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Influence of Case and
Physician Characteristics
on Perceptions of Decision
Support Systems

ETA S. BERNER, EDD, RICHARD S. MAISIAK, PHD, MSPH

A b s t r a c t Objective: This study examines how characteristics of clinical cases and
physician users relate to the users’ perceptions of the usefulness of the Quick Medical Reference
(QMR) and their confidence in their diagnoses when supported by the decision support system.

Methods: A national sample (N = 108) of 67 internists, 35 family physicians, and 6 other U.S.
physicians used QMR to assist in the diagnosis of written clinical cases. Three sets of eight cases
stratified by diagnostic difficulty and the potential of QMR to produce high-quality information
were used. A 2 3 2 repeated-measures analysis of variance was used to test whether these
factors were associated with perceived usefulness of QMR and physicians’ diagnostic confidence
after using QMR. Correlations were computed among physician characteristics, ratings of QMR
usefulness, and physicians’ confidence in their own diagnoses, and between usefulness or
confidence and actual diagnostic performance.

Results: The analyses showed that QMR was perceived to be significantly more useful (P < 0.05)
on difficult cases, on cases where QMR could provide high-quality information, by non-board-
certified physicians, and when diagnostic confidence was lower. Diagnostic confidence was
higher when comfort with using certain QMR functions was higher. The ratings of usefulness or
diagnostic confidence were not consistently correlated with diagnostic performance.

Conclusions: The results suggest that users’ diagnostic confidence and perceptions of QMR
usefulness may be associated more with their need for decision support than with their actual
diagnostic performance when using the system. Evaluators may fail to find a diagnostic decision
support system useful if only easy cases are tested, if correct diagnoses are not in the system’s
knowledge base, or when only highly trained physicians use the system.
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Increasing interest has been shown in the use of de-
cision support systems, including diagnostic systems,
in clinical settings.1,2 Previous studies by system de-
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velopers and others have examined the accuracy of
the diagnostic systems, but little systematic research
has evaluated how practicing physicians use and
judge the systems.3–30 Although commercial vendors
of systems may solicit user feedback, such data are
not usually publicly available. Even if they were, it is
not clear how accurate or generalizable user surveys
are for the evaluation of complex diagnostic systems.
Because of the lack of scientific data, physicians inter-
ested in determining the value of these computer sys-
tems frequently look to software reviews, which are
now appearing more frequently in traditional medical
journals. These reviews often provide little description
of the particular clinical cases used to test the system
and usually are based on only a small number of
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F i g u r e 1 Case selection process.

cases.31 A reviewer’s judgment of the value of a sys-
tem may be influenced by the selection of cases used
to test the systems and by the reviewer’s own back-
ground. The reader of the reviews or surveys thus has
to rely on subjective judgments about system perfor-
mance. Well-controlled field trials, based on an ade-
quate understanding of the cases and the participants,
are expensive. It might be more economically feasible
to continue to rely on subjective assessments if such
assessments relate to more objective performance
data. Our previous research32 showed that at least one
decision support system, Quick Medical Reference
(QMR), appeared to have a positive effect on physi-
cians’ diagnostic performance. In the present study
we examine whether case difficulty, diagnostic deci-
sion support system (DDSS) information quality, and
physicians’ characteristics relate to physicians’ per-
ceptions of the usefulness of a DDSS and also to their
confidence in their own diagnoses after using the
DDSS, and whether participants’ perceptions of use-
fulness and confidence relate to their actual diagnostic
performance.

Methods

The DDSS chosen for this study was QMR, a diag-
nostic decision support system for internal medicine.33

The physician population and study design are de-
scribed in detail in Berner et al.32 Figure 1 summarizes
the case selection process.

Case Usefulness and Confidence Ratings

Subjects were given the set of eight cases and were
asked to use QMR to assist them in formulating a dif-
ferential diagnosis for each case. They were instructed
to use QMR’s case analysis function and any other
functions they chose. After they used QMR on each

case, the physicians selected one of the descriptive
statements shown in Table 1 to describe their judg-
ment of the usefulness of QMR for that case, and one
of the statements shown in Table 2 to describe how
difficult they perceived the case to be and how con-
fident they were in their own differential diagnosis.
We refer to these ratings as ‘‘usefulness’’ and ‘‘confi-
dence’’ ratings to make a clear distinction between
these measures and the a priori defined case infor-
mation quality and difficulty levels. The usefulness
and confidence ratings were assigned values of 1 to 4
and 1 to 5, respectively, with higher numbers referring
to greater usefulness and greater confidence. Al-
though participants may not have felt they actually
needed to use QMR to develop their diagnoses, using
at least QMR’s case analysis function was a require-
ment of the study.

