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Abstract

We give an overview of the MedView project and discuss background,
current status, and future directions. MedView is a joint project with
participants from oral medicine and computer science. The overall aim of
the project is to develop models, methods, and tools to support clinicians
in their diagnostic work. An important part of this is to be able to ef-
ficiently analyze and learn from the monumental amount of information
being gathered in clinical records. In the MedView project, clinical data
is continuously collected into a large knowledge base of formalized patient
examinations. The structure of the knowledge base is based on a formal-
ization of health-care processes and clinical knowledge in oral medicine
harmonized within the network SOMNET (Swedish Oral Medicine Net-
work). A number of tools have been built which enable users to extend,
view, and analyze the contents of the knowledge base. The system per-
mits immediate analysis of information based on the formal model used.
It also well suited for education of dental students. Furthermore, it also
provides a basis for distant consultations and generates a solid foundation
for multicenter trials and activities.

1 Introduction

The MedView project was initiated in 1995 when some researchers at the clinic of
Oral Medicine, faculty of Odontology, Goteborg University, and the department
of Computing Science at Chalmers University of Technology, got together and
started to discuss their respective research interests. They soon found that their
interests had an intersection: The odontologists were looking for ways to use
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computers to improve their daily work and research, and the computer scientists
were looking for an area of knowledge on which to apply ideas on knowledge
representation and exploration. The solution was obvious, start a joint project
aimed at formalizing knowledge in the area of oral medicine, using the mentioned
ideas on knowledge representation, and producing computer based tools for use
in clinical and analytical work. MedView was born.

Since then several years have passed and many hours of work have been put
into the project by various people. The aim of this paper is to give an overview of
the work done in the project, its current status, and hint at directions for future
areas of research.

Already at the outset one thing was clear: The project would only be of
interest from a clinical point of view if it produced tools which improved the
daily work of a clinician in oral medicine. Researchers from the clinic of oral
medicine had been involved in several attempts to build computerized systems
earlier, and deemed them as failures since they did not really do anything for
them, neither as clinicians nor as a researchers. They were more or less just
systems to put on a digital media what they already had on paper records or
photo slides.

A first strategic decision was to not try to build yet another electronic medical
record system, but to focus on knowledge gathering and analysis based on a formal
description of the concept “examination”. This led to the following things to be
done, approximately in the given order:

1. Provide a formal framework and methodology to be used.

2. Formalize the knowledge to be gathered based on this methodology in a
close cooperation between odontologists and computer scientists.

3. Develop tools for entering the information gathered at an examination into
the knowledge base directly in the examination room.

4. Develop tools for viewing the contents of the knowledge base, both for use
in the examination room and later for retrospective studies.

5. Develop tools for analyzing and exploring the knowledge base and for adding
concepts built on top of the basic formal method.

Today, the first three steps are essentially finished, while the fourth and fifth of
course are of the kind where there is always more to be done.

The rest of this article is organized as follows. In Section 2 we give a descrip-
tion of MedView from a medical point of view. Section 3 gives the theoretical
model of MedView from a computer scientist’s point of view, and mentions some
of the areas of computer science to which MedView applies. Section 4 describes
the current status of the project. Section 5, finally, contains ideas and directions
for future work.
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2 MedView and Oral Medicine

Diagnostic work and clinical decision-making are central items in every field of
medical practice, where clinical experience, knowledge and judgment are the cor-
nerstones of health care management. In order to achieve increased competence,
the clinician is confronted with complex information that needs to be analyzed.
There is considerable evidence that the unassisted human mind is challenged
when exposed with multiple sets of data [13, 20, 44, 71]. Therefore, the clinician
needs tools to improve analysis and visualization of data in the diagnostic and
learning processes.

To support the human mind in extracting valuable patterns in clinical in-
formation, computer technology has been introduced in several areas of modern
medicine with the aim to assist these cognitive processes. The systems provide
a broad functionality, from distant consultations of individual patients to intelli-
gent expert systems, where text and image information is collected and analyzed.
In the elaboration of a computerized system, several critical problems have to be
mastered in order to ensure that conclusions drawn are correct or justified. In
this section, we discuss some issues we have confronted in the MedView project.
We also describe how they are handled.

