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We developed a computer-stored medical record system
containing a limited set of the total clinical data base—
primarily diagnostic studies and treatments. This system
responds to its own content according to physician-
authored reminder rules. To determine the effect of the
reminder messages generated by 1490 rules on physician
behavior, we randomly assigned practitioners in a general
medicine clinic to study or control groups. The computer
found indications for six different actions per patient in

12 467 patients during a 2-year study: 61 study group
residents who received computer reminders responded to
49% of these indications; 54 control group residents, to
only 29% (p < 0.0001). Preventive care (occult blood
testing, mammographic screening, weight reduction diets,
influenza and pneumococcal vaccines) was affected. The
intentions of the study group to use a given action for an
indication predicted their response to the indications

(p < 0.03, 72 = 0.33). The intentions of the control
residents did not.

WE HAVE DEVELOPED a computer-stored medical rec-
ord system that is able to analyze and respond to its own
contents according to physician-authored reminder rules.
Each reminder rule specifies a patient’s state and the clin-
ical action indicated for that state. The computer follows
these rules as standing orders; before each patient visit it
searches the patient’s electronic record for the specified
indications and reminds the physicians about actions
needed.

In previous work, we saw that a limited version of this
reminder system reduced physician oversights and con-
cluded that physician errors are often due to “channel
noise” rather than practitioner ignorance (1). Others
have seen similar benefits of computerized reminder sys-
tems (2-5).

Our previous studies were not large enough or long
enough to provide detailed information about differences
in the effects of the reminders on individual physicians or
on individual clinical actions, or to identify potential ef-
fects on patient outcomes. We report the results of a 2-
year randomized controlled trial of the long-term effects
of a more comprehensive reminder system on 126 physi-
cians. The purpose of this study was to determine the
effect of the reminder system on physician’s use of indi-
vidual clinical actions, to identify and explain the varia-
bility in the response rate of physicians to indications for
these actions, and to find improvements in patient out-
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comes that may result from the computer reminders.

Methods

Since 1977, any patient seen by the General Medicine
Service in the emergency room, clinics, or hospital wards
has been registered with the Regenstrief computerized
medical record system. After a patient was registered, the
computer record included most of the patient’s diagnos-
tic studies, treatments, discharge and visit diagnoses, and
clinic vital signs and test orders. Laboratory and medica-
tion data were entered automatically from computerized
laboratory and pharmacy systems, respectively. The re-
maining information was hand-coded and entered into
the computer by research technicians. We made no spe-
cial effort to obtain any information about medical care
provided before a patient’s computer registration. As of
the start of the study, more than 30000 patients have
been registered.

The computerized medical record plays an active role
in the care of patients by reminding physicians of patient
conditions that need attention. The computer’s “judg-
ment” in these matters is controlled by physician-au-
thored rules, written in an English-like language called
CARE(6).

For use in this study, a committee of three general
medicine faculty members and appropriate consulting
subspecialists developed a total of 1491 CARE rules that
could generate 751 different reminder messages. (These
numbers are not comparable with the numbers of rules or
messages described in our previous studies because our
current version of the CARE language is more succinct
than the previous versions.) This set of rules included
reminders about preventive care, such as the use of occult
blood testing, mammography, cervical pap testing, puri-
fied protein derivative skin testing, adult immunization,
and weight reduction, and about obtaining tests needed
to complete the initial data base or to identify the cause
of existing abnormalities (for example, the use of iron
and iron-binding to diagnose microcytic anemia). There
were rules about prophylactic treatment, such as the use
of beta blockers to prevent sudden death in patients after
myocardial infarction, the use of calcium supplements to
prevent osteoporosis in menopausal women, and the use
of long-acting nitrates to prevent angina. Finally, there
were rules about treatment of active problems (such as
the treatment of congestive heart failure). We have previ-

©1984 American College of Physicians



THESE SUGGESTIONS ARE BASED ON PARTIAL DATA.
YOUR CLINICAL JUDGMENT SHOULD ALWAYS TAKE PRECEDENCE.

