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ABSTRACT
In the early eighties, the goal set for the development of

computer-based patient records was the creation of patient
records that were analogous to thepaper record. In the Neth-
erlands, where thenumberofphysicians using computer-based
patient records is steadily increasing, this strategy has been
proven successful. Although these "paper-like" computer-
basedpatient records were suitableforpatient care, they were
much less suitedfor otherpurposes. Experiments showed that
the useofdataforotherpurposes than thoseforwhich they were
recorded, can only be performed reliably when these data
permit unambiguous interpretation.

Due to aphysician 's limited time there is a constant tension
between benefitand effort. Therefore, we should not expect the
physician to provide the large amount of additional informa-
tion, required for unambiguous interpretation of his record.
Many of the inferences made by physicians are based on
general knowledge and do not require,specific, patient related
information. We havefocused our research on the potential of
using knowledge about concepts in the patient record, to infer
infornmation, that is implicit in the patient data. The paper
discusses considerations with respect to possible strategies to
elicit a maximum ofinformation with a minimum ofeffortfrom
the physician.

INTRODUCTION
The development ofcomputer-based patient records has

been an active area of research in the past years. Despite
these efforts, wide spread use of computer-based patient
records% in daily practice has not yet occurred. In The Neth-
erlands, however, we observe a rapid introduction of com-
puter-based patient records in primary care: more then 50%
of the Dutch general practitioners have purchased an infor-
mation system, and the computer-based patient records
provided by these systems are replacing conventional paper-
bNased records [1]. Professional organizations played an
important role in promoting information systems in primary
care by defining software requirements for these systems
[2]. In some regions of The Netherlands, paperless medical
offices are integrated in regional electronic networks that
connect dozens of primary-care physicians with the hospi-
tals, pharmacies, and laboratories in their area.

Our research group has been conducting research into
computer-based patient records during the past 10 years.
The rapid introduction ofcomputer-based patient records in
primary care, has provided us with an opportunity to study
actual use ofcomputer-based patientrecords, and to conduct
experiments using data from those records. Based on these
experiments, we have set a research agenda for our work in

computer-based patient records. In this paper, we discuss
our current research focus in the area of modelling the
computer-based patient record. This paper is based on our
experience in The Netherlands; in view of the significant
difference between countries, the reader will have to deter-
mine the degree towhich ourexperience is relevant forother
settings.

REPLACING OR AUGMENTING THE PAPER-
BASED PATIENT RECORD

In the early eighties, we developed aprimary-care infor-
mation-system, called Elias, for the general practitioner [3].
InTheNetherlands, Elias pioneered thenotionofapaperless
practice. The principal design decision of that system was to
replace the paper-based patient record rather then to aug-
ment a paper-based patient record. Augmenting a paper-
based patientrecord leads to ahybrid record; the complexity
introduced by the combination of paper record and com-
puter-based record may outweigh the benefits gained from
automating part of the patient record. The consequence of
replacing rather then augmenting the paper-based patient
record was that the general practitioner had to do record
keeping with the system herself, thus forcing her to acquire
new skills such as typing. We had, at that time, no definite
evidence that replacing paper-based patient records with
computer-based records in primary care could be achieved.
Elias allowed us to test the feasibility of replacing paper-
based records with computer-based records on a large scale.

Subsequentdevelopments have shown thatgeneral prac-
titioners are able to use computer-based patient records. At
present, several commercially-available information sys-
tems provide the general practitioner with computer-based
patient records; 25% of the Dutch general practitioners
maintain such computer-based records [1]. We use the term
"computer-based patient record" for a patient record, that is
entered and maintained by general practitioners on a com-
puter, and that fully replaces the paper-based patient record.
The Elias system supports SOAP (Subjective-Objective-
Assessment-Plan) coding and a problem-oriented medical
record. Although all data within each SOAP category can be
entered as free text, the system supports coding of the data
[4]. Medication can be coded for the purpose of drug-
interaction and drug-doses monitoring.
A recent study by the Institute of Medicine argues that

