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This report examines some methodological, technical, and
ethical issues which need to be addressed in designing and
implementing a valid and reliable computerized clinical data
base. The report focuses on the data collection system used by
four residency based family health centers, affiliated with the
University of Massachusetts Medical Center. It is suggested
that data reliability and validity can be maximized by: (1)
standardizing encounter forms at affiliated health centers to
eliminate recording biases and ensure data comparability; (2)
using forms with a diagnosis checklist to reduce coding errors
and increase the number of diagnoses recorded per encounter;
(3) developing uniform diagnostic criteria; (4) identifying
sources of error, including discrepancies of clinical data as
recorded in medical records, encounter forms, and the com-
puter; and (5) improving provider cooperation in recording
data by distributing data summaries which reinforce the data’s
applicability to service provision. Potential applications of the
data for research purposes are restricted by personnel and
computer costs, confidentiality considerations, programming
related issues, and, most importantly, health center priorities,

largely focused on patient care, not research.

Recent years have seen an increased accept-
ance of family practice as an academic discipline
and a growing interest in research within this rela-
tively new medical field. The literature is begin-
ning to emerge with articles describing the “Fam-
ily Practice Experience,” especially through the
use of computerized data collection systems which
gather varied information about patient encoun-
ters, diagnoses, and management.17
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The emphasis of such articles has been primar-
ily on the results of research conducted from com-
puterized data bases. Often neglected, however,
are important methodological issues which relate
to the implementation of a computerized data col-
lection system.* Such issues impinge upon the
data’s reliability and validity, which must be eval-
uated before research findings can be applied in
any meaningful way. This paper addresses some of
the important methodological issues, both techni-

*One exception to this has been a discussion by Levinson
(1978)® about health care and information management, in
which he addresses the issues of data validity, confiden-
tiality, and cost as they relate to the operations of a data
management system in clinical practice.
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cal and ethical, which arise in the design and im-
plementation of a reliable data collection system in
a residency-based ambulatory care setting.

The paper focuses on a computerized data col-
lection system used by the Department of Family
and Community Medicine at the University of
Massachusetts Medical Center. A program was
implemented in April 1977 to document and
monitor clinical experiences of family physicians
and family practice residents at four affiliated,
community based health centers. It is based on an
on-line computerized data collection system, by
which data pertaining to clinical interactions at
each health center are entered into a central com-
puter at the medical center. Data entry is
facilitated by the use of checklist encounter forms
which are precoded and completed by health care
providers. The data are entered by research sec-
retaries at each health center by means of com-
puter terminals. Data items recorded include a pa-
tient’s chart number, birthdate and sex, date and
site of visit, provider code, diagnoses, medica-
tions, and referrals.

The data collection system is designed to satisfy
three main objectives. The first objective, which is
research oriented, is to conduct research in the
field of family medicine with an emphasis on
epidemiology, quantitative analyses of patients and
health problems encountered, and patient man-
agement. The second objective is oriented towards
education, and the evaluation of the department’s
residency training program. The third objective
focuses on service provision, that is, to supply the
health centers with information about their own
practices, to aid in administration, practice man-
agement, and the research efforts of individual
providers.

Factors Impinging on the Validity and
Reliability of a Computerized Data
Collection System

Central to findings of epidemiological research,
based on a large-scale computerized data collec-
tion system, are issues of data reliability and
validity. In the context of this article, reliability (or
reproducibility) is based on the degree to which
consistent clinical assessments are recorded when
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the same clinical circumstances are encountered
more than once. The major factor which affects
the consistency of results is observer or recorder
variation (ie, error). Common examples of suh
error include: a physician’s diagnosing the sane
condition differently on separate occasions: a
physician’s recording all diagnoses made in an
encounter on some occasions and only the primary
diagnosis on other occasions; and keypunching
and coding errors made by research secretaries.
Validity refers to the degree to which recorded
clinical information reflects accurately the dlinical
circumstances encountered.

As a prerequisite to conducting epidemiologic
research, factors which influence data reliahility
and validity were evaluated six months into te
implementation of the system. Factors identified
as important include the use of a uniform mech
anism for recording clinical data, uniform dag
nostic criteria, the identification of sources of re-
cording error, and the attitudes of health care
providers to a computerized data base.