CIRCLE "A" IF YOU AGREE WITH THE SUGGESTION. "D" IF YOU DISACREE.
SAMPLE. PATIENT #9999999-7 AGE: 55 SEX:F RACE : PHONE: 000-0000
Scheduled to DEDALUS, STEPHEN on 19-DEC-83 at 01:30 PM (1)

Recent skull x-ray or bone scan reports "sinusitis” or sinus clouding.

clouding.

SINUS X-RAY, 11-DEC-79,

The HIP Study (R:2083)
20 and 70, mammography
death rate by
"mammogram" every 1 to
to reserve mammography
breasts. Obesity is a
censitivity of physical exam.
mammography.,
tissue. R:2408,
AGE, &6.7

3 years.

R: 2386

showed that.
% physical exam reduced the breast cancer
1/2. IU Oncology recommends breast exam every year &
An alternative strategy would be
screening for older women with obese

risk factor for breast cancer,
and improves the sensitivity of
since fat is an ideal contrast medium for breast

Antibiotics (R:1363) and/or decongestants may be requested.
SINUS CLOUDING

in patients between the ages of

reduces the

Figure 1. A typical reminder report produced during the study with fictitious patient and physician identification.

ously published the full set of protocols and their medical
rationale (6). The computer had access to a limited sub-
set of diagnostic studies, diagnoses, and treatments that
were part of the patients’ total clinical data. But within
these constraints and those of the CARE language, the
rules represent the practice ideals of the committee.

Operationally, the computer used these rules to review
each patient’s electronic medical record the day before
each visit. For each patient, when it found conditions
satisfying the reminder rule, a reminder was stored on a
disk file. The computer gathered these messages as a
printed report (Figure 1) that was attached to the charts
of patients scheduled to be seen by the physicians.

The reminder messages included citations to the rele-
vant medical literature (the numbers after ““R:""). In this
study, we asked the physicians to initial or notate each
reminder so we could estimate the percentage of reports
the physician actually received and read.

The provision of the reports was the experimental in-
tervention in the study. The study was done in the gener-
al medicine clinic where physicians practiced in teams
consisting of a single staff physician, three or four resi-
dents, and a nurse-clinician or a nurse. Because physi-
cians on a given team sometimes saw one another’s pa-
tients, we chose the practice team as the unit of randomi-
zation for the study. There were 27 such teams, each of
which met one half day per week. Each team was ran-
domized as to study or control. Physicians on a given
team (whether faculty members, residents, or nurses) ob-
tained reminder reports on patients assigned to that
team. Physicians on control teams did not receive re-

minders, but the computer executed the reminder logic
and kept records of the indications for actions just as it
did for the study teams.

Residents are members of only one team and follow a
group of patients ore half day per week for the 3-year
duration of their training. Faculty members and nurse
clinicians practice or more than one team. The randomi-
zation was constrained to assure that individual faculty
members and nurse-clinicians practiced on both study
and control teams and thus could serve as their own con-
trols.

For the analysis of patient outcomes, we aggregated
patient results according to whether their assigned physi-
cian was in a study or control group and treated each
patient as an independent observation.

We measured the effect of the computer reminders on
physician behavior in terms of the physician’s rate of re-
ponse to the clinical indications that stimulated the com-
puter reminders. The first step in developing this measure
was to determine the percentage of the computer’s indi-
cations for a given action to which the physician respond-
ed appropriately. To obtain this percentage, we created
another set of CARE rules called compliarice rules. The
computer used these rules to judge whether the physician
responded to the indications it discovered at each visit
(the large number of patients prohibited manual chart
review).

By necessity, the computer judgments were limited to
consideration of actions that were usually recorded in the
computer record (medication changes, referral to other
clinics, and orders for diagnostic studies). The computer
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Table 1. Computer-Recommendgd Action and Percent of Patients Eligible

