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Objective. To better understand 1) why patients have a neg-
ative perception of the use of computerized clinical deci-
sion support systems (CDSSs) and 2) what contributes to
the documented heterogeneity in the evaluations of physi-
cians who use a CDSS. Methods. Three vignette-based
studies examined whether negative perceptions stemmed
directly from the use of a computerized decision aid or
the need to seek external advice more broadly (experiment
1) and investigated the contributing role of 2 individual dif-
ference measures, attitudes toward statistics (ATS; experi-
ment 2) and the Multidimensional Health Locus of
Control Scale (MHLC; experiment 3), to these findings. Re-
sults. A physician described as making an unaided diagno-
sis was rated significantly more positively on a number of
attributes than a physician using a computerized decision

aid but not a physician who sought the advice of an expert
colleague (experiment 1). ATS were unrelated to percep-
tions of decision aid use (experiment 2); however, greater
internal locus of control was associated with more positive
feelings about unaided care and more negative feelings
about care when a decision aid was used (experiment 3).
Conclusion. Negative perceptions of computerized decision
aid use may not be a product of the need to seek external
advice more generally but may instead be specific to the
use of a nonhuman tool and may be associated with indi-
vidual differences in locus of control. Together, these 3
studies may be used to guide education efforts for patients.
Key words: decision support techniques; computer assis-
ted diagnosis; decision aids; patient satisfaction. (Med
Decis Making 2013;33:108–118)

Computerized clinical decision support systems
(CDSSs) are information systems, typically

included in electronic medical records (EMRs), that
provide clinicians with patient-specific assessments
or recommendations to improve clinical decision
making.1–3 CDSSs have been created for many differ-
ent clinical issues, including chest pain, infertility,

and preventative medicine.1 CDSSs provide several
types of decision support, including reminder sys-
tems for vaccinations, screening tests and other
types of preventative care, alerting systems for med-
ication errors (e.g., drug interactions, overdoses,
etc.), advice for medication prescription, critiques
of existing orders, and recommendations for many
health care issues. Although there have not been
extensive studies of patient outcomes yet, many
CDSSs have been shown to improve the perfor-
mance of practitioners.1 Yet despite the effective-
ness and prevalence of CDSSs, they are among the
least widely used features of EMRs.3,4

There are several reasons that practitioners may be
reluctant to embrace CDSSs.5–7 For example, physi-
cians may be concerned about how patients will
respond to the increasing role of technology in diag-
nostic medicine, or they may have concerns about
how using diagnostic decision support will affect
malpractice litigation. There has been some recent
research designed to address these two issues. In
2007, Arkes and others8 compared judgments of
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physicians who used a decision aid with judgments
of a physician who made an unaided diagnosis for fic-
titious patients presenting with a possible ankle frac-
ture, a leg injury with risk for deep vein thrombosis,
or a persistent cough. Across several studies, the
authors demonstrated that a physician who uses
a diagnostic aid for a routine medical event was per-
ceived to be less capable than a physician using
unaided judgment. When using the diagnostic aid,
the physician was perceived to be less professional,
to be less thorough, and to have less diagnostic abil-
ity. Similarly, Promberger and Baron9 reported that
participants would be more likely to follow recom-
mendations from physicians than from computers
and reported greater trust in the recommendations
from physicians than from computers. Furthermore,
participants’ preferences for their own decisions
over the recommendation from a computer program
were greater than preferences for their own decisions
over the recommendation from a physician.

However, Pezzo and Pezzo10 painted a slightly more
complex picture of patient responses. They reported
that using a decision aid attenuated participants’ evalu-
ations of physicians. For a physician who was
described as using a decision aid, a positive patient out-
come was rated less positively and a negative patient
outcome was rated less negatively when compared
with a physician making an unaided decision. Further-
more, the authors reported that participants assigned
less fault to physicians who followed the advice of an
aid after a negative outcome. In contrast, greater fault
was ascribed to physicians who defied the aid or
made an unaided decision. In a related study, Arkes
and others11 reported that use of a simple decision aid
by a physician did not affect judgments of malpractice
in a mock jury trial, but aid use did affect mock jurors’
ratings of punitiveness. The physician was deemed to
be least deserving of punishment when he or she
used the decision aid and heeded its advice but most
deserving of punishment if he or she used the decision
aid and defied its advice. Ratings of punitiveness when
the physician used unaided judgment fell between
these two conditions.

Thus, although diagnostic aid use does not affect
judgments of malpractice, they appear to affect
patients’ perceptions of their physicians and evalua-
tions of physicians’ responsibility for both positive
and negative patient outcomes. These findings could
be quite significant; a patient’s attitude toward his or
her physician could affect larger health care issues
such as compliance with preventative care and treat-
ment recommendations. Therefore, the purpose of
this article is to better understand why patients

have a negative perception of diagnostic aid use. To
do so, we will present 3 vignette-based studies that
are designed to explore this finding in more depth
and examine the role of individual differences in
patient response to practitioner decision aid use.

