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Physicians’ diagnoses of acute otitis media (AOM) and their treatment choices were
investigated using judgment and decision-making analyses. Thirty-two ped’fatricians in
the Albany, New York, area provided probability judgments of the presence of AOM
and made treatment decisions for 32 patient vignettes, each described in terms of
historical and examination variables. Their probability judgments were well predicted
by linear combinations of the patient variables (R’s ranged from 0.76 to 0.97). Infor-
mation about the observed condition of the eardrum proved to be most critical to the
physicians’ diagnoses. They demonstrated good levels of agreement on diagnoses.
They varied, however, in their tendencies to treat with amoxicillin rather than another
antibiotic. Case vagueness was related to the rate of antibiotic treatment. The rate of
antibiotic treatment was higher for vague than for non-vague cases when the mean
judged probability of AOM was low. In combination, the findings highlight the impor-
tance of performing and interpreting ear examinations and the role that consistent
training may have in improving management of AOM. Key words: social judgment
theory; policy capturing; judgment analysis; management of otitis media; vagueness;
treatment variation. (Med Decis  Making 1998;18:149-182)

The diagnosis and treatment of any disease depend
heavily on ‘the judgment of the physician even
though, increasingly, treatment decisions also in-
volve the judgment of the patient (or parent, if the
patient is a minor). Understanding individual differ-
ences in judgment and developing methods for im-
proving judgment have been major topics of judg-
ment and decision-making research. Judgment
analysis, in particular, provides a formal method for
studying clinical decision making with the purpose
of understanding the reasons for differences among
physicians in order to derive procedures to aid de-
cision making.l-33 This approach to improving health
care management attaches great importance to phy-
sicians’ cognitive and behavioral processes and em-
phasizes consistency and regularity in practice
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across physicians. It recognizes the significance not
only of theoretical knowledge about the efficacy of
diagnostic and treatment procedures, but also of the
consistent application of that knowledge by physi-
cians in practice.

The present work focuses on understanding phy-
sicians’ management of acute otitis media (AOM) in
children. Otitis media is one of the most common
infectious diseases in children,* and in the aggre-
gate, its treatment entails significant costs. In 1990,
an estimated 24.5 million office visits in the United
States had otitis media as the principal diagnosis; for
children under 15 years of age, it is the most fre-
quent diagnosis and is increasing in incidence.’

Diagnosis of AOM is a subjective process affected
by many factors, including the physician’s percep-
tions of the child’s ear anatomy, the parents’ per-
ception of the child’s health, and the physician’s past
experience with the disease. Doctors see different
types of patients and base their decisions on differ-
ent criteria, and their diagnostic and prescribing
practices vary.6,77 A review of articles about AOM in
clinical journals over a 24-year period found that
only 26 of 43 articles described diagnostic criteria
and that within this set, 18 different criteria were
used. Similarly, a survey of 165 U.S. physicians
yielded 147 different sets of criteria.8 Furthermore,
antibiotic treatment for AOM varies tremendously
across countries; in New Zealand, 98.2% of patients
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diagnosed as having AOM receive prescriptions for the probabilities of obtaining an outcome are not
antibiotics, in contrast to only 31.2% of British pa- well specified.* A clever example by Ellsberg  (1961)17

tients.9 In the United States, otitis media is the most demonstrated that decision makers avoid selecting
common reason for prescribing antimicrobials  at options in which the chances of yielding a positive
office visits; in 1992 this amounted to 23,648 pre- outcome are expressed as a range of possible values.
scriptions (21%  of all antimicrobial prescriptions).“’ More recent work has emphasized the role of vague-
Meanwhile, the extensive use of antibiotics is seen ness in applied domains such as insurance deci-
as a major cause of the alarming spread of antibiotic sions18 and broadened the concept of vagueness to
resistance among bacteria-particularly resistance include situations in which the outcomes of a de-
to penicillin among pneumococci.11,12 cision are not known precisely.l9-21

At the diagnostic level, we investigated the man-
ners in which physicians used information to assess
the likelihood of the presence of AOM. Our study
was conducted within the framework provided by
social judgment theory (SJT),13-15 a psychological
theory that relates the cognitive processes of indi-
viduals making judgments to the characteristics of
the situations in which their behaviors occur. In the
domain of clinical decision making, SJT views phy-
sicians as integrating patient information on several
dimensions, rarely having sufficient data to solve the
diagnostic problem with absolute certainty. For ex-
ample, in diagnosing AOM, physicians gather and
combine information about different historical and
physical variables-such as frequency of ear infec-
tions, symptoms and signs of prior upper-respira-
tory-tract infections, age of the child, status of the
eardrum-that may suggest an ear infection or
other diagnosis. This information-integration pro-
cess is assumed to have a systematic component re-
lated to the consistency with which decision makers
use available data, as well as an unsystematic com-
ponent, related to the errors they might make be-
cause of factors such as fatigue or task difficulty.
According to SJT, individuals may disagree in their
judgments in part because of different levels of im-
portance assigned to the different factors used in
judgment or other differences in the manners in
which they integrate information.

In the present study, the range of probability val-
ues that the physicians associated with a patient hav-
ing AOM was our measure of vagueness. When a
patient’s condition leads to different diagnoses by
different physicians, the case is vague because it
cannot be easily classified. The degrees to which this
lack of uniformity of beliefs related to different treat-
ment choices were explored.

In summary, this work investigated: 1) factors and
*policies underlying physicians’ diagnoses of AOM, 21

agreement among physicians, 3 )  judgmental varia-
bility among physicians (suggesting vagueness1 and
its relationship to treatment selection, and 4) phy-
sicians’ reasons for selecting treatments. In a pre-
liminary way, we are able to identity the factors that
influence physicians’ decision making about AOM
and assess the consistency of beliefs with expressed
preferences.

Method

QUESTIONNAIRE DEVELOPMENT

At the treatment-selection stage, our study looked
at the relationship of probability judgments, diag-
nostic disagreement, and treatment decisions. We
explored when and why physicians would not
choose amoxicillin, the current standard antibiotic
for treating AOM, but instead would choose another,
usually more expensive, antibiotic. We also investi-
gated how these treatment decisions related to phy-
sicians’ beliefs about the effectiveness and costs of
the available antibiotics. Our main focus, however,
was on the diagnostic process.