Action Patients Major Eligibility Criteria
Eligible
%
Stool occult blood 64 Yearly screening if age between 45 and 85
Cervical smear 45 Canadian Medical Association intervals for women with intact uterus
Hematocrit/hemoglobin 42 Initial baseline study and follow-up for decrease of less than —5
Chest roentgenogram 41 Initial screening of patients and follow-up of initial infiltrates and congestive
heart failure
Pneumococcal vaccine 38 U.S. Public Health Service criteria except age over 65 instead of over 50
Tuberculosis skin test 27 If age is under 35, if no past history of positive test or tuberculosis (inner-
city population)
Serum potassium 25 Yearly in patients on diuretic agents or potassium supplements
Mammogram 23 Every 18 months in women between 50 and 70
Influenza vaccine 23 U.S. Public Health Service eriteria if patient visits clinic in fall
Diet 19 If weight greater than 130% of ideal weight
Reticulocyte count 14 Once for undiagnosed anemia
Total iron binding 11 Once in patients with undiagnosed anemia and a median cell volume under
90
Digitalis 10 Trial if patient has chest roentgenogram or echocardiagram showing con-
gestive failure and unexplained dyspnea
Liver enzyme levels 10 Once a year if on hepatotoxic drugs and baselines for new patients
Antacids 9 Prophylaxis for high-dose aspirin, corticosteroids, or nonsteroidal anti-

inflammatory agents

could not take into consideration actions such as counsel-
ing, reassurance, patient history, or physical examina-
tion, which were not reflected in its records. However,
such actions would not be appropriate substitutes for
many of the actions suggested by the computer (such as
occult blood testing to detect colon cancer). Moreover,
these limitations applied equally to physicians in the
study and control groups and did not bias our results.

The full set of these compliance rules (55 pages of
computer print-out) can be obtained from the author on
request. In general, the compliance rule accepted the ac-
tion suggested by the computer or a stronger action as an
appropriate response to the detected indication. When a
reminder message was triggered by an abnormal or sig-
nificantly changed laboratory test, the computer general-
ly accepted a repeat of the test in question as an appropri-
ate response.

The response rate per visit contained redundant infor-
mation about the need for the suggested action in an indi-
vidual patient because it counted each visit at which the
computer identified an indication in a patient as a sepa-
rate event. Moreover, the per visit measure magnified the
real difference between the study and control physicians
because an indication for an action would be more likely
to be overlooked by control physicians and therefore
counted a greater number of times in the same patient.
To eliminate this bias against the control physicians, we
converted the physicians’ per visit response rate into a
per patient response rate for each study action. This mea-
sure counted an indication for an action only once per
patient, no matter how many times it was found during
the course of the study. We judged the physicians’s
response to this indication as positive if there was a re-
sponse and negative if there was no response at a sched-
uled visit during the 2-year study. For the common
actions, this measure approximates the physician’s use of
a given action per eligible patient.

To assure stable estimates of the individual physician’s
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response rates, we excluded physicians with fewer than
100 reminder messages during the period of the study.
This step eliminated interns who started their training in
July 1980, 1 month before the end of the study and nine
other short-term physicians. These exclusions eliminated
fewer than 2% of the total reminder messages produced
during the study and had no effect on the pooled average
response rate. A total of 115 residents, 11 faculty mem-
bers, and 4 nurse-clinicians were available for analysis.

In the separate analysis of physicians’ response to sug-
gestions about each of the 15 commonest actions, we
eliminated physicians with five or fewer patients eligible
for a given action to assure stable estimates of the re-
sponse rate. Because physicians were less likely to have
five patients eligible for the less frequently suggested ac-
tions, fewer physicians were available for the analysis of
the effects on these actions.

In order to determine whether physicians’ acceptance
of the computer’s indications for a given action could
predict their response rate to the computer reminders, we
asked departing residents in June 1980 and 1981 to com-
plete a questionnaire. We chose to obtain this informa-
tion at the end rather than the beginning of the patient’s
participation in the study to avoid confounding the ef-
fects of the questionnaire with the effects of the remind-
ers. The disadvantage of this choice is that the physi-
cians’ opinions may have been influenced by the study
intervention. For each of 12 different actions suggested
by the computer, physicians were asked to answer on a
scale from one to five whether they never, rarely, occa-
sionally, usually, or always, take a given action when a
given indication occurs in their own patients. The
questionnaire asked for the intentions about multiple in-
dications for a given action. For each action and each
physician, we computed an overall intentions score by
weighting the physicians’ reported intentions for each in-
dication by the frequency with which that indication oc-
curred during the study and averaging this weighted in-