Choosing a Mechanism for Coding Deta

The choice of a mechanism by which data per-
taining to clinical interactions are coded and com
puterized has a significant impact on the reliability
and validity of the information which is collected.
Two major options for such coding, with wide-
spread application currently, are diagnostic
checklist encounter forms and worksheets/log-
books (eg, E-books in which a provider writes clin-
ical information). At the University of Massachu-
setts the authors have been able to compare ad
evaluate both types of recording devices, since
one of the four health centers has converted re-
cently from the use of log books to the use of
encounter forms. With the change it was found
that the average number of diagnoses that were
recorded for each patient on a single visit in
creased significantly from 1.18 to 1.40 diagnoses
per visit (P<.01). This increased recording could
be explained by the shorter time required for a
provider to use a diagnostic checklist. It is likely
that the increased reporting of diagnoses repre-
sents an improvement in data validity because
of the recording of more complete diagnostic
information.
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The use of checklists also improves validity by
reducing a major source of error, ie, coding error.
(Write-in diagnoses can be miscoded easily by re-
search secretaries, often because it is difficult to
find appropriate codes.) However, checklists do in-
troduce biases into the recording process. It is
possible that providers could be predisposed to
check a precoded diagnosis rather than write in a
more precise, but closely related, diagnosis. This
problem is ameliorated, somewhat, by having a
place on the form for write-in diagnoses. On the
besis of the above findings it appears that the in-
corporation of a checklist encounter form into the
data collection process will improve the validity of
the data and hence the results of any research
based on such data.

Standardization of Recording Mechanisms

Since encounter forms are used as the basis of
recording data, it is important to standardize the
checklist format for each health center. In this
way, the inherent biases that exist when a
checklist is used are at least uniform for all health
centers and data comparability is ensured. Prior to
1978 each health center was using a different
encounter form. This situation arose because of
their position as independent clinics prior to their
integration into the university’s residency pro-
gram, and their use of different billing companies.
Differences in distributions of diseases at each
health center could not be attributed solely to vari-
ations in the characteristics of either the patient
population or treatment practices but possibly, in
part, to differences in the design of the encounter
forms* The incorporation of a standardized
checklist of diagnostic items into the data collec-
tion process at each health center now permits
valid comparisons of utilization, diagnostic, and
treatment patterns. The determination of diag-
noses to be included on the checklist was made by
examining frequency patterns of diagnoses made
at the four health centers. The pre-coded diag-

*This same limitation applies to the validity of compositive
analyses with clinical data recorded in other parts of the
United States which are based invariably on unique record-
ing mechanisms.
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noses on the encounter form account for 80 to 90
percent of all diagnoses seen at each health center.

Uniform Diagnostic Criteria

Another measure which is necessary for record-
ing valid data is the establishment of uniform diag-
nostic criteria. The experience at the University
of Massachusetts has shown providers to have
particular difficulty in defining certain organic
manifestations of illness, eg, hypertension and its
various counterparts (including essential, labile,
non-specific, uncomplicated, complicated, ele-
vated blood pressure), and the range of psychoso-
cial and behavioral problems. For example, with
respect to behavioral problems, tobacco abuse
was diagnosed by some providers if a patient
smoked one cigarette a day and by others if a pa-
tient smoked one pack a day. The outcome was
that these diagnoses were recorded less frequently
at these health centers in comparison to national
norms. Therefore, a series of seminars involving
faculty physicians and residents from all centers is
in the planning stages, for the purpose of develop-
ing criteria for diagnoses that have divergent in-
terpretations. These activities should provide
some local uniformity to the diagnostic process.
However, one must realize that comparisons with
data collected in other systems may be somewhat
invalid due to differences in diagnostic definitions.

Identification of Error

In order to maximize the reliability of data in-
put, it is essential to identify the sources of record-
ing error that exist in the data collection process so
that steps can be taken to reduce error in the sys-
tem. A review of the few documented accounts of
error rates in data systems shows that error is
measured either in a limited or unclearly de-
lineated manner. Hollison et al,7for example, refer
only to the rate at which physicians coded data
about patients’ visits. Marsland et all noted “a
four percent recording error between the patient’s
record problem list, the daily worksheet, and
information stored in the computer.” The use of
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three mechanisms for recording means that there
are six potential sources of error. There may be an
under-reporting or over-reporting of data in the
worksheet in comparison to the problem list, an
under-reporting or over-reporting of data in the
computer in comparison with the worksheet, or an
under-reporting or over-reporting of data in the
computer in comparison with the problem list. The
use of one statistic of error which has six potential
sources leaves the reader confused about the exact
nature of the error (ie, coding errors or errors of
omission) and its source.