EXPERIMENT 1

Although participants in past studies consistently
reported that they perceived physicians using diagnos-
tic aids to be less capable, it is unclear where their con-
cern originates. That is, patients may be concerned that
their physician needs to seek advice from an external
source, regardless of whether that source is electronic
or human. Or, the concern may stem from the incorpo-
ration of an electronic source into a traditionally
human-centered practice, in which case, computer-
based electronic aids may be seen as dehumanizing
the patient-physician relationship. Thus, experiment
1 was designed to identify whether the source of the
concern was simply the practitioner’s need to rely on
an external source or the introduction of computing
into the doctor-patient interaction. If patients are con-
cerned about their physician seeking additional
advice during the diagnostic process, physicians using
their unaided judgment should receive the highest
evaluation. Moreover, evaluations of physicians seek-
ing external advice, either from an expert or an aid,
should not differ. In contrast, if patients are reacting
to the introduction of a computer into the interactions
with their physician, then a) physicians using diag-
nostic aids should be evaluated the least positively,
and b) evaluations of physicians using unaided judg-
ment should not differ from those of physicians who
seek the advice of a human expert.

Method

Participants. Four hundred thirty-four students
from 2 Midwestern universities participated in exper-
iment 1 for extra credit or partial fulfillment of course
credit. Participants were randomly assigned into 1 of 3
experimental conditions: control (n = 145), aid (n =
148), or expert (n = 141). Data were collected in the
fall semester of 2006 and the spring semester of 2007.

Materials and procedure. Participants read 1 of 3
short vignettes that described an interaction
between a physician and a patient who had a recent
ankle injury; these materials were adapted from
Arkes and others8 (see Appendix A). The vignettes
differed in their description of the physician’s
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diagnostic process. The physician in the vignette
made an unaided diagnosis (control condition),
used a computer-based diagnostic aid (aid condi-
tion), or used the advice of an expert (expert condi-
tion). After reading the vignette, participants
completed a brief questionnaire that asked them to
evaluate the behavior of the physician described in
the vignette on 5 dimensions: diagnostic ability, pro-
fessionalism, overall satisfaction, thoroughness, and
wait time at the physician’s office. Participants rated
each dimension on a 7-point Likert scale, where 1
was the most negative evaluation and 7 was the
most positive evaluation.

Analyses. To test the 2 competing hypotheses, we
compared ratings of the physician in the 3 condi-
tions. Because the variances in these ratings differed
significantly between conditions, we employed beta
regression models (e.g., Smithson and Verkuilen12),
which allowed us to separately model the mean
and variance. These models employ the beta distri-
bution to describe error, as opposed to a normal
error distribution in traditional regression models.
Along with allowing us to separately examine exper-
imental effects on the mean and variance of our
dependent measures, beta regression models explic-
itly account for the bounded nature of the Likert
measures. This allows us to interpret effects on the
variance as ‘‘polarization’’ effects.13 That is, larger
variances on a Likert scale imply that individuals
tend to be clustered at the extremes. In contrast,
smaller variances imply that individuals tend to be
clustered together at a single point on the scale.

For the beta regressions described below, we used
the betareg package14 in R statistical software.15 We
distinguish between regression weights for the
mean and regression weights for the precision using
different accented letters (â for the mean, ~a for the
precision). It is important to note that the âs are esti-
mated on the log-odds scale (similar to a logistic
regression) and the ~as are estimated on the log scale,
so they are complicated to interpret at a glance. Thus,
we supplement the regression weights with data and
model predictions.

Results

We first studied the impact of the experimental
conditions on mean physician ratings. We found
that, compared with the aid group, the control group
rated the physician more positively on overall patient
satisfaction (â = 0.31, z = 2.36, P \ 0.05) and profes-
sionalism (â = 0.36, z = 2.70, P\0.05). On the 7-point

Likert scale, these results correspond to predicted
increases of 0.46 and of 0.45 for the control group,
respectively. There were no mean differences
between the control group and expert group, with
the corresponding z statistics ranging from –0.83 to
0.31.

Next, we studied the impact of the experimental
conditions on the variance in physician ratings. As
mentioned previously, these results can inform us
about the extent to which participants were polar-
ized. We found that the aid group was more polarized
than the control group on both overall patient satis-
faction (~a = 0.45, z = 3.23, P\0.05) and thoroughness
(~a = 0.48, z = 3.22, P \ 0.05). The effect on overall
patient satisfaction was largely driven by the fact
that, compared with the control condition, more
than twice as many people in the aid condition rated
the doctor a 1 or 2 (8% in the control group v. 18% in
the aid group). Conversely, the effect on thorough-
ness was driven by polarization on both ends of the
scale: 3% (aid) v. 0% (control) of participants rated
the doctor a 1, and 16% (aid) v. 12% (control) rated
the doctor a 7.

