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Evaluation of’ User Acceptance 
of’ a Clinical Expert System 

Abstract Objective: To measure the attitudes of physicians and nurses who use the Health 
Evaluation through Logical Processing (HELP) clinical information system. 

Design: Questionnaire survey of 360 attending physicians and 960 staff nurses practicing at the LDS 
Hospital. The physicians’ responses were signed, permitting follow-up for nonresponse and use of 
demographic data from staff files. The nurses’ responses were anonymous and their demographic 
data were obtained from the questionnaires. 

Measurements: Fixed-choice questions with a Likert-type scale, supplemented by free-text 
comments. Question categories included: computer experience; general attitudes about impact of the 
system on practice; ranking of available functions; and desired future capabilities. 

Results: The response rate was 68% for the physicians and 39% for the nurses. Age, specialty, and 
general computer experience did not correlate with attitudes. Access to patient data and clinical 
alerts were rated highly. Respondents did not feel that expert computer systems would lead to 
external monitoring, or that these systems might compromise patient privacy. The physicians and 
nurses did not feel that computerized decision support decreased their decision-making power. 

Conclusion: The responses to the questionnaire and “free-text comments” provided encouragement 
for future development and deployment of medical expert systems at LDS Hospital and sister 
hospitals. Although there has been some fear on the part of medical expert system developers that 
physicians would not adapt to or appreciate recommendations given by these systems, the results 
presented here are promising and may be of help to other system developers and evaluators. 

n J Am Med Informatics Assoc. 1994;1:428-438. 

The Institute of Medicine (IOM) of the National 
Academy of Sciences recently recommended that 
computerization of the medical record be an essential 
technology.’ However, moving from the manual chart 
to a computerized record has been more difficult than 
anyone expected. Schoenbaum and Barnett in Bos- 
ton,2 McDonald et al. at the Regenstrief Institute in 
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Indianapolis,3.4 and others 5-12 have found the task 
complex and demanding. 

In a recent review article about computer records as 
an “orphan technology,” Schoenbaum and Barnett 
listed six factors that impeded acceptance of a com- 
puterized medical record. 2 Two of these factors in- 
volve changes that affect health care professionals: 
1) “the need for physicians [and also nurses, in our 
case] to change their habits of medical record keep- 
ing,“ and 2) the need to address"... interface is- 
sues involving direct use of the system by profes- 
sionals.” Through similar assessments McDonald et al. 
found that “the difficult side of computer-stored 
medical records systems [was] getting the data in“3 
In response to this problem, McDonald and the Re- 
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genstrief group have developed a strategy for col- 
lecting data and building their electronic medical rec- 
ord in stages.3.4 Anderson et al. have identified many 
technical and organizational factors associated with 
implementation and adaptation of medical informa- 
tion systems that “ . . . result in unforeseen costs, 
unfulfilled promises and disillusionment."3 In ad- 
dition, the limited diffusion and underutilization of 
these systems relate to a wide variety of psycholog- 
ical, social, organizational, and management factors 
that characterize the contemporary health care set- 

ting.4‘5 

Studies have documented how inattention, on the 
part of developers, to the specific clinical needs of 
end users may result in system underutilization and, 
in some well-documented cases, even sabotage.16-21 
Bailey 21 has identified many of the complex beliefs, 
attitudes, and behaviors that influence computer use 
among professionals: “The way in which computer 
users react to various aspects of the systems they 
employ is a critical success criterion for information 
systems. If satisfaction levels are high, the user will 
adapt his/her activities to take advantage of the com- 
puter. Should satisfaction levels get too low, the user 
may cease to cooperate and may even become an- 
tagonistic toward the system. Therefore, measuring and 
managing users’ attitudes toward various aspects of their 
information systems was an important part of making those 
systems successful” [emphasis added].” Stead et al., 
among others, have suggested using questionnaires 
as a tool to assess user attitudes.** 

The Health Evaluation through Logical Processing 
(HELP) clinical computer system was developed in 
an evolutionary fashion at LDS Hospital over a period 
of 20 years.23-27 In January 1987, Intermountain Health 
Care (IHC), the parent corporation that owns LDS 
Hospital and 23 other hospitals in the Intermountain 
Region of the United States (Utah, Idaho, and Wy- 
oming), decided that implementation of the HELP 
system at other IHC hospitals was crucial to its goal 
of improving the quality and efficiency of health care 
delivery. Corporate officials were persuaded that on- 
going evaluation research should be a part of the 
ambitious program to transplace the HELP system. 
IHC management wanted to understand more about 
the factors contributing to the successful implemen- 
tation of the HELP system at LDS Hospital to facil- 
itate implementation at sister hospitals. 

Prior studies of the HELP system had identified 
professional collaboration as a key factor in system 
utilization.26,27 An initial evaluation study of the at- 
titudes of physicians and nurses at one of the sister 
hospitals has been published.27 This article reports a 

study of the attitudes of physicians and nurses at 
LDS Hospital about the impact of the clinical system 
on practice and the relative priorities of different 
functions. 