Diagnostic variation at the level of a patient is an
important potential source of management varia-
tion. We classified those cases that elicited strong
diagnostic disagreement as vague cases. The degree
of vagueness faced by a decision maker has been a
topic of concern to decision analysts for manyyears.
Ambiguous or vague situations are those in which

A pilot study provided basic information for the
development of the survey materials used in this
study. Four pediatricians responded in an open-
ended format to the request, “Please reflect on what
you think, do, and say when you see a child (who
might have acute otitis medial.” This exercise re-
sulted in a number of historical and examination
criteria, the most frequent being: 1) history of re-
current AOM, 2) recent history of upper-respiratory-
tract infection, 3 )  fever, 4 )  ear pain, 5 )  red eardrum,
and 6 )  bulging eardrum. We then constructed a set
of 50 hypothetical patient cases described in terms
of 12 criteria, including these variables and six oth-
ers believed to be important by the physicians in the
investigation team. A range of values believed to be
representative of the ranges encountered in actual
clinical practice was chosen for each variable. Var-

*Unless otherwise noted, we refer to the imprecision of prob-
ability estimates as vague, rather than as ambiguous, following
Wallsten’s distinction that an ambiguous term has two or more
different, but precise, meanings, while a vague term conveys a
range of meanings.‘”
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FIGURE 1. A patient vignette.

iables without natural quantitative units, e.g., the de-
gree of redness of the tympanic membrane, were
described verbally with anchors at low and high lev-
els of the attribute. The vignettes were constructed
by randomly selecting values of each variable. Vari-
ables without natural quantitative units were scaled
between 0 and 100 such that the lowest point of the
verbal scale corresponded to zero and the highest
to 100. Other variables were categorical in nature
(e.g., whether the child was crying during the ex-
amination), and for the purpose of the analyses, they
were coded as no = 0 and yes = 1. Cases produced
in this manner were then checked for consistency
by the physicians in the investigation team, and
those with patently implausible combinations were
eliminated, resulting in a set of 32 cases. Figure 1
shows one of those vignettes.

As shown in figure 1, variables appeared as scales
with arrows indicating the observed levels for a
given patient. Values to the right indicated higher
levels of an attribute. For example, the patient pro-
file in figure 1 shows a 12-month-old  child with a
history of AOM, no symptoms of upper-respiratory-
tract infection, a temperature of’ 103.2OF,  mild red-
ness of the eardrum, and so forth. At the bottom of

each vignette, the same four questions about diag-
nosis and treatment appeared (list 1).

A short questionnaire that assessed the manage-
ment of AOM and otitis media with effusion was also
administered. In the present paper we focus only on
the management of AOM.

SUBJECTS

Fifty-eight pediatricians in the Albany, New York,
area were contacted about this project. Thirty-two
volunteered and received $100 for their participa-
tion. Five physicians declined to participate, and oth-
ers could not be scheduled within the study period.
We do not know details regarding the physicians’
practices, but our convenience sample does repre-
sent physicians in the Albany area. Of the physicians
in the city of Albany, 60% participated in our study
(i.e., 26 of a total of 451, as did six physicians (21%)
from two adjacent cities. Participants were from pri-
vate practices, a staff-model HMO, and the medical
school faculty of Albany Medical Center. The num-
bers of years in practice at the time of the study
ranged from one to 40 (median = 11 years). There
were eight women and 24 men in the group.
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List 1 0 Questions Accompanying Each Vignette

1. What is the probability that this child is suffering from acute otitis media? _% (O-100)

MEDICAL DECISION MAKING

2. How would you treat this child? Please select 1 option:
Ask the parent to observe
Prescribe antibiotics

3. If you would prescribe an antibiotic, please indicate whether you would treat with amoxicillin or another antibiotic:
- Amoxicillin or - Trimethoprim-sulfa

A cephalosporin
- Amoxicillin-clavulanic acid

Erythromycin-sulfa
- A macrolide (Biaxin or Zithromax)

IM ceftriaxone

4. If you prescribed an antibiotic for this child, please mark all that apply. “I chose this antibiotic because”:
it is more effective in treating AOM
it is more effective in treating infections other than, or in addition to, AOM
parents are more likely to give it and/or children are more likely to take it
it is the recommendation of our practice guidelines
it is standard therapy
it has fewer side effects
it is less expensive
other-please specify:

PROCEDURE

Each participating physician was asked to com-
plete our survey during a study session, conducted
in the physicians’ offices by two members of the in-
vestigation team. In these sessions, the investigators
stated the purpose of the study and provided general
verbal and written instructions for completing the
instrument. More specifically, the physicians were
told: “For purposes of this study assume that: 1) you

perform each examination, 21 your concern is deal-
ing with AOM, 3) there is no information aside from
what appears in each vignette, and 4 ) each child has
no history of resistance to antibiotics. Please review
each profile and answer the questions found at the
bottom of each case.” They were also instructed to
look at each of the 32 cases independent of the oth-
ers, without changing their minds about earlier
cases, The second part of the instrument-consist-
ing of general questions about treatment of AOM-

Table 1 l Descriptive Statistics of Vignette Variables and Correlations

Red- Bulg- Immo-
ness ing bility

History History of of of Asym- Un-
of of Tym- Tym- Tym- metry healthy Child

Age Acute Upper panic panic panic be- AP- Cries Parents
in Otitis Respiratory Ear Tempera- Mem- Mem- Mem- tween pear- during Demand

Months Media Infection Pain ture brane brane brane Ears ante Exam Antibiotics

x2
x3
x4
X5
X6
x7
X6
x9
x10
x11
x12

X l  x2 x3 x4
0.55
0.24 0.32
0.49 0.22 0.45
0.02 0.26 0.07 0.06

-0.00 0.05 -0.06 -0.06
0.06 0.12 0.31 0.11

-0.04 0.01 0.16 0.11
0.04 0.26 0.20 0.17
0.11 0.06 -0.10 0.09

-0.22 -0.39 -0.10 0.36
-0.01 0.04 -0.16 -0.‘12

x5 X6 X7 X6 x9 x10 x11 x12

0 . 6 9
0.66 0.76
0.55 0.53 0.70
0.25 -0.14 0.06 0.35
0.59 0.43 0.33 0.36 -0.26

-0.05 -0.03 -0.11 0.16 0.11 0.11
-0.12 0.13 -0.01 0.04 -0.27 0.16 0

MEAN 13.4 55.4 0.4 0.5 101.3 49.0 55.3 57.3 30.0 46.7 0.2 0.5
MEDIAN 13.0 61 .O 0.0 1.0 102.2 53.0 65.5 64.0 21.5 37.0 0.0 0.5
S 2.9 31.6 0.5 0.5 2.0 29.2 35.6 26.4 27.6 33.5 0.4 0.5
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was self-explanatory. We did not provide definitions
of AOM or any other variable, and the physicians
were encouraged to simply answer the questions in
the best way they could given the information pro-
vided. A session lasted approximately 45 minutes,
followed by a brief discussion of the instrument and
physician’s perceptions of the task.

