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A b s t r a c t This paper describes details of four scales of a questionnaire—‘‘Computers in
Medical Care’’—measuring attributes of computer use, self-reported computer knowledge,
computer feature demand, and computer optimism of academic physicians. The reliability (i.e.,
precision, or degree to which the scale’s result is reproducible) and validity (i.e., accuracy, or
degree to which the scale actually measures what it is supposed to measure) of each scale were
examined by analysis of the responses of 771 full-time academic physicians across four
departments at five academic medical centers in the United States. The objectives of this paper
were to define the psychometric properties of the scales as the basis for a future demonstration
study and, pending the results of further validity studies, to provide the questionnaire and scales
to the medical informatics community as a tool for measuring the attitudes of health care
providers.

Methodology: The dimensionality of each scale and degree of association of each item with the
attribute of interest were determined by principal components factor analysis with orthogonal
varimax rotation. Weakly associated items (factor loading < .40) were deleted. The reliability of
each resultant scale was computed using Cronbach’s alpha coefficient. Content validity was
addressed during scale construction; construct validity was examined through factor analysis and
by correlational analyses.

Results: Attributes of computer use, computer knowledge, and computer optimism were
unidimensional, with the corresponding scales having reliabilities of .79, .91, and .86, respectively.
The computer-feature demand attribute differentiated into two dimensions: the first reflecting
demand for high-level functionality with reliability of .81 and the second demand for usability
with reliability of .69. There were significant positive correlations between computer use,
computer knowledge, and computer optimism scale scores and respondents’ hands-on computer
use, computer training, and self-reported computer sophistication. In addition, items posited on
the computer knowledge scale to be more difficult generated significantly lower scores.

Conclusion: The four scales of the questionnaire appear to measure with adequate reliability
five attributes of academic physicians’ attitudes toward computers in medical care: computer use,
self-reported computer knowledge, demand for computer functionality, demand for computer
usability, and computer optimism. Results of initial validity studies are positive, but further
validation of the scales is needed. The URL of a downloadable HTML copy of the questionnaire
is provided.
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The potential benefits of the application of computers
to medical care are well recognized1; however, phy-
sicians must adopt and utilize computer technology
as a part of their practices if these benefits are to be
realized. Some authors believe that the medical pro-
fession as a whole has been slow to utilize computers
for patient care.1,2

Many factors affect the use of computers by physi-
cians, including personality characteristics,3,4 spe-
cialty,5 prior computing experience,5 and attitude to-
ward computers and medical computing.6 – 8 Young7

notes ‘‘the nature of the doctor’s work, his attitudes,
interests, and enthusiasms’’ to be ‘‘the major reason
for the non-acceptance of computer systems.’’ Ander-
son et al.5,9 found that physicians’ attitudes were sig-
nificantly related to hospital information system (HIS)
use9 and that these attitudes ‘‘account for a significant
portion of variance in HIS use even when other var-
iables are controlled. . . . ’’ 5 For this reason, it is im-
portant to develop methods for understanding and
accurately measuring attributes of physicians and
other health professionals that may predict their ac-
ceptance and mode of use of computer systems and
thus guide the design of such systems. These attrib-
utes include how physicians currently use computers
and how much they know about computers as well
as their relevant beliefs and attitudes. This need has
already been recognized by Farrell et al.,10 who note
(in reference to practicing psychologists) that such
measures ‘‘could be used to further explore the rela-
tionship between attitudes and computer implemen-
tation, to identify variables related to practitioners’ at-
titudes toward computers, and to design and evaluate
the impact of interventions aimed at overcoming prac-
titioner resistance.’’

A common approach to such measurement is the self-
administered questionnaire composed of multiple
separate items organized into scales, with each scale
assumed to measure a particular attribute or attitude
dimension. Use of multiple items to assess each di-
mension is essential to the measurement process. To
develop these questionnaires it is necessary to con-
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duct studies that examine the reliability and validity
of the measurement process itself. Such measurement
studies are distinct from more common demonstra-
tion studies, which make descriptive or comparative
assertions based on the results of measurements. Mea-
surement studies are important because they: 1) de-
termine the psychometric properties (reliability and
validity) of an instrument and consequently the de-
gree of confidence that can be placed in assertions
based on that instrument, and 2) define and document
the instrument for reuse by future researchers.11

Two important properties of an instrument deter-
mined by measurement studies are reliability and
validity. Reliability is generally synonymous with
precision and indicates the degree to which the mea-
surement process is consistent or reproducible. Reli-
ability may be quantified by administering an instru-
ment to the same group of subjects multiple times
(test–retest reliability) or by examining the concor-
dance between multiple items provided once to a
group of subjects (internal consistency reliability).
Cronbach’s alpha12 is one commonly accepted measure
of internal consistency reliability. The value of alpha
ranges from zero (unreliable) to one (perfect reliabil-
ity), with a value of .70 or greater considered ac-
ceptable for most purposes.13 Validity is generally syn-
onymous with accuracy and is the degree to which
the process measures what it is intended to measure.
Three kinds of validity are generally recognized: 1)
content validity: do the items appear to measure what
they are intended to measure? 2) construct validity:
do the item scores intercorrelate with other measures
as expected? and 3) criterion-related validity: do the
item scores correlate with an external standard?14