LDS Hospital 

The LDS Hospital is a 520-bed comprehensive tertiary 
care facility. The hospital has educational and re- 
search health care missions. At the time of the study, 
the facility handled 23,612 admissions per year (in- 
cluding obstetrics patients and newborns), with an 
average length of stay of 5.19 days. There were 14,549 
inpatient operative procedures performed and 9,518 
outpatient visits per year. There were 360 private 
practice attending staff with 20 geographic full-time 
faculty and 33 full-time housestaff at LDS Hospital 
plus 35 housestaff rotating through LDS Hospital from 
the University of Utah. 

HELP System 

The HELP system is a comprehensive clinical infor- 
mation system. 23-25 Data are integrated into a cen- 
tralized database from the intensive care unit, the 
clinical laboratory, medical records, nurse charting, 
order entry, and a variety of other functions and 
locations. The system is used to gather patient data 
and it also presents integrated data for physician and 
nurse review. In addition, the system provides expert 
advice. Today, for example, computerized clinical and 
laboratory data are continuously and automatically 
reviewed by the HELP system’s “inference engine“ 
(i.e., decision programs). The system warns physi- 
cians about dangers of drug contraindications, based 
on other medications patients are taking, as well as 
provides relevant laboratory data, demographic var- 
iables, and information about patients’ drug allergies. 
Nurses use the HELP system to review patient data 
as well as to “chart” their patient care activities.28-30 

Attending staff physicians and housestaff use the 
system primarily for online data retrieval and review. 
Although the HELP system database is used by clin- 
ical investigators across patient populations (usually 
a batch process) for research purposes, the primary 
use of the clinical computer system is for online data 
access for patient care. The retrieval capabilities in- 
clude a variety of summary reports of “coded” pa- 
tient data, such as laboratory and medication data, 
with computer-generated interpretations and re- 
minders. In addition, free-text dictated reports of things 
such as the history and physical examination and x- 
ray interpretations are available for easy review. Phy- 



430 GARDNER, LUNDSGAARDE, User Acceptance of a Clinical Expert System 

sicians, both attending and housestaff, use the sys- 
tem to enter blood, total parenteral nutrition, and a 
small group of other selected computer orders. 

Methods 

Separate questionnaires were used to explore the at- 
titudes of physicians and nurses about the clinical 
computing system. These two groups represent the 
major voluntary HELP computer system users. Ques- 
tions for the t&o categories of respondents were de- 
signed to solicit information about user views and 
attitudes. Several categories of questions were adopted 
from psychological studies, 31,32 a previous Battelle 
study of user attitudes toward the HELP system,“” 
our own previous work with medical information 
systems, 23-27 and, in particular, the personal expe- 
riences of one of the authors (RMG), who was one 
of the developers of the HELP system at LDS Hos- 
pital.23-25 

Questionnaires were pretested and critiqued by phy- 
sicians and nurses.” It was quickly learned that the 
medical and nursing staff wanted succinct and rele- 
vant questions that would not test their expressed 
low tolerance for more paperwork. Fixed-choice 
questions, using a standard and familiar Likert-type 
scale, were used as the primary data source. In ad- 
dition, a “Free-Text Opinion Space” was provided to 
allow physicians and nurses to express other views 
about different aspects of the hospital’s computer 
system. Participants were promised access to the 
generalized findings from the study after its comple- 
tion. 

Questionnaires for both physicians and nurses were 
divided into the seven sections noted in the appen- 
dix. Those questions with an MD identifier noted 
beside them were asked only of physicians, while 
those with an RN identifier were asked only of nurses. 
Approval to distribute questionnaires to the profes- 
sional staff was obtained from administrators, de- 
partment leaders, and our institutional review board 
(IRB). 

On March 1, 1989, the questionnaires were mailed 
to 360 active attending staff physicians affiliated with 
LDS Hospital. Each questionnaire had a physician 
name label attached so we could sort the responses 
by physician demographics (such as specialty and 
age) and remind physicians who were slow in re- 
turning their questionnaires A cover letter, including 
an endorsement by the president of the LDS Hospital 
medical staff, explained the plan to correlate re- 
sponses with user demographics. By July 17, 1989, 
after several follow-up reminders, 246 (68%) of the 
physicians had returned completed questionnaires. 

The Nursing Service insisted that all of the nursing 
questionnaires be anonymous. Anonymity required 
that each nurse respondent supply demographic data 
to explore possible relationships between “user” at- 
titude and factors such as age, length of service, and 
assignment. Questionnaires were mailed to the entire 
LDS Hospital nursing staff (960 people) on February 
28, 1990. By March 20, 1990, 374 completed ques- 
tionnaires (39%) had been received. We determined, 
after making general announcements at nursing staff 
meetings, that further response would be unlikely. 
Because of the anonymity requested by the Nursing 
Service, nurse-specific reminders could not be sent 
to increase the response rate. 

