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CriTicAL EVALUATION

OF THE SCIENTIFIC LITERATURE

3icmedical sciesnces ar

c=suble with data is that it never lets us see truth,
irad to avoid being misled by autliors wiac arg act aware ci tae

concepts of prscisicn and power.

Special tcols are regu

he heart of the Scientific

Method is the model and the

hypotheses that we derive from
it. Consicer the simplest mocei:

Y. = U+BXi+E

1

wnare { stands for an averall pop-

ulation average; Y stands for the
dependent variable--the thing that
we would like to have an erTsc: on
(a.g., morbidity or somé measurs of
performance. The subscript indi-
catss the value of Y for the ith an-
imal). X stands for the indesendent
variable--the thing we are manip-
ulating to detsrmine its effact on Y
(e.g., a particular vaccination or
treatment). B is the effscs est-
imate assoctatad with X (e.g.. the
ameunt this vaczine reduces mor-
bidity). E stands for error--the
unexplained noise innerent in any
cemplex system.

Error comes mainly from imoerfect
measurement and frcm the action of
extranegys variables, known and un-

known, that influencs Y (Fig 1). € -

“intaracts with 8 in several dale-

taricus ways one of which is impre-

cision which blurs our vision making
it difficult to resolve the magni-
tude of B. The power of a study is
the ability to avaid imprecisicn and
thus to resalve treatment effects
that truly exist.

To illustrate the concept of pre-
cision, assume we want to detzrmine
the effect of a particular vaccina-
tion program on average daily gain
(A0G) in a cattle operation. Just
for the sake of argument, assume the
diffarence in ADG between vacsinates
and controls is exactly O--that is,
vaccinates and non-vaccinates have
exactly the same ACG. Do we expect
to observe an effec: of exactly 0 in
our trial? No, because animal to
animal variation exists in AOG and,
even under the assumption that
treatment has no effect, we are un-
likely to get animals with pracisely
idanzical ACG's in 2 groups. How

Evaluarting Precision and Power

e fundamentally empirical; all ocur kicwledge ccmes Lrcm data. The
only fuzzy ceproductions oI Lt.

large does the coserved effect
have to be to convinge us that
it's real and not just due to
chance? That depends on sam-
ple size. .

The 3 curves in Fig. 2 repre-
sent the sampling distribu-
tions expectad frem trials
comparing ADG (assuming a
standard deviation of 0.3
1b/day) under the assumption
of no treatment efFec: (B=Q).
A sampling distribution gives
the probability of observing
a particular difference in ADG
by "chance” even though there
is no true differsncs. Nota
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that the distribution beccmes
narrcwer with increasing sam-
ple sizs: we are unitkely to
cbsarve a largas diffsrence,
say .15 1b/day, just by chancs
in the trial with 500 animals
per group. A difference of
even .20 1b/day cauld occur by
chance in the trial with 10
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animals per group.

Statistical significancs.
Consider now the more practi-

. eal situation wnere we don't

know whether or not an affect of 2
vaccine on ADG exists. - If we
perform a trial with 10 animals per
group and cbserve a differencs of,
say, .15 lb/day in faver of vac-
cinatss, what is our conclusion?
Since the observed difference fis
well within the range of differences
that we might expect even if no true
difference existed (Fig. 2), we
would have to conclude that we have
{nsufficient evidencs to conclude
that vaccine has a beneficial ef-
fect. [n statistical parlance, we
would say that the observed differ-
enca was not significant since one
as large or larger than it could
have occurred "by chancs™ even if no
true difference existed. This might
be denotes as so: (P > .10) meaning
that thers was a greater than 10%
probability that differences as
large as that observed could have
ccourred by chance even if no true
effecs exists. [If, oa the other

Figure 1. Error affects the precisicn and
validity of effect estimates.
direcs effect of error. Validity is cetermined
_by freecom from the 3 forms of bias shown.
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Figure 2. Large “"chance® differences
can occur in small sample size studies;
such studies camnot resalve isgortant
differences and are thus said to have
low power.



95% CONFICENCE INTERVAL
Difference between 2 means
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Figure 3. Methca for calcutating 95%
confidence interval for the difference
tetwesn 2 means.

hand, we ocpserved a difference of
.15 b/cay in a trial with £00
animals per grsus, we csuld
confidently csncluce that a true
vaccine advantage does exist (P <
.001). Even fer the trial with 50
animals ger grous. a difference of
.15 1b/day is uniikely (P < .0S) and
thus would e  statistically
significant.

Effect "not sionificant”. Suppose we

are reading a regort of a vaccine
trial with 10 animals per group that
reports a difference in ACG between
2 groups of 0.15 1b/ day (p > .10,
not significant). Choose 1 of the
following: {a) The differences was
produced by chancs; there {s greater
than 95% probability that no true
effect exists. (b) The differenca
could have been produced by chance;
but .15 1b/day is below the resol-
ving power of a study with only 10
animals per group, thus there could
be a true difference that escaped
detection. (c) If a larger sample
size is used. a significant effect
will be found for this vaccine.