Analyses and Results

JUDGMENT ANALYSES=’ OF PROBABILITY OF AOM
.

Using multiple regression, we derived models for
each decision maker to represent the process by
which individuals weighed and combined informa-
tion. Predictor variables were the 12 variables in the
patient vignettes; the physicians’ probability judg-
ments of the presence of AOM were the dependent
variables. Due to the large number of cues relative
to the number of cases, we used only linear function
forms.15 Means, medians, and standard deviations of
the individual predictor variables, as well as corre-
lations among them, may be found in table 1.

Residual analyses did not show departures from
assumptions of linear regression (e.g., homoscedas-
ticity, linearity1 in most cases (n = 21). Violations of
homoscedasticity were successfully corrected for
seven individuals using a log-odd transformation,
y’ = ln(y/l  - yl, where y is a probability judgment
(0 < y < 11. Removing a maximum of two outlying
observations corrected the heteroscedasticity prob-
lem for two additional subjects without substantially
changing their original models. No appropriate
transformation was found in two cases, suggesting
more complex relationships between predictor and
dependent variables. Because linear models are ro-
bust and often can represent more complex rela-
tionships quite well, we simply present the derived
linear models for these two individuals.

Results of multiple regression analyses showed
that the physicians’ probability judgments (or trans-
formed judgments) were well predicted by a
weighted linear combination of the predictor varia-
bles. R’s ranged from 0.83 to 0.98; adjusted R’s
ranged from 0.72 to 0.96, with a median equal to
0.89. In order to better understand which factors
were most strongly related to the physicians’ judg-
ments, we searched for more reliable models that
included fewer predictor variables. Because this was
a descriptive study, we lacked a specific theory for
variable selection. Instead, we used the g criterion,
in which a model with fewer predictor variables was
selected as long as R” was not substantially de-
creased. After a set of variables judged most suitable
was found for each person, we performed nested
model comparisons between each physician’s full

model (i.e., the model containing the 12 predictor
variables) and his or her new reduced model. In
each case, an F-test of the form, Fltdf, - df,),  df,] =
[@SE, - SSEN(df,  - df,ll/lSSEJdfJ  was performed,
where SSEf and df, are the sum of square errors and
corresponding degrees of freedom of the full model
and SSE, and df, are the sum of square errors and
corresponding degrees of freedom of the reduced
model. Non-significant differences between full and
reduced models indicate that the full model can be
reduced without significant loss of predictability. In
other words, the variables that were eliminated
added little to the prediction of the physicians’ judg-
ments.233 Residuals of the resulting reduced models
were further examined to determine whether any
variable not in the model should have been included
(i.e., departures from homoscedasticity are often
due to omission of useful predictor variables). Table
2 presents the final reduced models for the individ-
ual physicians with their corresponding beta coef-
ficients for each independent variable. The R’s of the
full and reduced models appear in the two right-
most columns.

As shown in table 2, the reduced models for the
32 physicians contained at most five predictor vari-
ables and predicted judgments quite well, with R’s
ranging from 0.76 to 0.97, median = 0.89. Because
the sample R statistic is biased upwards relative to
the population parameter, R’s  from small samples
will tend to be smaller when reapplied to larger
samples. The adjusted R” estimates the shrinkage in
R when it is reapplied to an infinitely large sample.24

In the present study, adjusted R’s  for the reduced
models ranged from 0.74 to 0.96, with a median of
0.88.

Most of the reduced models included the varia-
bles of temperature, and the redness, bulging, and
degree of immobility of the eardrum. For 25 of the
32 physicians, degree of bulging was a significant
predictor (p < 0.051 beyond the effects of other var-
iables. Similarly, degree of immobility of the ear-
drum was significant in 23 cases, degree of redness
in 14 cases, and temperature in 15 cases. Historical
variables, on the other hand, were rarely significant
predictors after examination variables were consid-
ered. These results suggest that variables relating to
examination of the eardrum were the most impor-
tant factors influencing the physicians’ diagnostic
judgments.

We also analyzed the degree of agreement among
decision makers. Correlations among physicians’
probability judgments showed a relatively high level
of agreement. Median correlations of each physician
with every other physician ranged from 0.68 to 0.89,
and the lowest correlation between any pair was
0.56; all correlations were statistically significant at
the 0.05 level. Only two individuals appeared to differ
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Table 2 l R’s of Full Models and Beta Coefficients and R’s of Reduced Models Predicting Each Physician’s Judgments

History Red- Bulg- Immo-
of ness ing bility Par-

Upper of of of Un- ents
r Respi- Tym- Tym- Tym- Asym- h e a l t h y  De-

ratory panic panic panic metry AP- mand RZ
Infect- Ear Tempera- Mem- Mem- Mem- between pear- Anti- RZ

Age tion Pain ture brane brane brane Ears ante biotics (Ful l )  dc:,)

