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Data may be normally distributed in which case standard and relatively familiar tests may be used for inferential
testing. Or data may be non-normally distributed, such as ordinal data, in which case, non-parametric tests are
usually advocated. This paper will review current thinking with regard to these tests, and the appropriateness of

1. Introduction

The statistical papers in this series of Write a Scientific Paper
(WASP) guidelines in Early Human Development have alluded to non-
parametric tests. This paper will delve more deeply into current
thinking with regard to these tests, and the appropriateness of their
application/s.

2. Differences between parametric and non-parametric tests

Parametric data has an underlying normal distribution such that the
variable in question, when plotted, demonstrates a predictable and
symmetrical bell-shaped graph, a so-called Gaussian distribution. The
principal advantage of data of this type is that since the shape of its
distribution is known, inferences may be drawn about values that lie
within any part of the distribution curve. These distributions are de-
fined by parameters, namely the mean and standard deviation and it is
possible to predict critical values such as those that encompass 68.27%,
95.45% and 99.73% of the values of the variable; 1, 2 and 3 standard
deviations respectively [1,3].

Nonparametric tests are distribution-free and make less, if any, as-
sumptions about the distribution of the data's pattern. They instead use
the rank order of individual measurements in the dataset rather than
the measurements themselves [1]. The properties of parametric and
non-parametric datasets are outlined in Table 1.

Non-parametric tests have conventionally been advocated for
smaller datasets and/or non-normally distributed data. However, there
has been a progressive relaxation of these restrictions. A list of some
parametric tests (which are usually more familiar than their non-
parametric test) and their non-parametric equivalents are shown in
Table 2 [3].

3. Parametric after all?
Compellingly, Geoff Norman, a recognised leader in medical edu-
cation research, has reviewed this topic, analysing arguments which

date back to the 1930s. He has provided evidence (with real and si-
mulated datasets) that parametric tests can in fact be used on ordinal
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data (such as Likert scales) [6], and are robust (likelier to avoid type 1
and type 2 errors), even when the data in question is very skewed and
non-normally distributed [7,8]. Furthermore, parametric tests also
perform well when the spread (dispersion, as measured by standard
deviation and variance) of each group is different, while non-para-
metric tests assume that the dispersion of the two groups is similar.
Indeed, parametric testing software often have an options dialog which
allows the user to specify that the two groups being tested have un-
known (and therefore potentially unequal dispersions (variance).
Moreover, parametric tests usually have a higher statistical power than
nonparametric tests and are thus likelier to avoid a false negative (type
2 error) result.

The overall utility of parametric tests has also been confirmed in
separate studies dealing specifically with particular tests [8—-10]. It has
thus been averred that criticism against the usage of parametric tests
may result from excessive reviewer zeal, a tradition that encourages
“criticism for its own sake” with “inappropriate statistical dogmatism”
([2]). Nonetheless, a dose of caution would be advocated, especially
since the publishability of a paper is likely to be threatened by the use
of what could be considered as inappropriate significance tests.

4. When to go nonparametric

It may be appropriate to use a nonparametric technique if the data is
so skewed that the median is a far better representation of the data than
the mean, as would be the case with severe outliers. This dictum applies
even with a large sample size. Another reason to go nonparametric
would be a very small sample size. Indeed, sometimes, the sample size
available may be so small that it may be impossible to ascertain whe-
ther the variable in question is normally distributed or not, in which
case a nonparametric test is more appropriate. Minimal requirements
for some common parametric tests are displayed in Table 3.

Thus, with small datasets that are non-normal, the inherently smaller
statistical power of a small dataset coupled with the necessity for utilising
a nonparametric test (which has less statistical power than its parametric
equivalent) inevitably increases the chances of a type 2 error.

It is worth noting that while Microsoft Excel does not natively
perform these tests at the time of writing, spreadsheets are available
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Table 1
Properties of parametric and non-parametric datasets.

Parametric Non-parametric
Distribution Assumed to be Gaussian (normal) Any
Variance Assumed to be homogeneous Any
Typical data Discrete or continuous interval Ordinal or nominal
Data set relationships Independent Any
Central measurement Mean Median

Table 2
Some commonly used parametric tests and their non-parametric equivalents.

Parametric test Non-parametric test

Correlation Pearson Spearman/Kendall and
others
Two groups, independent t-test Mann-Whitney U test (also

known as Wilcoxon rank-
sum test)
Kruskal-Wallis test

measures

More than two groups,
independent measures
Repeated measures

One-way analysis of
variance (ANOVA)

Paired t-test Wilcoxon signed-rank test

Table 3

Minimal requirements for common parametric tests.
Test Requirement
1-sample t-test (paired t-test) > 20

2-sample t-test (unpaired t-test)
One-way ANOVA

Each group should be > 15
If 2-9 groups, each group should be > 15.
If 10-12 groups, each group should be > 20.

Pearson correlation > 30 data points.

online that permit these tests to be done within Excel. Alternatively, an
Excel statistics add-in that contains non-parametric tests, or a dedicated
statistics software package, can both be used.

5. Normality testing

Should one wish to test for normality before making the choice
above, there are several choices of methods that one can use. Whilst the
Kolmogorov-Smirnov test is the obvious choice of many, this test is
known not to perform well with small datasets — which is where we are
typically faced with this decision. The Shapiro-Wilks and Shapiro-
Francia tests are better indicated for smaller tests, whilst not perfect. In
view of the discussion above, the best approach we have found is using
quantile-quantile plots (commonly known as q-q plots) and applying
one's discretion. In short, if the plotted data produces a curve, cutting
across the diagonal line twice, then it is worth considering a non-
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parametric test or a transformation. Should the plotted data produce
either a perfectly straight line which is nicely adherent to the diagonal
line, or a sinusoidal trace that crosses the diagonal line three times
(heavy tailed distribution), then a parametric test could be considered.

6. Conclusion
Use parametric tests where possible!
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