most technological barriers that have in the past impeded
developmentofcomputer-based patient records have disap-
peared or are disappearing [5]. Our experience supports, at
least for Dutch primary care, the validity of that claim.
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COMMUNICATION
As the number of general practitioners that use infor-

mation systems increased, our next experiment centered on
electronic communication. In a medium sized Dutch city
(o)pulation of ca. 110.000), approximately 37 general prac-
titioners use the Elias system. These systems were integrated
into an electronic network with hospitals and laboratories in
the same city. Admission/discharge -, laboratory reports,
and messages from colleagues are received by electronic
mail, and the computer-based patient records are updated
automatically. We measured the flow of data over the
network, andwe surveyed the general practitioners aboutthe
use of electronic communication. We discovered that gen-
eral practitioners were able to integrate this technology into
their practice [6]. For example, a survey of the participating
practitioners showed that electronic mail was rated positive
and became accepted in daily practice.

The results of this experiment show that general practi-
tioners are, in addition to using computer-based patient
records, also able to integrate electronic communication into
their style of practice. The acceptance of both computer-
batsed patient records and electronic communication creates
new research opportunities: it enables research directed at
computer-based patient records that are shared by physi-
cians working in different environments.

IMPROVING QUALITY OF CARE
In general, improving the quality of care requires (a) a

means of assessing care as it is currently delivered, (b) the
identification ofareas in which care can be improved, (c) the
identification of recommended behavior (e.g., a consensus
meeting to establish guidelines), and (d) a method for
informing the physician of preferred alternatives. Previous
research, however, has shown thateffortsdirected atchanging
the behavior of physicians have met with varying (even
disappointing) degrees ofsuccess. Forexample, Lomas at al.
report that, even when practitioners view guidelines favor-
ably, they are slow to change behavior; the development and
dissemination ofconsensusrecommendations seems tohave
little apparent effect on medical practice [7,8]. Other re-
searchers have argued that, if the patient record were auto-
mated, computer-based audit of those records could consti-
tute an important mechanism for improving quality of care.

In yet another experiment, we had physicians and a
critiquing system review computer-based records of pa-
tients treated forhypertension [9,10]. In that study, we could
demonstrate that both human reviewers and the critiquing
system were able to monitor the hypertension treatment. An
important finding of that study, however, was that a signifi-
cant part of the data in the patient records were not coded
(that is, available only in free text), and the data could not
always be interpreted unambiguously. The study confronted
us with the consequences of data that are not described in
sufficiently formal notation.

LESSONS LEARNED
For the Dutch situation, we observe that, in primary care,

computer-based patient records can replace paper-based
records: Computer-based patient records are replacing ex-
isting paper-based records, and use of computers both for
maintaining patient records and for communication is be-
coming an integral part of the physician's style of practice.
Thus, inThe Netherlands, the available technical infrastruc-
ture and the attitude of general practitioners create an envi-
ronment inwhichnewresearch topics such as sharedpatients
records (that is, a single patientrecord shared by physicians
working at different sites) becomes feasible. One important
factor, however, is the limited degreeofformalization on the
computer-based patient record: data in such records (like
data in paper-based records) are subject to different inter-
pretations by different physicians.

RESEARCH AGENDA
Developments, such as shared records, computer-based

auditofrecords, and quality assessment, indicate that the use
of data in patient records is expanding beyond patient care
only [5,11-14]. Using data for different purposes than for
which they were recorded carries the risk of erroneous
interpretation of these data, unless those data permit unam-
biguous interpretation. We believe, therefore, that it is
important to focus our research on the formal representation
of patient data.

Unambiguous interpretation ofdata requires unambigu-
ous representation of these data. In this paper, we articulate
considerations for the design of a new generation of the
computer-based patient record. This is research in progress;
wedonotprovide solutions.Wepresentourpresentresearch
issues and we will discuss the problems and trade-offs we
face.