Descriptive statistics suitable for the analysis of nomi- 
nal data were used to determine whether a relationship 
existed between user demographic attributes and user 
responses to specific fixed-choice questions. Varia- 
bles such as age, number of hospital admissions, 
computer knowledge, patient length of stay (LOS), 
and provider specialty were explored as possible fac- 
tors that might predict physicians’ responses to dif- 
ferent questionnaire items. Correlation coefficients 
between each of these variables and individual ques- 
tionnaire responses were computed using the inter- 
active SPSS program (SPSS Inc., Chicago, IL) running 
on an Apple Macintosh computer (Apple Computer, 
Sunnyvale, CA). A two-tailed Student t-test with a 
standard significance level of 0.05 was used to test 
the relative strength of the relationship between phy- 
sicians’ demographic variables and their responses 
to each question. The same procedure, using nurse- 
specific demographic variables, was followed for the 
analysis of nurses’ responses to each question. 

Results 

Physician Demographics 

Physician demographics were obtained directly from 
medical staff office records. The ages of the 246 re- 
spondents ranged from 27 to 82 years. The mean 
physician age was 45.5 years (SD = 11.5 years). Of 
the 246 respondents, 183 (74%) were from internal 
medicine or related specialties and 63 (26%‘) were 
from surgery and related specialties. The mix of staff 
at the time of questionnaire completion was 240 med- 
icine (66.6%) and 120 surgery (33.4%). The return 
rate from medicine was 76% and from surgery it was 
53%, which by chi-square analysis was statistically 
significant at the p = 0.01 level. Of the 246 physicians 
who completed the questionnaire, 160 had admitted 
patients during calendar year 1988. The remaining 
physicians were from specialties such as radiology 
and pathology and did not normally admit patients. 
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Figure 1 Computer experience, expressed in percent- 
ages, of physicians (MD) and nurses (RN) at LDS Hospital 
who responded to a questionnaire about the Health Eval- 
uation through Logical Processing (HELP) clinical infor- 
mation system. Thirty-four physicians (14%) and only four 
nurses (1%) considered themselves novices. There were 
148 physicians (60%) and 269 nurses (72%) who identified 
themselves as users. There were 64 physicians (26%) and 
101 nurses (27%) who classified themselves as experts. 

Each physician was matched with his or her cumu- 
lative annual patient LOS to learn whether any sig- 
nificant differences in attitudes were related to ex- 
perience with the HELP system. Patients’ LOSS in 
cumulative days, for the 1988 calendar year for in- 
dividual respondents ranged from 1 to 3,528 (mean 
= 426.8; SD = 537.5). For our physician respon- 
dents, age, specialty, patient LOS, number of hos- 
pital admissions, and relative computer expertise did 
not singly, or in combination, predict user satisfaction 
with the HELP system. 

Nurse Demographics 

Three hundred seventy-four of 960 nurses (39%) 
completed the questionnaire. The ages of the nursing 
staff respondents ranged from 20 to 67 years (mean 
= 33.57 years; SD = 8.52). The nurses had an av- 
erage of 9.52 years of professional experience; as a 
group, an average of 6.96 of those years had been 
spent at LDS Hospital. For these respondents, age 
was not associated with any statistically significant 
difference in computer literacy, satisfaction with 
computer training and support, or opinions about 
the desirable HELP system features. Small but sta- 
tistically significant differences between age groups 
were evident from responses to only four of the 40 
questions asked. 

Effect of Frequency of Use 

Whereas a statistically significant correlation was not 
identified between intensity of computer experience 
and user satisfaction, a correlation was found be- 
tween duration of experience and user satisfaction, 
i.e., those professionals who used the HELP system 
on a routine basis (e.g., intensive care unit physicians 

and nurses) expressed greater satisfaction with the 
system than did those who worked in areas of the 
hospital where daily computer use was occasional, 
clerical,, or not required of all health care providers 
(e.g., physical therapists). 

General Computer Experience 

Figure 1 details the computer experience of both the 
physicians and the nurses. A large population of 
physicians (34 or 14%) considered themselves to be 

I. Need Training 

2. Free from boring & 
3 82 

repetitive tasks 
* 

3. Improve health 
care delivery 

65 
* 

4. Computerized decision 
supports help 

56 

3.67 

5. Medical Informatics 
staff should be more * 
helpful & responsive 

6. Computers lead to more * 
monitoring & regulation 

49 

.b7 

4 

7. Privacy compromised * 
3 32 

2.48 8 Computerized decision-support 
increases liability 

9 Computer reduces MD 
decision-making power 

10. Computerized decision-support 
enhances RN professionalism 

3.22 

2.93 I I Computers Increased 
RN workload 

Figure 2 General opinions of physicians (MD) and nurses 
(RN) at LDS Hospital regarding their computer training 
and experience with computers in the hospital, as deter- 
mined by questionnaire. Note that the “neutral” score of 
3 is highlighted with a vertical line. There were differences 
between physicians’ and nurses’ opinions, those with sta- 
tistical significance at the p < 0.05 level are marked with 
an asterisk (*). Of special interest are three “opinions” that 
showed statistically significant and important differences 
between the two groups of respondents: “Free from boring 
& repetitive tasks” (#2), “Improve health care delivery” 
(#3), and “Computers lead to more monitoring & regu- 
lation” (#6). q = MD, = RN. 
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Unimportant Somewhat Neutral Somewhat Very 
(1) Unimportant (3) Important Important 