Performance Data

The performance data from Berner et al.32 were used.
Using physicians as the units of analysis, mean ac-
curacy, relevance, and comprehensiveness scores for
each of the 108 physicians on each of the eight-case
sets were computed. Those scores, as discussed at
length in Berner et al.,32 are described below.

n Accuracy. The mean diagnostic accuracy score for
each physician was computed as the proportion of
cases for which the correct case diagnosis was listed
on the physician’s differential diagnosis list.

n Relevance. The diagnostic relevance score for a phy-
sician on a particular case was computed as the
proportion of diagnoses on a physician’s list that
were considered appropriate for that case. Mean
relevance scores were the means of the subject’s in-
dividual case relevance scores.
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Table 1 n

Statements to Describe the Usefulness of Quick
Medical Reference (QMR)
Assigned

Value Descriptive Statement

4 Extremely useful, in that it confirmed my thinking
and gave me more possible diagnoses to consider.

3 Useful, in that it confirmed my thinking, but did not
give me anything new to consider.

2 Not useful, in that it gave me little useful and in-
cluded too much that was irrelevant.

1 Useless, in that the suggestions were very mislead-
ing.

NOTE: The descriptive statements were given to subjects with-
out the numeric values.

Table 2 n

Statements Used to Describe Confidence in
Diagnosis Using Quick Medical Reference (QMR)
Assigned

Value Descriptive Statement

5 Very easy; I felt confident in my differential and did
not need to use QMR for assistance.

4 Pretty easy; I used QMR mainly to confirm my
thinking.

3 Somewhat difficult, but I feel confident in my final
differential diagnosis.

2 Pretty difficult; I would like a subspecialist to con-
firm my thinking.

1 Extremely difficult; I still feel I need a subspecialist
for assistance.

NOTE: The descriptive statements were given to subjects with-
out the numeric values.

Table 3 n

Perceived Usefulness Ratings of Quick Medical
Reference (QMR) by Case Difficulty and Quality
of QMR Information*

Case
Difficulty

Mean Quality of QMR Information (SD)

High Information
Quality

Low Information
Quality Total

Easy 3.14 (0.60) 2.66 (0.82) 2.90 (0.54)

Difficult 3.35 (0.68) 3.06 (0.77) 3.20 (0.56)

Total 3.24 (0.52) 2.86 (0.63) 3.05 (0.47)

*P < 0.05, significant main effect, repeated measures analysis of
variance.

Table 4 n

Diagnostic Confidence Ratings by Case Difficulty
and Quality of Quick Medical Reference (QMR)
Information*

Case
Difficulty

Mean Quality of QMR Information (SD)

High Information
Quality

Low Information
Quality Total

Easy 3.51 (0.75) 3.44 (0.79) 3.47 (0.62)

Difficult 2.55 (0.86) 2.88 (0.97) 2.71 (0.77)

Total 3.03 (0.59) 3.16 (0.73) 3.09 (0.57)

*P < 0.05, significant main effect, repeated measures analysis of
variance.

n Comprehensiveness. The diagnostic comprehensive-
ness score for each case was computed as the pro-
portion of appropriate diagnoses for a particular
case that the physician included on the differential
diagnosis.

