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Background. The classic sequential processing model of
clinical decision making—in which the treatment choice fol-
lows and depends on the diagnostic judgment—may in some
cases be replaced by a processing model in which the treat-
ment choice depends on an independent assessment of the
diagnostic and other cues. The aim of this study was to deter-
mine which processing model would better describe physi-
cians’ treatment choices in a simulated clinical task.
Methods. Seventy-five US and French primary care physi-
cians were presented twice, in a different order, with the same
set of 46 scenarios of 15-month-old children suspected of
having acute otitis media (AOM). They rated in one set the
probability of AOM and in the other set whether they would
treat the child with antibiotics (and how confident they felt in
their decision). Linear regression analyses revealed the indi-
viduals’ 2 judgment policies. Hierarchical discriminant anal-

ysis was used to analyze the variance explained in the treat-
ment choice by, 1st, the diagnostic judgment, 2nd, the cues
specific to treatment, and 3rd, the cues specific to diagnosis.
Results. Even when choosing treatment, the participants
placed greatest weight on diagnostic cues, especially the ear
findings. Only 28% used the cues that reflected parental is-
sues. For 36%, the diagnostic cues had an effect on the treat-
ment choice independent of the effect (if any) of the diagnos-
tic judgment. Conclusion. In deciding how to treat AOM, the
majorily of the participating US and French primary care
physicians followed the classic sequential processing model,
but a substantial minority used instead an independent
processing model. Key words: decision making; judgment
analysis; acute otitis media. (Med Decis Making 2002;22:
394-402)

In making medical decisions, a physician interprets a
variety of cues—including history, physical exam,
test results, medication effects, costs, and patient pref-
erences—to make a diagnosis and choose a course of
treatment. In the classic paradigm, this process is se-
quential: first, the physician uses the cues pertinent to
diagnosis to make a diagnostic judgment, and subse-
quently, based on that diagnostic judgment and other
cues relevant to treatment, he or she chooses a treat-
ment. As Barrows and Pickell insist, “A diagnostic de-
cision has to be made before you treat.”'®*¥ This se-
quential paradigm underlies the threshold model of
decision making propounded by Pauker and Kassirer
and others®*: the physician judges the probability of a
particular diagnosis and then chooses an action (e.g.,
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further testing, treatment, watchful waiting) depending
on whether the judged probability passes the testing or
treatment threshold.
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This sequential process may be more or less compli-
cated, may involve choosing to obtain more informa-
tion before making a diagnosis, will be iterative as more
information is obtained, and will often necessitate ini-
tiating treatment even when the diagnosis remains un-
certain.” But the diagnostic judgment will and should,
in this paradigm, precede the choice of treatment. The
physician will use the diagnostic cues directly to make
the judgment but only indirectly to choose a treatment.
The relation between the cues, the diagnosis, and the
choice of treatment can thus be schematized as shown
in Figure 1 (top panel).

This paradigm has its roots in past centuries when
the expertise of Western physicians was manifested in
making accurate prognoses rather than in providing ef-
fective treatment.® In the contemporary era, however,
physicians’ focus has shifted as treatments have be-
come more effective, available, and publicized.” The
classic paradigm is called into question by further con-
siderations. It is well known that judgments and
choices are different cognitive tasks®; this difference is
responsible, for example, for the preference reversals
that can take place when people are asked first to give
desirability ratings of things and subsequently to make
choices among them.*"* More important, the sequence
of judgment and choice is violated in practice. Physi-
cians often decide on treatment before arriving at a di-
agnosis, as in the case of a patient with a fever who
looks sick whom the physician wants to treat with anti-
biotics or admit to the hospital. Similarly, investigators
have suspected that diagnoses of bacterial respiratory
infections, such as sinusitis or acute otitis media
(AOM), are frequently made after a treatment has been
chosen (i.e., when physicians want to justify the pre-
scription of antibiotics™ "), just as people are known in
other contexts to seek reasons to justify decisions they
have already made.

Accordingly, we propose an alternative model of
clinical decision making in which the physician makes
the diagnostic judgment and the treatment choice by
means of a largely independent, often simultaneous
processing of both the diagnostic and the treatment
cues. This independent processing model is shown in
Figure 1 (lower panel). In pure form, the diagnostic
cues influence the treatment choice directly and sepa-
rately from their influence on the diagnosis; the diag-
nostic judgment itself has no direct impact on the treat-
ment choice. Graduations are, of course, possible
between the 2 models depicted in Figure 1.