We also examined the impact of the expert condi-
tion on variance in ratings, finding that the expert
group was also more polarized than the control group
on thoroughness (~a = 0.49, z = 3.15, P \ 0.05). This
polarization is largely on the high end of the scale:
2% (expert) v. 0% (control) of participants rated the
doctor a 1, and 23% (expert) v. 12% (control) rated
the doctor a 7.

Discussion

Previous research demonstrated that physicians
using diagnostic aids were perceived to be less capa-
ble than physicians making unaided diagnoses.8

Experiment 1 was designed to extend these findings
by determining their source. Are physicians using
diagnostic aids perceived to be less capable because
they need to acquire additional information to make
their diagnoses? Or does this finding simply reflect
a bias against the introduction of technology into a tra-
ditionally human-oriented exchange?

In experiment 1, we replicated the findings of
Arkes and colleagues.8 The physician who made an
unaided diagnosis was perceived to be more profes-
sional, and participants in the control condition
were more satisfied with the behavior of the physi-
cian. In addition, responses of the aid condition
were more polarized than the control condition on
overall satisfaction and professionalism. To address
the source of this bias, we compared the ratings of
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the control condition with those of the human expert
condition. Ratings of the physician on the 5 dimen-
sions did not differ between the control and expert
conditions. However, responses of the expert group
were more polarized than those of the control group
on thoroughness of examination. Together, these
results could indicate that physicians using a diag-
nostic aid are not perceived to be less capable simply
because they need additional information to make
a diagnosis. Instead, patients may simply object to
the use of an impersonal technology. However, there
are other alternative explanations for this finding. For
example, patients might view physicians who need to
consult a CDSS as ‘‘dumb’’ but consider a physician
who consulted with a specialist as ‘‘smart.’’ Future
research should focus on distinguishing between
these alternative explanations.

It is also important to note that the results of exper-
iment 1 are in contrast to physician behavior. A
recent study by Medow and others16 demonstrated
that physicians were more likely to change treatment
course and to reduce confidence in their decision in
response to hearing contradictory advice from a deci-
sion aid than from a colleague.

EXPERIMENT 2

In addition to understanding why physicians
using diagnostic aids are deemed to be less capable,
it is also important to determine for whom this per-
ception exists. In the original experiments by Arkes
and colleagues,8 the control and aid conditions dif-
fered in the amount of variability observed in physi-
cian ratings. There was little variance in the ratings
across participants in the control group; however,
there was significantly more variability in ratings
among the aid group. Although the introduction of
the computer-based diagnostic aid lowered ratings
of diagnostic ability on average, there were also
many participants who gave higher ratings when
the physician used the aid. Thus, there appears to
be a significant amount of individual variability in
response to diagnostic aid use. With this in mind,
the goal of experiment 2 and experiment 3 is to iden-
tify measures of individual difference that predict
this variability. If such measures can be identified,
it is possible to use this information to tailor how
diagnostic aids are presented in practice.

Diagnostic aids are often based on statistical mod-
els that calculate the likelihood of a particular diag-
nosis for a given patient. Therefore, a large part of
the resistance to these tools may stem from personal

beliefs about the role of statistics in individual
patient care. Sieck and Arkes17 reported that decision
aid use in a prediction task was related to an individ-
ual’s attitude toward statistics. Participants in that
study were asked to use 5 cues to predict whether
a prospective juror favored physician-assisted sui-
cide. They had the opportunity to evaluate the pre-
dictions of an equation that correctly classified 77%
of the jurors, or they could attempt to classify the
jurors without the use of the decision aid. The
authors found that subjects who held a more favor-
able attitude toward statistics were more likely to
use the decision aid provided.

Experiment 2 sought to extend this finding by
investigating whether more favorable attitudes
toward statistics were associated with more positive
evaluations of physicians using diagnostic aids.
Although the CDSS used in our scenario was not
explicitly described as a ‘‘prediction rule,’’ as in
Sieck and Arkes,17 we hypothesized that the use of
a computerized aid to judgment would be looked
upon more favorably by people with more positive
attitudes toward statistics. To do so, we measured
attitudes toward statistics of students in enrolled in
psychology statistics courses. In addition, we asked
the students to read a vignette describing an interac-
tion between a doctor and a patient and evaluate
the physician on several dimensions. The students
viewed 1 of 2 versions of the vignette; the physician
involved either used a computer-based diagnostic
aid or made an unaided diagnosis.

We hypothesized that attitudes toward statistics
would be positively related to physician ratings in
the aid condition because we postulated that a greater
appreciation for statistics would result in a greater
appreciation for tools that use statistics, such as the
prediction rule used by Sieck and Arkes17 and the
CDSS used in this study. We had no specific hypothe-
ses about how attitudes toward statistics would influ-
ence ratings of physicians in the control condition.

