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The role of analytics in decision making is critical when uncertainty is
an important aspect of a particular problem. In electric and gas utilities
this is especially true because of the uncertain nature of the condition
of delivery assets, the influence of asset condition on the likelihood of
asset failure, and the resulting impact of such failures on safety and
reliability. Diagnostic testing should play and important role in the
decision process.
Unfortunately, the state of practice of incorporating test results into the
decision process is, at best, poor. The above referenced paper
illustrates (1) that analytically incorporating tests into the decision
process changes decisions and (2) provides guidance on key parts of
the process.
Key aspects of the problem addressed by Feinstein are (1) uncertainty
of drug use of individual athletes and (2) the fact that all tests are not
perfect. The paper illustrates how to incorporate these two dimensions
of the problem, as well as the costs of testing and the costs of decision
outcomes, into a formal decision process. This framework could be
adopted for use in the electric and gas utility industry. For further
discussion of the problem see the links to Diagnostic Testing and
Equipment Testing and Decision Models in https://www.schapel.com.
Feinstein’s paper follows:

Deciding Whether to Test Student Athletes for

Drug Use

CHARLES D. FEINSTEIN Department of Decision and Information Sciences
Leavey School of Business

Santa Clara University
Santa Clara, California 95053

The athletic governing board of Santa Clara University had to
decide whether to recommend implementing a drug-testing
program for our intercollegiate athletes. I presented a decision
analytic model of the question to the board, which served as
the focus of the board's deliberations. The deliberations were
concerned with evaluating the parameters of the model: the
prior probability that an athlete uses drugs, the reliability of the
tests for drug usage, and the relative costs of testing errors.
These deliberations and the model were the basis of the board's
decision not to recommend implementing the testing program.
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Figure 1: The decision tree model of the question of drug testing evaluates the e
testing for drug use compared with that of not testing. If testing is chosen, th
the result, positive or negative, is observed. If the result is positive, action is ta
all those who test positively are actually users, there is some chance of a false a
which costs an amount ct. If the result is negative, then some drug users are no
which costs c2. Nonusers who test negatively might be expected to experience so
perhaps based on invasion of privacy. The expected cost of the decision to test i
with respect to the lotteries shown in the tree. The expected cost of not testing
of an unidentified user, c^ multiplied by the prior probability that an individua

user. The optimal decision has the lowest expected cost.
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.05

Reliability
of the Test

.99
.95
.90
.85
.75

.84
.50
.32
.23
.14

Prior Probability That Individual Is a Drug User

.083 .100 .125

.90
.63
.45
.34
.21

.92
.68
.50
.39
.25

.93
.73
.56
.45
.30

.166
.99
.80
.64
.53
.38

Table 1: Posterior Probabilities. The probability that an individual who tests positively is ac
tually a drug user depends on the fraction of individuals in the population that are drug users
(the prior probability of drug use) and the reliability of the test, which is the probability that
the test will be positive if the individual is a drug user. For example, a test that is 95 percent
reliable applied to a population that has five percent drug users will yield only a 50 percent
posterior probability of drug use. That is, only 50 percent of all those that tested positively

will actually be drug users.

that the individual is a drug user and the

the false positive rate, the complement of

posterior probability, after observing a pos
itive test result, that the individual is a

the specificity, is small, the false negative
rate, the complement of the sensitivity, is

drug user. The prior probability is just the

large. That means that the sensitivity, the

fraction of drug users in the population.

true positive rate, is smaller than the speci

The posterior probability is the fraction of

ficity, the true negative rate. Hence, the as

drug users among those who tested posi

sumption made, setting the two rates

tively. That fraction is not one, and is de

equal, overestimates the rate of true posi
tives for reliabilities near one. This, in turn,

termined by Bayes' theorem, which I intro

duced in the memo. I made some argu

would tend to overestimate the posterior

ments that specified bounds for the

probability that a positively tested individ

reliability of the test. The reliability of the

test is measured by its sensitivity, the
probability that the test is positive if the

individual is a drug user. I made the fur

ual is a drug user, which makes the test
appear to perform better than it actually

would.