Measurement studies have been conducted for instru-
ments measuring attitudes toward computers among
varying groups including students,15 – 20 hospital infor-
mation-system personnel,21 psychologists,10 and
nurses.22 – 24 These studies have provided well-defined
instruments that have subsequently been used by
other authors to examine the attitudes of new popu-
lations. For example, at least six studies25 – 30 have ex-
amined nurses’ attitudes toward computers using the
‘‘Nurses’ Attitudes Toward Computerization Ques-
tionnaire’’ developed by Stronge and Brodt in 1985.23

Several compendia of survey instruments that mea-
sure attitudes of workers both in and out of health
care are available.31 – 33

A number of surveys of physicians’ attitudes toward
computers in medical care have been conducted over
the past 30 years. Most34 – 47 report only demonstra-
tion results and have not provided any evaluation of
the psychometric properties of the measurement in-
strument employed. Others, as summarized in Table
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Table 1 n

Summary of Prior Psychometric Studies of Physicians’ Attitudes Towards Computers, in Reverse
Chronologic Order

Reference No. of Subjects
A Priori Constructs

(Questionnaire Sections)
A Posteriori Constructs

(Factor Analysis Results)

Present study 771 academic physicians 1. Computer use
2. Knowledge of computing con-

cepts
3. Demands on computer-based

systems
4. Expectations of effects of com-

puters on medicine and health
care

1. Computer use
2. Computer knowledge
3A. Demand for high-level functionality
3B. Demand for ease of use
4. Expectations of computers

Brown and
Coney
(1994)48

51 interns 1. Computer anxiety
2. General perceived stress levels
3. Attitudes toward the applica-

tion of computers in medicine

None

Dixon and
Dixon (1994)49

18 academic physicians
58 residents

1. Attitudes toward clinical com-
puter applications

2. Perceived ease of use of com-
puters

3. Perceived usefulness of com-
puters

4. End-user (computer) sophisti-
cation

5. Intention (of adopting com-
puter technology)

6. Finesse

None

Shumway et al.
(1990)50

7 academic physicians
24 private practice physi-

cians
23 nurses
6 clinical pharmacists

1. Attitudes toward health care
2. Attitudes toward change
3. Attitudes concerning the pro-

fessional role of health profes-
sionals

4. Attitudes concerning informa-
tion-seeking behaviors

5. Attitudes toward hands-on
use of computers

None

Anderson et al.
(1985)5 and
1986)8,9

650 private practice physi-
cians5,8

148 medical students
141 residents
644 private practice physi-

cians9

1. Perceived desirability of com-
puter applications to medicine

2. Potential effects of computers
on medical practice

3. Physician use of the HIS*
4. Physician prior computer ex-

perience
5. Physician involvement in pro-

fessional associations

1A. Computer applications related to
patient care

1B. Computer-assisted decision-making
1C. Computer applications that allow

substitution for physician by com-
puter or by allied health personnel

2A. Effects on the cost and quality of
medicine

2B. Effects on physician autonomy and
control

2C. Effects on physician’s traditional
role

2D. Effects on need for medical man-
power

2E. Effects on the organization of health
care

3. Physician use of the HIS
4A. Computer education
4B. Use of the computer
5. Four factors

*HIS, hospital information system.
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Table 1 (Continued )

Reference No. of Subjects
A Priori Constructs

(Questionnaire Sections)
A Posteriori Constructs

(Factor Analysis Results)

Zoltan-Ford and
Chapanis
(1982)51

121 physicians
125 certified public account-

ants
124 lawyers
151 pharmacists

1. Computer training
2. Computer availability
3. Computer usage
4. Experience with computers
5. General attitudes
6. General statements

A. Computer as a sound working ma-
chine

B. Computer as dehumanizing, deper-
sonalizing, impersonal, cold, and un-
forgiving

C. Computer as a desirable and useful
machine

D. Computer as a slave to man
E. Computer as fun, enjoyable, stimulat-

ing, and challenging
F. Discontent with computer ease of use

Teach and
Shortliffe
(1981)52

64 academic physicians
66 private practice physi-

cians
16 house staff

1. Expectations about the effect
of computer-based consulta-
tion systems on medicine

2. Demands regarding the per-
formance capabilities of con-
sultation systems

3. Acceptability of different
medical computing applica-
tions

4. Computing experience
5. Knowledge of computing con-

cepts

1A. Effect of consultation programs on in-
dividual practitioners

1B. Effect of consultation programs on
medical practice in general

2A. Performance demands
2B. System accuracy demands
1 & 2. Effect of computing systems on

health manpower needs

Melhorn et al.
(1979)53

44 medical faculty
49 medical students
36 nursing staff/students
51 other staff

1. Identical to Startsman and
Robinson (1972)54, plus:

2. Attitudes about computers at
the host medical center

A. General evaluation of computers
B. Willingness to use and a desire to

learn more about computer-assisted
diagnosis

C. Potential threats of computers to em-
ployment

D. Attitudes toward specific uses and
scientific applications of the com-
puter

Startsman and
Robinson
(1972)54

42 medical faculty
44 house officers
84 medical students
108 nurses and nursing stu-

dents
60 other staff/students

None A. General evaluation of computers
B. Willingness to use or accept the use

of computers
C. Potential threat of computers to em-

ployment
D. Possible benefit of the application of

computers to the problems of hospi-
tals

Reznikoff et al.
(1967)55

‘‘All full-time employees’’
of a psychiatric hospital,
including professional
and medical staff, nurses,
and other staff