We have chosen to focus on the formalization of the
patient history and physical examination, which are still the
least formalized parts (predominantly free text) of the cur-
rently available Dutch computer-based patient records. Al-
though the general strategy of history taking and physical
examination is well described in books, the physician has
freedom withrespect to thecompletenessanddetail inwhich
the information is acquired from the patientanddocumented
in the record. As a result, patient records of different physi-
ciansshowmuch variation in styleandcontent. This variation
isnoproblem in itself. Difficulty in interpretation ofapatient
record arises from the fact that the data in these records
reflect only partially the information acquired from the
patient and the thought processes of the physician who
created the record. Based on her own notes in the record, a
physician is able to recall a more complete picture of the
patient than reflected by the notes only [15]. After the
process of data reduction from the physician's brain to the
patient record, information, crucial for unambiguous inter-
pretation of the record by other care providers and research-
ers, may be missing. This is even more pronounced when
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data is to be interpreted by decision-support systems.
An important reason for ambiguity is lack of contextual

information, which may be caused by missing data or by
missing relations between data. When a record contains a
description of an ulcer without mentioning where it is
located, a physician may be able to infer the location from
the description, but the location is not explicitly known.
However, it is not always possible to make correct infer-
ences from patient data. We were confronted with the
limited ability to interpret patient data when we developed
Hypercritic, a critiquing system that audits treatment based
on computer-based patient data [9,16]. For example, when
a diagnosis is recorded in the patient record and the physi-
cian prescribes a drug that has as one of its indications that
specific diagnosis, then Hypercritic assumes that the drug
was given for that diagnosis. After discussing Hypercritic's
remarks with the physicians, however, a significant number
of such assumptions proved to be erroneous. The reason for
these errors was that the patient records involved, lacked
information that enabled unambiguous interpretation of
their contents.

We are well aware of the tension between unambiguity
and efficiency. Even if it were possible to keep a record
exhaustive in the sense that every possible item is explicitly
described, than the effort would outweigh the benefit ofsuch
extensive record keeping. Therefore, the strategy to reduce
ambiguity in the patient record should not be based, for
example, on forcing physicians to fill in large numbers of
screens with predefined items. Even optional screens for
further specification of signs and symptoms are likely to be
skipped when physicians are often confronted with them.

It is our belief that part of the information, that is not
explicitly represented in a patient record, can be inferred
from that record, using knowledge about the patient record
in general: its concepts and how they are related. When a
record contains two notes concerning an ulcer, a physician
will conclude from the location in these notes, wether these
pertain to one or two ulcers. Such a conclusion can also be
infrrefd without human intervention when the knowledge,
needed to arrive at that conclusion, has been made explicit.
Hence, the use of knowledge about the patient record in
general may help us to reduce ambiguity while asking
relatively less information from the physician.

We will discuss the types of problems that we encoun-
tered in our attempt to reduce ambiguity when representing
patient data. Some oftheseproblems apply to patientrecords
in general, while others are related to the (automated)
interpretation of a computer-based patient record.

CONSIDERATIONS CONCERNING AMBIGUITY
IN PATIENT DATA

Absent Data
Since it is impractical to describe every possible detail

about the patient, a physician records information related to
the complaint of the patient and the corresponding physical

examination, whereas other topics are briefly dealt with or
not mentioned at all. As mentioned previously, data reduc-
tion takes place when data are recorded. A physician, who
reads aMR ofa colleague will not be able to reconstruct the
thought processes ofher colleague and will develop herown
hypotheses [16,17]. As a result, questions may arise with
respect to topics that are not mentioned in the record. How
should absent data be interpreted: "it is not known because
it was not asked or observed", or "it is probably not abnor-
mal, otherwise my colleague would have recorded it"? To
solve such a question may require repetition of questions to
the patient, physical examination, or even lab tests. Several
studies account of missing data in patient records; studies
that illustrate the trade-off between completeness and ben-
efit [5,18]. One strategy to encourage data-entry is to bring
items to the attention ofthephysician. Ithas been shown that
data collection and information content of patient records
canbe improvedby using well-structured forms orcomputer
applications for data-entry [19,20]. Another strategy, to be
discussed in thenext section, may be to facilitate the entry of
data, explicitly representing the absence of abnormalities.
The main question is how we can reduce missing data, taken
into account that it is not practical for a physician to be
exhaustive.