January 1984 * Annals of Internal Medicine ® Volume 100 ® Number 1



Figure 2. Residents’ average re- 100
sponse rate to indications for the

15 most frequently suggested clin-

ical actions broken down by study

and control. The dotted line arising 80
from the top of each bar graph
shows one standard deviation from
the mean (p = 0.015 for digitalis
results; p < 0.0005 for each of
the others). Except for digitalis,
these differences are significant af-
ter correcting the significance level
to 0.0033 (Bonferroni correction).
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tention over all the indications for a given action. We
then used this overall intention score to predict the physi-
cian’s response rate to suggestions about a given action.

In order to identify other factors that may predict the
physician’s rate of response to computer reminders, we
obtained information about the physicians’ number of
years of training, the medical school they attended, their
clinical ability as judged by faculty members, and their
attitudes about the computer system and the reminder
messages. Information about these items was available
for overlapping subsets of the physicians studied.

To determine the effect of our experimental interven-
tion on patient outcomes, we compared the average num-
ber of hospitalizations, emergency room visits, and the
average values for each patient of blood urea nitrogen,
hematocrit, aspartate transaminase, serum potassium,
cholesterol, diastolic blood pressure, and body weight of
patients in the study group with corresponding measure-
ments made in the control group. The physiologic test
variables we used were those that were ordered frequent-
ly enough by physicians to insure that most patients
would have an observation on record and had the possi-
bility of showing effects of corrective actions stimulated
by the computer reminders. Information about emergen-
cy room visits and hospitalizations was obtained from the
admission logs in emergency room visits at Wishard Me-
morial Hospital (there was no special interviewing at the
end of the study). The laboratory measures were ob-
tained during the course of routine clinical care. When a
patient had more than one measurement of a given vari-
able, we used a time-weighted average of these measures
over the period of the study to represent that variable.

For the analysis of the effect of the reminder messages
on faculty members (who served on both study and con-
trol teams), we used the individual as the unit of analysis
and used paired f-tests to compare the differences in the
response rate under study and control conditions. The
results of nurse-clinicians were analyzed in the same fash-
ion with paired r-tests and also with Wilcoxon signed
rank tests (because of the small sample).

Residents served on a single team as either study or

control subjects together with other residents of the same
study status. We analyzed the effect of the study interven-
tion on the residents' response rate by means of analysis
of variance but used a hierarchical model with individual
practice teams nested within study and control status to
take into account possible effects of the physician’s team.
Within this model, we also estimated the interclass corre-
lation of residents’ response rates within a team (7). The
analysis was done with the general linear model proce-
dure in the Statistical Analysis System (8). Using the
same approach, we did separate analyses on the residents’
response rate to each of the 15 most commonly suggested
actions and the response rate to all other actions com-
bined. To identify differences among the three provider
groups, we used analysis of variance procedures with the
Student-Newman-Keuls multiple range tests.

We used regression analysis to determine which of the
various resident factors was associated with the residents’
overall response rate Because the team on which the resi-
dents practiced had no significant effect on the overall
response rate, we used the individual resident as the unit
in these analyses. We did the regressions with and with-
out arc sine transforms of the dependent variable and
with and without weighting by the number of patients
under the physician’s care. Because the results of all four
analyses were practically the same, we present the results
only for the untransformed, unweighted analyses. All p
values reported are two-tailed probabilities with a 0.05
significance level.

Results
OVERALL EFFECT OF COMPUTER REMINDERS

The patients cared for by study and control providers
were not significantly different (p > 0.2) in sex or race.
Nearly 65% of the patients were black, 65% women, and
60% over 50 years of age in both groups. The computer
found indications fcr at least one clinical action in over
12 467 scheduled patients (more than 90% of all sched-
uled patients) who had computer review of their record
during the 2-year course of study. The computer found
indications for an average of six different clinical actions
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Figure 3. Distribution of residents response rates to suggestions
about ordering serum potassium and screening mammography.
Each circle represents the response rate of one resident. Each tri-
angle represents the response rate of two residents.

per patient during this time.