‘‘Attitudes toward computers’’ A. Factors I, VI, VIII: Usefulness and effi-
ciency of computers in dealing with
some of the burdensome aspects of liv-
ing in an exceedingly complex society

B. Factors III, IV, V, IX: Need for con-
stant human control activity and the
dangers of dehumanization in areas
such as medicine

C. Factors II, VII: Misapplication/Exploi-
tation of computers and unwarranted
assumptions about their future poten-
tial
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1,48 – 55 have provided psychometric information as
part of their reported results. These studies have ad-
dressed a wide variety of constructs, which may be
categorized as opinions on computer characteristics,
computer effects on health care, computer effects on
health care personnel, prior computer experience,
general attitudes towards computers, attitudes toward
computer use, attitudes toward computer use in med-
icine, and user characteristics. As shown in Table 1,
each study typically begins with a set of a priori con-
structs: the attributes that the instrument is hypothe-
sized to be assessing. The subsequent data analysis,
often employing the statistical technique of factor
analysis, generates a set of a posteriori constructs:
what, based on the data, the instrument appears to be
assessing.

Although it is possible to use instruments developed
for other health professions to measure physicians’ at-
titudes toward computers,48 this approach may prove
less than satisfactory. First, it is not known whether
physicians and other professionals share a similar
structure of attitudes and beliefs. Attitudes toward
computers have been shown to differ among profes-
sions, including professions within health care.50,51

Such differences are not surprising, given the differing
training, experience, roles, and activities of these pro-
fessions. Even more important, instruments devel-
oped for other professions (e.g., nursing) may not ad-
dress the unique training, roles, activities, and
responsibilities of physicians.

While the literature on attitudes of physicians toward
computers is fairly extensive, some important attrib-
utes have not been rigorously explored. These include
for what purposes health professionals actually use
computers and how much they know about the un-
derlying technology. While several authors have pre-
viously measured physician attitudes toward the use
of computers or have measured actual physician use
of computers in medicine, only Anderson et al.5,8,9

have addressed computer use as a psychologic con-
struct. To our knowledge, psychometric analysis of
physician knowledge of computers has not been pre-
viously reported. One prior study49 measured end-
user computer sophistication without specification of
parameters describing how accurate or precise mea-
surements using these methods would be. Teach and
Shortliffe’s widely cited study, published in 1981,52

employed as a priori constructs physicians’ expecta-
tions, demands, acceptability, experience, and knowl-
edge of computer-based consultation systems. While
the wide recognition of this study suggests that the
included constructs are of importance to the field, the
focus on consultation systems and the use of a con-
venience sample of professional meeting attendees to

validate the instrument are factors limiting the ability
to generalize their results.

Study Goals and Questions

Because physicians’ attitudes and other attributes ap-
pear to be important in determining the use of com-
puters and because existing instruments may be less
than satisfactory for measuring these attributes, we
sought to develop an instrument specifically designed
for physicians that measures with well-defined psy-
chometric properties four important attributes regard-
ing computers in medical care. To these ends, we con-
vened a working group to modify the instrument
originally used in the often-cited Teach and Shortliffe
study.52 After developing the questionnaire,* we ad-
ministered it to academic physicians at five institu-
tions, generating a study sample with 771 subjects.
The resulting data allowed us to explore the psycho-
metric properties of the item sets (scales) purported
to address each attribute:

n Is the dimensionality of each attribute, as measured
by the scale, as hypothesized?

n Which items appear not to address the attribute and
thus not to belong in the item set?

n What is the reliability of the scales formed by these
item sets?

n To what extent does each scale appear to be a valid
measure of the associated attribute?

Demonstration aspects of this research, focusing on
the measured values of the attributes and their rela-
tionships to a variety of physician characteristics,
have been the subject of some preliminary work56,57

and will be the subject of a future report.

Methods

Instrument

In developing a questionnaire rooted in the instru-
ment developed by Teach and Shortliffe,52 our goal
was to develop an instrument both more general than
the original in its evaluation of physicians’ attitudes
toward computer-based clinical decision aids and
more representative of the current medical computing
environment, yet similar enough to allow comparison
with the results of the original study. In addition, we
designed the new instrument to include measures of
computer use, not included in most prior studies, and

*Available online at
^http://www.med.virginia.edu/;wmd4n/medsurvey.htm1&
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to specifically address the roles and activities of phy-
sicians.