When Kassirer and Kopelman® analyzed their re-
cordings of physicians talking about their clinical prob-
lem solving as they were actually doing it, they found
that expert physicians do not make a distinction be-
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Figure 1 Two possible models of the decision-making process.
Dx = diagnosis; Tx = treatment.

tween diagnostic and therapeutic decision-making
tasks when they solve clinical problems. In discussing
a particular case, Kassirer and Kopelman observed that
the physician “did not first make a diagnosis and then
decide how to treat; he made a preliminary diagnosis,
started treatment, added further support to his diagno-
sis, and then continued treatment.”’®?2-Y) Even
Kassirer’s team, however, did little investigation of the
relation between a diagnostic judgment and a thera-
peutic choice.>"” Yet, it is important to ascertain the ac-
curacy in clinical practice of the classical model be-
cause it is the paradigm taught to aspiring and
practicing physicians.

Accordingly, we examined the relation between di-
agnosis and treatment in the decision making of US and
French primary care physicians about young children
who might have AOM, an acute bacterial infection of
the middle ear. In our previous study of decision mak-
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ing about AOM," participating US pediatricians were
asked in each case a diagnostic question (the probabil-
ity of AOM) followed by a treatment question (watch or
treat). The probability level predicted the treatment
choice, in the sense that the pediatricians had a thresh-
old for treatment of, on average, a 50% probability of
AOM. But the design of sequential questions assumed a
classic paradigm and may have influenced participants
to answer in accordance with it; accordingly, it would
not allow us to determine whether the classic paradigm
was correct. In the current study, therefore, we sepa-
rated the questions; in one part of the study, the partici-
pating physicians were asked the probability, in the
other part, the choice of treatment. We expected to find
that the process of decision making about AOM is, for
many clinicians, closer to the independent than to the
sequential processing model.

METHODS

The primary methodological framework of the study
was “judgment analysis.”"** Judgment analysis is a
method for modeling a person’s implicit judgment
strategy (usually called “judgment policy”), typically
using multiple regression analysis. The data for judg-
ment analysis consist of a set of judgments made by the
person (usually, for practicability, about a set of paper
scenarios) and the cues serving as predictors for those
judgments (the pieces of information presented in the
scenarios). This analysis yields a regression equation
that describes that person’s judgment policy. The beta
weights are estimates of the relative importance of the
cues in making judgments. Between- and within-group
comparisons of these weights reveal how and why peo-
ple differ in their judgments of identical cases.

Participants

The samples consisted of primary care practitioners
from the United States and France. Although French
cultural traditions are more rationalist and US more
empiricist,”"* physicians receive similar training in
the 2 countries®* and participate in the common cul-
ture of modern Western medicine. Accordingly, we
neither expected to find differences in medical deci-
sion making nor designed the study to look for such dif-
ferences. Furthermore, in our subsequent analyses, we
found no differences. In this article, therefore, the clini-
cians of both countries are grouped together.

We enrolled a total of 75 physicians: 19 US family
practitioners, 35 French general practitioners, and 21
French pediatricians. The US physicians were re-
cruited from the 62 family practitioners of the region of
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Albany and Schenectady, New York, by written and
oral appeals from the study team; we had already stud-
ied the area pediatricians.’ The French general practi-
tioners were recruited by telephone, e-mail, and mail
from approximately 150 acquaintances or members of
2 networks of research-minded general practitioners.
The French pediatricians were recruited by written ap-
peals to the 30 practicing pediatricians in and around
Tours. The research was approved by the institutional
review boards at Albany Medical Center and the Uni-
versity at Albany.

Procedure

The participants were presented twice with 46 pa-
per scenarios describing hypothetical 15-month-old
children who might have an ear infection. The sets of
scenarios were in 2 randomly determined orders. As
shown in Figure 2, each scenario displayed the values
for 15 different cues felt by the physicians and parents
we consulted to be important for decisions about diag-
nosis and treatment of AOM. The diagnostic cues were
also based on our previous study of US pediatricians®
and on the medical literature in the United States,>**’
France,?®?° and elsewhere.?**! The cue values for each
case were generated randomly by a computer program.
Very implausible combinations of cue values were,
however, excluded from the scenarios. The cues, their
possible values, and the exclusion rules are listed in Ta-
ble 1. Small to moderate correlations between the val-
ues of the individual cues in the 46 cases, ranging from
—0.40to +0.39, resulted either from the generation rules
(e.g., +0.39 between bulging and mobility) or from
chance (e.g., —0.40 between a history of ear pain and ear
pain during the exam). These intercorrelations were in
accordance with the literature on clinical features of
AOM*" and were felt by the study physicians to be
plausible.