Table 1 shows the posterior probabilities

ther assumption that the sensitivity of the

as a function of the reliability of the test

test is equal to its specificity, the probabil

and the prior probability that an individual

ity that the test will be negative if the indi

is a drug user. To interpret the table, I told
the board members that a test that was 95

vidual is not a drug user. This assumption
allowed me to create Table 1, a table of
posterior probabilities that is easy to read.

This assumption, for the range of values
shown, is conservative: the assumption
tends to overestimate the number of true
positives reported by drug tests. Some

measurements [Hansen, Caudill, and
Boone 1985] have indicated that although

percent reliable had as much predictive

power as the toss of a coin if the popula
tion to be tested consisted of approxi
mately five percent drug users. The table

was designed to focus attention on the re
lationship of the population of individuals

we were contemplating testing, measured
by the prior probability of drug use, the
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performance of the test, measured by the

condition is not satisfied, then testing can

sensitivity, and the posterior probability

not be preferred to not testing.

that a positively testing individual is ac
tually a drug user.
In the memo I argued that it would be

For example, if it were believed that the
cost of the Type II error, c2 (freeing the
guilty) and the cost of the Type I error, cx

incomplete to judge the worth of the test

(convicting the innocent) were equal, then

by probabilities alone. Relying on every

the posterior probability would have to be

one's intuitive understanding of gambling,
I argued that the criterion of expected costs

at least one-half for testing to be the pre
ferred alternative. If it were believed that

could be used to compare the worth of the
two alternatives, to test or not to test. I as

one-tenth, then the posterior probability

signed costs to the six possible outcomes. I
assigned the top outcome, the accurate

the ratio of the costs of the errors were

would have to be larger than 90 percent
(actually, 0.9091).

identification of a drug user, zero cost. The

second outcome, falsely accusing a non
user, is the type I error which I assigned
cost Ci. The third outcome, doing nothing
in the case of a drug user, is the type II er

I assigned the top outcome,
the accurate identification of a
drug user, zero cost.

ror, which I assigned cost c2. The fourth
outcome is not an error but incurs, per

Clearly, considering the results shown in

haps, a social cost of this process, which I

Table 1, this condition can be used to elim

noted as c3. This cost might be based on

inate immediately some tests under certain

the invasion of privacy a nonuser experi
fifth and sixth outcomes were assigned

conditions. For example, were the ratio of
the costs of the errors one-tenth, under
none of the situations considered with re

costs c2 and 0, respectively. Based on these

spect to the prior probability of drug use

ences if compelled to take a drug test. The

cost assignments, I developed conditions

would a 95-percent-reliable test be accept

under which the expected cost of testing

able. That is to say, since the cost of the

was lower than that of not testing and ar

type I error is so large relative to the cost

gued that only under such conditions

of a type II error, a test that is 95 percent

would testing be the rationally preferred

reliable is simply not accurate enough to

alternative.

justify the risk entailed in testing.

The simplest necessary condition is that

I concluded the memo by observing that,

testing is preferred to not testing only if

based on the model, all that is required to

the posterior probability that an individual

analyze the situation is an understanding
of the costs of the various outcomes, which

with a positive test result is a drug user is
greater than the ratio of the cost of a false
accusation to the sum of the costs of a

can conveniently be expressed as a ratio. I

false accusation and the cost of doing

"It is better to risk saving a guilty person

further noted that in Zadig, Voltaire wrote:

nothing in the case of a drug user, or

than to condemn an innocent one"

C\/[C\ + ?2]- By contraposition, if this

[Bartlett 1968]. Sir William Blackstone
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in his Commentaries on the Laws of England

range of possible values, with consensus

(now perhaps regarded more as a literary

around 95 percent as a representative
value. The board further believed that the

work than a scholarly guide to jurispru
dence), wrote that "It is better than 10
guilty persons escape than one innocent
suffer" [Bartlett 1968]. These statements
suggest that the cost of the type II error is

type I error was indeed more serious than
the type II error in this situation, and that

closed the case.

The Athletic Board of Governance is an

smaller than the cost of the type I error.

advisory board to the president of the uni

One would then conclude, based on the

versity. Therefore, the board can only rec

condition, that the posterior probability

ommend policy. In this case, the board
voted, with no dissent, to recommend to

that an individual is a drug-user given a
positive result on the test would have to be

the president that the university not begin

larger than one-half for testing to be the

drug testing of our student athletes. The

rational choice.