To develop the instrument, we established a six-mem-
ber group experienced in medical informatics and
evaluation/measurement techniques. The group com-
prised two of this manuscript’s coauthors (WMD and
CPF) as well as four persons whose contributions are
cited in the acknowledgments. The group engaged in
an item-design process that proceeded over four
months. After reviewing the original Teach and Short-
liffe instrument and results of the reported study of
its measurement properties,52 the group conceptual-
ized four physician attributes to be assessed by the
revised instrument: 1) extent of computer use; 2) self-
reported knowledge of computer technology; 3) fea-
ture demand: how sophisticated information systems
must be before physicians would be willing to use
them; and 4) optimism about the impact of informa-
tion technology on health care. As indicated in Table
1, these attributes closely resemble those addressed by
the Teach and Shortliffe instrument. The new instru-
ment was created by adding and deleting items from
the original. Other items were modified to broaden
their scope or update them in light of more recent
technology. The final instrument, which has been
briefly described elsewhere,56,57 consists of 89 items in
four sections:

n Section 1: Demographics. Respondent’s age, gen-
der, medical specialty/subspecialty, and percentage
of professional time spent in each of the typical ac-
tivities of an academic physician (clinical care and
clinical teaching, didactic teaching, research, ad-
ministration).

n Section 2: Computer Experience. Number of hours
of hands-on computer use per week, type of com-
puter(s) used (IBM-compatible, Macintosh, termi-
nal), configuration and location of computer(s) used
(desktop at office, desktop at home, laptop), extent
of prior computer training and experience, and self-
rated computer sophistication. This section also in-
cluded a set of ten items hypothesized to assess the
‘‘computer use’’ attribute. Each item listed a specific
task undertaken by an academic physician along
with five options for the respondent to indicate the
relative frequency with which he or she personally
uses a computer for this task.

n Section 3: Computer Knowledge. This section com-
prised the 18 items used to assess the ‘‘self-reported
computer knowledge’’ attribute. For each item, us-
ing a three-point response scale, respondents indi-
cated the extent of their understanding of the dis-
tinction between a pair of medical computing
concepts—for example, ‘‘hardware versus soft-

ware.’’ This format was adapted directly from the
Teach and Shortliffe instrument.

n Section 4: Applications of Computers in Medi-
cine. This part of the survey included three sub-
sections. The first listed 18 potential functions of
computers in medicine and asked the respondent
to indicate the six considered highest priority and
the six considered lowest priority for future system
development. This subsection is not viewed as mea-
suring an attribute of the respondent and is not fur-
ther considered here. The second subsection in-
cluded 17 items assessing the attitude of ‘‘feature
demand.’’ Each item presented a feature or capa-
bility of a medical computing system. Using a five-
point scale, respondents indicated the extent to
which it was necessary that a system have each fea-
ture. The third subsection included the 18 items as-
sessing the ‘‘computer optimism’’ attribute, which
was modified from the ‘‘expectations’’ scale in the
Teach and Shortliffe instrument. Each item listed a
potential effect of computers on medicine or health
care. Using a five-point reponse scale, the respon-
dent indicated the extent to which each effect is
considered beneficial or detrimental.

Sample

The sample consisted of 1,478 full-time physician fac-
ulty members in the Departments of Internal Medi-
cine, Surgery, Radiology, and Radiation Oncology at
Stanford University, the University of North Carolina
at Chapel Hill, the University of California at San
Francisco, Northwestern University, and the Univer-
sity of Illinois at Chicago. Responses were received
from 771 subjects, for a response rate of 52%. The four
specialties sampled reflect a diversity of medical prac-
tice. The institutions in the sample span a range of
governance modes and geographic regions.

Administration Procedure

Questionnaires were distributed via campus mail ac-
companied by a cover letter generated by a faculty
member identified with medical informatics at each
institution. The cover letter assured confidentiality of
the responses. Completed instruments were returned
via campus mail. A second questionnaire was mailed
to all subjects four to five weeks after the initial mail-
ing, with a response requested only from those who
had previously not responded. It is estimated that the
instrument required 20 minutes to complete.

Analysis

Responses were entered into a personal computer
spreadsheet and checked for accuracy. Analyses were
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Table 2 n

Factor Analysis of Computer Use Item Set

Aspect of Computer Use Mean SD
Factor

Loading

Presentation preparation 4.19 1.18 .82
Academic writing 4.38 1.07 .77
Literature searching 4.25 1.12 .76
Statistical analysis 3.69 1.54 .69
Clinical/didactic teaching 2.64 0.98 .60
Communicating with col-

leagues
2.77 1.05 .53

Obtaining diagnostic or
therapeutic advice

2.16 0.92 .48

NOTE: Response options ranged from 1 (‘‘never perform this
task’’) to 5 (‘‘always use computer for this task’’).

performed using Microsoft Excel for Windows version
5.0 and the statistical analysis program SYSTAT for
Windows version 5.05 (SYSTAT Inc., Evanston, IL).

Analyses focused on the four item sets hypothesized
to address computer use, computer knowledge, fea-
ture demand, and optimism. Using pairwise deletion
of missing values, we conducted a principal compo-
nents factor analysis with orthogonal varimax rotation
for each item set.58 Each analysis was performed ini-
tially specifying one, two, and three-factor solutions.
The sorted factor loadings, eigen values,58,59 and scree
plots60 resulting from these analyses were examined
to identify the number of dimensions or factors that
made up the best solution for each item set. Some
respondents had multiple missing values within an
item set. We therefore established, for each item set, a
threshold number of responses necessary to include
the subject in the factor analysis of that set. Subjects
below the threshold were excluded.

After determining the dimensionality of each item set
from the factor analyses, we examined the factor load-
ings to determine whether all items in the set were
associated with the attribute of interest. Items with a
factor loading less than .40 were deleted. We com-
puted the reliability, using Cronbach’s alpha coeffi-
cient, of the resulting item set for each attribute. The
reliability coefficient indicates the precision of mea-
surement conducted by assigning each respondent an
attribute score based on the summed (or averaged)
responses across the items in the set.

