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A Voice-enabled, Structured
Medical Reporting System

DAVID F. ROSENTHAL, PHD, JOANNE M. BOS, MS, RACHAEL A. SOKOLOWSKI,
JENNIFER B. MAYO, KERRY A. QUIGLEY, ROGER A. POWELL, MA,
MARY-MARSHALL TEEL

A b s t r a c t Kurzweil Applied Intelligence received a research grant from the National
Institute of Standards and Technology (NIST) Advanced Technology Program to develop a
prototype voice-enabled, structured medical reporting system. In typical usage, the physician
dictates to the system, which then uses automatic speech recognition and medical knowledge
bases to produce a structured report. This report can then be formatted and viewed on a
computer screen, stored in databases of patient information, transmitted to other systems, used to
support outcome studies, or viewed on a Web browser. The output reports are structured
according to two standard, platform-independent formats: SGML and CORBA. These formats
represent the data in a way that can be read by both computers and humans, and efficiently
communicated to a wide range of databases and communications protocols.

n J Am Med Inform Assoc. 1997;4:436–441.

Producing and managing clinical reports represents a
significant cost to the health care enterprise. It is, first
of all, a serious and thankless burden on physicians
to produce the reports. In a 1989 survey of internists,
for example, 63% of the respondents agreed that pa-
tient records are becoming increasingly burdensome
without improving the quality of patient care.1 Sec-
ond, the records, once produced, are much less useful
than they could be.2 One might hope that clinical re-
ports stored on computers would not only more effi-
ciently fill their traditional role of documenting the
health issues of a particular patient, but that they
could also form the basis of a database of information
that would support institutional quality control, epi-
demiological studies, and other kinds of cross-patient
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queries. Unfortunately this is not the case. Medical
reports are typically stored as unstructured ASCII files
(or worse, as paper documents). For practical pur-
poses, one cannot write a program that will query the
document as to what the patient’s temperature was at
the time of the visit, or whether the patient had a sore
throat. The information is only readable by humans.

The technical solutions to these problems which have
been implemented in recent years generally reflect a
trade-off between ease of use and usefulness of the
resulting document. Pen-based structured systems
such as Physix Pocket Doc produce highly structured
(and thus useful) output, but are more difficult and
time-consuming to use than transcription-based sys-
tems. Automatic transcription systems such as IBM
Medspeak are easier to use, but provide correspond-
ingly less structured output. Kurzweil AI markets a
system called Kurzweil Clinical Reporter, which em-
ploys voice recognition and can serve as the front end
to a hospital information database. However, Clinical
Reporter’s output is not structured according to in-
dustry standards (no such standards currently exist)
and connecting to hospital information databases,
while possible, is cumbersome.

We have received a grant from the National Institute
for Standards and Technology Advanced Technology
Program (NIST ATP) to develop a new system that
addresses problems of usability and usefulness in a
comprehensive manner. The system, called OSSIM
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F i g u r e 1 Overview of OSSIM
report generation and data flow.

(Open Systems Structured Information Manager) is a
voice-enabled, structured reporting application. The
physician speaks to a microphone connected to laptop
or desktop computer, which, in response to the phy-
sician’s utterances, produces a structured clinical re-
port. The reports are structured according to two
widely adopted, platform-independent structuring
schemes: SGML and CORBA, both of which are dis-
cussed further below. In parallel with the develop-
ment of the system, Kurzweil is participating in the
development of industry standard CORBA and
SGML-based representations for clinical data. The
representations allow specific clinical information in
the document to be accessed easily and automatically;
to use the example above, one can determine the pa-
tient’s temperature at the time of the last visit, or in-
deed any other information contained in the patient’s
record which might be of interest. The report can eas-
ily interface to a variety of hospital information sys-
tems or communications protocols such as HL7. The
report can also be viewed in a number of different
formats, displayed on a Web browser, or edited on a
word processor (Fig. 1).

Although our experience building Kurzweil Clinical
Reporter has been invaluable for understanding the
issues surrounding the construction of voice-enabled,
structured reporting systems, OSSIM is not an exten-
sion of Clinical Reporter; rather, it embodies an en-
tirely new architecture. An important result of this re-
architecting effort is much greater modularity of
design in the new system. There are independent
modules, for example, corresponding to voice recog-
nition, the medical knowledge base, and the CORBA-
based connection to hospital information databases. If
voice recognition is not present, the system is still en-
tirely functional as a mouse and keyboard-based sys-
tem. The medical knowledge base can be replaced
with other knowledge bases, even non-medical ones,

allowing the system to be used for structured report-
ing in other domains. This design reflects both an en-
gineering interest in maintainability and modular de-
sign, as well as Kurzweil’s long term strategy for
component-based software.