(2) (4) (5) 

I. Lab results * 

2. Blood gas data 
with interpretations * 

3. Demographics & 
insurance data * 

4. ECG data with 
interpretation * 

5. Vital signs 

6. Clinical record 
& DRG * 

7. Nurse care plans * 

8. Computer nurse charting 
vs handwritten chart * 

9. Phone in access 

IO. Access to data for 
before/after patient 
is on floor 

Figure 3 Importance of having computer access to a va- 
riety of patient information as ranked by physicians (MD) 
and nurses (RN) at LDS Hospital through a questionnaire. 
Note that the “neutral” score of 3 is highlighted with a 
vertical line. There were differences between physicians’ 
and nurses’ opinions; those with statistical significance at 
they p < 0.05 level are marked with an asterisk (*). Of special 
interest are six “opinions” that showed statistically signif- 
icant and important differences between the two groups 
of respondents: “Blood gas data with interpretation” (#2), 
“Demographic & insurance data” (#3), “ECG data with 
interpretation” (#4), “Clinical record & DRG” (#6), “Nurse 
care plans” (#7), “Computerized nurse charting versus 
handwritten charts (#8). q = MD, = RN. 

NOVICE computer users, while only four (1%) of the 
nurses classified themselves as being in this category. 
More than a fourth of the physicians and nurses 
considered themselves EXPERT computer users by 
having had some programming experience. 

General Opinions 

Figure 2 outlines the responses of the physicians and 
nurses to their computer training and experience with 

computers in the hospital. Both the physicians and 
the nurses had positive feelings about computers 
helping to improve health care delivery and about 
computerized decision support systems being useful 
in clinical practice. Differences between the physi- 
cians’ and nurses’ opinions that reached statistical 
significance (p < 0.05) are marked with an asterisk 
(*) in Figure 2. Of special interest are three “opin- 
ions” that showed statistically significant and im- 
portant differences between the two groups of re- 
spondents. For “Free from boring and repetitive tasks“ 
(#2), the physicians “agreed” while the nurses felt 
almost “neutral.” For “Improve health care delivery” 
(#3), the physicians were more positive than were 
the nurses. For “Computers lead to more monitoring 
& regulation” (#6), the physicians were much more 
concerned than were the nurses about the role that 
computerized patient records might play in the reg- 
ulation of practice behavior. The physicians did not 
express concern about the possibility that decision 
support systems potentially could increase their lia- 
bility or could reduce their own decision-making 
power. 

Value of Computer Access to Various Patient Data 

The responses of the physicians and nurses about 
access to a variety of data are shown in Figure 3. 
Many responses were close to the score of 5 (VERY 
IMPORTANT) and many were above a score of 4 
(IMPORTANT). Laboratory results and blood-gas data 
review capabilities were judged to be the most im- 
portant. Also shown in Figure 3 are the differences 
between the physicians’ and the nurses‘ opinions. 
Those with statistical significance (p < 0.05) are marked 
with an asterisk (*). Of special interest are six “opin- 
ions” that were not only statistically significantly dif- 
ferent, but that showed wide distinctions between 
the two groups. The nurses were more interested in 
“Blood gas data with interpretation” (#2) than were 
the physicians. The physicians were more concerned 
about “Demographics & insurance data” (#3), pre- 
sumably for billing reasons, than were the nurses. 
The nurses had higher interest than the physicians 
in “ECG data with interpretation (#4). Perhaps the 
interpretations of both blood gas (#2) and ECG (#4) 
were of more interest to the nurses. “Clinical record 
& DRG” (#6) was of more interest to the physicians 
than to the nurses, probably for billing reasons. “Nurse 
care plans” (#7) were of much more interest to the 
nurses than to the physicians, probably because they 
form the care work outline for the nurses. “Computer 
nurse charting versus handwritten chart” (#8) was 
preferred by the nurses over the physicians, probably 
because nurses refer to the charting much more than 
do physicians. 
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Figure 4 Desirability of computer features as ranked by 
physicians (MD) and nurses (RN) at LDS Hospital through 
a questionnaire. Note that the “neutral” score of 3 is high- 
lighted with a vertical line. There were differences between 
physicians’ and nurses’ opinions; those with statistical sig- 
nificance at the p < 0.05 level are marked with an asterisk 
(*). Of special interest are four “opinions” that showed 
statistically significant and important differences between 
the two groups of respondents: “Blood orders” (#5), “Printed 
computerized reports” (#6), “Urinary catheter infection 
monitoring” (#7), and “Computerized treatment plan” (#8). 

