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Research design and statistics

Type | and Type Il errors: what are they and why

do they matter?

Introduction

Hypothesis tests are commonly used when we wish
to make a decision. For example, we may wish to
decide whether a new intervention results in an
improved patient outcome compared with the
gold standard treatment. In this setting, Type I
and Type II errors are fundamental concepts to
help us interpret the results of the hypothesis
test.' They are also vital components when calculat-
ing a study sample size.>> We have already briefly
met these concepts in previous Research Design and
Statistics articles** and here we shall consider
them in more detail.

Hypothesis tests

Type I and Type 1II errors can be defined once we
understand the basic concept of a hypothesis test.
As we have seen previously,*” here we construct a
null hypothesis and an alternative hypothesis. The
null hypothesis is our study ‘starting point’; the
hypothesis against which we wish to find sufficient
evidence to be able to reject or disprove it. Typically
the null hypothesis is the hypothesis of no effect,
or no difference between the arms of the study.
The alternative hypothesis is the alternative scen-
ario that we believe will be true should we find suf-
ficient evidence to reject the null hypothesis.

So, for example, we may be investigating the effi-
cacy of a new drug compared with a standard of
care treatment. Our null hypothesis may therefore
be ‘the true percentage responding to the new
drug is the same as the percentage responding to
the standard of care drug’. The alternative hypoth-
esis reflects the alternative scenario that we wish
to consider. For example, our alternative hypothesis
perhaps could be ‘there is a true difference in the
percentage responding to the new drug compared
with the percentage responding to the standard
of care’.

We then collect data and conduct a hypothesis
test. We use the results of this test to determine
whether we have sufficient evidence to reject the
null hypothesis, and therefore conclude that our
new drug leads to an improved patient outcome.
We usually do so by calculating a P value based
on our data and determining whether it is below a
predetermined probability cut-off (e.g. <0.05).

Statistical errors in hypothesis testing

However, underlying this result, there will be a
‘truth’; either the new drug truly has equivalent
efficacy to the standard of care or it does not.
We can therefore find ourselves in four different
situations:

(1) The new drug truly has a benefit, and we cor-
rectly come to this conclusion, based on the
results of our hypothesis test;

(2) The new drug truly has a benefit, but we incor-
rectly conclude that there is no evidence of a
benefit, based on the results of our hypothesis
test;

(3) A new drug truly has no benefit, and we cor-
rectly come to this conclusion based on the
results of our hypothesis test;

(4) A new drug truly has no benefit, but we incor-
rectly conclude that the new drug is beneficial,
based on the results of our hypothesis test.

Thus, there are two situations in which we have
come to the correct conclusion (scenarios 1 and 3)
and two situations in which we have made an
error (scenarios 2 and 4). Scenario 4 is known as a
Type I error and scenario 2 is known as a Type II
error.

Type | errors

A Type 1 error is defined as incorrectly concluding
that there is a difference between groups when
none truly exists.' This error is also frequently
known as « (alpha). The size of this error that we
are willing to accept is typically fixed prior to con-
ducting the hypothesis test. It becomes our predeter-
mined probability cut-off to decide whether to reject
the null hypothesis or not. The most common level
taken for a Type I error is at 5% (i.e. we will accept
a P <0.05 as sufficient evidence to reject the null
hypothesis). However, it can of course be fixed at
any level, such as at 1%, 0.1% or 0.01%, depending
on the exact situation, and to which extent we wish
to minimize the chances of making this error. In
fact, the only way that we can minimize the chance
of making a Type I error is by requiring a smaller P
value to be observed before making the decision to
reject the null hypothesis.
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Type Il errors

A Type II error is defined as incorrectly concluding
that there is no difference between groups when in
fact a difference truly exists." This error is also
frequently known as B (beta). The probability of
making a Type II error is usually strongly influ-
enced by the study sample size and, for continuous
variables, by the amount of variability present in
the data.’ Therefore, we can usually minimize the
chances of making a Type Il error by increasing
the number of individuals included in our study,
or by reducing the variability in our data if at all
possible (for example, by reducing assay variabil-
ity). An article by Qualls et al.® also demonstrates
that using a parametric rather than non-parametric
statistical test when data are not normally distribu-
ted can also increase the chance of making a Type II
error.

Conclusions

I hope that this review has given a brief explanation
of hypothesis tests, and the types of errors that can
be made. These hypothesis tests are particularly
useful when we wish to make a decision, such as
investigating the efficacy of a new drug compared
with a gold standard. This approach requires exam-
ining the strength of evidence in our study to deter-
mine whether to reject the null hypothesis or not
(usually by determining whether the P value is
above or below a predefined value). In practice,
however, we usually complement this approach
by also considering the strength of the evidence

against the null hypothesis. We do so by calculating
the P value rather than just considering whether it is
above or below a cut-off.” For example, P values of
0.049 and 0.0001 may be interpreted differently in
practice as there is much stronger evidence to be
able to reject the null hypothesis in the latter case,
despite both being below a 0.05 cut-off.
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