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A method for increasing the statistical power of clinical trials to detect clinically important 
differences is described. Inconsistency in physicians' overall judgments of treatment effec- 
tiveness adds "noise" to a trial that may mask either the superiority or the inferiority of 
particular treatments. The method described here uses "judgment analysis" to reduce errors 
in an individual's overall judgments of treatment effectiveness. The method can also be used 
to reduce error variance due to differences in judgment between physicians and may thus 
be particularly useful in multicenter trials. The method is illustrated with results from a recent 
trial. Key words: statistical power; experimental design; multi-investigator trials; judgment 
analysis; clinical judgment. (Med Decis Making 8:33-38, 1988) 

In clinical trials, several different measures of treat- 
ment effects are often necessary to record the physi- 
ologic or psychological changes relevant to the course 
of the disease, the action of the treatment, or the man- 
agement of the patient. As a result, there is no single 
objective indicator of the overall effect of the treatment, 
and there are several sets of results to be combined, 
and perhaps transformed, to enable the physician to 
decide whether the treatment received by each patient 
modified the outcome. 

Even simple observations such as the reading of an 
oscillating sphygmomanometer value frequently con- 
tain a judgmental element, and the more complex 
ones that come fiom the autopsy room or microbi- 
ology laboratory may depend heavily upon judgment. 
Nevertheless, such information must be combined by 
the physician with other material available in memory 
or on other forms of data base to arrive at a diagnosis, 
to choose a treatment, and to evaluate the outcome. 
All these activities involve judgment, an activity in which 
the behavior of individuals varies from occasion to 
occasion as well as among themselves. 
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Although separate analysis of single measures may 
be valuable, the participating physician's (or other ob- 
server's) judgment is often the only basis for estimating 
a treatment's overall effect on the patient! As a result, 
it is common to find that the key dependent variable 
in the analysis of the results of a clinical trial is based 
on one or more observers' judgments of the treatment 
effects. 

Reliance on observers' judgments of treatment ef- 
fects can be a source of error variance because the 
reliabiliv of judgments is limited and because, in trials 
involving more than one observer, judgments may vary 
across observers. Such intra- and inter-individual dif- 
ferences increase error in the measurement of treat- 
ment effects, and the result is a decrease in the power 
to detect differences that are potentially clinically im- 
portant. See CohenJ for a discussion of statistical power 
and Stewart et al.14 for examples of the application of 
power analysis to clinical trials. 

Despite their importance, however, inter- and intra- 
individual differences in observers' judgments are sel- 
dom looked at. T&pically, the error due to differences 
between observers, if recognized at all, has at best been 
controlled, to an uncertain extent, by holding training 
sessions and/or discussions between the participants 
before and perhaps during the trial. This may be largely 
due to the frequent assumption (not onlyliy laypeoplel 
that the training of the physician results in such re- 
liable and objective performance that no account need 
be taken of variations resulting from differences in 
education and experience. 

The importance of the judgment problem increases 
when, as is more and more frequently the case today, 
it becomes necessary, for a variety of reasons (pressure 
of time, demands of national drug regulatory author- 
ities, comparative rarity of the disease in the practice 
of any one physician), to resort to multicenter or in- 
ternational clinical trials, which may involve the par- 
ticipation of doctors having very different backgrounds 
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and medical training. Even within a single center, it 
is very common for more than one investigator to be 
involved-whether explicitly or not. 

Judgment error, i.e., unreliability within an observer, 
on the other hand, is almost invariably lumped in with 
residual error iwhich, of course, it inflates), so the sta- 
tistical power is reduced.7 Although statistical signif- 
icance is less relevant to medical practice than clinical 
importance, the judgment problem is not solved by 
ignoring it. 

The neglect of power in trial design is frequently 
complained of by statisticians and others. For exam- 
ple, Ward’j recently found that 12 of the 15 random- 
ized double-blind trials in acute severe asthma identified 
from Index Medicus between 1974 and 1984 had a less 
than 60% chance of detecting a true 25% difference 
between treatments. Indeed, the trial that demon- 
strated the largest difference was unable to show that 
it wa5 statistically significant, having a less than 30% 
chance of showing a 50% difference. Evidence4 also 
suggests that many trials have insufficient power to 
detect clinically important differences. 

For a desired level of protection against type I error, 
the statistical power of a clinical trial depends upon 
the population difference between treatment means, 
the population error variance, and the sample size. If 
power could be improved only by increasing sample 
size, a longer and presumably more expensive trial 
would be needed. Error variance can be controlled, to 
some extent, by careful experimental design and mea- 
surement procedures. We propose a method for fur- 
ther reducing error variance by using judgment analysis 
to eliminate the unreliability of judgment. This method 
can provide an additional increase in power beyond 
that afforded by careful design and conduct of the 
trial, and it can do so at less cost than would be re- 
quired to increase the sample size. 