Method

Participants. One hundred nine students from
a Midwestern university who were enrolled in a psy-
chology statistics course participated in the experi-
ment for extra credit. Individual classes were
randomly assigned into 1 of 2 experimental groups,
the control condition (n = 60) or the aid condition
(n = 49). All members of a class were assigned to
the same condition. Data were collected across 2
semesters in the fall of 2007 and the spring of 2008.
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Materials. Two vignettes described an interaction
between a physician and a patient who had a recent
ankle injury. The physician in the vignette either
made an unaided diagnosis (control condition) or
used a computer-based diagnostic aid (aid condi-
tion). The vignettes were identical to the control
and aid versions used in experiment 1. After reading
the vignette, participants completed a brief ques-
tionnaire that asked them to evaluate the behavior
of the physician described in the vignette on 5
dimensions: diagnostic ability, professionalism,
overall satisfaction, thoroughness, and wait time at
the physician’s office. Participants rated each
dimension on a 7-point Likert scale. Participants
were also asked to complete the attitude toward sta-
tistics (ATS) measure,18 which includes 29 state-
ments about statistics (e.g., ‘‘Statistics is an
inseparable aspect of scientific research’’) to which
participants must indicate the extent to which they
agree, using 5-point Likert scales.

Procedure. Instructors of the statistics courses
made in-class announcements about the study dur-
ing the first 2 weeks of the semester. Interested stu-
dents could access the study directly from the
website for their statistics course. After accessing
the study link, all participants were asked to read
a brief description of a doctor-patient interaction.
Half of the statistics courses read the control version,
which described the physician as making an
unaided diagnosis, whereas the other half of the
courses read the aid version, in which the physician
used a computer-based aid to make the diagnosis.
After reading the vignette, participants rated the
physician on the 5 dimensions and completed the
ATS scale.18 Participants were asked to complete
this entire procedure at 2 time points in the semes-
ter, during the first 2 weeks of the semester and
the final week of the semester. Assignment to condi-
tion was the same for both data collection points.

Analyses. As in experiment 1, variances of some
of the dependent measures differed significantly
between the 2 groups. To deal with the heteroge-
neous variances, we again employed beta regression
models. To provide the cleanest test of the influence
of ATS, we focused our analyses on time 1 measure-
ments, which occurred during the first 2 weeks of
the semester. In each regression, the following varia-
bles were used as predictors for the (logit-transformed)
mean: condition, ATS score (standardized by the
mean and standard deviation across conditions), and
the 2-way interaction. ATS score was standardized
to ease the interpretation of other model parameters.

Based on initial analyses, ‘‘condition’’ was used as
the only predictor variable for the (log-transformed)
precision/variance parameter.

Results

ATS scores in our participants ranged from 56 to
134 (mean [SD], 97.66 [16.45]). To test the hypothesis
that attitudes toward statistics would be related to rat-
ings of the physicians, we studied the impact of con-
dition, ATS, and the ATS-by-condition interaction
on the mean physician rating. For the thoroughness
of examination measure, there was a negative effect
of the aid condition (â = –0.46, z = 2.03, P \ 0.05)
and a positive effect of ATS score (â = 0.21, z =
1.66, P \ 0.05) (see Figure 1). These effects translate
to the 7-point Likert scale as follows. A participant
in the aid condition who has a mean ATS score is pre-
dicted to lower his or her thoroughness rating by
approximately half a point (0.54), as compared with
an analogous participant in the control condition.
Furthermore, for each standard deviation increase
in a control group participant’s ATS score, the partic-
ipant’s thoroughness rating is predicted to increase
by about 0.2. (This increase varies because the predic-
tion increases nonlinearly.)

For the diagnostic ability measure, there was
a negative effect of the aid condition (â = –0.45, z =
–2.27, P \ 0.05). For a participant with a mean
ATS score, this effect represents a 0.64-point decrease
on the 7-point scale. Finally, for the satisfaction mea-
sure, there was a significant, positive effect of ATS
score (â = 0.27, z = 2.28, P \ 0.05) (see Figure 2). For
a participant in the control group, each standard devi-
ation increase in ATS score was predicted to result in
a 0.4-point satisfaction increase. Effects (simple or
interaction) of aid condition and ATS on other depen-
dent measures were smaller, with z statistics ranging
from –1.34 to 0.45.

Finally, as noted above, we also studied the impact
of condition on judgment polarization. We found sig-
nificant effects of experimental condition on ratings
of thoroughness (~a = 0.63, z = 2.52, P\0.05), diagnos-
tic ability (~a = 1.09, z = 4.60, P\0.05), and overall sat-
isfaction (~a = 0.75, z = 3.20, P \ 0.05). In all 3 cases,
individuals were more polarized (exhibited more var-
iability) in the aid condition than in the control con-
dition. For all 3 measures, the polarization largely
involved the lower end of the scale: For thorough-
ness, 14% of aid group participants assigned a rating
of 2 or less, compared with 3% of control group par-
ticipants. The analogous proportions for the diagnos-
tic ability and overall satisfaction measures are (14%
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aid; 5% control) and (29% aid; 10% control),
respectively.