The Meaning of the Statement "No Abnormality"
Many items in patient records are described by the

simple statement "no abnormality". The statement consti-
tutes a summary ofa set offindings that have not been made
explicit. Our clinicians brought up that the interpretation of
such a statement poses questions, closely related to those in
the previous paragraph. The question is no longer if the
physician dealt with the item, buthow he dealtwith the item.
Take for example the statement "heart: no abnormality".
The meaning of this statement depends on what investiga-
tions a physician is used to include in the physical examina-
tion of the heart. In the absence of abnormalities, one
physician may suffice with listening for cardiac munnurs,
while another physician may carefully determine the heart
size by palpation and listen to the heart tones as well. In the
absence of abnonnalities, a physician may simply make the
statement: "heart noabnormality". Inter-observeragreement
regarding "nonnality" is not complete, although it is usually
greaterthan agreementregarding "abnormality" [21]. Hence,
it is important tomake explicitwhataphysician means when
making the statement "no abnonnality". As argued in the
previous section, we cannot expect a physician to make a
statement about every possible item. To what extent can the
meaning of the statement "no abnormality" be made ex-
plicit?

We arepresently investigating wetherornotit is feasible
to define a default interpretation for the statement "no
abnormality" for a large number of items. In daily practice,
the physician would either make the statement "no abnor-
mality" or only specify the findings that differ from those
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specified in the default description. Since each physician has
his or hers own style of history taking and physical exami-
nation, such a default would have to be tailored to the
individual physician. The question, therefore, is whether
there are strategies, such as a physician-specific default for
the statement "no abnormality", that stimulate physicians to
explicitly record findings that cannot otherwise be inferred.

Descriptions Involving Combinations
Many items in the patient record are characterized by a

number of aspects. For example, a cardiac murmur has a
loudness, pitch, relation to the heartcycle, shape (e.g. cre-
scendo), and location. The item becomes specific for the
patient when these aspects are filled in with the findings in
that patient. Since physical examination represents the con-
dition of the patient as it is observed at a specific moment in
time, only one description is applicable for each aspect of a
finding. In contrast with a momentary observation, the
patient's history covers a certain time span and so do the
descriptions of complaints. Hence, a symptom may have
different expressions over time. In other words: one descrip-
tion may apply to a symptom in period A, while another
description applies to thesamecomplaint in period B. Let the
symptom dyspnea be described by the aspects: season of
occurrence, frequency, and severity. A patient may suffer
from frequent attacks of severe dyspnea in spring, whereas
in winter attacks of dyspnea are mild and rare. Here, the
combination of aspect descriptions has medical meaning:
they point into the direction of an allergic disease. The
information conveyed in the combinations "spring - fre-
quent - severe" and "fall - rare - slight" would be lost when
the data wouldbe stored as: "spring and fall - rare to frequent
- slight to severe". It is important that different expressions
of the same symptom can be explicitly represented in the
computer-based patient record. In other words, it must be
possible to make explicit which descriptive statements be-
long together, denoting a specific expression of a symptom.
At present, we are exploring how to explicitly elicit this type
of information from the physician in a natural way.

Multiple Occurrence of Concepts
Some concepts in a patient record constitute body parts,

symptoms, or findings that are always singular. Examples of
singular body parts are the heart or the liver. Examples of
singular symptoms and signs are cough and bowel sounds,
respectively. Otherconcepts may havemultiple occurrences:
paired body parts and findings such as skin lesions and
enlarged lymphnodes. Whenaphysician describes apatient's
cough and she returns to that topic later to add some more
information, it is obvious for the physician that she is adding
information involving that same cough. However, when a
physician describes a skin lesion and returns to the topic
"skin lesion" again, it is not evident, unless made explicit,
wether she wants to describe an additional skin lesion or add
information to a previously described skin lesion. In a paper

medical record such information is often conveyed in the
spatial arrangement of the notes and can be inferred by the
physician. However, when data in a computer-based patient
record are to be subjected to research or to interpretation by
other programs such as critiquing or expert systems, the
presence ofmore thanone skin lesionhas to bemade explicit
and each skin lesionmustbe explicitly linkedwith theproper
description. Hence, knowledge about the possible multiple
occurrence of concepts plays an important role in minimiz-
ing ambiguity in a computer-based patient record.