The Board's Decision Process
At the meeting called to discuss this is

president of the university adopted that rec

ommendation. This analysis was persua

sive. The chairman of the board later said

sue, the athletic director reviewed his pro

to me that the memo was the essential mo

posal. I reviewed my memo. These were

tivation for the recommendation.

presentations of facts and principles and in

no way adversarial. The board seemed

Conclusion

very receptive to the model and was ap

I had hoped that my memo would focus
discussion on what I believed to be the

propriately surprised at the results in Table

fundamental analytic issues of the decision

1. The 50-percent posterior probability for

to test athletes for drug use. The decision

the 95-percent-reliable test was of particu
lar interest. Indeed, the notion of a poste

model I presented did just that: the discus
sion of the board was about what values

rior probability required some discussion,

of prior probability, test likelihoods, and

and I had to use several examples to illus

costs of errors were appropriate for our

trate the concept behind Bayes' theorem.

particular situation. Based on this simple

Once I had done so, however, no one
questioned the logic and the results. The

board discussed what values of the param
eters were appropriate for our university.

No one suggested that we suffer from a
high incidence of drug abuse among our
athletes, so that the prior probability that

an individual athlete uses drugs was be
lieved to be low, certainly less than 10 per
cent and perhaps closer to five percent.

Most people had read about the reliability
of drug tests in various publications and all
agreed that Table 1 seemed to capture the

operations research model, people ana
lyzed the decision and came to a conclu
sion that was rational.

APPENDIX

In this appendix, I derive the necessary
condition discussed in the text. With re
spect to Figure 1, define the following

notation:

p {D} = the prior probability that a ran

domly selected individual is a
drug user;
p {D | +} = the (conditional) probability
that an individual is a drug
user given that the drug test
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result was positive;

p {D\ ? } = the (conditional) probability
that an individual is a drug
user given that the drug test
result was negative;

p { + } = the probability that a drug test
will result in a positive out
come;

ACT = the decision to take some
action; and
TEST = the decision to test an

By contraposition, if condition (**) is not
satisfied, then TEST cannot be preferred to

TEST.

Further, the posterior probability

p {D | +} is determined, by Bayes' Theo
rem, from the prior probability of drug

use and the likelihoods?the sensitivity,

p {+1D}, and the specificity, p {- \ D'}?

of the test

p{D\ + }=p{ + \D}V{D}/[P{ + \D}p

X{'D} + (l-p{-|D'})(l-p{D})].

individual for drug use.

Thus, upon selecting the appropriate cost
ratio, condition (**) determines the appro
priateness of a test with known sensitivity
and specificity applied to a population with

Let ' denote the negation of a condition;
for example, D' is the event that an indi
vidual is not a drug user.
Then, the expected cost of the decision
ACT, conditional upon a positive test

incidence p {D} of drug use.

report is E {ACT| + } = p {D| + } (0)
+ (1-p {D| + }) (Ci). Similarly, the expected
cost of doing nothing, noted here as ACT,
conditional upon a negative test report is
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NCAA guidelines, but there were claimed
educational and health benefits as well.

Before the meeting at which the board was
to make its recommendation to the presi
dent of the university, the chairman of the
board distributed Professor Feinstein's

memorandum on the question.
"It is fair to say that the memorandum
became the agenda of the meeting. The

decision analytic approach provided the
framework that the board needed to de
bate the costs and benefits of the policy.

After a bit of explanation of the mathemat

ical foundation of the model?especially
the workings of Bayes' Theorem and the

idea of a posterior probability?the board

began to discuss what values of the pa
rameters were appropriate for our situa
tion. It should be stated that the structure
of the model and the approach taken were

never questioned and were accepted by all
as a reasonable way to formulate the prob
lem. The board concluded that th? inci

dence of drug use on our campus was so
low and the cost of a false accusation so

high that drug-testing was not the correct

decision for us. What was particularly
pleasing about this outconte was that we
never had to enter into the potentially con
tentious area of privacy rights and the le
galities of drug testing. The model allowed
us to resolve the issue clearly, using an ap
proach that could be tailored to our partic
ular situation. There was no dissent in the

recommendation."
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