The methods used in this study also allowed us to
address some aspects of the validity of each attribute.
Content validity was addressed through the instru-
ment development process, both by basing the items
on the prior Teach and Shortliffe instrument52 and by
collegial development of the new items using a panel
experienced in medical informatics. Construct validity
was established in part by the results of the factor

analysis. We hypothesized that the use, knowledge,
and optimism attributes would be unidimensional.
Based on the Teach and Shortliffe study,52 we expected
a multidimensional structure for the feature demand
scale. Construct validity was also explored by exam-
ination of the correlations among the attributes them-
selves and by examination of correlations between the
attributes and other characteristics of the respondents
as measured by selected other items of the survey.
Specifically, we hypothesized that the computer use
and computer knowledge attributes should be highly
intercorrelated, whereas the other attributes should be
only modestly intercorrelated. In the special case of
the item set addressing computer knowledge, subsets
of the items were hypothesized to fall into three cat-
egories of difficulty. Higher mean scores for items
seen as less difficult would be evidence of the con-
struct validity of this scale. Criterion-related validity
was not addressed explicitly in this study.

Results

In this section we first report some demographic char-
acteristics and other characteristics of the respondents.
We then report factor analysis results, with reliability
indices, for each item set. Following this, we include
a section addressing validity of all attributes.

Respondents

Of the respondents (n = 771), 80.4% were male; the
average age was 45.0 (6 .4)† years. The distribution
of specialties was 55.6% internal medicine, 23.9% sur-
gery, 11.5% radiology, and 2.6% radiation oncology.
An additional 6.4% of respondents reported special-
ties in other fields, primarily emergency medicine.
Since these persons were on mailing lists of the tar-
geted departments and likely had joint appointments,
we retained them in the sample.

Respondents indicated that they devoted, on average,
49.1% (6 .9%) of their professional time to clinical care
and clinical teaching, 26.7% (6 .9%) to research, 15.3%
(6 .6%) to administration, and 8.9% (6 .3%) to didac-
tic teaching. They reported a mean of 9.5 (6 .3) hours
of hands-on use of a computer per week. The modal
respondent had participated in one (of six possible)
types of computer training, with ‘‘self-guided learning
about computers’’ as the dominant type. Respondents
self-rated their computer sophistication on a five-
point scale ranging from ‘‘very unsophisticated’’
(coded to one) to ‘‘very sophisticated’’ (coded to five).
Mean score was 2.8, with a mode and median of 3.

†Standard error of the mean.
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Table 4 n

Factor Analysis of Feature Demand Item Set

System Features Mean SD
Factor A
Loading*

Factor B
Loading*

Explain rationale for pa-
tient care advice

2.00 0.86 .78 .03

Provide accurate treat-
ment recommendations

2.20 0.97 .74 .14

Make accurate diagnoses 2.07 0.99 .73 .12
Quantify the uncertainty

of recommendations
2.16 0.88 .71 .00

Provide multiple alterna-
tive patient care recom-
mendations

2.32 0.89 .65 .05

Allow browsing of infor-
mation as well as pro-
viding specific advice

2.07 0.78 .62 .02

Take patient preferences
into account when giv-
ing advice

2.76 0.95 .58 .01

Display images in less
than 30 seconds

2.43 0.90 .11 .65

Respond to queries in
less than 5 seconds

2.25 0.90 .06 .64

Allow access at any place
in clinical setting

1.74 0.76 .08 .60

Allow implementation
without any change in
existing clinical routi-
nes

3.19 0.87 .02 .57

Function without any
‘‘down time’’

1.81 0.82 .13 .55

Allow interaction without
use of keyboard

3.41 0.86 .00 .53

Be learnable in less than
2 hours

2.30 0.93 .01 .52

Allow data entry in
user’s own words
without requiring spe-
cial codes

2.16 0.88 2.02 .41

NOTE: Responses ranged from 1 (‘‘vitally necessary’’) to 4 (‘‘not
necessary’’).
*Factor A represents ‘‘demand for sophisticated features,’’ while
Factor B represents ‘‘demand for use ability.’’

Table 3 n

Factor Analysis of Computer Knowledge Item Set
Concepts to be
Distinguished

Diffi-
culty* Mean SD

Factor
Loading

Client–Server D 1.88 0.81 .77
Field–Record I 1.93 0.85 .75
Electronic mail–Electronic bul-

letin board
I 2.72 0.52 .72

Free text–Coded data E 1.88 0.80 .72
Database–Knowledge base I 2.01 0.76 .71
Data in memory–Data on disk E 2.55 0.62 .70
Digital–Analog E 2.29 0.80 .69
Relational database–Flat-file

database
D 1.60 0.79 .69

Full-text database–Biblio-
graphic database

I 2.09 0.83 .68

Interpreter–Compiler D 1.52 0.74 .68
Mainframe computer–Personal

computer
E 2.72 0.52 .64

Entities–Relationships D 1.44 0.69 .60
Images–Graphics I 2.22 0.69 .57
Floppy disk–Hard disk E 2.84 0.41 .55
Hardware–Software E 2.86 0.37 .55
ICD9-CM–SNOMED D 1.33 0.58 .47
Forward chaining–Backward

chaining
D 1.16 0.43 .44

Sensitivity–Positive predictive
value

I 2.37 0.76 .43

NOTE: Responses ranged from one (‘‘I don’t understand the dis-
tinction at all’’) to three (‘‘I can define the distinction precisely’’).
*D, difficult; I, intermediate; E, easy.