Reducing Error Variance by Applying Judgment Theory 
The physician attends to a number of different fac- 

tors (“cues”) in judging the overall effectiveness of a 
drug. These cues are drawn from all the effects as- 
sociated with the treatment that are of interest in the 
given trial. Physicians will be less than per$ectly reliable 
in combining these cues and making their judgments. 
This unreliability is a result both of the complexity of 
the task itself and of the consistency with which the 
judge approaches it. The effect of unreliability is to 
add error variance or “noise” to the systematic vari- 
ance of the physician’s judgments. 

The power of a trail idefined as 1 minus the prob- 
ability of a type I1 error) can be improved by reducing 
the estimate of the population variance (a:) instead of 
increasing the sample size. When the dependent vari- 
able is a judgment of effectiveness or tolerability, the 

removal of judgmental “noise” will increase the power 
of the test. 

Theory and research on judgment offer a method 
for doing this based on the finding that simple, ad- 
ditive models can adequately describe, in a variety of 
contexts, the component of judgment that is system- 
atically related to the cues.‘,’’Multiple regression anal- 
ysis, regressing the physician’s judgments on the cues, 
can therefore be used to separate reliable variance (i.e., 
that which is systematically related to the cues) from 
error variance. The use of multiple regression analysis 
for this purpose (“judgment analysis”) has been dis- 
cussed.’j6 

In judgment analysis (JA), the magnitude of the error 
component is estimated by d m ,  where R2 is the 
squared multiple correlation coefficient. Removal of 
the error component leaves only the reliable portion 
of the judgmental variance (s$)-rather than the total 
judgmental variance is:)-as an estimate of the pop- 
ulation variance u2. Since s; = RL s; and 0.0 5 R‘ 5 1.0, 
use of only the reliable poition ofthe judgmental var- 
iance must result in a lower estimate of u2. Conse- 
quently, the sample size required to achieve error 
probabilities (a, p) for a specific alternative hypothesis 
is reduced. Alternatively, for a given sample size, type 
I error probability (a) and a specific alternative hy- 
pothesis, the power of the clinical trial will increase. 

This method is valid if the regression model for the 
judge is correct, so that only random error variance 
is discarded. It has been shown for estimation of the 
severity of a medical condition and evaluation of its 
treatments that a linear model is usually adequate,j 
but care must be taken in any application to avoid 
pitfalls, such as overfitting data from a given sample 
of judgments, that can lead to incorrect models and 
erroneous results. Methods for evaluating judgment 
models are discussed below. 

Dill erences within Observers 
The effect of using JA to reduce errors of judgment 

is illustrated using data derived from a clinical trial 
designed to compare the efficacy of two dose levels of 
a new analgesic with that of an older remedy, and that 
of a placebo, in patients suffering from painful os- 
teoarthrosis of the hip and/or knee. The multicenter, 
double-blind trial involved five physicians who ad- 
ministered an active treatment or placebo, in approx- 
imately equal numbers, to between 23 and 47 patients 
each. Patient records were completed at the time of 
the initial treatment, a week later, and two weeks later. 
On the final report, the physicians recorded a judg- 
ment of overall treatment effectiveness on a scale rang- 
ing from 0-none, no good at all, ineffective drug; to 
4-excellent, ideal, best possible effect. 

A traditional one-way ANOVA based on the complete 
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sample of 167 patients revealed no statistically signif- 
icant differences among judgments of overall treat- 
ment effectivenesses of the three active treatments 
(although these differed significantly from that of the 
placebo). JA was applied to each physician's judg- 
ments of therapeutic effectiveness to detciminc whether 
inconsistency in these judgments might have masked 
a significant difference among treatments. 

Seven cues were derived from the patient records. 
'The rating of each cue was determined by the diffcr- 
ence between an assessment recorded on the final visit 
and the same assessment recorded on the initial visit. 
Assessments used were severity of joint pain on full 
passive movement, severity of pain while walking, av- 
erage duration of starting problems on arising, severity 
of starting problems on arising, status of arthritic con- 
dition, discomfort or inconvenience caused by the 
treatment, and patient's reported sense of well-being. 
'These seven cues were used in multiple linear regres- 
sion analyses to predict physicians' judgments of ther- 
apeutic effectiveness. Resulting adjusted R's for the 
five physicians ranged from 0.774 to 0.906. These values 
approach the reliabilities typically found in judgment 

suggesting that the seven cues were suf- 
ficient to model the reliable variance. For this example, 
the (testable) assumptiori is made that valid judgment 
models were obtained for each judge. 