With respect to the validity and reliability of
data in the present computer system, samples of
data were examined to determine:

a. the degree to which patient visits were re-
corded on encounter forms and entered into the
computer

b. the degree to which diagnoses recorded in the
computer existed in the medical records and vice
versa

c. the degree of keypunching errors in the trans-
ference of data from the encounter form to the
computer
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Figure 1 illustrates the flow of data and the
sources and rates of error. At the time of a
physician-patient interaction, clinical data, includ-
ing diagnostic and management information, are re-
corded by a physician in the medical record and n
an encounter form. After this information is
recorded by the physician and personal data
(patient’s name, birthdate, date of visit, chart
number) are recorded by a receptionist or nurse,
the encounter form is passed on to a research sec-
retary, located at each health center, who enters
encounter form data into the computer. An audit
of billing records at each health center indicated
that 98 percent of all patient visits had encounter
forms completed and entered into the computer.
The remaining two percent had insufficient data
recorded on the encounter form and hence were
not entered into the computer as the form was not
completed in the first place by the physician. A
two-percent error rate was found, also, in
keypunching data from the encounter form into
the computer.

A final measure of reliability was based ail
comparisons of diagnoses recorded in medical
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records with those in the computer. To determine
this more detailed assessment of reliability, a
one-percent sample (n=304) of encounters made
at the health centers during a one-year period was
selected randomly. As Figure 1indicates, on aver-
age, there was a 17-percent error rate when com-
paring diagnoses listed in the medical record with
those in the computer. A further breakdown of
these data (Figure 2) shows that for 304 patient
encounters selected from the health centers, there
were 424 diagnoses stored in the computer and 438
entered into the patients’ medical records. Of all
diagnoses in the medical records, 18 percent were
not present in the computer, apparently having
been omitted from the encounter form by the
physician. Surprisingly, however, of all diagnoses
present in the computer, 16 percent were omitted
from the medical records. This finding is in con-
trast to a report of encounter form validity by De-
Simone et al,*in which the authors state *there
were no disease codes recorded on the computer
tape that did not correspond to problems noted in
the chart.”

While discrepancies of the above magnitude
should be of concern to researchers, the error
rates indicated above are consistent with rates re-
ported elsewhere. For example, Dickie et alHnoted
a 15-percent discrepancy between diagnoses re-
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corded on an encounter form and those recorded
on the medical chart. DeSimone et alf on the
other hand, reported that only “58 percent of
codeable problems listed on the chart actually
reached the computer tape.”

Furthermore, examination of the types of health
problems omitted from the computer and those
omitted from the medical records revealed some
definite trends in the recording practices df physi-
cians. Diagnoses that were omitted from either
source were identified and classified into five
broad categories: health maintenance and family
planning procedures; acute illness; chronic illness;
psychosocial problems; and signs and symptoms
(Table 1). Of the 80 diagnoses omitted from the
computer (ie, written only in the medical records),
47 percent were signs and symptoms (1CHPPC
category XVI). Conversely, of the 60 diagnoses
omitted from the medical records (ie, appearing
only in the computer and hence on the encounter
form), only 20 percent involved signs and symp-
toms, and the majority were chronic illnesses (42
percent). A chi-square test showed the distribu-
tions of the types of diagnoses omitted from the
medical records and the types omitted from the
computer were significantly different at the .001
level. Having identified the types of health prob-
lems that account for the recording errors in these
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Table 1. Discrepancies in Diagnoses Located in Computer and in Medical Records

Diagnosis Category

No.
Health maintenance, family planning 16
Acute illness 18
Chronic illness 6
Psychosocial problems 13
Signs and symptoms 37
Total diagnoses omitted 80

X2 significance: P<.001

practices, one can begin to explore with physi-
cians the reasons for their particular recording pat-
terns. If itis possible to determine explanations for
the omission of clinical information in the medical
record or on the encounter forms, steps can be
taken to modify recording patterns.