The participants were asked to place themselves in
the role of the examining physician. During one series
of scenario judgments, they were to judge the probabil-
ity that each child had AOM and mark it on a linear
scale anchored by 0 and 100. During the other series of
judgments (illustrated in Fig. 2), in which the cases
were presented in a different random order, they were
to decide whether to treat with antibiotics or to observe
the child. Half of the participants were given the diag-
nosis set first, and half were given the treatment set
first. They made their diagnoses and treatment deci-
sions at home and were instructed to take a short break
of up to 1 day between the 2 sets. The sets were in sepa-
rate envelopes; the one to be completed 1st was clearly
marked. Participants were asked not to change their an-
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Case 1
History
Past history of AOM | v |
None Frequent
URI symptoms D
No Yes
FEar pain noted by parent D
No Yes
Findings on exam
Temperature 100° | v ]
98.6° F 105°F
Redness of tympanic [ v|
membrane None Very red
Bulging of tympanic [ v ]
membrane None Very bulging
Mobility on insufflation | v |
Normal No mobility
Asymmetry of tympanic [ 7'
membranes No asymmetry Very asymmetric
Ear pain during exam | ﬂ
None Considerable
General appearance of the | 'I
child Normal Very sick
Did child start to cry just D
before the exam?
No Yes
Other factors
Parents’ personal position | v |
concerning antibiotics Refuse Neutral Demand
Ability of parents to provide FY |
effective care to a sick child Not very good Excellent
Does caring for sick child greatly D
upset parents’ ordinary schedule? No Yes
Are there babies or other small D
hildren in the family?
c en in the y No Yes
What would you do in this case? Please select one option: Observe the child

Prescribe antibiotics

Are you sure that this is the right thing to do at this point?
1 2 3 4 5
Not at all sure Completely sure

Figure 2 Example of scenario and treatment question. AOM = acute otitis media; URI = upper respiratory tract infection.

CLINICAL APPLICATIONS
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swers and not to look back at the 1st set while working
on the 2nd set.

Data Analysis

To obtain descriptions of the physicians’ judgment
policies, 2 analyses were performed for each partici-
pant. In the 1st analysis, multiple linear regression
analysis was used to fit a model predicting the judg-
ment of the probability of AOM from the 15 cues. Be-
cause treatment choices were binary (antibiotics or ob-
serve), we used a 2-group discriminant analysis to
model them. This was calculated by using a standard
regression analysis with the treatment choice coded 0
(observe) or 1 (treat with antibiotics). We chose
discriminant analysis rather than logistic regression
analysis to model treatment decisions because
discriminant analysis yields discriminant function
weights that are directly comparable to the regression
weights calculated for the diagnosis decision. These
analyses yielded, for each participant, a multiple corre-
lation and cue weights (standardized regression
weights in the case of the diagnostic judgments and
standardized discriminant function weights in the case
of the treatment decisions). A participant’s weights
were included in further analyses only if his or her R*
passed the F test for fitness of the multiple regression
model at P<0.05. The significance of the difference be-
tween the mean cue weights for diagnosis and treat-
ment were calculated by ¢ tests. Because the sample
distributions of the cue weights were approximately
symmetric, no transformation was performed before
doing the analysis.