Standards for Structuring Reports

It is increasingly clear that digital information is use-
ful only to the extent that it is represented in a stan-
dard format which can be accessed by a range of sys-
tems on possibly different platforms. Accordingly, we
selected two non-proprietary, platform-independent
report structuring methods: SGML and CORBA.

What is SGML?

SGML (Standard Generalized Markup Language) is an
ISO standard means of defining markup languages
which are ways of making the structure of text doc-
uments computer-readable.3 This is accomplished
through the use of tags, which delineate structurally
interesting parts of the document. A tag might delin-
eate a few words, as in:

^NAME&Julius Rosenthal^/NAME&

Here ^NAME& and ^/NAME& are start and end tags,
respectively, which delineate a name. Tags may also
be used to delineate paragraphs, sections, chapters, or
any of the structural elements of documents.

The set of tags, and the rules for their usage, which
are appropriate for defining a document is defined in
a document type definition, or DTD. A DTD thus defines
a particular markup language. Typical examples of
DTDs are those which define the structure of a book
chapter or a memo. The most well known and widely
used SGML-defined markup language is HTML (hy-
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<SYMPTOM>There has been
<SEVERITY>moderate</SEVERITY>
<ANATLOC>ear</ANATLOC>
<SYMPTOMNAME>pain</SYMPTOMNAME>
<DURATION>for 3 days</DURATION>.
<ONSET>The onset was

<ONSEToTYPE>gradual</ONSEToTYPE>.
</ONSET>

</SYMPTOM>

F i g u r e 2 Content Tagging Example

pertext markup language), which defines the docu-
ments that constitute the World Wide Web. Many in-
dustries have agreed on standard DTDs for document
types which are of interest to them. Examples of in-
dustries with standard DTDs are the semiconductor,
pharmaceutical, and defense industries. Kurzweil AI
has been working with other health care companies
and organizations to produce standard DTDs for pri-
mary care visit notes, prescriptions, demographics,
and other healthcare-related documents. The frame-
work for these interorganizational efforts is the HL7
SGML Initiative.4 As the name implies, the HL7 SGML
Initiative is a Special Interest Group in the HL7 or-
ganization; it is expected that the group will eventu-
ally become a Technical Committee. In a future ver-
sion of HL7, there will be defined, standard
relationships between HL7 fields and SGML elements
of a standard DTD. Currently, most clinical informa-
tion transmitted on the HL7 protocol is either unstruc-
tured or structured according to special, nonstandard
agreements between the sender and receiver.

Figure 2 is an example of tagged output from a pri-
mary care visit note. The SGML tags are specified in
the knowledge base of clinical information (described
in further detail later in this paper).

What is CORBA?

The second standard form in which we present struc-
tured clinical reports is as CORBA objects. CORBA
(Common Object Request Broker Architecture) is an in-
dustry standard for distributed object computing.5 Ob-
ject-oriented computing is a style of software engi-
neering in which the fundamental constructs are
objects and methods. The objects and methods are usu-
ally thought of as corresponding, respectively, to the
‘‘nouns’’ and ‘‘verbs’’ of an aspect of the world that
is modeled by the software. Distributed object comput-
ing refers to object-oriented systems in which the ob-
jects in question can reside on different platforms, and
methods can be invoked across network connections.

In our case, the objects in question are reports, and
the methods are accessors for structural elements of
the report. Typical report-object methods might access

the patient’s name, the subjective section, the diag-
nosis, and so on. The elements which are available
through the CORBA interface are the same as those
which are tagged in the SGML representation. An ap-
propriate use of CORBA is as a standard way of com-
municating with patient record databases. We have
implemented a connection to a sample Oracle data-
base of patient information running at a remote site.
We expect to have a CORBA–HL7 connection in the
near future.

Like SGML, CORBA is not itself a structuring lan-
guage, but rather a standard means of defining such
a language. In the case of CORBA, a specific language,
or object interface definition, is specified in an IDL
(Interface Definition Language). IDLs play the same role
in the context of CORBA that DTDs play in the con-
text of SGML.

If we consider the ultimate goal to be the ability to
express our results in a language that is easily under-
stood by any patient record database or communica-
tion protocol, then the fact of using CORBA (or
SGML) gets us halfway there. The second half is ac-
complished when the IDL (or DTD) is itself standard-
ized. As with the case of SGML, Kurzweil AI has been
participating in an effort to produce such a standard.
We are active participants in CORBAmed, an organi-
zation whose aim is to produce a standard IDL for
clinical data.6

SGML and CORBA in OSSIM

As the report is dictated, OSSIM maintains an internal
structure called the Primary Medical Document, or
PMD. The PMD can be thought of as the runtime rep-
resentation of the SGML document that will constitute
the report at the end of the dictation session; the
SGML document is essentially a ‘‘dump’’ of the PMD.
The CORBA object, in turn, is generated from the
SGML document. We ensure consistency between the
CORBA objects and the SGML documents by declar-
ing certain elements to be fixed for a given revision.
Those elements are basically the elements that corre-
spond to fields in the database with which CORBA is
communicating.