The mean per patient response rate of 61 residents in
the study group to the indications for the study actions
was 49% and that of the 54 residents in the control group
was 29%. The effect of the computer reminder messages
on the residents’ response rate was significant
(p < 0.0001). The effect of the resident’s team was not
(p = 0.1, intraclass correlation = 0.1). The response
rate for the 11 faculty members who served as their own
controls was 44% and 29% in the study and control
states respectively (p < 0.01). Curiously, the response
rates of residents and faculty members in control sessions
were identical, even though faculty members received re-
minders during study sessions that may have contaminat-
ed their control response rate.

Only four nurse-clinicians were included in the study.
Their average response was 50% and 36% in the study
and control state, respectively (p < 0.03 by paired f-test,
p < 0.06 by Wilcoxon signed rank test). There were no
statistically significant differences among the three pro-

vider classes in either study or control state.

Because the residents were the largest group of provid-
ers and were the only ones with numbers sufficient for
more detailed analysis, most of the following results are
limited to the effect of the computer reminder messages
on residents.

EFFECT ON REMINDERS BY STUDY ACTION

During the period of the study, the computer found
indications for more than 150 different clinical actions
(diagnostic tests or treatments). We examined the re-
sponse of the residents to indications for the 15 most
frequently suggested clinical actions and to the responses
to all of the remaining actions (in the aggregate).

For each of these actions, Table 1 shows the percent-
age of the patient population that was eligible for the
action and the indications most frequently used by the
computer to justify the action. Together, reminder mes-
sages about these 15 actions constituted 69.8% of these
messages during the study. Figure 2 shows the average
study and control resident’s response rate to indications
for each of these actions. The p value was 0.15 for digital-
is usage; 0.0005 for cervical pap testing, chest roentgeno-
gram, serum potassium, mammography, and antacid us-
age; and p < 0.0001 for the eight remaining actions in
Table 1. All but the first of these is highly significant,
after correcting the significance level to 0.0033 (using the
Bonferroni correction required by the multiple statistical
tests we did). The effect of the reminders on preventive
care, such as cancer detection and immunization, was
especially large. Residents in study groups were two to
four times more likely to apply preventive care to their
eligible patients than were control group physicians.

The aggregate effect of reminder messages about ac-
tions suggested less frequently than those in Table 1 was
also significant (p < 0.0001). Among the less frequently
suggested actions, the computer reminders had large nu-
merical effects on serum amylase for abdominal pain, co-
lon roentgenograms for hemoglobin-positive stools, urine
cultures for pyurea, serum fluorescent treponemal anti-
body tests to follow-up positive VDRL tests, median cell
volumes to detect anemia, metronidazole to treat tricho-
monas, multivitamins for alcoholic patients, vitamin K
for unexplained prothrombin time elevations, prothrom-
bin time after coumadin treatment, and T4 index to work
up findings suspicious of hypo- or hyperthyroidism.

PHYSICIAN CHARACTERISTICS THAT PREDICT THEIR
RESPONSE RATES

The response rate of both study and control residents
differed substantially both across and within individual
actions. Figure 3 shows the distribution of response rates
for serum potassium and screening mammographic ex-
amination, respectively. Although potassium was one of
the most, and mammography one of the least, “popular”™
actions, the more than 50% point spread between the
extremes in physician response rate is typical of the other
frequently suggested actions. In order to determine the
cause of this variability, we examined a number of physi-
cian characteristics. Data about many of these character-
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Table 2. Average Intentions Score and Response Rate for 12 Study Actions*

Study Residents

Control Residents

Intentions Score

Response Rate

Intentions Score Response Rate

Occult blood 4.6
Cervical smear 4.5
Chest roentgenogram 4.4
Pneumococcal vaccine 4.4
Tuberculosis skin test 3.5
Serum potassium 4.3
Mammography 3.1
Influenza vaccine 4.2
Diet 4.2
Digitalis 3.9
Antacids 2.7
Beta blockers 1.8

0.55 4.2 0.22
0.38 4.6 0.23
0.43 4.5 0.30
0.51 4.0 0.14
0.26 32 0.03
0.84 4.1 0.75
0.08 23 0.02
0.46 4.0 0.20
0.49 3.2 0.37
0.49 32 0.37
0.50 2.6 0.37
0.15 1.6 0.14

* Each intention score is based on the mean response of the residents (12 to 25) who were asked about their indications for a given action.

istics were available only for subsets of the total physician
population. Therefore, we analyzed the relationship be-
tween these characteristics and the response rate univari-
ately.