Factor Analyses and Reliabilities

Items Assessing Computer Use

For the set of ten items addressing computer use, re-
sponse options ranged from ‘‘Never perform this task’’
(coded to one) to ‘‘Always use a computer’’ (coded to
five). Excluded from analysis were the responses of 87
physicians who responded ‘‘zero’’ to a preceding ques-
tion, ‘‘In a typical week, how many hours do you per-
sonally use a computer hands-on?’’ Therefore, the re-
sults for this item set reflect only computer users in the
sample. Also excluded were the responses of three ad-
ditional physicians who completed less than eight of
the ten items. Results of the remaining 681 respon-
dents, including only those items with factor loading
greater than .4 and sorted by factor loading, are pro-
vided in Table 2. Scree-plot analysis supported a one-
factor solution including seven of the ten items and
explaining 46% of the total variance. The reliability of
the resulting seven-item scale was .79.
Adopting a one-factor solution necessitated that three
items relating primarily to clinical uses of computers
(‘‘documenting patient information,’’ ‘‘accessing clin-
ical data,’’ and ‘‘scheduling patient appointments’’)
were eliminated from the scale due to low factor load-

ings. This affected the interpretation of the scale in
ways that will be discussed below.

Items Assessing Computer Knowledge

For this set, responses to each pair of computing con-
cepts ranged from ‘‘I don’t understand the distinction
at all’’ (coded to one) to ‘‘I can define the distinction
precisely’’ (coded to three). Responses of 16 physi-
cians who completed fewer than 16 of the 18 items
were excluded. Results for the remaining 755 respon-
dents are provided in Table 3, sorted by factor load-
ing. The scree plot supported a one-factor solution ex-
plaining 41% of the total variance. All 18 items
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Table 5 n

Factor Analysis of Optimism Item Set
Effect of Computers on

Health Care Mean SD
Factor

Loading

Enjoyment of medicine 3.58 0.76 .72
Clinician–patient rapport 2.9 0.69 .68
Status of medicine 3.26 0.71 .67
Quality of health care 3.92 0.61 .66
Clinician self-image 3.18 0.63 .66
Humaneness of medicine 2.82 0.69 .65
Patients’ satisfaction 3.34 0.67 .64
Health care team interactions 3.71 0.80 .60
Clinician autonomy 3.18 0.80 .60
Costs of health care 3.87 0.74 .54
Generalists’ management 3.69 0.69 .52
Privacy 2.74 0.78 .51
Continuing medical education 4.18 0.58 .49
Access to knowledge 4.47 0.57 .44
Medical/ethical dilemmas 3.14 0.63 .43
Role of government 2.87 0.94 .42

NOTE: Responses ranged from 1 (‘‘highly detrimental’’) to 5
(‘‘highly beneficial’’).

Table 6 n

Correlations Between Attribute Scores and Other
Variables

Hands-on
Computer

Time
Computer
Training

Self-reported
Computer

Sophistication

Computer use 1.45* 1.21* 1.50*
Knowledge 1.43* 1.36* 1.66*
Demand: Functions 2.04 2.08 2.00
Demand: Usability 1.04 1.06 2.00
Optimism 1.14* 1.19* 1.24*

*p < .01.

displayed factor loadings greater than .40 and were
retained. The reliability of the resulting scale was .91.

Items Assessing Feature Demand

For this item set, respondents rated each of 17 features
of computer systems on a response scale ranging from
‘‘Vitally necessary’’ (coded to one) to ‘‘Not necessary’’
(coded to four). Responses of 86 physicians who com-
pleted less than 15 of the 17 items were excluded,
leaving 685 respondents in the analysis. As shown in
Table 4, factor analysis suggested that this item set
was two-dimensional.

Two items (‘‘Availability of on-line help’’ and ‘‘Con-
fidentiality and security better than the paper record’’)
displayed factor loadings of less than .40 for both fac-
tors and were eliminated from both scales.

The first factor explained 23% of the total variance
and included seven items with a reliability of .81. By
inspection of the items loading on this first dimension,
it was characterized as ‘‘demand for sophisticated
computer features’’ as measured by demand for the
capability to explain the rationale for patient care ad-
vice, provide accurate treatment recommendations,
make accurate diagnoses, and other functions as
shown in Table 4.

The second factor explains 17% of the total variance
and included eight items with a reliability of .69. It
was characterized as ‘‘demand for usability’’ as mea-
sured by demand for the capability to respond to que-
ries in less than five seconds, display images in less
than 30 seconds, allow access at any place in clinical
setting, and other functions as shown in Table 4.

Items Assessing Optimism

In this set of 17 items, responses ranged from a belief
that each stated impact of computers on health care
would be ‘‘highly detrimental’’ (coded one) to ‘‘highly
beneficial’’ (coded five). Responses of 50 physicians
who completed less than 16 of the 17 items were ex-
cluded. Results of the remaining 721 respondents are
provided in Table 5, sorted by factor loading. Results
were consistent with a one-factor solution.