However, there is more to multiple occurrence of con-
cepts than the aspectsjust mentioned. Forexample, is cough
always a singular complaint? Assume, we have a patient
who presents with a cough, that has been dry and itchy since
several years, but thatbecame productive during the last two
weeks. We can speak of one cough that changed in time.
However, ifthepatient is asmokerwith a frequent, dry, itchy
cough and he contracts a bronchitis, we may prefer to speak
about a second cough superimposed on the first one. When
webring into mindWeed's problem orientedmedicalrecord
[22], we may want to link one cough with the patient's habit
of smoking and the other with his bronchitis, or we may
prefer to link the combined cough temporarily to both the
smoking habit and the bronchitis. The question is whether or
not it is possible to define which criteria should be used to
determine when to treat a concept as being singular.

The Problem of Multiple Views
Many terms in medicine play a role in more than one

context: "Frequency of urination" may be important in the
history taking of the urinary tract, circulatory tract, or
endocrine disorders. Hence, data specified at different loca-
tions in the patient record, make up the information about
urination. "Urination" is an example of a singular concept.
In general, every description pertaining to a singular concept
always involves that same concept. This is evident for a
physician. Hence, when dealing with such a concept in a
computer-based patient record, the physician expects all
information with respect to that topic to be presented and
accessible, irrespective ofthe steps that the physician took to
arrive at that topic. In other words, the semantic coherence
of descriptions, pertaining to a singular concept must be
maintained, while access to the information is always avail-
able from any appropriate medical point ofview. Rectoralso
recognizes the importance of supporting "perspectives" that
allow items to be viewed in different ways [23]. We are
currently investigating the potential of using knowledge
about concepts being singular to infer when descriptions
pertain to one item.

SUMMARY
In the early eighties, the goal set for the development of

computer-based patient records was the creation of patient
records that were analogous to the paper record, which was
considered a requirement to make computer-based patient
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record keeping acceptable for physicians. In the Nether-
lands, this strategy has been proven successful. In the years
following the introduction of the computer-based patient
record, expectations with respect to the use of these records
evolvedandexpandedrapidly. Theconviction gainedground
that the computer-based patient record did, indeed, open up
new possibilities for research by efficient retrieval of infor-
mation, for sharing of patient data, for automated audit, for
the integrated use of diagnostic expert systems, and for
quality assessment. Although these "paper-like" computer-
based patient records were suitable for patient care, they
were much less suited for other purposes. Experiments
showed that the use of data for other purposes than those for
which they were recorded, can only be performed reliably
when these data permit unambiguous interpretation.

We believe that research is needed to find formal nota-
tions for patient data that allow unambiguous interpretation
of that data. Unambiguous interpretation of patient data
requires these data to be complete and explicit. Due to the
limited time ofphysicians there is aconstant tension between
benefit and effort, that has led us to conclude that we cannot
expect the physician to provide the required additional
information. Many ofthe inferences made by physicians are
based on general knowledge about medical concepts and do
not require specific, patient related information. Hence, we
have focused our research on the potential of using knowl-
edge aboutconcepts in the patient record, to inferparts ofthe
information required for unambiguous interpretation. In the
Netherlands, with the relatively large and still growing
acceptance of computer-based patient records in daily
practice, the circumstances for experiments are fortunate.
We are exploring the limitations of automated inference of
information based on patient data as part of possible strat-
egies to elicitamaximum ofinformation with aminimum of
effort from the physician.
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