Discussion

In experiment 2, we replicated the findings of
Arkes and colleagues.8 The physician who made an
unaided diagnosis was perceived to be more thor-
ough and to have greater diagnostic ability than the
physician using the diagnostic aid. Moreover, judg-
ments of thoroughness, diagnostic ability, and overall
satisfaction were significantly more polarized in the
aid condition than in the control condition; respond-
ents in the aid condition were more likely to use the
extreme lower end of the Likert rating scales. ATS
score was also positively related to ratings of thor-
oughness and diagnostic ability, but contrary to our
hypotheses, there were no significant condition-by-
ATS interactions. Although Sieck and Arkes17

reported that attitudes toward statistics predicted
decision aid use, we were unable to find evidence
that ATS score was similarly related to participant
ratings of physicians using decision aids. One poten-
tial limitation of this study is that by using psychol-
ogy students, we may have restricted our range of
ATS scores, thereby underestimating the influence

of attitudes toward statistics on acceptance of CDSS
use.

EXPERIMENT 3

In experiment 3, we examined the predictive
power of another individual difference measure,
locus of control. Locus of control is a construct that
broadly measures the extent to which people believe
they have control over events in their lives. People
with an internal locus of control believe they have
direct control over the events in their lives, whereas
those with an external locus of control believe that
external forces, such as chance or fate, control the
events in their lives. We chose to focus on locus of
control because it has been shown to be predictor of
other health behaviors.19,20 In addition, we hypothe-
sized that locus of control would be related to
patients’ satisfaction of care with physicians who
use decision aids.

Two measures are used to assess locus of control in
health care: Rotter’s original Locus of Control (LOC)
Scale21 and the Multidimensional Health Locus of
Control (MHLC) Scale.20 Rotter’s LOC Scale is con-
ceptualized as a single bipolar dimension where indi-
viduals are categorized along a continuum ranging

Figure 1 Model predictions of the relationship between condition

and attitudes toward statistics (ATS) on ratings of physician thor-

oughness (experiment 2). The shaded areas represent variability in
the slope associated with ATS, obtained by adding and subtracting

1 standard error from the point estimate.

Figure 2 Model predictions of the relationship between condition

and attitudes toward statistics (ATS) on ratings of satisfaction with

the physician (experiment 2). The shaded areas represent variabil-
ity in the slope associated with ATS, obtained by adding and sub-

tracting 1 standard error from the point estimate.
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from an internal locus of control to an external locus
of control. However, the MHLC Scale is based on 3
unipolar dimensions: Powerful Others (the belief
that one’s health outcomes are in the hands of power-
ful individuals such as physicians), Internality (the
belief that one’s health outcomes are within one’s
own control), and Chance (the belief that one’s health
outcomes are subject to random events). In this study,
we chose to focus on the MHLC because of its specific
relevance to the health context and the addition of the
Powerful Others subscale.

We hypothesized that patients with a more inter-
nal orientation would feel less favorably toward clini-
cians who use computer-based decision aids. Thus,
we predicted an interaction between the Internal
dimension and condition on physician ratings, with
a negative relationship between Internal locus of con-
trol and satisfaction with care only in the aid condi-
tion. We also hypothesized that the Powerful Others
dimension would be positively related to ratings of
satisfaction with care in both conditions; that is, par-
ticipants with a strong belief in the role of powerful
others would be more likely to report greater satisfac-
tion with care regardless of practitioner aid use.

Method

Participants. One hundred eighty-nine students
from a Midwestern university participated in exper-
iment 3 for extra credit or partial fulfillment of
course credit. Participants were randomly assigned
to 1 of 2 conditions: control (n = 101) or aid (n =
88). Data were collected in the spring and fall semes-
ters of 2009.

Materials and procedure. Participants read 1 of 2
short vignettes that described the experience of
a patient who presented at the emergency room
with possible appendicitis (see Appendix B). The 2
vignettes differed in their description of the physi-
cian’s diagnostic process; the physician either used
a diagnostic aid or made an unaided diagnosis (con-
trol condition). After reading the vignette, partici-
pants completed a brief questionnaire that asked
them to evaluate the behavior of the physician
described in the vignette on 8 dimensions: overall
satisfaction, professionalism, quality of examina-
tion, knowledge of the physician, likelihood to use
the physician themselves, willingness to visit the
physician again, willingness to recommend the phy-
sician, and confidence in the physician. Participants
rated each dimension on a 6-point Likert scale, with
the exception of quality of examination, which was

measured on a 7-point Likert scale. Participants
also completed the MHLC Scale.20

Analyses. As in experiment 1 and 2, we employed
beta regression models for data analysis. All 8
dependent measures (ratings of the physician)
were strongly correlated; rs ranged from 1.62 to
1.90, all Ps were \0.05. In addition, the pattern of
results was consistent across all 8 variables. There-
fore, we created an aggregate physician rating by
summing these 8 scores, with higher values indicat-
ing a more favorable opinion of the physician.