Physician 1
Physician 2
Physician 3
Physician 4*

Physician 5
Physician 6
Physician 7
Physician 6

Physician 9
Physician 10
Physician 11
Physician 12

Physician 13
Physician 14
Physician 15
Physician 16t

Physician 17*
Physician 16
Physician 19*
Physician 20*

Physician 21
Physician 22
Physician 23*
Physician 24*

Physician 25
Physician 26
Physician 27t
Physician 26

Physician 29
Physician 30
Physician 31
Physician 32

0.09

0.11

0.13

-0.22 0.21

0.11

0.13

0.17
-0.20

0.14

0.53

0.26

0.33
0.30
0.25

0.47

0.75

0.26

0.21
0.66

0.61
0.30

0.35
0.20

0.27

0.36

0.32

’ 0.60
0.49

0.19 0.45
0.32 0.52

0.64
0.60

0.37 0.36
0.34 0.35

0.46 0.40
0.73

0.46 0.53
0.29

0.57
0.34 0.40

0.95

0.30 0.21
-0.29 0.35

0.30 0.43
0.43 0.20

0.40
0.33 0.62
0.57 0.32

0.66
0.51

0.47 0.33

0.23
0.62

0.22 0.26
0.16

0.23
0.57
0.45
0.24

0.16
0.15

0.16

0.29

0.43

0.56
0.33

0.34
0.32
0.32
0.35

0.45
0.36

0.27
0.23
0.57

0.46

0.46
0.53

-0.21

0.24

0.14
-0.14

-0.25 -0.32
0.25

0.19

0.13

0.26
0.30 0.16

0.20
0.29

0 . 9 6 0.94
0 . 9 6 0.97
0.97 0.95
0.97 0.95

0 . 9 6  0 . 9 6
0 . 9 6 0.95
0 . 9 6 0.93
0 . 9 6 0.94

-0.18 0.96 0.93
0.95 0.93
0.95 0.92
0.95 0.94

0.94 0.93
0.93 0.91
0.93 0.87
0.93 0.91

0.93 0.89
0.93 0.88
0.92 0.90
0.92 0.87

0.92
0.91
0.91
0.91

0.88
0.88
0.86
0.88

0.91 0.86
0.91 0.86
0.91 0.85
0.91 0.88

0.90 0.88
0.89 0.83
0.88 0.87
0.83 0.76

*The dependent variable is in the log-odd scale. tNonlinear  subject.

consistently from the other physicians in their judg-
ments. The physician who had the lowest median
correlation with the group was also described less
well by a multiple regression model, suggesting that
unreliability of judgment may have contributed to
the low correlations.

TREATMENT SELECTION AND ANTIBIOTIC CHOICES

Over all physicians and cases, the rate of antibiotic
prescription was 58.9% (n = 1,018, 6 missing). The
distribution of the physicians’ rates of antibiotic pre-
scription revealed a median proportion of antibiotic
treatment of 60.3%,  with an interquartile range of
9.4%.

The propensities for treating with antibiotics were
not significantly different across physicians [x2(31)  =

37.43, p = 0.191. When antibiotics were prescribed
(n = 6001, however, the frequency of treatment with
amoxicillin varied across physicians 1x2(311  = 62.47,
p < 0.011. The most frequent choice was amoxi-
cillin (66.3%) followed by a cephalosporin (13.3%);
amoxicillin-clavulanic acid was selected 9.3% of the
time; ceftriaxone IM, 7.3%; trimethoprim-sulfa,
2.8%; and a macrolide, 0.8%. Thus, even though
amoxicillin was the antibiotic most frequently pre-
scribed by all physicians, they differed in their ten-
dencies to select amoxicillin versus other types of
antibiotic.

The most frequently selected reasons for prescrib-
ing particular antibiotics and their corresponding
rates are indicated in the top of table 3. The bottom
of table 3 shows the reasons given if an antibiotic
other than amoxicillin was selected.
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As is apparent in table 3, the reasons most fre-
quently cited for selecting antibiotics referred to
compliance with general medical guidelines. Cost
and side effects of antibiotics played roles as well.
On the other hand, when antibiotics other than
amoxicillin were selected, the effectiveness of the
treatment was a key issue. Specifications for reason
“other-please specify” referred most often to: 1) a
very sick child (33.9%), 2) the frequency of infections
of the child (29.1%),  and 3) believed presence of re-
sistance (22.3%).

Overall, these patterns of results suggest that the
hypothetical patients treated with antibiotics other
than amoxicillin were sicker than the patients re-
ceiving amoxicillin. To test this hypothesis, we
grouped them into those who received amoxicillin
more often than no antibiotic and those who re-
ceived antibiotics other than amoxicillin a large pro-
portion of the time. Ten received amoxicillin more
often than no antibiotic, and only eight were pre-
scribed antibiotics other than amoxicillin by more
than a third of the physicians. As suggested by the
physicians in the investigation team, we looked at
differences between these two groups of cases in
terms of the variables associated with severity. These
variables were: frequency of past AOM episodes; ap-
pearance of the  child; temperature; and extents of
immobility, redness, and bulging of the tympanic
membrane. Univariate tests of mean differences be-
tween these two antibiotic groups (with Bonferroni
adjustment; strict alpha level of 0.008) yielded sig-
nificant differences for the variables appearance of
the child 006) = 4.541 and redness of the eardrum
[t(16) = 3.581. That is, hypothetical patients for whom
one third of the physicians or more recommended
an antibiotic other than amoxicillin appeared less
healthy and their tympanic membranes were red-
der. Therefore, the physicians’ stated reasons for
choosing an antibiotic other than amoxicillin were
in line with physical examination data that suggested
a more severe infection.

WHEN TO TREAT WITH ANTIBIOTICS

The relationship between the diagnosis of AOM
and a treatment decision can be examined by look-
ing at the minimum level of judged probability of
AOM that was required for an antibiotic prescrip-
tion. We call this measure a treatment threshold,
and we computed it, per physician, simply by find-
ing the lowest probability-of-AOM value that yielded
an antibiotic treatment. Because consistency be-
tween diagnostic probabilities and treatment deci-
sions may not be perfect, one can expect to find
cases above the threshold that do not receive anti-
biotics. Therefore, a more appropriate measure of
consistency is a probability level such that the num-

Table 3 0 Reasons Given by 32 Pediatricians for Treating
Children with Acute Otitis Media with Antibiotics

All antibiotics (n = 600)

Rate (%)*

Standard therapy

Less expensive

Fewer side effects

The recommendation of our practice guidelines

Antibiotics other than amoxicillin (n = 202)

60.0

53.5

42.6

34.0

More effective in treating AOM 47.0

More effective in treating infections other than,
or in addition to, AOM 47.5

Other-please specify 47.0

*The physicians were free to provide more than one reason per case;
hence percentages do not add to 100.

ber of cases receiving antibiotics below this level and
the number of cases not receiving antibiotics above
this level are at a minimum (i.e., the level that min-
imizes the number of inconsistencies). For simplic-
ity, we used the threshold measure, because for 72%
of the physicians the threshold was the probability
level that minimized the number of inconsistencies.
Few inversions were found for the rest of the sub-
jects.

The range of this threshold distribution was 0 to
0.75, with an interquartile range of 0.25; the median
threshold and the third quartile equal 0.50. Most of
the physicians began antibiotic treatment when
their certainty of AOM was low: 25% of them pre-
scribed antibiotics when the judged certainty of the
presence of AOM was 0.25 or less, and 75% did so
for judged certainty of 0.50 or less (11 physicians had
thresholds of exactly 0.50). That is, three of four phy-
sicians prescribed antibiotics when they perceived
the probability of AOM to be 0.5, or less. At these
threshold points, amoxicillin was the preferred
choice (53.1%),  followed by amoxicillin-clavulanic
acid (15.6%) and a cephalosporin (12.5%).