Subsequently, a hierarchical discriminant analysis
was computed for each physician with the treatment
choice (to treat or observe) as the dependent variable. In
this analysis, variables are entered in sequential sets,
and the significance of the incremental variance ac-
counted for by each set is determined by an F-test. The
order of entry of the sets of variables was chosen to dis-
tinguish between the independent and sequential pro-
cessing models. Examination of the models described
in Figure 1 reveals 3 sets of predictor variables: 1) the
diagnostic cues, 2) the treatment cues, and 3) the diag-
nostic judgment itself. The critical difference between
the 2 models is in the role of the diagnostic cues. In the
sequential processing view, the diagnostic cues have
no direct impact on the treatment decision. They only
influence the diagnosis, which in turn influences the
treatment. In this case, the diagnostic cues should ac-
count for no additional variance over the diagnosis it-
self. In contrast, the independent model predicts a di-
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Table 1 Possible Values of the 15 Cues

Number of Range

Name of Cue Options (or Anchors)
Past history of acute

otitis media 5  None, frequent
Upper respiratory tract

infection symptoms® 2 No, yes
Ear pain noted by parents 2  No, yes
Temperature 10  98.6°F, 105°F
Redness of tympanic

membrane 5  None, very red
Bulging of tympanic

membrane 5  None, clearly evident

Mobility on insufflation 5  Normal, no mobility

Asymmetry of tympanic

membrane 5  Normal, very asymmetric
Ear pain during exam 5  None, considerable
General appearance of

the child 5  Normal, very sick
Did child start to cry just

before the exam? 2 No, yes
Parents’ personal position

concerning antibiotics 5  Refuse, neutral, demand

Ability of parents to
provide effective care to
a sick child 5
Does caring for sick child
greatly upset parents’
ordinary schedule? 2
Are there babies or other
small children in the
family? 2

Not very good, excellent

No, yes

No, yes

Note: Rules for excluding implausible combinations are as follows: do not
allow value #1 on mobility and value #4 or #5 on bulging, do not allow #1
on appearance and #6 through #10 on temperature, and do not allow #5 on
asymmetry and #1 on both redness and bulging.

a. Physicians would interpret “upper respiratory tract infection symp-
toms” as referring primarily to nasal congestion and discharge, possibly ac-
companied by cough, poor eating, irritability, and fever.

rect influence of the diagnostic cues on the treatment
choice.

In our analysis, the 1st predictor set entered (a set
containing only 1 variable) was the diagnostic judg-
ment (0-100). The cues that were specific to treatment
(e.g., the position of the parents with regard to the use of
antibiotics, the parents’ ability to take care of a sick
child, the impact of the illness on the parents’ sched-
ule, the presence of other children) were added to the
model in the 2nd set. This 2nd set of cues was included
in this analysis to control for the possibility that the di-
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Table 2 Physicians’ Judgment Policies for Acute Otitis Media: Mean Beta Weights for Diagnosis and Treatment

Mean Weights
Significance of
Diagnosis Treatment Diagnosis/Treatment
Probability Decision Difference
Variable (n=174) (n = 65) (n = 64)*
History
Past history of acute otitis media 0.030 (0.145) 0.020 (0.133) 0.692
Upper respiratory tract infection symptoms 0.023 (0.149) 0.044 (0.164) 0.733
Ear pain noted by parent 0.056 (0.136) 0.076 (0.159) 0.204
Findings on exam
Temperature 0.173 (0.151) 0.231 (0.179) 0.079
Redness of tympanic membrane 0.425 (0.238) 0.327 (0.183) < 0.001
Bulging of tympanic membrane 0.418 (0.216) 0.326 (0.198) <0.001
Mobility on insufflation 0.189 (0.211) 0.138 (0.181) 0.006
Asymmetry of tympanic membranes 0.163 (0.124) 0.147 (0.152) 0.464
Ear pain during exam 0.088 (0.158) 0.044 (0.147) 0.174
General appearance of the child 0.041 (0.134) 0.092 (0.153) 0.004
Did the child start to cry just before the exam? —0.002 (0.116) 0.032 (0.104) 0.059
Other factors
Parents’ personal position concerning antibiotics 0.015 (0.112) 0.141 (0.175) <0.001
Ability of parents to provide effective care to a
sick child -0.014 (0.121) —0.045 (0.184) 0.214
Does caring for sick child greatly upset parents’
ordinary schedule? 0.001 (0.116) 0.015 (0.138) 0.255
Are there babies or other small children in
the family? —0.001 (0.091) 0.038 (0.114) 0.005

Note: Standard deviations are in parentheses.

a. Only doctors whose models were significant for both treatment and diagnosis were included in the t tests. Significant differences, after Bonferroni adjustment

to account for multiple tests, are in bold.

agnostic cues were significantly correlated with the
treatment cues. The 3rd set included the cues that were
relevant to the diagnosis—the cues describing history
and physical exam (e.g., history of AOM, upper respira-
tory tract infection symptoms, ear pain noted by par-
ent, temperature, redness of tympanic membrane,
bulging of tympanic membrane, mobility on
insufflation, asymmetry of tympanic membranes, cry-
ing during exam, overall appearance of child). Under
the sequential processing model, sets 1 and possibly 2
would be significant, but not set 3. Under the inde-
pendent processing model, set 3 would be significant
(whether or not sets 1 and/or 2 were also significant).
Thus, the 2 models make different predictions with re-
gard to set 3.