Knowledge Base

The physician’s interaction with the system is guided
by an object-oriented knowledge base (KB) of clinical
information.

Object-oriented Representation

The object-oriented approach enables us to structure
information in a content-oriented manner which im-
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proves our ability to tag medical information. It pro-
vides inheritance, which allows uniform organization
of data, consistency within and across knowledge
base domains, and easier maintenance. For example,
symptoms have attributes in common such as sever-
ity, duration, and onset, which are inherited by in-
stances (e.g., earache, nausea, fever) of the symptom
class. Another example is anatomy, which can be di-
vided into subclasses (e.g. limb) with attributes that
are inherited by instances (e.g., arm, leg) of those sub-
classes. Also, since objects are self-contained, the more
common objects, such as anatomy, can be used by
knowledge bases in many domains.

The objects in our system relate directly to SGML syn-
tax. The SGML structure is contained in and con-
strained by the object structure so that data is tagged
appropriately. There are two main objects: elements
and concepts. Element objects represent SGML ele-
ments; they provide a content model and define the
tag name. The content model defines the element
structure, the set of elements that may be nested
within the element. For example, the symptom ele-
ment may have a content model of severity, duration
and onset, each of which are elements and have their
own tags. This hierarchical structure is reflected in the
DTD. Concept objects are specific instances of element
objects, i.e., they are derived from elements in that
they are constrained by the element’s content model
and inherit its SGML tag. They also may contain
SGML attributes, and they store report text as well as
context for what can be entered or spoken by the user.
The level of detail of data tagged and the SGML tags
themselves are specified when the knowledge base is
constructed. It is possible to derive a DTD from the
knowledge base structure, or conversely, construct a
knowledge base to conform to an industry standard
DTD.

Object-oriented technology allows for relationships
between objects. This improves our ability to reuse
data and prevent inconsistency. For example, if the
physician indicates that the chief complaint is earache,
the system recognizes that the related anatomy is ear,
and asks the user which ear. Information related to
the ear is stored in the ear concept rather than in each
knowledge base concept that may refer to ear. Rules
also are an important component of the knowledge
base. The system provides the ability to create and
execute rules at various points during report creation.
Rules may be used to validate input, or to verify that
a report meets HCFA or practice guidelines. The com-
bination of relationships and rules also allows the sys-
tem to prompt for appropriate sets of symptoms,
physicals, findings, etc., based on information such as
chief complaint or patient sex.

Objects are a natural medium for representing for real
world data such as medical information and an object-
oriented database allows for the storage and retrieval
of such objects. An object-oriented database provides
efficiencies in that it enables the application to easily
navigate through complex relationships without hav-
ing to create resource-intensive joins which would be
required using a relational database. Also, there is no
programmatic mapping required to go between ap-
plication objects and database structure.

What is Stored in the Knowledge Base?

Kurzweil AI has created structured knowledge bases
to provide clinical reporting capability for primary
care, as well as five other medical specialties. Using
primary care as an example, the object-oriented
knowledge base stores the following:

n Overall report structure in standard SOAP (Subjec-
tive-Objective-Assessment-Plan) format, including
appropriate SGML tags

n Medical concepts, such as symptoms, physicals,
chief complaints, and diagnoses, again including
appropriate SGML tags

n The words or phrases (medical and general English
terms) that can be spoken and the context in which
the term can be said. Context includes: when a par-
ticular term may be spoken, where that term may
exist in the report structure, what to prompt or to
question the user for, what to do when something
is said. We are using data from the National Library
of Medicine’s Unified Medical Language System
(UMLS) as the starting point for our terms.

n Relationships between medical concepts, which can
be used to create sets of typical symptoms, physi-
cals, and plans based on the chief complaint or
other relevant medical information

n Rules that operate at the individual concept level,
e.g., for default values and validation; at the section
level, e.g. to provide context specific data filtering
based on patient age or sex; and at the report level,
e.g., to verify government, insurance, and individ-
ual practice guidelines

n Report text output that may be generated from a
single voice utterance: i.e., a quick way for the user
to incorporate reusable text. For example, saying
‘normal ears’ will generate report text that describes
the findings associated with a normal ear exam.

n Lists of medications, procedures, and diagnoses

n Grammars that encode the structure of notions such
as duration, frequency, size, severity, etc., and pro-
vide possible responses at each step
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Physician–Knowledge Base Interaction

As the physician responds to the prompts that the sys-
tem presents, the knowledge base uses the data that
has been collected along with the primary care con-
cepts, rules and relationships to guide the user in
completing the report. For example, suppose the phy-
sician says ‘‘earache’’ when prompted for the chief
complaint. This will cause a number of things to hap-
pen:

n The system will ask about the onset, duration, se-
verity, and location of the earache.

n The physician will be presented with a list of symp-
toms typically associated with earache (fever, sore
throat, cough, etc.). For each of these, there will be
additional questions (severity and description of
sore throat, degree of fever).

n The system will note, for later reference, that the
‘‘ear’’ anatomy is involved in the chief complaint;
this may be used later to filter or modify other
prompts.