2.1 Clinical Experience and Diagnostics
2.1.1 Nomenclature and Definition of Clinical Information

The first step in the diagnostic process, illustrated in Figure 1 below, consists
of gathering and storage of clinical information. In order to be meaningful for
interpretation, these data must be recorded in such a way that they can be
understood and interpreted in a precise manner by all members of the health
care system. This means that a formalized and harmonized health care system is
imperative.

The word “formalize”, in this context, means to establish and formally define
basic health care activities that can provide an explicit structure for intelligent
reasoning. This formalization is crucial in order to arrive at a correct diagnosis,
based on an explicit definition [43, 106]. The term “harmonization” refers to the
process of making the formalized activities adapted within a community [22, 29,
79, 82].

The demand and request for formalization and harmonization is certainly not
new, but has frequently been associated with obstacles [43, 56, 86, 120]. Although
several international attempts have been made to establish a congruent medical
nomenclature not many have been successful.

Today, clinical data are frequently expressed in natural language using terms
based on individual subjective assessments or interpretations not defined or har-
monized within the health care system [3, 81]. Several terminologies exist, often
developed within a specific medical discipline, but they are seldom widespread
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Figure 1: General description of the decision-making process. The process is a
chronological sequence where each chain of events present obstacles that have to
be controlled in the elaboration of a formalized and harmonized language.

and do not provide a useful international nomenclature system. Furthermore,
most terminologies are not related to definitions of terms. Even when definitions
exist they can be highly ambiguous. An example is the attempt to define oral
leukoplakia. The latest definition reads “a predominantly whitish lesion which
can not be diagnosed as any other definable disorder” [7]. This definition is closely
related to the clinician’s ability to diagnose all other whitish lesions of the oral
mucosa. Thus, to an inexperienced clinician the diagnosis of oral leukoplakia can
involve almost any whitish lesion, while the experienced clinician will use it less
often.

Evaluation of treatment care and scientific analysis is accordingly not mean-
ingful when registered terms are not precisely defined. New computerized tech-
nologies will demand that strategies for clinical registration of data are developed
in order to reduce these considerations. Currently, most systems used in the
health care sector are not dealing with these problems, but are more focused on
transportation and storage of data.
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2.1.2 Analysis and Classification of Diseases

The second step in the decision-making process is the analysis of gathered data.
The diagnostic process involves the clinician’s ability to put the patient into
a certain class or group [95, 114]. A diagnosis can be considered as a way of
classifying clinical information to facilitate communication between health care
providers and to assist in decisions of treatment strategies. The diagnosis is indeed
only a common identity of a group of patients with similar clinical information
profiles. Consequently, to define a disease it is essential that all patients have an
identical information pattern, not shared by any patients who do not have the
disease. This is rarely the case [72], and a diagnosis is often based on a description
rather than an explicit definition.

The currently used diagnostic system has developed over several centuries.
Diagnoses based on pathological anatomy have sometimes been replaced by di-
agnoses which reflect the introduction of physiology and laboratory research.
Patho-anatomical diagnoses as, for example, ‘gastric ulcer’ was replaced by ‘hy-
peracidity’ to denote the patho-physiological dysfunction of this disease. Another
problem concerning classification of diseases is that the extension of a disease may
change over time along with new discoveries. Lichenoid contact reactions may
serve as an example. The diagnosis oral lichen planus was recently split into oral
lichen planus and lichenoid contact reaction [12]. However, this subdivision is
not yet fully accepted which leaves the diagnostic system in a state of confusion
where oral lichen planus may or may not include lichenoid contact reaction.

All in all, the diagnostic systems of today have different backgrounds and
there are no rules to promote continuous modification to adapt to new scientific
achievements. This lack of harmonization of clinical information will lead to
significant problems when new information technologies are to be used in our
health care system.

The quality of the analysis and classification process mentioned above is thus
influenced by both initial steps in the decision-making process. First, the char-
acter and quality of input data will greatly influence our ability to perform sub-
sequent analysis. Second, the classification process is in itself influenced by our
ability to adopt adequate and reliable inclusion criteria from input data to a
certain disease or diagnosis. Consequently, our knowledge, experience, and treat-
ment strategies of various disorders will be based on conclusions from observations
or studies that may not be comparable due to differences in nomenclature or diag-
nostic criteria. Obviously, it is essential to elaborate routines where these factors
are controlled.