In these analyses, neither the number of years of train-
ing nor a faculty assessment of residents’ clinical ability
predicted the resident response rates. The attitude of the
residents in the study groups about the computer system
in general and the reminder messages in particular pre-
dicted their response rate, accounting for 15% of the var-
iance (p < 0.001). The degree to which residents read
the reports (as shown by their initials) predicted their
response to a similar degree, explaining 15%
(p < 0.001) of the variance. These two predictive vari-
ables were correlated (r = 0.42, p < 0.001); physicians
who were positive about the computer were more likely
to read the reports and vice versa.

DEGREE TO WHICH PHYSICIANS ACCEPTED
COMPUTER INDICATIONS FOR THE STUDY ACTION

Table 2 shows the percentage of patients eligible for
each of 12 actions, including 9 of the 10 most frequently
suggested ones. The table also shows the average re-
sponse rate and the average intentions score of study resi-
dents and control residents for each of these actions. Us-
ing this data, we examined the degree to which, as a
group, the residents’ overall intentions (as measured by
the group mean intention score) predicted their overall
behavior (as measured by the group mean response to an
indication for a clinical action) across various actions. A
similar analysis was done for control physicians. Among
study residents, the physicians’ intentions predicted their
behavior, explaining 33% of the variance in response rate
across the various actions (p < 0.03, r2 = 0.33). Among
control residents, a comparable analysis showed no sig-
nificant relationship between intentions and actions
(p = 0.26, r2 = 0.12).

CAUSES OF NONRESPONSE TO COMPUTER REMINDERS

Gaps in the computer record existed at the time of
computer review for three reasons. First, there was lack
of systematic collection of patients’ preregistration histo-
ry. Second, because the computer review was done before
the visit, there was no access to laboratory results or mea-

surements obtained ai the visit. Third, there were random
delays in the delivery of some of the manually processed
reports (for example, cervical pap smears). To determine
the degree to which inappropriate reminder messages due
to gaps in the medical record could account for the non-
response rate, we reviewed charts of random samples of
study patients in whom physicians did not respond to
reminders about five frequently suggested clinical actions.
For each such acticn, 100 charts were reviewed. We
found important gaps in the computer’s record in 37%,
50%, 10%, 17%, anc 6% of the records reviewed respec-
tively for occult blood tests, cervical smears, tuberculosis
skin tests, pneumococcal vaccine, and screening mammo-
graphic examination. The gaps were the greatest with re-
spect to cervical smears. This gap was due in large part to
the many cervical pap smears recorded in the patient’s
chart from Obstretrics and Gynecology before their first
medicine visit. (There was no systematic abstraction of
the hospital chart at the time of registry in the Medicine
Clinic computer.) Using a weighted average of the above
figures, we estimate that computer record gaps could ac-
count for 299 of our study physicians’ nonresponse.

Due to failures in delivery of the reports or lack of
physician interest, study physicians did not initial the re-
minder report at 30% of the encounters. If we assume the
physicians did not actually see these reminders, we could
account for another 10% to 20% of physician nonres-
ponse rate. Disagreement between physician and the
computer regarding the indication for a given action ac-
counts for another proportion of the study physician non-
response. We are unable to quantitate the contribution of
this factor to the overall nonresponse rate, but know that
the physicians disagreed with the computer’s indication
for at least some of the suggested actions such as mam-
mography and use of beta blockers.

Limitations of the computer reminder logic could also
explain much of the nonresponse. The computer remind-
er rules were approximations of the actual logic used by
physicians, and the physician was aware of circumstances
the computer did not even consider. For example, the
computer did not consider the possibility that a patient
may have had bilateral mastectomies before suggesting
screening mammography. One study patient had such
surgery. Appropriately, the study physician did not
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respond to that reminder.