To test the hypothesis that locus of control would
be related to ratings of the physicians, we estimated
a beta regression model using the 3 locus of control
dimensions (standardized), experimental condition,
and 2-way interactions of the predictor variables on
the mean parameter. Experimental condition was
used as the sole predictor variable on the precision
parameter, and the aggregate physician rating was
the response variable. Boundaries were defined as
the minimum possible score of 8 and the maximum
possible score of 49.

Results

In our sample, scores on the Internal subscale
ranged from 8 to 36 (mean [SD], 26.86 [4.14]). Scores
on the Chance subscale ranged from 6 to 31 (18.86
[4.53]), and scores on the Powerful Others subscale
ranged from 7 to 31 (17.43 [5.12]). Consistent with
our hypotheses, aggregate physician ratings were
negatively related to the Internal subscale in the aid
condition (â = –0.66, z = –4.63, P\0.05). In contrast,
aggregate physician ratings were positively related to
the Internal subscale in the control condition (â =
0.44, z = 4.31, P \ 0.05) (see Figure 3). Translating
these results to the aggregate physician ratings, a par-
ticipant with a mean Internal subscale score is pre-
dicted to assign the physician a rating of 27.9 in the
control condition and a rating of 28.1 in the aid con-
dition. For a participant with an Internal subscale
score that is 1 standard deviation above the mean,
however, the predicted rating is 32.4 in the control
condition and 25.9 in the aid condition. These pre-
dictions become more discrepant as the Internal sub-
scale score increases past 1 standard deviation above
the mean.

Neither the Chance nor Powerful Others subscale
was significantly related to the aggregate physician
ratings in either condition. We also examined the
impact of condition on rating polarization. For the
aggregate ratings reported in this experiment,
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individuals were more polarized in the control condi-
tion than in the aid condition (~a = 0.89, z = 4.81, P \
0.05). Ratings in the control condition tended to be
closer to the scale boundaries than did ratings in
the aid condition.

Discussion

In experiment 3, we examined the relationship
between locus of control and attitudes toward deci-
sion aid use in emergency medicine. In the control
condition, higher scores on the Internal subscale
were positively related to ratings of satisfaction
with care. In contrast, higher scores on the Internal
subscale were negatively related to ratings of satisfac-
tion with care in the aid condition. This suggests that
compared with less internally oriented people, those
with a stronger internal locus of control may feel
more positively about the care they receive from clini-
cians who do not use diagnostic aids but more nega-
tively about care when decision aids are used.
However, contrary to predictions, the Powerful
Others dimension was not related to ratings of satis-
faction with care in either condition.

GENERAL DISCUSSION

Previous research by Arkes and colleagues8 dem-
onstrated that physicians using computer-based diag-
nostic aids in primary care were perceived to be less
professional, to be less thorough in examinations,
and to have less diagnostic ability. This article was
designed to extend these findings in 2 ways. First,
we hoped to identify whether this derogation of the
physician was simply due to the need to seek advice
from an outside source (colleague or computer) or if
the distrust was specific to the use of a computerized
decision aid (experiment 1). Second, we sought to
identify important individual differences that might
help to predict patients who would object to the use
of a computer-based diagnostic aid, examining the
role of attitudes toward statistics (experiment 2) and
health locus of control (experiment 3).

In experiment 1, the physician who was described as
using a computer-based diagnostic aid in a brief vignette
was given significantly lower ratings of diagnostic abil-
ity, professionalism, and overall satisfaction than the
physician who made an unaided diagnosis. In contrast,
ratings of the physician who sought advice from a col-
league were not significantly different from ratings of
the physician who made the unaided diagnosis.
Although people may not expect their physicians to be

knowledgeable about all topics, they may still have con-
cerns about the use of computer-based aids. One possi-
ble explanation is that patients may highly value the
human component of the patient-clinician interac-
tion and may have concerns about how CDSSs will
affect this relationship. Alternatively, patients may
simply view physicians who use CDSSs as less intel-
ligent, whereas they may consider consulting a spe-
cialist as a wise choice. Or this finding may simply
reflect a general distrust of computing systems to
replace clinical judgment in important diagnostic
tasks. The latter interpretation is consistent with
previous research by Promberger and Baron.9 In
any case, this finding is significant as it may help
direct attempts to educate patients about the bene-
fits of computerized diagnostic tools in health care.

The second aim of this research was to identify
measures of individual difference that could help to
predict patients who would respond more negatively
to the use of computer-based decision aids. Experi-
ment 2 examined the role of attitudes toward statis-
tics. Because diagnostic aids are often based on
statistical models that calculate the likelihood of
a particular diagnosis for a given patient, a large
part of the resistance to these tools may stem from
personal beliefs about the role of statistics in individ-
ual patient care. We replicated the original findings of
Arkes and colleagues8 and found that several of the
dependent measures were significantly more polar-
ized in the aid condition than in the control condi-
tion. ATS score was also positively related to
ratings of thoroughness and diagnostic ability, but
contrary to our hypotheses, there were no significant
condition-by-ATS interactions. Therefore, even
though attitudes toward statistics have been shown
to be an important predictor of decision aid use in
another domain,17 it did not help explain attitudes
toward physicians using decision aids in this study.