2.1.3 Visualization of Clinical Information and Learning

The third step in the decision-making process is the elaboration of treatment
strategy and follow-up procedure which emanates as a result of the classification
process (Figure 1). From the aspect of treatment strategy, it is common practice
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to record treatment rendered, but not the diagnostic basis for these treatment
decisions. This practice may undervalue diagnosis, but also hamper feedback
regarding the effectiveness of treatments relative to specific diagnoses [8].

The fourth and last step can be described as the way we draw conclusions
and learn from performed therapies. These experiences are, within the medical
community, generally presented as scientific articles or books in order to forward
information to increase the knowledge of other clinicians.

Today, the conventional search in index-based volumes has been replaced by
computerized databases available to all members of the scientific community.
However, complex clinical information stored as images, concepts, videos, etc. is
difficult to explore. Concept-based exploration of clinical databases has to be
boiled down to a volume of information that is possible to handle. The potential
risk with this process is that significant information may be overlooked if it is
left outside the search profile. This situation arises especially where clinical hy-
potheses are to be tested and where the search profile, based on a combination of
keywords, will not provide sufficient information. Data with significant interest
to the scientist may therefore exist in the database but be left undetected.

In many respects we confront the same problem in clinical research. Infor-
mation patterns, which may lead to new discoveries, are most likely concealed
in large volumes of clinical information stored in non-transparent conventional
patient records. Essential information which is not frequently encountered will
escape detection as it is hidden in irrelevant information.

Consequently, tools are needed which can intelligently present large volumes
of clinical data and where the capacity of the human brain to recognize signifi-
cant patterns hidden in monumental amount of clinical information is maintained.
Therefore, it is important that the capacity of our cognitive function to recog-
nize relevant information and our ability to make rational verdicts is applied,
an essential function that computers still are lacking. Computer technology can,
however, visualize extractions of complex information as patterns which may ini-
tiate associations to new inquires, that may eventually lead to new knowledge.

2.2 What MedView Offers

In short, MedView offers a model for formalization and tools for knowledge gath-
ering, visualization, and analysis of data. The tools are also aimed at improving
the everyday work of clinicians in oral medicine. The formalization used was
developed in close cooperation between participants from oral medicine and com-
puter science, with the purpose of providing a model suited for both oral medicine
and computerized storage and reasoning. The model of the health-care activi-
ties and medical expertise involved has evolved through collaboration within the
Swedish Oral Medicine Network (SOMNET).

MedView is primarily aimed at increasing the speed by which we may obtain
new and valuable information within the field of oral medicine. A formalization
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Figure 2: General description of MedView. MedView is used for formalized
registration of clinical text- and image-based information into a knowledge base
(top). The registered clinical information is synthesized into a readable text
and displayed together with clinical images for each patient (bottom left). The
contents of the knowledge base is subsequently used for analysis, evaluation, and
learning (bottom right).

of clinical procedures and visualization of information provide a possibility for
recognizing new trends and patterns otherwise hidden in large amounts of non-
transparent clinical records. With MedView, the knowledge and intuition of the
clinician can be combined with the potential of the computer to promote analysis
and testing of hypotheses in a favorable environment. MedView is also well
suited for educational purposes of dental students and in post-graduate training.
It allows distant consultations and generates a solid foundation for multi-center
trials and activities.
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2.2.1 Formalization and Harmonization

When elaborating the MedView system, great care was taken to determine what
clinical information could be defined as useful and constitute the foundation in
the knowledge base. The result from these considerations was standardized proto-
cols for input of clinical information, where the nomenclature used was developed
in close collaboration between the involved clinics. Case history and all clinical
data are entered by use of predefined parameters from the mentioned protocols.
Through this process a solid base for subsequent analysis and intelligible reason-
ing of results is obtained. The nomenclature and information structure is thus
formalized and harmonized within the network. The formalized protocols have a
logic interpretation (see Section 3.1), which make them suitable for automated
reasoning in a computerized system. At the same time, they are simple enough
to have an obvious intuitive reading needing no further explanation.