PATIENT OUTCOMES

There were no significant differences between patients
cared for by study physicians and those cared for by con-
trol physicians with respect to their overall number of
hospitalizations and emergency room or clinic visits dur-
ing the period of the study. Nor did they differ with re-
spect to their time-averaged values of diastolic or systolic
blood pressure, weight, serum glucose, serum hemoglo-
bin, serum potassium, or blood urea nitrogen. In one sub-
group—patients eligible for pneumococcal or influenza
vaccine, there was a statistically significant effect. Pa-
tients from this subgroup who were cared for by study
physicians had fewer winter hospitalizations and emer-
gency room visits than those cared for by control physi-
cians (p < 0.02) in the years influenza epidemics oc-
curred.

Discussion

The computer reminder messages had a strong and
persistent effect on patient care. There were significant
effects on each class of provider and on physician usage
of each of the 15 most commonly suggested actions. The
usage of preventive care was at least twofold greater
among physicians in the study group than among control
group physicians.

There are two possible explanations for this observa-
tion. First, the difference between study and control re-
sponse rates could be due to errors of commission by
study physicians, assuming that the computer could pres-
sure the physician into accepting suggestions about tests
or treatments with which they disagree. This explanation
is highly unlikely. On the average, study physicians ig-
nored suggestions in about 509 of the actions suggested:;
they ignored the reminders about mammographic exami-
nation in 92% of patients. Physicians seem well able to
resist suggestions with which they disagree.

The alternative explanation, and the one we believe is
correct, is that the difference between study and control
physicians is due to errors of omission by control physi-
cians, that is, computer reminders improve the fidelity
between a physician’s actions and his intentions. This ex-
planation is compatible with the relation seen between
physicians’ intentions and their actions— that is, by elim-
inating the obscuring errors of omission in the study
group, we could discern a relationship between actions
and intentions that was not apparent in the control
group.

Gaps in the records considerably reduced the specifici-
ty of the reminder messages for some clinical actions.
Cervical smears were most strongly affected. Half the
physicians’ nonresponse to these reminders were appro-
priate responses to a false-positive reminder message.
However, we doubt this nonspecificity had an effect on
the relative response rate of study physicians compared
to controls because the missing data problem applied
equally to both. '

Other studies have shown that physicians often fail to
live up to their collective (9) or personal (10-11) prac-

tice ideals. Hulka (11) reported that physicians fail to
complete an average of 39%, 45%, and 49% of the items
that they personally specify as necessary for the manage-
ment of diabetes, hypertension, and dysuria, respectively.
Among our control physicians, the short-fall between
their stated ideals and their practice was especially nota-
ble with respect to preventive care. Physicians at large
seem to have a similar difficulty. The percentage of pa-
tients eligible for influenza vaccine who actually receive
the vaccination in a given year—20% (12)—is close to
the percent vaccinated by our control physicians. Extrap-
olating from the four million doses of pneumococcal vac-
cine manufactured by 1980 (13) and the 24.7 million
Americans eligible for the vaccine by virtue of their age,
physicians at large vaccinated fewer than 16% of their
eligible patients, a rate of vaccination comparable to that
achieved by our control physicians. In one report less
than half the patients with auto- or surgical splenectomy
and fewer than 5% of patients with chronic obstructive
lung disease or advanced age had been vaccinated within
the first year of the vaccine’s release (14). Finally, from a
national survey we learn that 30% of black women and
13% of white women between the age of 45 and 64 living
in metropolitan areas have not yet received their first cer-
vical pap test (15).

We have shown that computer reminder messages re-
duce the disparity between the actions and intentions of
our residents. Investigators from diverse clinical environ-
ments have shown that computer reminder systems of
various types produce similar benefits (2-5). For selected
problems the use of paper checklists also achieve such
benefits. In one study, checklists increased the usage of
occult blood testing, cervical pap testing, and mammog-
raphy from control levels to degrees comparable to those
we achieved (16). As simple memory prods, checklists
may also improve diagnostic accuracy (17-18).