Customization

Customization is an important requirement for a med-
ical reporting system. The knowledge base may be
customized to incorporate individual and institution
guidelines and preferences, as well as government
and insurance guidelines. Customizations may range
from simply changing the wording or the extent of
the report text that is generated by an utterance, to
changing the relationships and rules that affect report
structure and default values. The SGML tags in the
knowledge base may be customized to be consistent
with site specific or industry standard reporting re-
quirements or existing lexicons as desired.

Current Status and Evaluation

We are currently about 18 months into the project,
which is scheduled for 2 years. To date we have de-
veloped a detailed object-oriented design and analysis
of the system, including extensive use cases: i.e., formal
scenarios describing ways in which the system is
used, and how the subsystems interact. We have im-
plemented and tested several successively more elab-
orate prototypes, which we have demonstrated at
conferences and trade shows. The current version en-
compasses the major elements of the final system; a
user can speak to the system, use it to generate re-
ports, and access information in a sample patient rec-
ord database. The knowledge base, however, is still
incomplete, and handles only a few patient com-
plaints. We are currently installing an alpha version

of the system at a local hospital, where, during the
next few months, the system will be used to document
actual patient encounters. We expect that this trial will
be useful for improving the usability and robustness
of the system.

Although OSSIM has not yet been formally evaluated,
there have been several studies of the commercial
voice-enabled clinical reporting systems that preceded
it. These studies are relevant to understanding usa-
bility issues for OSSIM, since the existing commercial
systems represent a baseline for OSSIM’s performance
and capabilities. The most dramatic improvement that
structured, voice-enabled systems represent over tran-
scription-based systems is in the area of throughput.
In one study, the average time from dictation to fin-
ished report was reduced from a matter of days to
less than one minute.7 Gains were also realized in
transcription error rates; the same study found that
the voice recognition based system had a greater than
50% improved error rate compared with manual tran-
scription. It is worth noting that Kurzweil VoiceRAD,
the subject of the study, was a DOS-based system run-
ning on previous generations of microprocessors
(386’s and 486’s). OSSIM runs on Windows NT and
Windows 95, and uses improved recognition technol-
ogy.

Discussion

One of the differences between OSSIM and its pred-
ecessors is that OSSIM depends much more critically
on third-party tools that have to work together.
VoiceRAD, the subject of the study mentioned in the
previous section, consisted largely of a C program
running in DOS. OSSIM, on the other hand, must suc-
cessfully integrate C11, rapid application develop-
ment tools such as Visual Basic, Object Design’s ob-
ject-oriented database, various front ends that users
may desire (MS Word, MS Access, Netscape Naviga-
tor), middleware such as IONA Orbix and MS
ActiveX, and design tools such as Platinum’s Para-
digm Plus and Microstar’s Near and Far. This list is
far from exhaustive. All of these tools (in successive
versions) must run on the versions of the Windows
NT operating system that have been extant during the
project’s lifetime, and many of them must integrate
with (successive versions of) the source code control
system (Atria’s Clearcase) which Kurzweil uses.
Needless to say, managing all of the versioning prob-
lems that can arise in such an environment can be
frustrating and time consuming.

In addition to problems of conflicting versions, we
have had to deal with problems that arise because of
immature technology. For example: we elected to use
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(relatively new) object database technology for our
knowledge base for the reasons outlined above. While
we are satisfied that this was the best decision, we
were hampered by the fact that there are no third-
party data entry systems for our database which met
our needs, and we were forced to build our own.

In general, we found that working with CORBA and
SGML, in the limited sense of developing and revising
DTDs and IDLs, was not particularly difficult. How-
ever, it was necessary to balance the flexibility re-
quired by the users of medical reporting tools with
the requirements of adhering to the hierarchical struc-
ture inherent in our implementation of these stan-
dards.

Summary

The current pressures on the medical field make im-
provements in reporting and data gathering impera-
tive. There is also a growing realization that infor-
mation is useful to the extent that it is represented
according to a widely adopted standard format. The
voice-enabled, structured medical reporting system
described here uses emerging technologies such as au-

tomatic speech recognition and object-oriented repre-
sentation, as well as industry standards such as SGML
and CORBA, to enable fast, efficient production of
clinical reports that can easily communicate with a
variety of output media and data repositories.
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