= MD, = RN. 

Computer Features Assessment 

Figure 4 shows very positive responses to computer 
features, many of which (numbers 1, 2, 4, 5, 7, and 
8 in the list) represent “expert” capabilities of the 
HELP system. In every case where comparison was 
possible, the nurses ranked these computer features 
higher than did the physicians. Responses to four 
computer features showed statistically significant dif- 
ferences between the two groups. The nurses were 
more enthusiastic about “Blood orders” (#5) than 
were the physicians. “Printed computerized reports” 
(#6) were more important to the nurses than to the 
physicians. “Urinary catheter infection monitoring” 
(#7) was more important to the nurses than to the 
physicians. “Computerized treatment plan” (#8) was 

also more important to the nurses than to the phy- 
sic&s. 

Future Features Desired 

Figure 5 summarizes the ranking of future computer 
features by the physicians and nurses. Since the re- 
spondent groups have different needs, only two 
questions (numbers 1 and 3) concerning future fea- 
tures were compared. Of special note are two future 
features that were not only statistically significantly 
different, but which showed differences between the 
physicians’ and nurses’ “opinions.” The nurses felt 
that “Develop & evaluate lab alerts” (#l) was more 
important than did the physicians, perhaps because 
the nurses are involved in the operational part of this 
process. “Easier lab ordering” (#3) and computeri- 
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1. Develop & evaluate 
lab alerts 

Somewhat 
lmportant 

(4) 

Very 
Important 

(5) 

2. Direct pharmacy data 
access for MD 

3. Easier lab ordering * 

4. Scheduling admits 

5. DRG access 
6. Lab & X-Ray charges 

access 
7. IHC Net access 
8. Per/Post op antibiotics 

decision assistance 

9RN. Free nurses from doing MD tasks 

10RN. Automatic IV & vital sign 
recording 

I IRN. Need bedside terminals 

12RN. Access to surgery schedule 

13RN. Medication chart & schedule 

14RN. Patient History 

I5RN. Physical assessment 

16RN. Teaching plans 

17RN. Discharge plans 

18RN. Nurse care plans 

l9RN. Nurse worksheet 

4.54 

35 

.34 

5 

4.26 
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Figure 5 Desirability of future computer features as ranked 
by physicians (MD) and nurses (RN) at LDS Hospital through 
a questionnaire. Note that the “neutral” score of 3 is high- 
lighted with a vertical line. There were differences between 
physicians’ and nurses’ opinions; those with statistical sig- 
nificance at the p < 0.05 level are marked with an asterisk 
(*). Of special note are two “opinions” that showed sta- 
tistically significant and important differences between the 
two groups of respondents: “Develop & evaluate lab alerts” 
(#l) and “Easier lab ordering” (#3). = MD, 

= RN. 



434 GARDNER, LUNDSGAARDE, User Acceptance of a Clinical Expert System 

Table 1 

Ranking of Features in Computer Data Review by 
Physicians (MD) at the LDS Hospital 

MD Ranking 

Feature 1st 2nd 3rd 4th 5th Score* % 

1 Lab review !32+ 27 10 9 13 153.7 32.6 
2 Pharmacy alerts 20 40 19 13 30 55.6 11.8 
3 Vital signs 11 36 35 27 26 52.6 11.2 
4 Patient location 15 33 24 12 21 46.7 9.9 
5 Blood interpretation gas 3 32 30 34 27 42.9 9.1 
6 Drug review 9 11 19 24 21 31.0 6.6 
7 Intake/output reviews 4 4 29 26 19 26.0 5.5 
8 Blood ordering 9 9 11 9 14 22.2 4.7 
9 Antibiotic/infection alert 2 6 13 29 21 20.8 4.4 

10 Phone-in data review 6 8 14 15 5 19.4 4.1 

TOTAL 211 206 204 198 197 470.9 100.0 

“‘Score” was calculated by taking the first preference and multi- 
plying it by 1, taking the second preference and multiplying it by 
1/2, taking the third preference and multiplying it by 1/3, and so 
on. 
+Number of physicians. 

zation of this task was of most interest to the nurses 
because they do most of the lab ordering. 

Ranking of Features 

Tables 1 and 2 summarize the physicians’ and nurses’ 
rankings of various data reviews. The rankings were 
obtained by counting each time a respondent ranked 
one of the features according to a specific category. 
For example, 132 physicians ranked lab review as 
“most important” while 27 ranked it as second most 
important, and so on. Laboratory data received the 
highest rankings for the two groups, and by a wide 
margin. The next highest rankings (vital signs, pa- 
tient location, and so on) were about one-third as 
popular and are given in Tables 1 and 2. Pharmacy 
alerting was ranked relatively high by both groups. 
Nurses and physicians ranked data review capabili- 
ties differently. The nurses ranked computerized nurse 
charting and blood-gas review with computerized 
interpretation high, yet the physicians did not. 