These observations lead to one conclusion. Busy physi-
cians cannot perform according to their ideals without
some form of mechanical aid. Other fields have long rec-
ognized the frailty of the human mind and provide mem-
ory aids (for example, the pilot's preflight checklist). If
physicians are serious about achieving their stated ideals,
they should do likewise. Today, the only practical aid for
most physicians is the checklist. Checklists are most suit-
able for reminding about policies that apply to a large
portion of one’s population or require interventions at
intervals, such as immunizations and screening. Check-
lists have the disadvantage of limited scope and burden-
some processing.

Computer systems with capabilities similar to those de-
scribed in this paper are now available, but cost puts
them out of the reach of most practitioners. However, the
cost of microcomputers is rapidly declining and will soon
cease to be an obstacle. We predict that office practition-
ers will eventually acquire and use such systems, and as a
result we would expect a greater response to reminders
than seen in this study because some causes of nonres-
ponse would be eliminated. For example, disagreement
between the computer and practitioner’s indications
would be less likely because the office practitioner would
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be free to define the rules in his practice according to his
own ideals. In contrast, our study physicians had to ac-
cept one set of rules defined by a small committee. The
occurrence of gaps in data needed for the computer re-
minders would also be less likely to occur. Our residents
spend most of their time on the wards, not in the clinic,
and were not consulted about the development of the
rules. Thus, the residents had neither the time, resources,
nor incentives to maintain computer records with the
complete information needed by the reminder rules. The
opposite is likely to be true in a private office practice.

The accuracy and scope of the computer reminder
rules were severely limited by the availability of only a
small portion of the total data base compared to that
available to the physician at the patient encounter. The
computer did not have access to most patient history and
physical examination data, or any of the information col-
lected at the visit. The computer contained only a coded
precis of narrative reports. Reminder systems that can
obtain information from the physician—through a dia-
logue—as well as from the electronic record are under
development here and at Latter Day Saints Hospital in
Salt Lake City. Such systems could escape from the cur-
rent limits. The techniques of artificial intelligence pro-
vide additional potential to future reminder systems (19-
20).

The computer reminder messages had no overall effect
on our measures of patient outcomes. This fact does not
diminish the importance of the large effect of the remind-
ers on physician behavior because a number of factors
limited the capability of our study to detect outcome dif-
ferences. Firstly, there was no interviewing after the
study to determine the patient’s precise status at the end
of the study. Our outcome measures depended on incom-
plete data, obtained in the routine care process. Second,
our sample size was too small to find differences due to
the clinical actions on which we had the greatest influ-
ence. For example, a current trial of occult blood testing
estimated a need for 48 000 patients to be followed for 5
years and the Health Insurance Plan study required
60 000 patients to be followed 7 years to find outcome
differences (21-22). We followed B000 patients eligible
for occult blood testing and 2000 patients eligible for
mammography for only 2 years. In addition, the poten-
tial outcome effect of reminder messages was diluted by
care provided during hospitalizations, and non-medicine
clinic and emergency room visits where computer re-
minder messages were not available. Finally, we did see a
reduction in the winter morbidity in one subgroup of pa-
tients—those eligible for pneumococcal and influenza
vaccine.

Our results emphasize the slow pace of acceptance of
new clinical practices. Mammographic screening, the
only cancer screening technique with proven life-saving
benefits (22) and supported by both the American Can-
cer Society and our local oncologists, had very limited
acceptance by our physicians, despite a barrage of com-
puter reminder messages. The computer reminder mes-
sages had no effect on the physicians’ low use of beta
blockers in patients after myocardial infarction (23) or

calcium supplements in postmenopausal women (24-25)
even though we cited clinical trials that supported use of
these drugs. However, the lack of potency of citations to
the medical literature should not be surprising. Almost
25 years ago, Coleman and associates (26) saw the weak
effect of medical literature on the acceptance of new prac-
tices. We conclude that although computer reminder
messages are potent activators of existing physicians in-
tentions, they have little influence on the acceptance of
new practices.

Coleman and associates saw that personal interactions
strongly determined whether physicians would accept a
new practice. We suspect that the size of the promo-
tion—whether waged by professional societies or com-
mercial interests—is also important. As in other pursuits,
the truth may be that which *is loudly proclaimed and
stoutly maintained.”
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