The low values of the distribution of thresholds
suggested at least two things: 1) the physicians had
a tendency to prescribe antibiotics even when AOM
is fairly unlikely, and/or 2) these physicians pre-
scribed antibiotics to treat something other than
AOM. This second possibility most closely relates to
how sick the child appeared at examination. Re-
moving cases in which the patients had a very un-
healthy appearance (i.e., removing cases with values
below the 25 percentile in this variable) left the me-
dian treatment threshold unchanged at 50%,  but the
third quartile increased to 60%,  demonstrating that
a low distribution of thresholds was in part due to
some patients’ appearing very ill.
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Mean Likelihood
of Antibiotic Treatment

FIGURE 2. Mean proportion of choice of antibiotic treatment as
a function of vagueness and level of judged probability of acute
otitis media.

VAGUENESS OF THE CASE AND ANTIBIOTIC CHOICE

Many diagnostic problems present the decision
maker with uncertainty regarding the probability
that a patient has a particular condition. If a patient
presents symptoms leading to conflicting beliefs, dif-
ferent physicians will probably produce different
probability judgments about the presence of a single
condition. In turn, this diagnostic variability is likely
to be reflected in an inconsistency among the phy-
sicians in the management of care. We defined
vague cases as those yielding variable probability
judgments of the presence of AOM across physi-
cians. This notion is consistent with conceptions of
vagueness found in the literature. For example, Wal-
lsten et al.25 refer to frequency phrases such as pos-
sible as vague, because they have different meanings
to different individuals. (Studies of physicians26-28 as
well as of patients29-311 have demonstrated this vari-
ation in the interpretation of probability words.1 Fig-
ure 1 is a vague case with a mean probability judg-
ment of AOM and a standard deviation equal to
25.6% and 21.4%,  respectively.

We hypothesized a statistical relationship between
diagnostic vagueness (i.e., variability of the  proba-
bility judgments of AOM) and management of AOM
(i.e., probability that the patient is treated with an-
tibiotics). The likelihood of antibiotic treatment per
case was obtained by computing the proportion of
physicians who prescribed antibiotics (n = 32) and
was used as dependent variable in an ANOVA  with
vagueness and AOM probability as between-subject
factors. These two factors were created in the fol-
lowing manner. Using a median split of the standard
deviation of AOM probability judgments (median =
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15.91, we classified cases as having high or low
vagueness (i.e., vagueness factor). The median split
of interquartile ranges yielded essentially the same
grouping with only one switch; thus, outliers do not
drive this grouping. Similarly, we performed a me-
dian split of the mean probability judgment per case
(median = 66.8%1,  thereby creating categories of
high and low judged probabilities of AOM (i.e., AOM
probability factor). A 2 X 2 ANOVA  with vagueness
(high and low)  and AOM probability (high and low)
as between-subjects factors and likelihood of anti-
biotic treatment as the dependent variable resulted
in a significant vagueness-by-AOM probability inter-
action [F(1,28) = 25.09, p < 0.011 and yielded main
effects for vagueness lF(1,281 = 14.73, p < 0.011 and
AOM probability lFt1,281 = 354.92, p < 0.Oll.t  For
the low-AOM-probability group, the simple effect of
vagueness was significant lF(1,141 = 21.52, p < 0.011,
with a higher mean proportion of antibiotic treat-
ments for vague than non-vague cases; this effect
was not significant for the high-AOM-probability
group. Figure 2 shows this interaction.

Having detected increased antibiotic usage for
vague, low-probability cases, we investigated whether
this increase involved greater prescription of only
the standardly used antibiotic, amoxicillin. For each
case, we obtained the proportions of physicians who
chose not to treat, prescribed amoxicillin, and pre-
scribed other antibiotics. Focusing on the antibiotic
prescriptions for the low-AOM-probability group,
the mean proportion of physicians prescribing
amoxicillin was higher for vague than for non-vague
cases [means 24 and 1.8%, respectively; Ft1,141 =
10.63, p < 0.011; this was also true for prescribing
other antibiotics [means 13.3 and O%, respectively;
F(1,141 = 14.25, p < 0.011. For the high-AOM-prob-
ability group, no such effect was obtained. Thus, the
general increase of antibiotic prescriptions associ-
ated with vagueness for cases judged to have com-
paratively low probability of AOM involved increases
of all antibiotics. In relative terms, however, we
found that the proportion of cases treated by amox-
icillin was lower [F(l,lOl  = 5.08, p < 0.051. The
means of the proportion of physicians prescribing
antibiotics other than amoxicillin were 0% for non-
vague cases and 35.7% for vague cases. No such ef-
fect was present for the high-AOM-probability

g r o u p
In order to illustrate better the manner in which

judged probability of AOM and vagueness related to
antibiotic prescription, we carried out a multiple re-

tin order to better satisfy assumptions of homoscedasticity of
error variance, we performed analyses using arcsin  transfor-
mations of the dependent variable. We obtained the same results
using these transformations; for clarity, we report results in
terms of the original variable.
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gression analysis with the mean judged probability
of AOM, the standard deviation of the probability
judgments, and their product as predictor variables
and the proportion of antibiotic prescription per
case as the dependent variab1e.S This model was
significant, with R” = 0.97, demonstrating that the
relationship between the judged likelihood of AOM
and probability of prescribing antibiotics depends
on vagueness as reflected by the level of disagree-
ment of diagnoses across physicians. Each regres-
sion coefficient was significant, p < 0.05, indicating
that each predictor variable added to the prediction
of the standard deviation of the probability judg-
ments beyond the contribution of the other varia-
bles in the model.

We further tested the hypothesis that the child’s
general appearance and parents’ demand for anti-
biotics influenced physicians’ management strate-
gies. We performed a nested model comparison be-
tween a full model containing the previous variables
plus the appearance of the child and the parents’
demand for antibiotics as independent variables,
and the reduced interacting model previously pre-
sented. Results supported the hypothesis; in com-
bination, the appearance of the child and the par-
ents’ demand for antibiotics added significantly to

the prediction of the dependent variable lF(2,261  =
4.19, p = 0.02; R” = 0.98 for this full model]. Fur-
thermore, in this full model, the child’s appearance
was significant (p < 0.001) beyond the contributions
of the other variables in the model. In summary,
using an interactive multiple regression model we
once again demonstrated that vagueness moderated
the relationship between the probability judgments
of AOM and the propensity for treating with antibi-
otics. In addition, we showed that if parents de-
manded antibiotics and if the child appeared very
ill, the propensity for antibiotic prescription also in-
creased.