Experiment 3 examined the role of locus of control
using the MHLC Scale, which includes the Internal,
Chance, and Powerful Others subscales. Consistent
with our hypotheses, people with higher scores on
the Internal subscale gave more positive evaluations
of the physician and the care received when the physi-
cian made an unaided diagnosis but gave lower evalua-
tions to physicians who used a computerized
diagnostic aid. This study is significant because it helps
to explain the heterogeneity in reactions to decision aid
use. This work could be used to identify patients who
may be more receptive to decision aid use in health
care (those with a more external orientation) and those
who may be less receptive to the use of diagnostic aids
(those with a more internal orientation).
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There are limitations to these studies. First, these
studies involve hypothetical scenarios. Reactions to
actual events may produce different or stronger reac-
tions, which may depend on the relationship to the
patient (e.g., significant other, family member,
acquaintance). Second, our participants were all
undergraduate students. As such, they are unlikely
to have extensive interactions with physicians or
much experience making serious medical decisions.
In addition, they are more likely to have experience
with technology than older adults, which could
potentially attenuate negative attitudes toward deci-
sion aid use. Third, experiment 2 used only students
from a statistics course. This may have restricted the
range of ATS scores, thus obscuring any possible rela-
tion between this factor and the dependent variables.
Sieck and Arkes,17 who did find a relation between
ATS scores and decision aid use, sampled a more
general group of participants for their study.

Future research designed to further understand
patients’ reluctance to accept the use of decision support
should seek to establish the boundary conditions of this
finding. For example, researchers could examine how
variations in the clinical context or properties of the
CDSS (e.g., accuracy, transparency, complexity) affect
attitudes toward aid use. Future work should also

include samples with greater variability in age and med-
ical history. Given the effectiveness of CDSSs, it is
important to improve patient attitudes toward their use
in the hopes that the decision support features of
EMRs would be used more frequently. To achieve this
goal, clinicians and researchers could partner to develop
and test patient education interventions designed to alle-
viate patients’ negative attitudes toward CDSS use.

The 2 broad aims of this article provide a better
understanding about what motivates the negative reac-
tion to physicians who use diagnostic aids. Specifi-
cally, this effect does not appear to be driven by the
general need to seek advice, and this effect is moderated
by individual differences (e.g., health locus of control).
With the recent US initiatives to promote EMRs, there
will likely be a steadily increasing number of computer-
ized clinical decision support systems available to prac-
titioners. Furthermore, CDSS use is an important part of
meeting the meaningful use criteria that enable US phy-
sician practices and hospitals to become eligible for fed-
eral reimbursement when investing in computerized
systems. Thus, whether patients are comfortable or
not with the use of these computer-based decision
aids, they will be increasingly used in health care,
which could increase patient dissatisfaction. These 3
studies may help to guide education efforts for patients
not ready to make this transition. In addition, clinicians
may use this information to tailor how information is
presented to individual patients.

APPENDIX A

On Saturday afternoon, during an informal game of
softball at the local park, you hurt your left ankle.
You jumped up to catch a line drive, and when you
landed, your ankle turned in. You fell to the ground
and were unable to get up or walk because of the
pain. Your teammates, one of whom is a physical
therapist, helped you to the side and got some ice
for your ankle from the concession stand. Your friend
gave you a ride home and helped you to your couch.
She recommended that you see your physician
tomorrow. Until then, you kept your ankle elevated,
used ice, and took some ibuprofen for the pain.

Early the next morning, at 7:30 AM, you called
your physician’s office. The recorded message said
they do not take calls for appointments for another
hour and a half. You called back promptly 90 minutes
later and got an appointment later that afternoon. You
managed to go to work, using an ornamental walking
stick you brought back from a trip.

Figure 3 Model predictions of the relationship between condition

and internal health locus of control on aggregate physician rating
(experiment 3). The shaded areas represent variability in the slopes

associated with Internal scores, obtained by adding and subtract-

ing 1 standard error from the point estimates.
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In the afternoon, you left work early to get to your
appointment. After a 30-minute wait, a nurse takes you
to an examination room. The nurse asks you what the
problem is, and you respond that you injured your left
ankle yesterday playing softball. The nurse takes your
temperature (98.7 degrees), measures your blood pres-
sure (122/78), takes your pulse (78 beats per minute),
measures your respiratory rate (16 breaths per minute),
and asks you to step on the scale. The nurse writes this
information in the chart and then leaves. You want to
ask her if you should get an X-ray to help move things
along, but she left before you had a chance.

About 15 minutes later, the doctor comes into the
room and asks you a number of questions:

1. When did this happen?
(Last evening.)
2. What were you doing?
(Playing softball.)
3. Describe the accident:
(When I landed, my ankle turned in. I could not walk on

it. My friends helped me to the side and got some ice
for it. The ankle swelled up and there seems to be
a bruise over the outer part of it.)