We used a chi-square test to test for the effect of order
(whether the diagnosis or treatment scenarios were
presented first) on the results of the hierarchical
discriminant analysis.

CLINICAL APPLICATIONS

RESULTS
Judgment Policies

One way to compare diagnostic judgments and treat-
ment decisions is to compare cue utilization. Table 2
shows the mean weights (standardized regression
weights and discriminant function weights) for each
cue in judging the probability of AOM and choosing a
treatment. Like the US pediatricians in our earlier
study," the physicians here relied primarily on the
physical exam of the tympanic membrane both in diag-
nosing AOM and in deciding how to treat the children.
Treatment decisions were influenced a little less by the
tympanic membrane and a little more by other factors,
namely, the parents’ position on antibiotics. In general,
however, the cues presumed to be particularly relevant
to treatment (the “other factors” in Table 2) were given
little weight even in making treatment decisions.
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Table 3 Results of Discriminant Analysis of
Treatment Choice (N = 75)

Table 4 Interpretation of Results of
Discriminant Analysis

Number of Number
Significant Percentage Significance of
Results of Significant Physicians
Set Variables Entered (P < 0.05) Results Set1 Set2 Set3 (%) Interpretation
1 Diagnosis (probability of No No No 1 (1.3) Failure—treatment decision
acute otitis media) 72 96.0 not related to cues or

2 Treatment cues 21 28.0 diagnosis
3 Diagnostic cues 27 36.0 No No Yes 2 (2.7) Independent processing

Note: Diagnosis: the judgment of the probability of acute otitis media in the
same set of scenarios when asked for diagnosis rather than for treatment.
Diagnostic cues: history of acute otitis media, upper respiratory tract infec-
tion symptoms, ear pain noted by parent, temperature, redness of tympanic
membrane, bulging of tympanic membrane, mobility on insufflation,
asymmetry of tympanic membranes, crying during exam, and overall ap-
pearance of child. Treatment cues: position of the parents with regard to the
use of antibiotics, parents’ ability to take care of a sick child, impact of the
illness on the parents’ schedule, and presence of other children.

There was considerable variability among partici-
pants in the usage of the cues. The standard deviations
of the beta weights for the 15 cues ranged from 0.091 to
0.238 for diagnosis and from 0.104 to 0.198 for
treatment.

Processing Model for Treatment

The results of the hierarchical discriminant analysis
of the treatment choice are shown in Tables 3 and 4.
The treatment choices of 27 physicians (36%) can be
described by some version of the independent process-
ing model, and the choices of 47 (63%) can be de-
scribed by the classic sequential model. The treatment
cues had a significant influence for only 21 (28%) of the
physicians.

The results of this analysis did not differ signifi-
cantly by order of presentation of the 2 sets of profiles.

Table 4 provides additional details about the results.
Among the 27 doctors for whom the results supported
the independent processing model, 19 appeared not to
use the treatment cues at all. Similarly, among the 47
doctors whose results suggested sequential processing,
32 did not appear to use the treatment cues. Thus, re-
gardless of which processing model was used, most
doctors did not make use of the treatment cues.

DISCUSSION
The judgment analysis revealed that the cues used
by both the US and French primary care physicians to

choose whether or not to treat children with antibiotics
for possible AOM were largely the same as the cues
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model—treatment decision
based only on diagnosis
cues, not on diagnosis
judgment or treatment cues

19 (25.3) Independent processing
model—treatment based on
diagnosis plus diagnosis
cues

Yes Yes Yes 6 (8.0) Independent processing
model—treatment based on
diagnosis, diagnosis cues,
and treatment cues

32 (42.7) Sequential processing model,
with no consideration of
treatment cues—treatment
based only on diagnosis

15 (20.0) Sequential processing
model—treatment based on
diagnosis plus treatment
cues

Yes No Yes

Yes No No

Yes Yes No

Note: The diagnosis and treatment cues are described in Table 3. The inde-
pendent processing and sequential processing models of decision making
are illustrated in Figure 1.

they used to judge the probability of AOM. Only 28%
made use of the treatment-oriented cues that had been
added to the scenarios to provide them with the more
complete set of the information physicians are increas-
ingly asked to use when deciding on treatment.’**
These findings appear to support the central impor-
tance of diagnosis for physicians in planning
treatment.