CHARACTERISTICS OF VAGUE CASES

The levels of variability associated with different
patient cases can be related to a combination of fac-
tors describing the cases. Using the standard devi-
ation of the probability judgments associated with
each case as the dependent variable and vignette
variables as predictor variables, we performed a
multiple regression analysis. A subset of case varia-

$More precisely, analyses were performed on y’ = 2* arcsin
L/y)  with y = the proportion of antibiotic prescription in order
to satisfy regression assumptions. Notice that this regression
analysis is similar to the previous ANOVA,  but perhaps more
informative as it uses the continuous, rather than the categori-
cal, predictor variables. We performed both analyses to facilitate
understanding of the discussed effects.

Table 4 l Linear Regression Model of Standard Deviations
of the Probability Judgments of 32 Pediatricians

History of acute otitis media
Ear pain
Redness of tympanic

Beta SE P

0.43 0.03 0.01
-0.59 2.19 0.00

membrane
Immobility of tympanic

-0.42 0.03 0.01

membrane 0.85 0.04 0.00
Crying during the examination 0.41 2.85 0.02

bles resulted in a predictive model (R” = 0.55) that
was not significantly different from the full model
[F(7,19) = 0.41, p = 0.891. This model is shown in
table 4.

From the sign of the beta coefficients, we con-
clude that  the variability of the judged probability
increases as the past frequency of AOM, crying dur-
ing the examination, and lack of mobility of the tym-
panic membrane increase, and it decreases with in-
creased redness of the eardrum and the presence
of ear pain. In other words, variability increases
when important cues related to AOM provide con-
flicting information about the presence of AOM.
Both lack of mobility and redness of the eardrum
are indicative of AOM; decreasing redness and in-
creasing immobility represent conflicting informa-
tion that increases variability. This conflicting pat-
tern is clearly reflected in the correlation between
the variables of redness and immobility. This cor-
relation was very positive and significantly different
from zero (p < 0.011 for the non-vague cases (1‘ =
0.811 and not different from zero for the vague cases
(r = 0.24). That is, the expected relationship between
these two variables was not present for the vague
cases. Similarly, ear pain and immobility of the ear-
drum are both indicative of AOM; vagueness results
when immobility increases but ear pain decreases.
Correlation of these two variables is significant and
positive for the non-vague cases (r = 0.5) and not
different from zero for the vague cases (r = -0.16).
Crying during an examination simply adds error to
the examination results (i.e.,  crying itself often
causes the ears to redden), and a high past fre-
quency of AOM is not sufficiently diagnostic of the
current presence of AOM.

In order to validate the derived concept of vague-
ness, five physicians (three previous subjects plus
the two physicians in the research team) evaluated
the vignettes in terms of how ambiguous the infor-
mation appeared to them using a scale from 1 =
“not at all ambiguous” to 10 = “extremely ambig-
uous.” They were instructed to judge the cases in
terms of ambiguity and not in terms of how likely
the child was of having AOM. These evaluations took
place approximately six months after the study was
completed. A correlation between the mean ambi-
guity judgments over the five physicians and the
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Table 5 l Physicians’ Estimates of Cost, Percentages of Children with Acute Otitis Media Who Recover, and Days to Recovery
per Antibiotic

Treatment
Estimated Cost

($)

Average Cost
to the Pharmacist*

($)
Recovery Rate Time to Recovery

(“h) (Days)

Observe

Amoxicillin

Trimethoprim-sulfa

Cephalosporin

Amoxicillin-clavulanic acid

Erythromycin-sulfa

Macrolide (Biaxin or Zithromax)

Ceftriaxone, IM

8.83
(8.00)
7.77

(5.42)
38.93

(18.78)
34.45

(14.57)
20.80

(12.20)
31.87

(14.99)
47.25

(25.24)

51.29
(15.98)

4.71 79.08
(10.43)

2.55 77.93
(10.82)

28.58 85.10
(9.28)

28.50 88.58
(8.90)

25.80 75.98
(17.95)

28.00 83.98
(11.21)

23.00 83.80
(14.58)

10.80
(5.77)
5.40

(3.37)
5.53

(3.30)
5.37

(3.38)
4.87

(2.99)
5.82

(3.25)
5.09

(2.80)
4.18

(3.00)

*The average antibiotic cost to the pharmacist appears for comparison with the estimated cost.

standard deviation of the AOM probability judg-
ments resulted in a positive and significant corre-
lation of 0.6, p < 0.001. This result lends support to
the view that  variability in diagnoses arises to a great
extent from the perceived conflict of the information
present in the cases.

RESPONSES TO GENERAL QUESTIONS

The first question in the survey (Q1) asked for the
selection of one antibiotic to treat an uncomplicated
case of AOM and also requested the participant to
rank the reasons for his or her choice. Q2 asked for
a treatment choice when the child is very sick in
appearance along with a ranking of reasons for the
choice. Q3 asked for a treatment decision when the
case is uncomplicated AOM, but when there is a
suspicion that the child’s bacteria is resistant to the
antibiotic selected in Ql; it also requested the rank-
ing of reasons behind the selection. Q4 asked for
estimates of the cost of each antibiotic to the phar-
macist. Q5 requested estimates of the proportion of
patients with AOM believed to recover within seven
to 14 days for each antibiotic. Q6 requested an es-
timate of the average number of days that an AOM
patient will take to recover using each antibiotic.
The last two questions asked for the gender of the
participant and the year he or she completed resi-
dency.$

The choice of amoxicillin for the treatment of un-
complicated AOM (Q1), was unanimous. For the
treatment of a very sick child (Q2), preferences were
for amoxicillin (37.5%) and ceftriaxone IM (37.5%).

$The full text of these questions is available upon request
from the first author.

The preferences for dealing with resistance to the
antibiotic selected in Ql were trimethoprim-sulfa
(37.5%) and amoxicillin-clavulanic acid (34.4%).