One item (‘‘access to health care in remote or rural
areas’’) displayed a factor loading of .39 and was elim-
inated from the scale. The resulting one-factor, 16-item
scale explained 34% of the total variance with relia-
bility of .86.

Attribute Score Construction and Validity
Analyses

As indicated previously, content validity for the item
sets was addressed by grounding the questionnaire
development in an earlier survey instrument and in
the development of the form with guidance from an
expert panel. Construct validity was established in
part by the factor analyses and in part through an
additional set of correlational analyses described sep-
arately for each item set below. To conduct these anal-
yses, we first computed for each respondent a score
for each attribute by summing over the items retained
for each attribute. Because the feature demand item
set was two-dimensional, five attribute scores were
generated for each respondent. Because of the multi-
ple comparisons made, only p values less than .01
were considered significant.

Tables 6 and 7 report correlation coefficients among
the attribute scores and between the attribute scores
and specific other items in the questionnaire that were
employed in the construct validation studies.

For the computer-use items, we hypothesized that re-
spondents with higher scores on the computer-use at-
tribute would report greater times of hands-on com-
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Table 7 n

Correlations Among Attribute Scores

Computer
Use

Knowl-
edge

De-
mand:
Func-
tions

Demand:
Usability

Opti-
mism

Computer
use

1 1.45* 2.00 2.06 1.18*

Knowledge 1 2.01 1.01 1.20*
Demand:

Functions
1 1.16* 2.05

Demand:
Usability

1 1.03

Optimism 1

*p < .01.

puter use, more computer training experience, and
greater self-reported computer sophistication. As
shown in Table 6, all three posited correlations were
positive and significant.

For the computer knowledge items (see Table 3), each
of the 18 items had been placed a priori into catego-
ries seen as ‘‘easy,’’ ‘‘intermediate,’’ or ‘‘difficult.’’ As
a test of construct validity it was expected that the
mean responses to items in each of these categories
would differ. The means (6 SEM) were: 2.48 (6 .02)
for the ‘‘easy’’ items, 2.2 (6 .02) for the ‘‘intermediate’’
items, and 1.5 (6 .02) for the ‘‘difficult’’ items. By re-
peated measures analysis of variance, this difference
was highly significant (F2,1498 = 2903.8, p < .0001). It
was also hypothesized that respondents with greater
computer knowledge would display greater levels of
self-reported computer use, computer training, and
computer sophistication. As shown in Table 6, these
correlations are both positive and significant.

For the feature demand items, it was expected that
less demanding respondents would spend more time
with computers. Results of the correlational analysis,
provided in Table 6, revealed a small and nonsignifi-
cant correlation.

For the optimism items, we hypothesized that respon-
dents more optimistic about the impact of computers
on health care would display greater weekly com-
puter use, computer training, and computer sophis-
tication. As shown in Table 6, small but still significant
positive correlations are present.

Correlations among the five attribute scores are
reported in Table 7. As hypothesized, a sizable and
significant positive correlation is present between
computer use and computer knowledge. Other cor-
relations are small, even though some are significant
because of the large sample size.

Discussion

This report has focused on the measurement proper-
ties of a survey instrument to assess aspects of phy-
sicians’ use, knowledge, and beliefs about computers
in health care. This work differs in several ways from
most prior studies of physicians’ attitudes towards
computers in medical care. First, the sample size of
771 is larger than that of prior works. Second, our
work was guided by the earlier study of Teach and
Shortliffe52 with defined a priori attributes and item
sets hypothesized to assess each attribute. Third, the
study distinguishes measurement issues, reported
here, from demonstration issues to be reported in a
separate report later.

Computer Use Attribute

Of the four attributes evaluated, the factor structure
of the items addressing computer use was the least
clear. The one-factor solution covered seven aspects of
computer use; however, only one item directly relat-
ing to clinical computing (obtaining diagnostic/ther-
apeutic advice) was retained. The remaining clinical
items (documenting patient information, accessing
clinical data, scheduling patient appointments) exhib-
ited low loadings on the single factor and were ex-
cluded. A two-factor solution (not included) for this
attribute created two four-item factors readily inter-
pretable as ‘‘academic computing’’ and ‘‘clinical com-
puting’’; however, the two remaining items loaded on
both factors. Also, while the four items loading on the
‘‘academic’’ factor in a two-factor solution would have
resulted in a scale with acceptable reliability, the four
items loading on the ‘‘clinical’’ factor exhibited a re-
liability level too low to be useful for research. There-
fore, we rejected a two-factor solution.

To the extent that these academic physicians have a
single measured value of ‘‘computer use,’’ this use
supports academic rather than clinical responsibilities;
there is only weak evidence here to support ‘‘clinical
computer use’’ as a construct. This may be attributable
to the fact that end-user tools supporting academic
activity have been widely available for two decades,
whereas the analogous end-user tools for clinical com-
puting are relatively new at the institutions included
in this study. Item sets assessing computer use should
be revalidated in the near future to see whether the
development and use of clinical computing applica-
tions will change this result.

Computer Knowledge Attribute

This scale measures one factor with high reliability
and with all items retained. The Teach and Shortliffe
study measured knowledge of computing concepts in
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a similar way with 22 items but did not conduct factor
analysis of responses. Although our scale is based on
theirs, we extended their work by generating subsets
of items purported to be of differing levels of diffi-
culty. The finding that items hypothesized to be more
difficult generated lower mean scores adds substan-
tially to the evidence supporting construct validity of
this scale.