Data Analyses

Physicians, not cases, were the units of analysis. The
primary data used were individual physician ratings
across sets of cases. To examine the possibility of se-
lection bias, differences in background characteristics
between selected and unselected study subjects were
tested using independent groups t-tests. A two-factor
repeated measures analysis of covariance, adjusted for
case set, was used to test for the effects of case diffi-
culty and QMR information quality on usefulness and
diagnostic confidence. Bivariate Pearson correlation
coefficients (r) were computed to examine the rela-
tionship between the usefulness and confidence rat-
ings and between these ratings and physicians’ char-
acteristics. They were tested for significant differences
from r = 0 using a t-test. A two-sided alpha level of
0.05 was used for these analyses. SPSS software was
used for all analyses.34

To examine the relationship between participants’ per-
ceptions and their performance, again using physi-
cians as the unit of analysis, the mean usefulness rat-
ings and the mean confidence ratings for each of the
nine cells shown in Tables 3 and 4 were correlated
with the corresponding mean accuracy, relevance, and
comprehensiveness scores. To control for the effect of
set differences, partial correlation coefficients were
computed, generating a total of 54 different correla-
tions. With a Bonferroni correction adjusted for an al-
pha of 0.05, the adjusted significance level was set at
0.0009.
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Results

Response Rate and Respondent Characteristics

As described in Berner et al.,32 a total of 120 initially
selected and 70 replacement physicians were offered
the opportunity to participate, and 108 completed the
cases.

Relationships among Usefulness and Confidence
Ratings and Case and Physician Characteristics

The ratings of usefulness and confidence in relation
to case characteristics are shown in Tables 3 and 4.
The mean QMR usefulness rating was 3.05 out of 4.00,
indicating that, overall, the physicians perceived
QMR as useful on these cases. Perceived usefulness
was significantly greater for the more difficult cases
and on the cases for which QMR could produce
higher quality information.

The overall mean confidence ratings were signifi-
cantly lower (P < 0.03) on the high-information-qual-
ity cases than on the low-information-quality cases.
However, this effect was attributable mainly to a sig-
nificant interaction (P < 0.0001) of case difficulty and
case information quality, in that the decrease in con-
fidence ratings for the high-information-quality cases
compared with the low-information-quality cases was
much greater for the difficult cases than for the easy
cases. In fact, the direction of the confidence scores for
the easier cases was slightly reversed from that for the
difficult cases. As might be expected, diagnostic con-
fidence was, overall, significantly higher on the easier
cases regardless of the quality of QMR information.
The correlation between each physician’s mean use-
fulness and confidence ratings across all cases was
20.50, indicating a moderate but significant inverse
relationship between these two variables.

To better understand how physicians’ characteristics
affected the perception of QMR usefulness and their
own diagnostic confidence, the correlations of physi-
cians’ characteristics with mean usefulness and mean
confidence ratings were computed (Table 5). The re-
sults showed that physicians who began using QMR
more recently tended to rate its performance on the
cases as significantly more useful (P = 0.04) than those
who had first purchased it several years ago. Also, the
general board-certified physicians tended to rate the
usefulness of QMR on these cases significantly lower
(P = 0.02) than did other physicians, while general
board-eligible physicians tended to rate QMR useful-
ness significantly higher (P = 0.04). The only physician
characteristic significantly associated with greater di-
agnostic confidence (P < 0.05) was higher self-re-

ported skill at using certain sophisticated features
of QMR.

Relationship between Perceptions and
Performance

Table 6 shows the correlations between the three mea-
sures of diagnostic performance and the two mea-
sures of perception for all strata of case difficulty and
QMR information quality. For the most part, these
correlations were low (r = 20.31 to 10.29). Only six
correlations, five of them negative and all related to
the relevance scores, were significantly different from
zero. These data show that although participants’
judgments of QMR usefulness and all three perfor-
mance measures were both affected similarly by case
difficulty and quality of QMR information, neither
their perceptions of QMR usefulness nor participants’
confidence in their own diagnoses were consistently
related to their actual performance.

Discussion

Theoretically, a DDSS should be perceived as more
useful when the user perceived that the DDSS pro-
vided relevant information and when the user actu-
ally felt a need for decision support. Physicians with
greater diagnostic skills would be less likely to per-
ceive a need for decision support and would be ex-
pected to find a DDSS less useful than those less
skilled. The results of this study lend support to these
assumptions. QMR was perceived to be more useful
on the high-information-quality cases, supporting the
idea that users could distinguish relevant from irrel-
evant information. It was also perceived to be more
useful on the difficult cases, on which need for sup-
port would be greater. Finally, there were inverse as-
sociations between usefulness and the ability to de-
velop a focused and relevant differential (relevance
score) as well as between usefulness and being board
certified. These data again provide some support for
the notion that diagnostically skilled physicians might
not need the support and would find the information
QMR provided less useful.