The protocols defined for collection of data are rather extensive including de-
tailed interviews of disease history and protocols for clinical examinations. Exist-
ing mucosal lesions are described in terms of localization and clinical appearance.
Mucosal lesions are also documented with digital video technique. This tech-
nique offers the advantage that the digitized images are immediately accessible
in the knowledge base, both for analysis and for distant consultations. Results
from biopsies, laboratory tests, and other invasive or non-invasive investigations
are included, as are diagnoses, treatment modalities, and clinical outcomes of
performed therapies. Additional information not included in the protocols but
relevant for the present patient can be included as text.

2.2.2 Everyday Tools

MedView is not all about formalizing and analyzing data. It is also about chang-
ing and improving the everyday work of clinicians by providing tools facilitating
clinical processes. In part, the development of these tools is a necessity for the
success of knowledge gathering: In order to make it possible to collect data in
an efficient manner, it must be possible to enter data into the knowledge base
during examinations. To motivate this extra work, applications are needed that
give immediate feedback in terms of enabling the use of entered data in ways that
improve clinical procedures.

The registration of information based on the formalized protocols is done using
a specialized input application described further in Section 4.3. Each examination
corresponds to a record, including digitized images taken at the examination.
Apart from the input application, there are several output applications or viewers
designed for visualization of obtained information. The viewers are focused on
analysis, interpretation, and evaluation, both of individual patients and of groups
of patients selected from the knowledge base.

Since an extensive amount of information is collected for each patient, the
effect of performing input during examinations is that all information about each



An Overview of MedView

I=l Namnlgs 1 — I= Cube 1 —
PATIENTUPPGIFTER TENTATIV DIAGNOS PATIENTUPPGIFT|
o ANAMNES HISTOPATOLOGISK -
DIAGMOS Ref-in = o
Allman DIAGNOS Lakare
Suriga symptom DAGANTECKNING Sjalv
Tandhygien| o
Speciell Tandlakare
Symtomrelaterade uppgifier
[ Aindra symtomrelaterade uppgiter Ref-cause =
Vavnadsforandring BMS
YRR Metallsmak
Sjogrensutr
Slemhinnefd
Sméita
Torrhetskérf
Born =
Bosnien
Bulgarien
Danmark
Finland
Frankrike

[ [[AA RUBRIKER

i
-
e Abstrakt Identi kation =
Konkret Identifikation =
Datum =
2000-02-19 23:55:46
PATIENTUPPGIFTER
P-code =
Name =
Ref-in =
Ref-cause =
Viket land 4r du fodd 1?
Bom =
Viken & din huvudsakiiga sysselsatining?
Ocoup =
Vilket &r ditt civilstand?
o

ANAMNES
Pd e
R STATUS
B
T ‘TENTATIVDIAGNOS
Y31 wistopaToLocisk piachos
U (&
oo ¥ piacnos
Tozveeen sewaas 1iead
e
Almént

48-arig manlig skatterevisor som remitterats Erén tendlakare fr
Slemhinnefréndring, Patienten ir ogift och & av ranskt ursprung.
o || Rékning: 0 tkohol: 30 ol alkoholivecka. Rapporterar inga andra

symptom frén huwud-halsregionen.
Info =
Databas I
Redigera I~
Fortat I
Verktyg
Fénster
Skriv ut
Tignster -

Sukcskiiteroka, -

Allmén enamnes
Upplever sig | allt visentligt fullt frisk, Tidigare sjukdomar; O, Genomegér
regelbundna kontroller hos lékare.

Sjukpensionir -

Persionar -[—

G
B

kruella sjukdomar: Diabetes,

Offcer |

Akmell medicinering; Insulatard,

Kontorist - Allergleri 0,
Gom
Bilbyggare -| &verkansligher mot féljande likemedel: O, Avsita g
] Uppger inga koagulationsrubbningar. Ingen huvudvirk,

2 No Of Points

uppgifter: Patienten har fér nirvarande inga

Figure 3: Some MedView applications. From top left: Input application, 3D
viewer, bar chart viewer, summary application.

patient is immediately available in a well-organized searchable knowledge base.
When an examination is completed, MedView can generate a summary where
all the contained information is displayed as a readable text, with digitized im-
ages of the mucosal lesions shown simultaneously. The character of the generated
summary is in its layout in most ways similar to the regular patient record encoun-
tered in daily practice. The application and the methods used for generating text
are described further in Section 4.4. When a patient comes back for a follow-up
the system can synthesize a full medical history together with associated images
providing the clinician with all the needed background information. The time
that can be gained by letting the system generate patient record text, instead of
using the traditional method of dictating and typing the text, more than makes
up for the extra time required to gather the information.