4. Can you walk on it now?
(No, I cannot put my full weight on it. I must use this

walking stick.)
5. Have you ever injured your ankle before?
(Yes, but only minor twists.)

In addition, the doctor asks you some more
questions:

Do you have any drug allergies? (No.)
Do you have any other major health problems? (No.)

The doctor uses her stethoscope to listen to your lungs
as you breathe deeply and to your heart while you lie back
quietly. She then examines your ankles: Your left ankle is
puffy. There is a visible black and blue mark on the out-
side, over the bone. When she pushes over the bone on
the outside of the ankle, it is tender. She moves it side
to side and back and forth. It is beginning to throb. She
asks you to walk on it without the walking stick. You
are unable to. The doctor asks you to sit down again.

Control Condition

Your doctor explains to you that she is concerned
that you might have fractured you ankle during the
injury. So she orders an X-ray of your ankle.

Aid Condition

The doctor then indicates she is going to use a deci-
sion aid [computer program] for ankle injuries to

decide whether to order an X-ray of your ankle.
When she returns, she says that, according to this
decision aid [computer program], you should have
an X-ray of your ankle to see if it is fractured. So she
orders an X-ray of your ankle.

Expert Condition

The doctor then indicates she is going to speak
with a specialist in ankle injuries to decide whether
to order an X-ray of your ankle. When she returns,
she says that, according to the specialist, you should
have an X-ray of your ankle to see if it is fractured. So
she orders an X-ray of your ankle.

APPENDIX B

You are out on a Friday night with your friends. Your
group begins the evening by going to a fast-food res-
taurant for dinner. After finishing dinner, your
friends comment that there is a new movie they
have wanted to go see and you agree to go along.

When buying your ticket for the movie, you sud-
denly experience abdominal pain in the lower right
portion of your abdomen. The pain feels as though
you have indigestion or are in need of passing gas.
You attribute the pain to the dinner you ate and con-
tinue on into the theater to find your seat. You observe
the pain gets considerably worse when you move or
cough, and you begin to feel nauseous. When you feel
your forehead, you notice you are running a slight fever.

After the movie is over, you tell your friends you
are going to turn in early and explain that you are hav-
ing abdominal pain and are feeling nauseous. One of
your friends tells you that her brother had similar
symptoms and had to see a doctor. You agree to allow
your friends to take you by the emergency room to
make sure there is nothing seriously wrong.

You enter the emergency room and inform the
nurse at the desk that you are having abdominal
pain and nausea. She asks you to fill out some stan-
dard paperwork and to take a seat to wait for your
name to be called. After about 20 minutes, you are
called into an examination room. After another 15
minutes, the emergency room physician, Dr. Craw-
ford, enters and asks you to explain to him what
symptoms you are experiencing.

Dr. Crawford performs a physical examination on
you and orders several lab tests. He takes your tem-
perature and tells you that you have a slight fever of
101.5 F, your pulse rate is 106, and your blood pres-
sure is 132/76. He then asks you to lie down and
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begins to feel your abdomen. You inform Dr. Craw-
ford that you feel slightly better when you lie down.
He orders a blood test to be drawn and a urine test
to be performed as well as an X-ray of your abdomen.
He explains he will return when the results come
back and leaves the room to order the tests.

When he returns 45 minutes later, he informs you
that your white blood count is slightly elevated to
a count of 10,500 and that your urine test appears nor-
mal. Your X-ray is clear. He then performs a CT scan
of your abdomen, which is inconclusive.

The physician then explains he initially thought you
had appendicitis but that you are not exhibiting all the
symptoms that usually accompany appendicitis. For
example, your neutrophil count is not more than 75%
and your pain did not begin in the center of your abdo-
men and radiate to the right. In your case, the pain
began, and lingered, in the lower right quadrant. Dr.
Crawford also mentions that he observed no ‘‘rebound
pain’’ when examining you (pain that occurs when an
abdomen has pressure applied to it and then released).

Control Condition

Dr. Crawford explains that he was initially unsure
whether to arrange for a surgeon to perform an appendec-
tomy because he was not certain concerning the diagnosis
of appendicitis. However, he subsequently decides to call
for a surgeon, the appendectomy is quickly scheduled,
and the surgeon begins the operation within the hour.

Aid Condition

Dr. Crawford explains he is going to type your symp-
toms into a computer-based diagnostic aid. He explains
that this aid will calculate your ‘‘Alvarado’’ score and
will then recommend a course of treatment. He explains
that the Alvarado score is a clinical coding system used
to calculate appendicitis. He takes a few moments to
enter in your score and then reads the output the device
gives him. He tells you your score is 7, which is ‘‘proba-
ble appendicitis.’’ Dr. Crawford informs you that he
thought that there was some chance that you did not
have appendicitis, but he has decided to follow the rec-
ommendation of the Alvarado score. Therefore, he calls
for a surgeon, the appendectomy is quickly scheduled,
and the surgeon begins the operation within the hour.
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