Our hierarchical discriminant analysis demon-
strated, however, that this initial conclusion must be
revised. If diagnostic judgments largely determined
treatment choices, we would expect that the diagnostic
cues would have little additional impact on treatment
choices beyond that of the diagnostic judgment (the
judged probability of AOM). In fact, we found that 36%
of the participants made significant use of the diagnosis
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cues independent of the effect (if any) of the diagnostic
judgments.

It might seem unusual that the processing model
used by the physicians was not related to the order of
presentation of the 2 sets of cases. Upon reflection,
however, it is clear that there was nothing to prevent a
physician from using a sequential process for making
treatment choices. She or he could first make a diagnos-
tic judgment (even though the instructions did not ask
for it) and then make the treatment choice. Even if the
diagnostic set of judgments was made 1st, it is unlikely
that the physician making a treatment decision would
remember what diagnostic judgment she or he had pre-
viously made. It is not surprising, therefore, that order
did not matter.

The study has several limitations. First, the conve-
nience sample of primary care physicians was small in
size and may not be representative. With such a heavy
commitment of time, it was difficult to convince physi-
cians to participate in the study. Second, the physi-
cians made decisions about paper, rather than real, pa-
tients. Although the use of paper scenarios has been
criticized,*®* this method is practical and has been val-
idated,”®* including specifically for AOM.**° Third,
physicians may not want to acknowledge giving in to
pressure from parents; consequently, the treatment
cues may have had less impact on the paper cases than
in actual practice. Fourth, the treatment choices and di-
agnostic judgments were made on separate occasions;
this is unlike usual clinical practice. This was done
purposely so that the physician would be forced to re-
consider the set of cues when answering each question,
but may thereby have caused more differences than oc-
cur in practice. Finally, the study was correlational and
descriptive in nature. We attempted to infer process
from the results, but, because we did not ask the physi-
cians to vocalize their thoughts, we cannot be sure
what the participants were thinking as they made their
judgments. We pitted 2 processing models against each
other and found that the sequential model prevailed for
most participants but that the independent processing
model prevailed for a significant minority. There may
be other models that provide even better descriptions.

In spite of its limitations, our study suggests, in line
with our own clinical experience, that in some circum-
stances a substantial number of clinicians make treat-
ment decisions according to an independent process-
ing model. We propose that, from the very beginning of
and throughout their examination of a sick child, for
example, busy clinicians ask themselves whether this
child needs treatment and process the available infor-
mation to answer this key question more or less inde-

CLINICAL APPLICATIONS

pendently of making a diagnosis. We suspect that in
other circumstances—when teaching students and res-
idents, when discussing the findings and plans with
parents, and when describing their reasoning in the
child’s chart (and possibly to researchers)—these same
clinicians are likely to insist on the importance of mak-
ing the diagnosis before deciding about management.

This issue has practical as well as theoretical impli-
cations. Just as people’s preferences or choices may re-
verse when they evaluate the same options compara-
tively or sequentially,'®" incompatibilities between
clinicians’ diagnoses and treatment choices may, in
theory, arise when they process independently the
same diagnostic cues. Moreover, most of the educa-
tional and quality-improvement efforts aimed at stu-
dents, residents, and practicing physicians are based
on the classic model of decision making that may not
always apply to day-to-day clinical medicine. As
Kassirer and Kopelman point out, “For years, students
in their first clinical rotations have been told to ignore
therapeutic issues and concentrate on diagnosis.”*P?-
Yet, if expert physicians do not make such a distinc-
tion, they ask, “Why continue to teach these practices
as separate and distinct?” The educational focus may
have to shift from diagnosis to treatment,” that is, to fo-
cus less on leading clinicians to water than on teaching
them better to choose whether or not to drink.**
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