The regression model (consisting ofweights for each 
of the seven cues and a constant term) for each phy- 
sician was used to compute judgments for each pa- 
tient seen by that physician. These computed judgments 
are systematically related to the cues by a function 
extracted from the physician's raw judgments. 'Their 
reliability is limited only by the reliability of the cues, 
and they exclude the inconsistencies that introduce 
random error into the physician's judgments.* 

The computed judgments were substituted for ac- 
tual judgments of therapeutic effectiveness as the de- 
pendent variable in a one-way ANOVA of the three 
active treatments. Two important results emerged. First, 
the treatment means remained essentially constant 
(table 11. This is important because it indicates that 
the process of replacing the physician's raw judg- 
ments with computed judgments discarded residual 
variance that was not related to the treatments. Notice 
that although the mean raw and computed judgments 
are constrained to be equal for each physician, the 
treatment means are not so constrained. 

Second, the within-gruups mean square ermr, which 
is the basis for the estimate of population error used 
in significance tests, was reduced by 11%, from 1.027 
to 0.912. This reduction means increased power to 

6 $1 1.5 

'Cues are of course based upon obseivations of one kind or an- 
other and judgments inevitably enter into those observations. How- 
ever, variation in cues due to judgment error is ignored in the 
present discussion, although it can be studied in a similar way. 

Table 1 0 Comparison of Treatment Means for Raw and 
Computed Judgments for Osteoarthrosis Trial 

Means 

Raw Judgment Computed Judgment 

Treatment 1 1.476 
Treatment 2 1.674 
Treatment 3 1.625 

1.476 
1.680 
1.625 

detect reliable differences among treatments without 
increasing sample size or increasing the probability of 
type I error. 

Table 2 illustrates one consequence ofthe reduction 
in error variance that resulted from JA. The table com- 
pares 95% confidence intervals for the differences be- 
tween treatment means based on raw judgments with 
the same confidence inteival based on computed 
judgments. In each case, the use of computed judg- 
ments narrows the confidence interval, thus iinprov- 
ing the precision of the estimate of the treatment means. 

In this example, the application of JA did not result 
in statistically significant differences between treat- 
ments. The lack of statistical significance was therefore 
not solely a result of unreliability in the physicians' 
judgments, which were in fact fairly reliable. The use 
of JA increased confidence in the failure to reject the 
null h-ypothesis. In other trials, however, JA, by elim- 
inating unreliability, may unmask a significant differ- 
ence between treatments.' 

To summarize, the following procedure can reduce 
error variance and improve the power of clinical trials 
in which the outcome is assessed by physicians' judg- 
ments of' individual patient benefit. 

1. Identify the important effccts that are used as cues to 
overall treatment effectiveness. This should of course 
be done during the design of the trial. 

Table 2 Comparison of 95% Confidence Intervals for Raw and 
Computed Judgments for Osteoarthrosis Trial 

95% Confidence 
Interval for 
Difference 
Between 

Treatment 
Comparison Dependent Variable Means 

Treatment 1 Raw judgment of 

Treatment 2 
vs . therapeutic effectiveness -2.28 to 1.89 

Computed judgment -2.16 to 1.74 

Treatment 1 Raw judgment of 

Treatment 3 
vs. therapeutic effectiveness -2.03 to 1.74 

Computed judgment - 1.94 to 1.64 

Treatment 2 Raw judgment of 

Treatment 3 
vs. therapeutic effectiveness - 1.93 to 2.03 

Computed judgment - 1.82 to 1.93 
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2. LJse JA to describe the policy of each judge. If necessary 
ie.g., if the number of patients seen by each physician 
is insufficicntl "paper patient" data derived from a sim- 
ilar population may be used for JA.!' (:arefully examine 
the validity of the .IA results." 

3. Keplace the judgments of each physician with those 
based upon his or her computed policy. 

4. Use standard statistical tests with the computed judg- 
ments as the dependent variable. 

This method will indicate whether the inconsist- 
encies of individual judges are hiding a significant 
difference between treatments. 

Differences Between Observers 
In addition to helping to reduce the problems caused 

by inconsistencies of judgment wilhin physicians, as 
illustrated above, JA can be useful in reducing prob- 
lems caused by differences between physicians in mul- 
ticenter or other multi-investigator trials. 