2.2.3 Analysis Tools

Once information is gathered the analysis and learning phases begin. Typically,
these tasks are performed at the users desktop computer rather than in the ex-
amination room.

MedView permits selection of patients from the knowledge base according to
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any combination of parameters included in the registration protocols. A search
may thus be of a simple nature as, for example, finding all patients with confirmed
”diabetes mellitus”. However, it can also be more complex with several criteria
involved, as finding ”female patients with bilateral lichenoid reactions in buccal
mucosa, treated with local application of clobetasol”. The search profile can be
decided and directed by the user according to the objective or purpose for the
analysis. The system identifies patients that fulfill the chosen criteria and displays
them in various ways for instance in a traditional bar chart. A screen with several
applications, among them a bar chart viewer, is shown in Figure 3.

The selection of patients can be subjected to pattern recognition analysis. An
application enabling a three-dimensional display of a multivariate analysis, where
the result is shown in a cube which may be rotated and viewed from different
angles by the examiner is discussed in Section 4.7. Another, enabling clustering of
patients regarded as similar, in some user-defined way, is described in Section 4.8.
The hierarchical clustering of examinations is displayed in a three-dimensional
tree. The main purpose of these applications is to visualize patterns in a group of
selected patients. They are therefore mainly focused on the possibility of learning
and testing various hypotheses within the created knowledge base.

2.2.4 Extensibility

The formal model used in MedView is such that the currently used formalization
can be easily extended and modified over time. The protocols used can be seen
as a first approximation of the needed knowledge structures. When we learn
more, the protocols can be extended to collect more information and describe
harmonized nomenclature for a larger part of oral medicine. In fact, this process
is in progress all the time. When new values are needed to describe a particular
attribute in a protocol, they can be added directly. To keep a high level of
harmonization it is of course important to communicate such additions within
the network.

Recently, new protocols have been developed which include formalization of
new concepts like tooth-status. With these new protocols MedView can be used
by a broader category of odontologists. Due to the properties of the formal model,
see Section 3.1, old examinations are not made obsolete by the introduction of
new protocols. It’s just that some knowledge available in new examinations might
be missing in the old ones. We hope that it will be possible to formalize and
harmonize larger and larger parts of the health care activities within oral medicine
in the same manner. Then, broaden the view to other parts of odontology.

The formal model of MedView also makes it easy to introduce more complex
concepts based on the basic data collected through the common protocols. For
instance, it might be desirable to introduce concepts that group together a number
of possible values, or to express a new diagnosis in terms of common observations
from a number of cases.
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2.3 Discussion

MedView addresses the issue of learning from the complex data which originates
from everyday clinical practice in the field of oral medicine. To enable this,
MedView was designed with the ambition to meet the demands for formalization
and harmonization in the decision-making process. In this section we discuss the
project and put it in the context of other medical computer based systems.

2.3.1 Gathering Clinical Information

The first step in the decision-making process constitutes the gathering of clinical
information. Conventionally, the clinician collects data, which are then sum-
marized and written down in a non-transparent record. The registration and
summary applications of MedView resembles the standard way we collect infor-
mation in daily clinical practice and the comparison to the conventional record
is so far obvious. However, all registrations in MedView are performed using
protocols with a formalized nomenclature where data are stored in a computer.
The relevance of individual terms and parameters in the protocols may be de-
bated, but the stringent use of a formalized language creates a basis for reduced
discrepancy in clinical registrations within the network.