It is important to emphasize that this item set mea-
sures perceived knowledge, rather than actual knowl-
edge as might be determined by a test administered
under controlled conditions. We felt, as apparently
did Teach and Shortliffe, that measuring perceived
knowledge was a more practical strategy both because
testing of actual knowledge may have been resented
by respondents and because such testing could not
have been administered under controlled or proctored
conditions.

Feature Demand Attribute

This study confirmed the findings of Teach and Shor-
tliffe that physicians’ demand for functionality of
computer systems is multidimensional. Examining the
‘‘demand’’ construct, they discovered two factors—
demand for performance and demand for system ac-
curacy. Our data differentiated two subscales that re-
late closely to those factors: the ‘‘sophisticated fea-
tures’’ subscale taps a physician’s belief that systems
must provide high level functionality, and the ‘‘usa-
bility’’ subscale taps a belief that systems must be
user-friendly, ergonomic, and convenient. The differ-
entiation of these subscales seems intuitive, as physi-
cians who feel strongly about one dimension could
feel very differently about the other. Support for va-
lidity of these subscales derives primarily from the
development process and the factor analysis. An an-
ticipated negative correlation between hours of
hands-on computer use and feature demand was not
found in the data.

Optimism Attribute

Several studies have undertaken factor analyses of the
attitudes of physicians towards the effect and appli-
cation of computers to medical care. Similar to our
one-factor solution, Startsman and Robinson54 de-
scribed a factor of ‘‘possible benefit of the application
of computers to the problems of hospitals,’’ and Mel-
horn et al.53, using an almost identical instrument, un-
covered a single factor of ‘‘attitudes toward specific
uses and scientific applications of the computer.’’ The
Teach and Shortliffe52 paper, referring to computer-
based consultation systems, described as separate fac-
tors the effects of computers on individual practition-
ers, medical practice in general, and health manpower

needs. Anderson et al.5,8,9 discovered five factors, as
listed in Table 1. Our data, based on a large sample,
offer strong support for a more parsimonious one-fac-
tor solution and the consequent greater reliability it
provides for attribute measurement. The correlations
between optimism scores and computer use, training,
and sophistication, although statistically significant,
are smaller than expected. This may be because the
clinical orientation of the item set differs from the pri-
marily academic computer use of the respondents.

This study has three important limitations that merit
discussion and further research. These relate to the
survey sample itself, the response rate to the survey,
and the preliminary nature of the validity studies.

The survey sample consisted of academic physicians
in four departments that were selected to represent
the range of medical practice. Sampling entire de-
partments was a deliberate strategy to maximize re-
turn rate, because a small number of departmental
chairs could then be asked to promote the survey. The
five participating institutions included those where
the investigators were themselves located or had close
colleagues who agreed to administer the survey.
Methodologically, the five institutions comprised a
convenience sample. The sample is therefore not com-
pletely representative of all academic physicians, and
academic physicians are not, themselves, representa-
tive of all physicians or other care providers. Differ-
ences in discipline, type of responsibility, and practice
volume will affect attitudes. For these reasons, the re-
sults of the study could not be generalized, even if all
physicians in the sample had returned the survey. Re-
searchers who wish to apply this instrument to other
populations will need to establish reliability and va-
lidity for those populations.

The response rate of 52% raises the additional ques-
tion of whether the responding group is representa-
tive of the sample surveyed. Bias in survey research
caused by nonresponse has been extensively studied.
As illustrated in examples provided by Kish,61 such
biases typically disappear as response rates approach
80%. So while the researcher can generally be confi-
dent with an 80% response, a survey with a lower
response rate is at risk. Two strategies are possible to
minimize this risk. One is the use of extensive, but
expensive, methods advocated by Dillman62 to maxi-
mize survey returns; the second is an a posteriori ap-
proach of studying a relatively small number of non-
respondents to see whether they differ from
respondents on specific characteristics. Although lim-
itations imposed by sampling and nonresponse are of
less concern in this study, which explores the mea-
surement properties of an instrument, than they
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would be in a study whose purpose was to estimate
the mean values of various parameters in a sample,
future studies designed to provide a more complete
validation should use one of these methods.

Finally, the validity studies conducted and reported
in this paper are themselves preliminary in nature.
Based on these findings, other investigators can em-
ploy this instrument with substantial confidence
about the reliability of the scales but with less confi-
dence that the scales measure what the investigators
claim. Further validity studies are necessary to com-
plement the initial content validity and construct va-
lidity investigations reported here. For example, cri-
terion-related validity studies might administer to a
sample of subjects our instrument along with a proc-
tored test of computer knowledge in which the re-
spondents must answer questions. This study would
explore how well the self-reported computer knowl-
edge, measured by our instrument, estimates ‘‘gold
standard’’ computer knowledge as measured by an
actual test. Another type of validity study, a construct
validity study, would compare the responses of
groups of physicians who, on theoretic grounds,
would be expected to differ markedly in their re-
sponses. This would be done, for example, by admin-
istering the survey to graduates of medical informat-
ics training programs and comparing their responses
to those in a general sample.

The authors thank Robert Carlson, Mark Musen, Ted Shortliffe,
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