The reasons associated with the top choices in
questions Ql, Q2, and Q3 parallel the reasons pro-
vided for the selection of antibiotics when evaluating
the patient vignettes. The only antibiotic selected for
Ql was amoxicillin; the reason “it is a standard ther-
apy” was most frequently assigned the top ranking
(48%). For Q2, given the choice of IM ceftriaxone,
the reason “it is more effective in treating an infec-
tion other than, or in addition to, AOM” was most
frequently ranked number one (63.6%). If amoxicil-
lin was chosen in Q2, the top reason was the same
as in Ql (66.6%). For Q3, given the choice of tri-
methoprim-sulfa, the top-ranked reason was “it is
less expensive” (33.3%). The main reason for selec-
ting amoxicillin-clavulanic acid was “it is more ef-
fective in treating AOM” (75%). In general, the most
frequently cited reason for the choice of amoxicillin
was that it was seen as a standard therapy; for
choices other than amoxicillin, effectiveness of treat-
ment and price were the most frequently cited fac-
tors.

Physicians varied greatly in their estimates of an-
tibiotic costs (Q4). The lowest average estimated
cost, $7.77, was attributed to trimethoprim-sulfa,
followed by amoxicillin, $8.63, with standard devia-
tions equal to $5.42 and $6.00, respectively. The sec-
ond and third columns of table 5 show the means
and standard deviations of the physicians’ cost es-
timates and the average wholesale costs to the phar-
macist (standard deviations appear in parenthesis).
These two variables were positively correlated (r =
0.81), indicating that physicians’ beliefs about anti-
biotic costs were in line with actual costs.
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Table 5 also presents means and standard devia-
tions for the believed recovery rates and days to re-
covery. Post hoc tests with Bonferroni adjustment
(alpha equal to 0.00251 show that the mean esti-
mated rate of recovery without antibiotics was sig-
nificantly lower than even the smallest mean among
antibiotics, i.e., that for erythromycin-sulfa, lt(29) =
24.161, implying that physicians believe that  antibi-
otics improve the chances of recovering from AOM.
This was also true for the estimated number of days
to recovery. As table 4 shows (in the last two col-
umns), the mean estimated number of days to re-
covery without antibiotics was 10.6, while the largest
mean estimated number of days for any antibiotic
was 5.62; this difference was significant lt(291 =
6.431. Furthermore, a test of the biggest difference
between estimated proportions who recover with
antibiotics (i.e., difference of effectiveness between
erythromycin and amoxicillin-clavulanic acid) was
significant lt(291  = 13.131. This was not true for the
number of days needed to recover. Therefore, for
the treatment of AOM, physicians strongly believe in
the effectiveness of antibiotics, in terms of both the
proportion of individuals who recover and the num-
ber of days to recovery. On average, they also believe
that antibiotics differ in their effectiveness in dealing

 with AOM, at least in terms of probability of recov-
ery.ll

Discussion
Increasing our understanding of the factors that

affect physicians’ judgments and decisions is a step
in promoting better management of AOM in partic-
ular and of health care in general. The present de-
scriptive study of the management of acute otitis
media in children contributes to this understanding.

Several important results emerged from our
study. Physicians’ probability estimates were well
predicted by linear combinations of the variabes de-
scribing the patients. They based their diagnostic
judgments primarily on examination variables, and
in particular, on the variables describing the status
of the eardrum. This finding concurs with those in
earlier studies.’ One implication of these findings is
that the examination of the eardrum is a key com-
ponent in the management of AOM. This underlines
the importance of teaching medical students and
residents how to examine children’s ears and how
to interpret accurately what they see. This is in ac-

lifn these post hoc analyses, we compared estimated means
of recovery and times to recovery for the observation treatment
and the largest mean of any other treatment, rather than making
multiple comparisons among all the possible pairs of means,
which greatly capitalizes on chance. The significances of these
tests were appropriately adjusted.

cord with teachings of faculty and textbooks of pe-
diatrics. In the words of Bluestone and Klein, for
example, “Examination of the ear is the most critical
part of the clinician’s assessment of the patient . . .”
(page 9O).32

In terms of the relationship between diagnosis
and treatment, three of every four physicians indi-
cated they would begin prescribing antibiotics at a
judged probability of AOM of 50% or less. The pro-
pensity for antibiotic prescription was further found
to be related to the vagueness of the case. When the
estimated likelihood of AOM was low, vague cases
were more likely to receive antibiotics than were
non-vague cases. This tendency was partially the re-
sult of some physicians’ providing higher probabil-
ity-of-AOM estimates. More importantly, we believe
that the increased propensity for antibiotic treat-
ment was also the result of an overall risk-averse
strategy that is heightened when vagueness in-
creases.11 Such a strategy argues in favor of antibiotic
treatment to prevent any bad outcome, even if un-
likely, resulting from withholding therapy. The ef-
fects of vagueness at low and high levels of judged
probability of AOM are uneven, because when the
judged likelihood of AOM is high, there is no room
for any further increase in the  propensity for anti-
biotic therapy. That there was no change in the op-
posite direction at this level (i.e., a decrease in this
propensity as a function of increased variability)
strengthens the notion that physicians prefer the
safest course of action. This risk-averse strategy is
described by Rubin,  who, in response to a critical
article by Browning on the superfluous use of anti-
biotics to deal with otalgia and otitis media in chil-
dren, states, “Nevertheless, until a community based
project shows that the routine use of antibiotics in
acute otalgia in childhood confers no benefit, my
personal bias would be to prescribe an antibiotic.“33

A vast literature exists on the topic of vague un-
certainties and how individuals judge and behave in
vague situations. A review of this literature is beyond
the scope of this paper, but we refer the reader to
the comprehensive reviews by Budescu and Wall-
sten, Wallsten  and Budescu, and Camerer and
Weber.34-366 Two issues are, nevertheless, relevant
to our study: 1) Unlike the subjects in many stud-
ies of decision-making in vague situations, the phy-
sicians in our study did not choose between vague
and/or non-vague options. Issues such as aversion
to vagueness, therefore, were not relevant. The key
issue in the present context was the lack of unifor-
mity about beliefs and its relationship to treatment
decisions. 2) Wallsten  and Budescu distinguish be-

[[For the vague, low-probability-of-AOM group, estimates of
probability of AOM were low; 75% of the cases had means of
AOM judgments of 38% or less.
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tween vague events, vague uncertainties, and vague
representations of uncertainty. They point out that
these are distinct, but not independent, constructs.
The precision of an event, defined as whether an
outcome is or is not an exemplar of the event in
question, places a bound on the precision of the un-
certainty and on its representation. The present
study elucidates this distinction, because impreci-
sion inherent in the patient cases limited the pre-
cision of the probability-of-AOM estimates. That is,
the imprecision of the probability-of-AOM estimates
was not simply attributed to random variation in
judgment, or differences in using the probability
scale, but reflected the vagueness of the event. Val-
idation of this notion was found in the positive cor-
relation between the judgments of case ambiguity
by a subset of the physicians and the variability in
diagnosis of the cases among the physicians in the
whole sample.