Free-Text Opinion Space 

Physicians' free-text responses 

In addition to the above-mentioned informative rank- 
ings, 99 of 246 (40%) of the physicians who completed 
the questionnaires also contributed narrative re- 
sponses, ranging in length from one sentence to one 
page, about different problems or features of the HELP 
system. Most voluntarily signed their statements. 
Knowing the identity of each physician respondent 
made it possible for medical informatics staff to ex- 

plore and discuss user design features directly with 
individual physicians. 

The free-text opinions were categorized and are sum- 
marized below in order of frequency of response: 

Limited use-16 physicians felt that their use of com- 
puters was too limited for them to provide educated 
answers to question. 

Need for computer instruction-15 physicians asked for 
more instruction in computer use. 

Complimentary statement-Seven physicians made 
complimentary statements about the HELP system. 

Home or office phone access-Seven physicians wanted 
to be able to access data from their homes or office 
computers. 

Need for features features-Five physicians suggested that 
additional computer features be added to the system. 

System response time-Five physicians complained about 
the computer system being too slow. 

Better laboratory data access-Five physicians asked for 
expanded laboratory data access. 

Confidentiality-Four physicians expressed additional 
concerns about confidentiality; one psychiatrist was 
especially concerned. 

Other comments included suggestions for supporting 
other computer platforms as terminals (the HELP 
system currently supports IBM PC type or compatible 
computers but not Apple Macintosh computers), im- 

Table 2 

Ranking of Features in Computer Data Review by 
Nurses (RN) at the LDS Hospital 

RN Ranking 

Feature 1st 2nd 3rd 4th 5th Score* % 

1 Lab review 177t 70 39 30 24 237.3 29.8 
2 Nurse charting 70 24 31 22 25 102.8 12.9 
3Blood interpretation gas 22 76 59 48 31 97.9 12.3 
4 Pharmacy alert 24 31 45 33 45 71.8 9.0 
5 Vital sign review 13 31 41 38 46 60.9 7.7 
6 Patient location 16 28 40 30 23 55.4 7.0 
7 Shift reports 22 30 13 25 31 53.8 6.8 
8 Blood ordering 8 31 37 31 28 49.2 6.2 
9 Intake/output review 1 I5 27 39 35 34.3 4.3 

10 Drug review 1 14 22 39 36 32,3 4.1 

TOTAL 354 350 354 335 324 795.6 100.0 

*“Score” was calculated by taking the first preference and multi- 
plying it by 1, taking the second preference and multiplying it by 
l/2, taking the third preference and multiplying it by 1/3, and so 
on. 
tNumber of nurses. 
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proving nurse charting, and having either computer 
charting or hand charting (not both). Further indi- 
vidual comments related to special interests of spe- 
cific physicians. 

Nurses free-text responses 

Of the 374 nurses who completed the questionnaire, 
372 (99%) also made remarks in the margins or on 
the page left blank for free-text opinions. Because of 
the large number of components, these responses 
are summarized in two categories: 

Positive responses 

Laboratory data review-Several nurses felt that having 
laboratory data available on computer terminals was 
very valuable to them. 

Legibility-The nurses commented that their com- 
puter-printed charts were readable and understand- 
able. 

Structured charting-Many of the nurses found that 
the structure required by computers was helpful. 

MIB-The Medical Information Bus (MIB) is a com- 
munication technology used in intensive care units 
(ICUs) to acquire data from intravenous (IV) pumps 
and bedside monitors. A large number of the ICU 
nurses appreciated having data automatically and 
routinely collected from these devices.” 

Ergonomics-Data gathered in the ICU showed that 
the nurses preferred to sit while charting. Recently, 
stools with wheels have been installed at ‘bedsides, 
allowing nurses to sit while charting at bedside ter- 
minals. LDS. Hospital nursing and medical informat- 
ics staff continually monitor situations and modify 
them as needed. 

Negative responses 

Slow response time-This was a consistent complaint. 
To put this negative comment into perspective, av- 
erage response time to retrieve a laboratory result 
was less than four seconds. 

System downtime-System downtime, even though 
the measured availability was 99.6%, was a consistent 
complaint. 

Incomplete computer record-Several nurses felt that 
the computer system did not give them the ability 
to complete parts of the medical record. This may be 
related to’ the mix of “coded” charting and free-text 
comments required by the computer. 

Editing difficulties-The nurses found that the com- 
puter record was more difficult to edit than a tradi- 

tional handwritten hard copy. 

Confidentiality-Several nurses were concerned with 
this issue. Late in 1992, in response to this concern, 
a hospital-wide security system was installed to di- 
minish breaches of confidentiality. 

Lack of staff education-The current staff education 
program includes three nurses who work full-time 
on computer problems affecting nursing services. This 
addition has made a major difference in the computer 
competence of the nurses and their attitudes toward 
computers. 