Suppose that several physicians make (indepen- 
dent) judgments of effectiveness and that these ratings 
are based on the same patients.t 

In general, it will turn out that some physicians will 
find the difference in the effects of the treatments to 
be greater than will others; a t-test for treatment 1 
versus treatment 2 may even be significant for the 
former and nonsignificant for the latter. Since all phy- 
sicians judged the same patients, it can be surmised 
that the differences occurred because the former at- 
tached more importance to those cues for which the 
treatments differed most, while the latter put higher 
weights on those cues for which the treatments dif- 
fered least. 

If differential judgment policies produce different 
test results when applied to the same set of patients, 
the problem is likely to be even more serious when 
different policies are applied 10 diger-ent sets of pa- 
tients, as is almost always the case in real-life trials. 
In this situation, it is not known whether differences 
in the physicians' judgmental policies or lack of gen- 
erality in the treatment effects leads to inconsistent or 
even paradoxical results. Large differences among 
physicians will deprive the statistical test of' power to 
discriminate all but the most substantial differences 
in treatment effects. In other words, since the power 
of the test against a modest difference is too low, it 

t I n  real l i l ~ ! ,  it is usually impossible, and would be wasteful, to 
eiisiiic tha t  a patient is seen simnltarleousl~~ by all participating 
pliysiciana. Flowever, it has been ciemonstratcd that obseivations 
on "paper patients" can be used to standardize thc ciirumstances 
under which judgments are obtained kom tiifferei1t pliyicians, and 
that these obseivations based on paper patients arc cvaluated in 
the siime way as those Ixis~d on the real patients from whom the 

will frequently be concluded that there is no difference 
between treatments when in fact there is. The same 
will be true for judgments about tolerability, although 
this will be harder to demonstrate quantitatively be- 
cause adverse effects of dosages that have reached the 
stage of clinical investigation are much rarer than de- 
sirable effects. However, the consequence in either case 
may be the loss of potentially useful treatments or, 
conversely, the acceptance of useless ones, due to the 
commission of type I1 error. This is known to occur,4 
although the frequency with which it does so is un- 
kown.  A n  important part of the known attenuation 
between synthesis and marketplace of drugs in de- 
velopment of some 4 , O O O : l  or even morel2 is likely to 
be brought about in this way. 

The problem of multiple judgment policies may be 
resolved by generalizing the approach to the problem 
of unreliability of judgment described above. Depend- 
ing on the nature of the problem in a particular trial, 
one or more of the following steps may prove useful: 

1. Examine and coinpare the judgment policies of the 
separate judges. Are the patterns of regression weights 
sirtiilar or dift'crcnt? 

2. Compute judgnients for each physician by applying his 
or her policy to all patients li.e., including those seen 
by thc other physiciansi. Examine coirelations among 
these cornputed judgments, 'I'he coirclations may be 
high even if the policies are different because the cues 
are intercorrelated. If the correlations are low, then 
differences among judges may have substantially in- 
flated the error variance. 

3 .  Compute statistical significance tests using as depen- 
dent variables, in turn, a] each c:ue singly, t)) the coni- 
puted judgments (for all patients) based on each judge's 
policy, c] an average, ovei' judges, of the computed judg- 
ments, and di computed judgnients based on a policy 
that applics equal weight to each of the cues. Exami- 
nation of these tests will indicate which, if any, of a 
variety of rnoclels for combining the cues yields signif- 
icant differences between treatments. 

4. If the results of all the above tests are negative, calculate 
a niultiple group discriminant analysis'"," to determine 
whether any linear combination of the cues is capable 
of discriminating among treatment effects. 

5. If the results of the abovc steps indicate that some 
policies produce significant differences while others do 
not, then a "best" policy might be chosen. The policy 
chosen will depend on the purpose of the trial and the 
nature of the differences among policies. Its choice in- 
volves substantive, as well as rnethodologic, consider- 
ations. I n  general, the policy should be chosen in 
consultalion with the participating physicians and, as 
before, during the planning period rather than a pos- 
teriori (or, at the latest, after an initial pilot phase]. In 
any event, the goal must be to increase the validity of 
the trial, and not just to obtain statistically significant 

data liave tieen obtained ' I  differences. 
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Although JA can help to develop a single policy that 
can be applied to observations on all patients, only 
the judges themselves can reconcile their real differ- 
ences. Once a joint policy has been established, by 
whatever means, it can be applied to the cue reports 
from all investigators or centers. Computed judgments 
derived from the application of the joint policy can 
then be used in the appropriate statistical test for anal- 
ysis. 