Our focus on imprecision in a medical decision-
making context expands current work on vagueness
in decision-making research and highlights the im-
portance of considering this topic in applied prob-
lems. It is clear from our findings that to the extent
that patients can be clearly judged as either having
AOM or being healthy, the propensity to treat with
antibiotics follows the expected pattern (i.e., high
propensity for likely AOM cases and low propensity
for unlikely ones). As we move away from this crisp
distinction, however, physicians are more likely to
prescribe antibiotics even if it is not clear that the
child is facing serious consequences. Psychologi-
cally, one may argue that physicians are sensitive to
other possible diagnoses and that their actions re-
flect their aversion to deleterious outcomes that may
result from other, unknown, causes. It is also pos-
sible that this enhanced risk aversion results from
physicians’ lack of confidence in their own proba-
bility estimates in vague situations; thus, they ac-
knowledge the unreliability of their estimates through
their actions. Our conclusions, nevertheless, are
limited at this point. Further studies are needed to
establish a clearer correspondence between patient
characteristics and physicians’ perceptions of vague-
ness, as well as between risk aversion and the vari-
ability of diagnosis. Ultimately, appropriate tech-
niques should be developed to identify those patient
characteristics that are associated with large inter-
judge disagreement and to resolve such conflicts.
These might include teaching physicians how best
to avoid provoking a child to cry when examining
the child’s ear, since crying and the accompanying
increased redness of the eardrum make evaluation
of the status of the eardrum difficult.

The commonly held belief that antibiotic treat-
ment is the default strategy to manage AOM was
clearly supported by our study. This stands in sharp

contrast to the recent calls by several pediatricians
to restrict the use of antibiotics to treat AOM. 37-39

They point not only to spread of antibiotic-resistant
bacteria, but more importantly to the lack of evi-
dence that antibiotic therapy improves outcomes in
mild cases of A O M . 3 3 , 4 00 Other investigators have also
argued that clinical studies up to now have not dem-
onstrated a greater rate of serious complications-
mastoditis or meningitis-in control groups as op-
posed to antibiotic-treated groups.’ In this light, low
treatment thresholds and the increased propensity
for antibiotic treatment as a function of case vague-
ness are problematic findings.

The preference for antibiotic treatment rather
than no antibiotics was also consistent with the phy-
sicians’ general belief, as expressed in their re-
sponses to the questions about management strat-
egies, that an antibiotic is more effective than no
antibiotic in dealing with AOM, in terms of both es-
timated rate of recovery and number of days to re-
cover. The physicians appeared sensitive to cost
when giving reasons for the selection of antibiotics
(see table 4). Because amoxicillin was most fre-
quently prescribed and its estimated cost was one
of the lowest (see table 51, it could be argued that
once the physicians selected antibiotic over obser-
vation treatment, they then simply maximized a sub-
jective benefit-cost ratio by choosing a relatively in-
expensive but effective option to treat AOM. The
preference for antibiotics other than amoxicillin for
more severe cases was also consistent with physi-
cians’ notions that certain antibiotics are more ef-
fective than others in dealing with infection. These
beliefs, however, are not in accord with results from
clinical trials showing that most drugs are equally
effective in treating AOM.41

This study has, of course, several limitations. The
sample of pediatricians constituted a large propor-
tion of the pediatricians in the Albany (New York)
area, but it was small and not random in reference
to a population of pediatricians defined more
broadly, e.g., pediatricians in the United States. Be-
cause we wanted the physicians to base their judg-
ments and decisions on realistic patient cases and
to be able to perform the task within a reasonable
time, the number of attributes describing the pa-
ents was large relative to the number of judgments
obtained from each doctor. Having a longer ques-
tionnaire was simply impractical, however. Fortu-
nately, unbiased estimates of R’s were high, lending
further support that our conclusions are warranted
in spite of our limited samples. Other statistical tests
showing significant results were encouraging in
light of the lack of statistical power due to sample
size. Because our study is descriptive in nature, nev-
ertheless, all results must be viewed as preliminary
hypotheses to be further validated. Even though the
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study results were what the, physicians in the inves-
tigation team expected based on their experience
and intuition, we do not know what physicians ac-
tually do when diagnosing and treating AOM in real
patients. Future research efforts must address these
limitations.

Many children experience otitis media during im-
portant periods of their development. Our work em-
phasizes the role that better understanding of phy-
sicians’ judgment and decision-making processes
can play in promoting best practice. It is not suffi-
cient to define standards for the management of
AOM, or other conditions, without knowing how
physicians incorporate information into their ev-
eryday activities. In the diagnosis of AOM, no “gold
standard’ is readily available to physicians to learn
about the accuracy of their diagnoses with respect
to AOM, because tympanocentesis, which enables
the middle-ear fluid to be analyzed and cultured, is
invasive and costly. This lack of a check can easily
promote management strategies that are consistent
with each physician’s positive experiences with a
treatment, rather than best management strategies.
As emphasized by Einhorn and Hogarth,42 our ex-
periences provide limited information from which
to arrive at optimal actions. People learn from what
they are able to observe and not from what they do
not experience. This limits our ability to learn the
true relations that exist between our judgments and
the outcomes resulting from our behaviors, because
we tend to repeat actions that lead to positive re-
sults. We can never observe, however, what would
have been if we had made a different choice; in
other words, the relationship between alternative
choices and their success is not available through
experience. This limitation imposed by our learning
environments fosters idiosyncratic beliefs about
what works and what does not work; it may well be
that this learning cycle is at the source of different
propensities to use antibiotics and to choose amox-
icillin rather than other antibiotics when treating ex-
actly the same cases. If improving health care in-
volves the promotion of data-based reasoning by
health care providers, a marriage between evidence-
based medicine and methods for studying judgment
and decision making appears promising.

The authors thank Hal Arkes, Frank Bellezza,  Bruce Carlson.
Thomas Wallsten, and two anonymous reviewers for their help-
ful comments on a draft of the manuscript.
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The names of the authors of an abstract published in Medical Decision Making
(1997;17:532)  were inadvertently omitted. The complete citation should be:
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Fundoplication (LNF):’  Empirical Validation of Cost-Effectiveness Model As-
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