Although the relevance scores were inversely associ-
ated with perceived usefulness, usefulness and diag-
nostic performance as indicated by the accuracy score
were not strongly associated, nor were there signifi-
cant correlations with the comprehensiveness scores.
It is possible that feedback on the accuracy of physi-
cians’ diagnoses might have led to stronger associa-
tions between perceived usefulness and the other
measures of performance, but the design of this study
did not allow for such feedback. Without feedback,
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Table 5 n

Relationship of Perceived Usefulness of Quick Medical Reference (QMR) and Diagnostic Confidence with
Physician Characteristics (N = 108)

Sample Characteristics

Perceived Usefulness of
QMR

r P Value

Diagnostic Confidence

r P Value

Stratification variables:
Year of medical school completion 20.05 0.58 0.09 0.34
Specialty—Internal Medicine 20.08 0.44 0.07 0.47
Speciality–Family Medicine 0.06 0.57 0.01 0.90
Frequency of use of QMR in last 6 mo† 20.02 0.85 0.03 0.75
Length of time using QMR‡ 20.17* 0.04 0.04 0.70

Other demographic variables:
Year of primary residency completion 20.13 0.20 0.11 0.29
General specialty board certified 20.23* 0.02 0.06 0.55
General board eligible 0.20* 0.04 0.01 0.89

Other QMR experience variable:
Number of minutes in usual QMR session 0.01 0.92 0.09 0.38

Reported comfort using QMR functions:
Exploring disease profile/associated disorders 20.08 0.40 0.17 0.08
Case analysis 20.14 0.16 0.19* 0.05
Asserting diagnosis 0.01 0.88 0.33* 0.00
Work-up protocol 20.04 0.72 0.15 0.13
Critiquing a case 20.03 0.76 0.27* 0.00
Differential diagnosis 20.13 0.19 0.05 0.62
Comparing two diseases 20.11 0.26 0.15 0.12
Questions for a particular diagnosis 20.05 0.63 0.07 0.49
Rule-in/rule-out diagnoses 20.04 0.71 0.08 0.42
Saving a case 0.02 0.82 0.20* 0.04
Saving a case to a text file 0.09 0.34 0.10 0.33
Printing a window 20.05 0.57 0.19 0.06

Number of QMR functions participants were
comfortable using

20.06 0.92 0.09 0.38

*Pearson correlation coefficient, P < 0.05, t-test, signficantly different from 0.00.
†Ordinal scale with seven categories (1, use every day, to 7, have not used during last six months).
‡Ordinal scale with three categories (1, purchased QMR within last 6 mo; 2, purchased QMR 6 to 12 mo ago; 3, purchased QMR
more than a year ago).

Table 6 n

Partial Correlations (r) Between Perceptions of Quick Medical Reference (QMR) and Physicians’
Performance on Cases with Different Characteristics

Type of Case

Correlations of Perception and Performance Scores

Accuracy

Usefulness Confidence

Relevance

Usefulness Confidence

Comprehensiveness

Usefulness Confidence

Difficult 20.09 20.14 20.28* 0.17 0.12 20.23
Easy 20.10 0.12 20.29* 0.20 0.15 20.06

High information quality 20.07 20.02 20.21 0.09 0.25 20.20
Low information quality 20.13 0.03 20.26* 0.16 0.03 20.04

Difficult, high quality 20.05 20.11 20.24 0.03 0.17 20.24
Difficult, low quality 0.02 20.09 20.19 0.24 20.03 0.09
Easy, high quality 20.02 0.03 20.26* 0.29* 0.09 20.13
Easy, low quality 20.20 0.16 20.21 0.09 0.12 0.02

Total 20.14 20.04 20.31* 0.13 0.15 20.16
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physicians may have construed usefulness primarily
as how well QMR satisfied their need for decision
support. The lack of significant correlations is also dif-
ficult to interpret because the performance measures
reflect the users’ diagnoses after using QMR, and we
do not know what their diagnostic performance
would have been like without QMR.