If a formalized language can be adopted within a community or network, the
question arises if the use of a computerized record will facilitate subsequent use
of obtained clinical information. Several studies have documented the usefulness
of computerized applications in this context, also within the field of odontology
[19, 28, 34, 83, 94, 112]. The computerized records enable quick access to ref-
erence and educational information [65, 77| and enhanced storage of structured
medical knowledge [53]. The MedView system, using both text- and image-based
information, is in agreement with these studies. Computer records are also in-
troduced for quality assurance, replacing the paper record. These systems are
aimed at assessment and improvement of patient care at the time of treatment,
thus building quality management into the caregiving process [83, 115]. However,
to the best of our experience, the vast majority of commercial systems available
for computerized patient records within odontology are mainly focused on in-
dividual patient care and the possibility to analyze the entire patient material
and visualize clinical patterns is usually rather limited. MedView offers the ad-
vantage of combining the conventional computer record with the possibility for
information visualization and analysis.

2.3.2 Analysis and Classification

The second and third steps of decision-making involve analysis and classification
processes with subsequent treatment and follow-up (Figure 1). Computer systems
may be characterized as active or passive in decision-making [30]. Passive sup-
port occurs when a computer facilitates access to relevant patient data or clinical
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knowledge for interpretation by the physician. Active support requires that the
computer processes input data to a higher level of information, e.g., a diagnostic
or expert system. Such models have been developed to enhance clinical security
by facilitating the ability to draw conclusions from background knowledge and
diagnostic hypotheses [50, 96]. Most studies in this field have been written within
medical research, such as dermatology and a rather limited number within odon-
tology [108]. In [108] it was pointed out that a problem with expert systems in
general was the lack of accepted clinical terminology in the medical community.

Systems for computerized support in decision-making processes within odon-
tology can coarsely be classified into four groups:

e The first group consists of studies where a system has been developed as
an aid or tool in a very specific clinical situation such as design of remov-
able dentures [25, 26, 47|, artificial tooth form selection [100], objective
assessment, of mucosal lesions [67, 68], or surgical operations [31, 98, 99].

e In the second group, computers for decision-making are used in applications
with a somewhat broader perspective. This includes applications where
predefined criteria or a questionnaire are used as decision parameters for
arriving at a correct diagnosis for an individual patient. Applications like
this exist in endodontology [51, 73|, oral radiology [15, 27, 113], and oral
pathology [60, 61, 84, 97]. This group also includes computerized systems
for evaluation of diagnostic performance and therapeutic decisions [35, 74]
and studies on how decision analysis in general can be applied to dentistry
[69, 70].

e The third group describes computerized expert systems in odontology with
the characteristics mentioned above. Such systems have been elaborated in
orthodontics [49, 102, 107], endodontology [37], oral pathology [36], cariol-
ogy [10], and oral radiology [1].

e The fourth and last group consists of systems with the purpose of using
the potential of neural networks for analysis of decision-making, therapy
planning, and quality assurance [14, 105].

To conclude, the vast majority of these systems are mainly focused on treat-
ment planning and decision-making for individual patients, rather than on the
possibility to generate further knowledge through analysis of continuously ob-
tained clinical information. However, attempts with this purpose are described
[45, 48]. Furthermore, in oral medicine there are, to the best of our knowledge,
very few papers [104, 121] published with the aim to use computer technology
and database engineering for any of the above mentioned purposes or as a tool
to increase clinical knowledge.

MedView is mainly a passive support system, primarily focused on facilitating
pattern detection where hypotheses can be evaluated in a favorable environment.

12
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The knowledge and intuition of the clinician can be combined with the potential of
the computer to promote testing of hypotheses and augment analysis. However,
the standardized collection of data definitely provides a future possibility for
development of active expert systems.

2.3.3 Evaluation and Learning

The last step in the decision-making process is represented by evaluation and
learning and to add to our knowledge and experience. However, the reliability
of any analysis or learning process depends on the quality of input data and
formalization of nomenclature [87, 119]. The same reasoning also applies to the
usefulness of expert systems, which is impaired by incompleteness and inaccu-
racies of the databases. The need and demand to find appropriate standards
and nomenclatures is therefore very important since discrepancies in these fields
will always decrease the reliability of the systems [30]. Similar thoughts were
expressed in [55] where the development of standardized computerized records as
a tool in interdisciplinary communication is advocated. All in all, efforts to draw
conclusions from performed observations are highly commendable, as long as we
remember that the foundation for our analysis is never better than the quality
of input data. Again, formalization represents the initial but also fundamental
part for analysis, decision-making and harmonization and these processes are fa-
cilitated when aided by computer technology. A main purpose with MedView is
therefore to act as a hypothesis generator.