The solution to the problem of differences among 
judges is complex. It depends on statistical properties, 
such as cue and judgment means and intercorrela- 
tions, of the information collected from the trial. It also 
depends on the context and design of the trial and 
on the nature of the desired treatment effect. 

Limitations of Judument Analysis 
'The success of any application of JA depends on 

producing a correct model ol  judgment. If an incorrect 
model is used, residual variance from the regression 
may include not only error variance but also a portion 
of the reliable variance of judgment. Discarding such 
variance can decrease the power of the experirnerit 
and produce misleading results. 

Incorrect models may result from 11 using the wrong 
set of cues, e.g., overlooking one or more cues that are 
important to the observer, % j  using the wrong func- 
tional relations between the cues and the judgment, 
e.g., using linear relations when nonlinear relations 
are important, or 3 )  overfitting the data by having too 
few observations relative to the number of cues. A 
complete discussion of methods for avoiding these 
problems is beyond the scope of this paper. Following 
is a brief description of some of the critical tests that 
should be used to assess the adequacy of a JA model. 

'I'he model should be crossvalidated. The major test 
for overfitting is provided by crossvalidation, that is, 
applying the model to a set of judgments that were 
not used to fit the model. 

Alternative models should be compared. 'lhe most 
appropriate functional relations can be identified by 
fitting, and crossvalidating, alternative models and 
comparing the results. 

Treatment means computed on the residuals should 
not difer. If the residuals represent the unreliability, 
or error variance of judgment, then they should not 
be systematically related to any other variable. In par- 
ticular, they should not be related to the treatments 
in a clinical trial. A significant difference across treat- 
ments would tie evidence that some of the reliable 
variance of judgment is contained in the residuals. A 
corollary is that treatment means computed on the 
modeled judgments should not differ from those com- 
puted on the raw judgments. 

Even if the judgment model is correct, the potential 
effect of reducing error variance by using JA depends 
on the obtained difference between treatment means 
and 011 the reliability of the observers. The application 
of JA will not change the difference between treatment 
means, and hence cannot cause a difference of a clin- 
ically important size to appear if it is not present. 'lhe 
potential benefit of the method will be realized to the 
extent that the observers' unreliability reduces the 
power of the trial to detect true differences. 

It is obvious that JA can be used only when the cues 
for judgment are known and measured in the trial. 
But if this is the case, then an independent investigator 
could dispense with the physician's judgment alto- 
gether (though not his or her observations) and ana- 
lyze the individual measures or some combination of 
them. What, then, is the advantage of the method de- 
scribed in this paper? If there is an agreed way to 
combine the cues to get a measure of overall treatment 
effects, then there is no need to apply JA. If, on the 
other hand, the investigator is unsure (or multiple in- 
vestigators disagree) about which cues should be in- 
cluded in a composite and how they should be weighted 
and combined ias is often the case) then JA helps to 
develop an appropriate composite. It also provides a 
method for validating the composite against the phy- 
sician's own judgment. 

'The application of JA to variation in the judgmental 
component of observation has not been attempted 
here. Instead, observations have been assumed to be 
both reliable and valid. Such assumptions are at least 
implicit in most clinical research. However, the as- 
sumption that judgments are also consistent and valid 
is usually even more deeply buried, and has been the 
object of the present study. 

A first practical demonstration of the potential util- 
ity of the method proposed in this paper to clinical 
trials has been provided by Bech et aLjL who applied 
a variety of policies computed from the judgments of 
26 psychiatrists participating in a comparative trial of 
two antidepressants. 'lhey were able to demonstrate 
a sharper and earlier differentiation between the treat- 
ments, a5 predicted. 

In regard to multi-center or multi-investigator trials, 
judgmental disagreements can obscure differences in 
the application of inclusion and exclusion criteria as 
well as between evaluations of outcome and can also 
lead to inconsistent inferences from the results-in 
short, the likelihood of committing one or more type 
I1 errors will be increased if judgmental inconsistency 
is ignored. The application of a single, explicit, agreed 
(and especially, an appropriate) policy to all observa- 
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tions, on the other hand, will increase the power of 
thc trial. This may be reflected in a reduction of type 
11 error likelihood, or in economies in the size of pa- 
tient and/or investigator samples needed to detect true 
treatment differences. 

A cost is associated with the use of JA: thc dcsign 
of the trial and the analysis of the results will be more 
complicated. A s  is the case with any method, new or 
old, regardless of its fundamental value or soundness, 
there is also a risk that it will be naively or carelessly 
applied. JA requires study to determine its most ap- 
propriate uses and its value in practice. It  may prove 
to be highly cost-effective in increasing the power of 
experiments. 
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