Redundant charting-There were several comments 
about the need to perform some redundant charting 
tasks (in the computer and also in the handwritten 
patient chart or on specialized forms). 

Not enough terminals and need bedside terminals-These 
scarcities have not been almost completely elimi- 
nated. There are now over 1,200 terminals in the LDS 
Hospital,. one at each bedside and several at central 
nursing stations and other vital locations. 

Uncooperative physicians-Physicians are supposed to 
order blood products on the computer but some do 
not. Nurses are frustrated by this lack of cooperation 
from physicians.35,36 

Discussion 

Implications 

For both the physicians and the nurses, age, spe- 
cialty, and general computer experience did not pre- 
dict satisfaction with the clinical computer system or 
their ranking of system features. Clayton et al. have 
recently found ‘similar age-related results.“’ Satisfac- 
tion was correlated with duration of use and fre- 
quency of use of the system. The latter confirmed 
findings of the Battelle researchers in their 1977 study 
at LDS Hospital.“’ This finding has implications for 
system implementation efforts because it suggests 
that experience with a system is the best way to break 
down attitudinal barriers to use of that system. The 
challenge is to get the inexperienced user who has a 
negative attitude to use the system enough that his 
or her attitude can begin to change. Because of the 
differences between nurse and physician data and 
reporting needs, we are convinced that multiple users 
and data use factors must be considered as the elec- 
tronic medical record is further developed. 

The survey results indicate positive attitudes on the 
parts of both the physicians and the nurses regarding 
the impact of the HELP clinical information system 
on practice. Specifically; staff concerns that comput- 



436 GARDNER, LUNDSGAARDE, User Acceptance of a Clinical Expert System 

erized expert systems would be a risk or would in- 
terfere with clinical practice were not found. 

The rankings of various system functions should be 
of interest to health care organizations that are plan- 
ning to implement clinical information management 
systems. A survey of such an organization’s inex- 
perienced users will identify areas where users have 
the most trouble with the manual system and where 
they hope a computer will help. The rankings in this 
article represent the judgment of users who have 
access to one of the most complete, mature, and 
stable clinical information systems. They show where 
the users think the computer has actually helped. 

Limitations 

Since the sample taken was nonprobabilistic, the sta- 
tistical inferences that may be drawn from the find- 
ings are limited. Nonetheless, the responses to fixed- 
choice as well as to open-ended questions are thought 
to be representative of the general opinions and views 
held by the members of the hospital’s clinical staff. 

The assignment of subjects to computer experience 
categories was based upon a single question. A sep- 
arate instrument designed to measure this item might 
produce additional information. 

Interpretation of the data with regard to differences 
between the physicians and the nurses must be qual- 
ified by the difference in response rates. The higher 
response rate for the physicians was achieved be- 
cause their questionnaires were not anonymous and 
we could pursue nonresponders on an individual 
basis. In the future, we would recommend use of an 
outside agency to administer the questionnaires to 
the nurses so that identity could be concealed from 
the hospital but revealed to the agency for the pur- 
pose of follow-up. 

The original data were collected in 1989 and 1990. 
Interpretation should consider subsequent changes 
in information technology and the health care sys- 
tem. Such changes would be likely to be in the di- 
rection of a more positive attitude toward the infor- 
mation system. 

Conclusion 

The responses to the questionnaire and free-text com- 
ments provided encouragement for future develop- 
ment and deployment of medical expert systems at 
LDS Hospital and sister hospitals. Although there 
has been some fear on the part of medical expert 
system developers that physicians would not adapt 
to or appreciate recommendations given by these sys- 

tems, the results presented here are promising and 
may be of help to other system developers and eval- 
uators. Based on these findings and on our daily 
working relationships with physicians, implementa- 
tion of more expert system applications is under way 
at LDS Hospital and other IHC hospitals. 

The authors thank the physicians and nurses at LDS Hospital who 
took the time and effort to complete the questionnaires; C. David 
Richards, MD, who was the president of the LDS Hospital medical 
staff during the year the physician study was completed; and Marj 
Peck, RN, PhD, who was the Assistant Administrator for Nursing 
Services at LDS Hospital at the time the nurse study was com- 
pleted. 
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APPENDIX 

Questionnaire Sent to Physicians and Nurses 

Note: Comments in italics have been inserted to aid in reader 
understanding. The order of questions has been rearranged for 
easier understanding. Those questions with an MD beside them 
were asked only of physicians, while those with an RN beside 
them were asked only of nurses. 