The answer is b. [n small sample
size trials (thcse with lew power),
a non-significant diffarance pro-
vides evidence fsr neither the exis-
tance or non-existence of a true
treatment effect. Uncerstanding
this seeming paracdox--that 2 study
can fail to pravide evicence in
either direction--is funcamental to

the correct interpretation of the -

scientific literature. A metaphor
will help us uncerstand and rememter
it. Suppose you are lecking for BVO
virus in nasal secraticns. You held
up a petri dish of secretions o0 the
light and examine it with your naked
eye. You say: "I cannot see any 8VD
virus.” Oces this censtitute evi-
dence for or against the presence of
BVD virus in the sample? No, be-
cause the pcwer 3f the otserving in-
strument fis iasufficient to the

task. Appropriate statistical pow-
er must be selected for a study in
the same manner as the appropriate
power of the magnifying instruments
that will be used. Ideally,
scientific researchers would plan
the power of their study designs so
as to protect readers from low power
studies. But mcst don’t, so we'll
have to do it ourselves in using
confidence intarvals to  be
demonstrated shorzly.

Estimating macnituce of effece (3},
Let's go Dacx to the faedlot exarnle

for a mcment and assume that in a
trial with 30 animals per groug we
observe a differsnce in ADG of .1S
Ib/day in faver of vaccinates. e

“are thinking acout buying a few hun-

dred thousand doses but would like
to do scre cos:t acsounting to see if
it will pay. Can we count on the
trua efect being .15 1b/day? Ne,
as any gced empiricist would say,
“The axac: offect unknowable.” The
best we can co is put a bound of un-
cartainty around the estimate, the
width of which depends on the rescl-
ving pcwer of the study design. In
Fig. 3, the formula is shown for
ccmputing the 95% confidence inter-
val for the difference between 2
means, and the coniidence intarval
is compuzad for the present examo le.
Nots that, with a sample size of 30
per grcus, the intarval is wide. It
is quita possible that the vaccine
affect cn ADG could be as low as .03
b/day or as high as .27 1lb/cay.
Although we can never know the exact
effecs, we are 35% certain that the
trus effect is scmewnere within this
bound. How co we get a mors precise
estimata? Provide for a larger sam-
ple size. [f a difference of .15 1b
/day ADG was cbserved in a 500 per
group vaccination trial, the 95%
confidence intarval would be .1l to
.19 1b/cday ACG.

These comoutations depend on an es-
timate of the standard deviation.
This will commonly be reportsd se-
parately for each group. To esti-
mate the pooled stancard deviation,
take a weightsd average of the stan-
dard deviations for the groups. If
reporied, the square root of the
mean square error also provices an
estimate of standard deviation.

‘Comput ing confidencs intervals is &

pastime you may choose to forgo
where significant differences are
reported, but it is essential in

studies where differences are found

*not significant.” Consider, for
examp le, the csnficence interval for
an observed differsnce in ACG be-
twesn vacsinates and controls of .15
lb/day in a 10 animal per group
trial: )

.11 to .41 1b/day.

g5% CCNFICENCE INTERVAL
Difterence between 2 progortions
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Figure 4. Method for caiculating 95%
conficence interval for the siiference
between 2 proporticns.

Nots that this interval cverlaps @
wiich reflects &she lack of sta-
tistical significance--that a dif-
Fference as large as .15 lbjcay could
be produced “by chance” in a 10
animai per groug trial aven if ne
srye difference existad. However,
wnat is usually missed by authors of
low ;ower stucies and scmetimes by
their readers, is that the oJpserved
data are alsg cscmgat:bie with
large ind imgorzant affact. The ct-
serves data are as ccmpatibis with 2
.30 Ib/day diffarence as with 2 0
diffarence; anc a true difTarence as
jarge as .41 lb/cay is siausid’
Most seaole would gcunt a .30 b/
increase in ADG as very imgortant.
Thus, equating “ac significant” dif-
farsncs as evicencs of lack of an
imporzant diffsrence wouid be er-
ronssus in this sxamcle or in any
low scwer study. The only Yegiti-
matas shing we can say af:er reading
a low power study is the same as
we'd say to the fellow locking for
virus with his naked eyes: "Cet
real, Bozo.”

Fig 4 shows the formula for com-
puting the confidence inzarval for
the differsnce betwesn 2 progor-
tions. Though it may seem a lot of
trouble to use such formulae (really
just <2 minutes}, they are the only
protsciion we have against the low
power studies which are, unfortu-
nately, very ccmmon in the scienti-
fic literature.
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