Gaining Acceptance of the Data System

Another potential obstacle to the recording of
complete and reliable data is the degree of accept-
ance of the system and cooperation by health cen-
ter providers and administrators. Health care
providers’ initial reactions towards the implemen-
tation of a computerized data collection system
may be unfavorable because of required changes
in recording habits, and a perceived philosophical
inconsistency, among some family physicians, be-
tween a less technologically oriented system of
health care and the implementation of a com-
puterized data collection system.

A number of measures have been adopted
which address such issues. First, instituting a di-
agnosis checklist, developed in conjunction with
the providers themselves, has encouraged the re-
cording of more complete diagnostic information,
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Omitted from Computer

Omitted from Medical records

% No. %
20.3 0 0.0
22.8 15 22.7
7.6 28 42.4
16.5 10 15.2
46.8 13 19.7
100.0 66 100.0

because of its less time-consuming format. Conse-
guently, it has reduced, somewhat, the particular
problem of providers’ recording simply the pri-
mary diagnosis and neglecting the remainder of
health problems discussed during a patient en
counter. It is useful, also, to demonstrate the
practical uses of the data which providers record
in their daily practices. For example, one of the
physicians who wanted to conduct an influenza
vaccination program in his practice, wished to
identify patients that had been diagnosed with
chronic heart and lung diseases, so that he could
immunize persons at highest risk for the illness.
Another physician, interested in issues of con-
tinuity of care in his health center, was provided
with an appropriate descriptive summary and as a
consequence initiated a team concept into his
practice, whereby a physician, nurse practitioner,
and nurse were assigned to patients as primary
care providers. Finally, a Family Oriented Medi-
cal Profile is being introduced into each patient’s
medical chart. The profile provides a com-
puterized summary of the dates of visits, physi-
cians seen, and diagnoses made for all members of
a household who made visits to a health center ina
two-year period. Thus, it is possible for a physi-
cian quickly to assess possible family patterns and
dynamics related to illness and health care utiliza-
tion, and the degree of continuity of family care
with respect to the numbers of providers en-
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countered. Regular feedback of meaningful data
tothe providers is an important component in rein-
forcing the data’s applicability. At the University
of Massachusetts, descriptive data and written re-
ports are distributed to each health care provider
a the health centers on a quarterly basis, for prac-
tice management and educational purposes. Each
person receives his/her own ranked listing of
health problems diagnosed, age-sex profiles of pa-
tients and encounters, and a brief report describ-
ing the clinical experiences of all providers, com-
paring health centers. These data are especially
useful to medical directors in evaluating the train-
ing of their residents, and to administrators con-
cerned with utilization patterns at their center.

Discussion

During the first two years of the data collection
process, the authors dealt with many issues in an
effort to achieve data reliability and validity, learn-
ing to resolve the controversies which occurred
occasionally between researchers at the medical
school and health center providers. The most sig-
nificant of these experiences, however, has been
the growing realization that there are limitations
imposed upon any research effort by factors which
are largely out of one’s control. These factors can
greatly reduce the nature of the data collected and
research questions to which it can be applied. Fac-
tors of these kinds center on issues such as the
personnel and hardware costs involved in estab-
lishing a computerized data collection system;
confidentiality, which in the University of Massa-
chusetts program required the development of
protocols to restrict accessibility to patient infor-
mation and to safeguard the identity of patients
and health centers; computer and programming re-
lated issues, which necessitate the advanced
planning of data analyses so that data files can be
structured accordingly to minimize subsequent
programming difficulties.

The factor of most concern, however, and one
which has the greatest effect upon the data collec-
tion process, ultimately, is the set of health center
priorities, which are focused largely on patient
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care, not research. Because of the semiauton-
omous nature of the health centers, there are
practical restrictions on a researcher’s efforts to
develop a g *ater emphasis on research activities.
In orderto  jffective, the data collection process
must be a Ct aborative effort between researchers
and provideis, a.i alliance which can be mutually
profitable in the areas of patient management,
education, and research.

In fact, health center attitudes are changing in
this respect, as individual providers and adminis-
trators at the University of Massachusetts affil-
iated health centers are becoming increasingly
aware of the utility of the data base and concerned
with the quality of the data and its applications.
This is in part a result of more regular communi-
cation between the medical school and health cen-
ters, the dissemination of meaningful and under-
standable data reports, and the demonstration of
the clinical applications of the data base.
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