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Multiple Comparison Procedures in the Analysis of Designed Experiments

To the Editor: — An editorial® and recent correspon-
dence? discussed problems in the analyses of experi-
mental data from more than two groups reported in
the medical literature. It was pointed out that use of
multiple ¢ tests (or Fisher’s unmodified LSD test), in
which the Type 1 error (alpha, or the probability of
false-positive results) is controlled at some fixed value,
commonly 0.05, for each comparison leads to a Type 1
error greater than alpha for the set of tests as a whole.!
Thus, the probability can be quite high that some of the
differences found to be significant actually arose by
chance. On the other hand, use of multiple comparison
procedures, such as Tukey’s test or Scheffe’s test, de-
signed to control Type 1 error for the set of compari-
sons as a whole, results in increased Type 2 error (beta,
or probability of false negatives).2 These articles will be
most useful to readers who must interpret published
results of research; however, little practical guidance
has been given to the researcher who must choose an
analysis suited to his particular data.

The relative merits of the two approaches to Type 1
error have been described clearly,!? but nothing has
beensaid about the type of questions being asked by the
researcher or the aims of his study. These latter consid-
erations are of vital importance in choosing the correct
test.®* The types of hypotheses that a researcher may
wish to test can be divided into two categories.

In the medical sciences, a researcher who designs
and carries out an experiment almost invariably has
specific hypotheses or predictions that he aims to test.
These hypotheses have been formulated before the
experiment was conducted and are reflected in its de-
sign. Usually, the number of comparisons required to
test such a priori hypotheses will be small when com-
pared with the total number of comparisons that po-
tentially could be made. These a priori hypotheses will,
of course, always be tested in the analysis. When the a
. priori comparisons form or are part of an orthogonal set
(i.e., the outcome of each comparison is independent of

the outcomes of all other comparisons), multiple com-
parison procedures are not required and the hypothe-
ses should be tested individually.* In practice, the a
priori hypotheses often will not be mutually indepen-
dent. Even in this case, Winer? states that, when the
number of a priori hypotheses is small, they should be
tested individually at the chosen level of significance.

It also may happen that, having tested his a priori
hypotheses (or, rarely, having none), and wishing to
make the most of the resources invested in the experi-
ment, the researcher deliberately sets out to sift
through his data to see if any unexpected but possibly
interesting effects have been uncovered. Or, perhaps,
the results of the experiment suggest that some inter-
esting effect may exist that had not been anticipated. In
any complex experiment, there are a large number of
such a posteriori comparisons (it should be noted that a
deliberate selection of the two most extreme means
implies the comparison of all possible pairs of means),
and consequently some large differences are likely to
arise by chance. To disallow such post hoc data snooping
would do nothing to aid the advance of science; indeed,
unexpected findings sometimes may be the most im-
portant. However, these a posteriori comparisons are of
a clearly different nature to those made to test a priori
hypotheses. Readers of the scientific literature should
be protected from the deluge of spuriously significant
results that would appear if this distinction was not
made. Therefore, most researchers will wish to control
the Type 1 error for the set of a posteriori comparisons
as a whole, and so should use an appropriate multiple
comparison procedure.

If the approach outlined above is followed, then the
argument that use of multiple comparison procedures
leads to requirements for larger sample sizes and
greater investment in experiments? clearly does not
apply to those hypotheses that the experiment was de-
signed to test. What does become clear is the crucial
importance of identifying and specifying the hypothe-
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A Simple Nomogram for Determining Drug Infusion Rates

To the Editor:— The infusion of many vasoactive  plifying the calculation of doses for infusion were re-
drugs has become commonplace in the practice of anes-  ported in the Journal recently.® However, it would be
thesia during the last decade. Some methods for sim-  preferable if you could tell the rate of infusion just by

TABLE 1, Dilution Nomogram: Dilute 100 mg of a Drug to X ml, and the Set Pump Rate (ml/h) Is Equal
to Drug Infusion Rate in pg kg™ «min™

BW Bw X BwW X BW X
(kg) X () (k) {ml) (kg) (ml) (kg) (ml)
1 1666.7 21 79.4 41 40.7 61 27.3
2 833.3 22 75.8 42 39.7 62 26.9
3 555.6 23 72.5 43 38.8 63 26.5
4 416.7 24 69.4 44 37.9 64 26.0
5 333.3 25 66.7 45 37.0 65 25.6
6 277.8 26 64.1 46 36.2 66 25.3
7 238.1 27 61.7 47 35.5 67 24.9
8 208.3 28 59.5 48 34.7 68 24.5
9 185.2 29 57.5 49 34.0 69 24.2
10 166.7 30 55.6 50 33.3 70 23.8
11 151.5 31 53.8 51 32.7 71 23.5
12 138.9 32 52.1 52 32.1 72 23.1
13 128.2 33 50.5 53 31.4 73 22.8
14 119.0 34 49.0 54 30.9 74 22,5
15 111.1 35 47.6 55 30.3 75 22.2
16 104.2 36 46.3 56 29.8 76 21.9
17 98.0 37 45.0 57 29.2 77 21.6
18 92.6 38 43.9 58 28.7 78 21.4
19 87.7 39 42.7 59 28.2 79 21.1
20 83.3 40 41.7 60 27.8 80 20.8
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