The theoretical relationship between case difficulty
and confidence would be expected to be the reverse
of that for usefulness, especially in the absence of
feedback about the accuracy of performance. Confi-
dence would be expected to be higher on the easier
cases, for which the user might be expected to be able
to develop a reasonable differential without diagnos-
tic assistance, recognize confirmatory information,
and ignore irrelevant information. However, these are
also the cases for which the perceived need for deci-
sion support and the perceived usefulness of QMR is
less. The negative correlation between case difficulty
and confidence, as well as the inverse relationship be-
tween confidence and perceived usefulness, lend sup-
port to this interpretation. These data are also congru-
ent with the observations of Bankowitz et al.16 that
physicians were uninterested in seeing the results of
a computer consultation if they were fairly certain of
their own diagnoses.16

Although QMR information quality was directly re-
lated to perceived usefulness, the relationship be-
tween quality of information and diagnostic confi-
dence is more complex. Usefulness is a multifaceted
construct. A decision support system can be useful not
only if it confirms the user’s original diagnostic think-
ing but also if it broadens that thinking by providing
more relevant diagnoses for consideration. It is pos-
sible that these two aspects of usefulness (confirming
and extending the user’s thinking) operate differently
in the easy and the more difficult cases. When QMR
provides high quality information, the confirmatory
aspect is likely to be most prominent on the easy
cases, while the user’s thinking is more likely to be
extended on the difficult cases. While confirming the
user’s thinking may increase confidence, broadening
the user’s thinking could decrease confidence in the
user’s original diagnoses for these cases. This inter-
pretation provides an explanation for the observed in-
teraction effect of case difficulty and information qual-
ity on diagnostic confidence. Becoming less confident
when QMR provides useful suggestions not previ-
ously considered seems to be more plausible than be-
coming more confident when one receives irrelevant
information.

It was not unusual to find that users who had previ-
ously purchased a decision support system tended to

find it useful or that users who felt more comfortable
using the system would be more confident in its re-
sults. However, the fear that the users of these sys-
tems—especially the ‘‘early adopters’’ of innovations,
as these participants are—would not make distinc-
tions between more and less useful information does
not appear to be warranted. If this sample of QMR
users had been inappropriately biased in the direction
of believing everything the computer generated and
finding all of it very useful, none of the results show-
ing differences in perceived usefulness related to
QMR information quality would have been signifi-
cant. The results of this study and those of Berner et
al.32 provide support for the notion that users can dis-
tinguish between relevant and irrelevant information
produced by a DDSS and can use the relevant infor-
mation to help them in their diagnostic thinking. At
the same time, the difficulty of the cases on which the
DDSS is used, as well as the users’ own diagnostic
skills, can affect users’ performance and their ability
to accurately assess the information provided by the
DDSS.

The data also provide support for the notion that per-
ception of usefulness of a DDSS may be related more
to the user’s need for support than to the user’s di-
agnostic performance when using the DDSS. Partici-
pants may have been helped by the DDSS without
realizing it or may have thought the DDSS was more
helpful than it really was. The data from this study
illustrate the need for less reliance on opinions and
anecdotes and more systematic research on the influ-
ences of DDSS on physicians’ diagnostic performance.

Conclusions

Diagnostic decision support systems can function
both to confirm and to broaden physicians’ diagnostic
thinking. Although both aspects can be useful, pro-
viding additional possibilities for consideration may
make the user somewhat less confident and more
aware of the need for further diagnostic assistance.
The results suggest that users’ perceptions of QMR
usefulness and their diagnostic confidence were as-
sociated more with a need for support than with their
actual diagnostic performance. Studies that assess
users’ judgments about the usefulness of DDSS and
that use relatively easy cases, cases not in the DDSS
knowledge base, or only highly trained specialists
may yield misleading results regarding the overall
usefulness of the DDSS. In particular, software re-
views of system usefulness based on a single re-
viewer’s opinion and a limited case sample may not
be a reliable indicator of system functioning. Addi-



434 BERNER, MAISIAK, Perceptions of Diagnostic Decision Support Systems

tional research on the relationships between opinions
about a DDSS, how physicians use the system, and
how the DDSS influences the user’s diagnostic per-
formance is still needed. The data from this study un-
derscore the importance of understanding the char-
acteristics of the physician users and the clinical cases
that are part of evaluations of decision support sys-
tems in order to properly interpret the results of any
evaluation of DDSS.

The authors appreciate the contributions of the physicians who
used QMR and provided us with their data.
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