General Computer Experience 

1. I have used computers and have some programming experience 
(Expert) 

2. I have used the LDS Hospital computer system to enter data 
but have no programming experience (User) 

3. I have no experience with computers (Novice) 

General Opinions 

5 = strongly agree 4 = agree 3 = neutral 2 = disagree 
1 = strongly disagree 0 = not applicable 

1. The LDS Hospital Education staff should develop more sys- 
tematic training programs to teach physicians (nurses) how to 
use and understand the computer system’s many features and 
their benefits 

2. Computers can free physicians (nurses) from boring, repetitive 
tasks 

3. Computer applications should play an increasing role in 
professional practice because they generally improve the de- 
livery of health care services 

4. Computerized decision support is useful 
5. The Medical lnformatics staff should be more helpful and 

responsive in assisting both new and experienced computer 
users 

6. Health care providers will be monitored more closely by ad- 
ministrators, government agencies, and third parties if com- 
puters are commonly used 

7. Use of computers in practice may compromise the confiden- 
tiality of patient information 

8. MD Relying on computer results increases professional liability 
9. MD Widespread use of computer applications will reduce the 

decision-making power of individual physicians 
10. RN Relying on computerized decision support enhances nurses’ 

professionalism 
11. RN Computers have significantly increased the daily work- 

loads of nurses 

Value of Computer Access to Various Patient Data 

5 = very important 4 = somewhat important 3 = neutral 
2 = somewhat unimportant 1 = unimportant 0 = no opin- 
ion 

1. Laboratory test results are 
2. Blood gas data with interpretations are 
3. Patient demographics and insurance information are 
4. ECG data with interpretations are 
5. General patient vital sign data (such as BP, HR, and temper- 

atures) are 
6. Hospital clinical records and diagnostic related grouping (DRG) 

data are 
7. Nursing care plans are 
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8. Nurse charting versus handwritten charting is 
9. MD Accessing the LDS Hospital computer from a personal 

computer in my office or home is 
10. RN Patient data, before and after arrival on the floor, is 

Computer Features Assessment 

5 = very important 4 = somewhat important 3 = neutral 
2 = somewhat unimportant 1 = unimportant 0 = no opin- 
ion 

1. Alerts that warn of potentially dangerous situations such as 
life-threatening laboratory abnormalities or drug interactions 
are 

2. Medical monitoring and generation of pharmacy alerts at the 
actual time an order is placed is 

3. Availability of timely transcribed x-ray and history and physical 
examination medical records on the computer is 

4. MD Physician ordering for total parenteral nutritional needs is 
5. Blood ordering, which will assist in complying with “Joint Com- 

mission” (JCAHO) guidelines and adhcring to LDS Hospital 
quality assurance standards, is 

6. Printed computer-generated patient records that are more ac- 
curate, legible, and complete are 

7. Monitoring and reporting on urinary culture specimens from 
patients with Foley catheters or suprapubic collection devices 
is 

8. Treatment protocols that can be used by physicians, nurses, or 
ancillary staff are 

9. RN Computerized nursing acuity is 

Future Features Desired 

Ranking of Features 

5 = very important 4 = somewhat important 3 = neutral 
2= 
ion 

I. 

somewhat unimportant 1 = unimportant 0 = no opin- 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 
12. 

13. 
14. 
15. 

16. 
17. 
18. 
19. 

Continued development, expansion, and evaluation of the 
LDS Hospital laboratory alerting system will be 
MD Direct physician access to the pharmacy knowledge base 
for prescription advice will be 
Easier computer method for ordering of lab tests and proce- 
dures by physicians, nurses, clerks, and office staff will be 
MD Scheduling admissions and recording demographic, in- 
surance, and clinical information as part of preadmitting and 
admitting procedures will be 
MD Hospital clinical records and diagnostic related grouping 
(DRG) data will be 
MD Ability to review charges for laboratory tests and x-ray 
procedures will be 
MD Computer access to clinical information at other IHC hos- 
pitals for patients you may transfer to LDS Hospital will be 
MD Decision support for pre- and postoperative use of anti- 
biotics will be 
RN Freeing nurses from order-entry tasks that an MD can/ 
should do will be 
RN Automatic, computerized recording of IV infusions and 
vital signs will be 
RN Bedside computer terminals in most patient rooms will be 
RN Access to an accurate and continually updated surgery 
schedule will be 
RN Computcrized medication scheduling/charting will be 
RN Computerized patient history will be 
RN Computerized documentation of the physical assessment 
will be 
RN Computerized teaching plans will be 
RN Computerized discharge planning will be 
RN Computerized nurse care plans will be 
RN Computerized nurse worksheet (to replace the written 
Kardex) will be 

Please rank the following ten specific features of the LDS Hospital computer system based on how you feel they contribute to your 
profcssional practice. 

MOST IMPORTANT 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

9. 
10. 
LEAST IMPORTANT 

MD RN 
A Pharmacy Alerts 
B Lab Review 
C I/O Review 
D Blood Ordering 
E Patient Location 
F Drug Review 
G Phone-in Data. Review Nurse Charting 
H Vital Signs Review 

Blood Gas Interpretation 
Antibiotic/Infection Alerts Shift Reports 

Free-Text Opinion Space 

To solicit "free-text" responses from the participants, the following statement was placed on the top of a blank sheet of paper. 

Please use this space to discuss any aspects of the LDS Hospital computer system 


