference is not found to be statistically signifi- 
cant, one of the following possibilities may be t rue-  
either there is no real difference between the 
treatment study populations or there is a real 
difference but the study was not able to detect it 
because of one or any combination of the following 
reasons: (a) the sample size was inadequate; (b) the 
variability within the samples was too great; (c} one 
(or more) of the assumptions of the statistical test 
applied was not met by the data. 

TOO often we have encountered authors who 
claim that their study demonstrates that two treat- 
ments do not differ in their effects. A study may 
tentatively suggest this. However, to give credence 
to even a tentative suggestion of no difference in 
effects, one should, if possible, calculate the power 
(capability) which that particular study had of 
detecting a statistically significant difference. For 
example, if the real difference between two treat- 
ment means is 70, the common standard deviation is 
100, the sample size in each group is ten and one 
applied a two-tailed t test at the five per cent level of 
significance, the power (likelihood), one would 
have of detecting a statistically significant differ- 
ence would be 0.31. In this case, the likelihood of 
detecting statistical significance is not very high and 
one would not be on very solid ground in postu- 
lating there really was no difference between the 
population means. Cohen 4 also discusses calcula- 
tion of power and supplies tables which furnish 
appropriate power values for many types of anal- 
yses and situations. 

As an alternative or supplement to power, a 
confidence interval s'6 for the true difference be- 
tween the study populations can help one decide 
whether lack of statistical significance really means 
absence of treatment differences of medical impor- 
tance. Most medical research is conducted on 
samples rather than entire populations. Hence any 
measurements obtained on these samples only esti- 
mate true population values. If, for example, we 
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observe in an experiment that there is a difference of 
5mmHg in systolic blood pressure between the 
means of the samples of patients receiving therapy 
A and those receiving therapy B, we cannot 
conclude there is the same 5 mmHg difference 
between the means of the entire study populations. 
Neither can we conclude that there is a zero 
difference between the study populations' means, if 
we apply a statistical test to these data and find no 
statistical significance. However, a confidence in- 
terval for the difference between population means 
provides us with a range of values which, with a 
specified level of confidence, will include the true 
value of this difference. If we calculate a 95 per cent 
confidence interval for the true difference in popula- 
tion means for this example and find it to be 0 to 
60mmHg, this tells us that the real difference 
between means of the study population could be a 
value from 0 to 60 mmHg. So, on the basis of this 
study, one could not very convincingly affirm that 
therapy A and therapy B have the same effect, 
although no statistical significance was found, for 
the 95 per cent confidence interval indicates there is 
a possibility that the real difference between the 
means of the study populations could be as great as 
60 mmHg. 

Ideally in a clinical trial, all factors that affect 
response to treatment should be the same in the 
study groups so that valid comparison of the 
treatments can be made. Random allocation (ran- 
domization) of the subjects to the treatments helps 
to achieve this objective, as it tends to balance the 
different types of subjects among the treatment 
groups. Although randomization is seldom totally 
effective, it ensures that any imbalance of subject 
types that may occur is due to chance and hence will 
be validly taken into account in the statistical 
analysis. 7,s We realize that it is not always ethically 
possible to implement a study as a randomized 
clinical trial. However, when it is not possible to 
assign subjects to the treatment groups at random, it 
is essential for researchers to realize they cannot 
conclude that response differences observed on the 
subjects under different treatment regimens were 
caused by the treatment received. Without random- 
ization, researchers cannot formally determine the 
probability that some characteristics of the subjects 
themselves are responsible for the differences ob- 
served in the treatments. The researcher should 
therefore take this weakness of nonrandomized 

trials into account in the discussion of the results. In 
the case of a randomized trial, especially if the 
sample sizes are small, the researcher should 
examine the characteristics of the subjects (age, 
sex, race, etc.) in each treatment group to see how 
effectively randomization has balanced these char- 
acteristics and discuss the results in the light of these 
findings. 

Some are of the opinion that perhaps researchers 
should not use statistical techniques at all if they do 
not understand them. Our response to this is that one 
does not need to know the mathematical foundation 
or arithmetic calculations involved in a statistical 
technique but it is essential to understand, on an 
intuitive basis at least, how that technique is testing 
one's scientific hypothesis. In short, find a statis- 
tician with a good "dataside" manner who can trans- 
late statistical jargon. The reward to science will be 
great! 
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