The use of MedView may also be viewed from the view of education. An indi-
vidual clinician may not encounter enough cases to develop adequate experience
of a certain condition. A network, such as SOMNET, is a way to overcome this
problem. All clinics within SOMNET have access to the knowledge base. A
multi-center network, with the combined knowledge of individual clinicians cre-
ating a knowledge base founded on formalized criteria, increases our ability to
reach useful information for education and learning [38, 64, 75, 76]. The formal-
ized protocols generate a possibility for integrated research between clinics. Dis-
tant consultations of individual cases have been successful in several tele-medicine
applications, among them MedView. Used right, computer technology is most
certainly a valuable instrument to increase clinical experience and to promote
learning within the field of oral medicine.

3 MedView and Computer Science

The MedView project involves several areas of computer science, mainly knowl-
edge representation, formal reasoning systems, declarative programming, object-
oriented programming and software development, artificial intelligence (AI), and
human-computer interaction (HCI).

13
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The nature of the project is such that all the above areas are needed and
have to be integrated with each other to produce high-quality software tools.
These tools are then applied continuously in the everyday work of clinicians and
researchers in oral medicine. In addition, hypotheses are directly testable since
there is, and has been from the very beginning, an existing userbase. Both
applications and knowledge models can be put to the test. If knowledge models
cannot be understood and used by the medical experts involved, they are likely
not to be of great value to the project. Likewise, applications developed can be
introduced and tested. If an application does not provide a useful interface or a
meaningful feature set it has to be modified. Examples of applications exist that
have been developed but never used. On the other hand, MedRecords described
in Section 4.3 has been in use for several years and can be said to be proven a
good tool for its task.

A brief description of the basic theoretical model used for knowledge repre-
sentation in MedView is given in Section 3.1. This model has been used as the
basis for a programming system aimed at being the deductive engine of MedView.
Currently, the model is not implemented in a uniform manner across applications
as discussed in Section 4.2.1.

The various topics mentioned above relates to the MedView project in the
following ways:

e Knowledge representation and formal reasoning systems. MedView is based
on a theory of definitions [46]. This theoretic model with connections to
logic and logic programming is used for all knowledge representation.

e Declarative programming. We believe that declarative programming is a
very powerful tool for developing certain kinds of applications, such as
symbol-manipulation, knowledge representation, intelligent reasoning etc.
Furthermore, declarative programming come very close to the theoretical
model used. Consequently, we are developing a declarative programming
system [109] based on the theoretical model used in MedView.

e Object Oriented Programming (OOP). OOP is used as a tool in MedView
to build applications. It is used since it, in our opinion, is the best existing
paradigm for developing modern GUI based applications. The OOP tools
used are interfaced with our own frameworks for integrating declarative
program components. Thus, we can use OOP programming and declarative
programming together and use each paradigm for the task where it’s best
suited.

e Artificial Intelligence. Knowledge based systems such as MedView is an
important part of Al. In particular, case-based reasoning techniques have

been studied [32]. Adding more Al-techniques is an area for future research.
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e Human-Computer Interaction. The systems developed must interact well
with clinicians, students, and researchers in oral medicine. Also, easy to
handle administrative tools are needed. This makes studies in HCI an
integral part of the project.

Note that both a sound theoretical basis and implementation of knowledge struc-
tures, and real working software solutions to be applied in daily work are equally
important. The development of working high-quality software is necessary to in-
fluence the examination process so that knowledge can be collected and analyzed.
We are also interested in using information technology to improve the healthcare
process. A well-founded theoretical model is necessary, or the mentioned appli-
cations and the data gathered cannot be explained and analyzed in a meaningful
manner.

3.1 Theoretical Model

The basic model of clinical information used in MedView is act-oriented. We
think of explicit clinical information as resulting from acts of defining medical
terms in various situations. A clinical diagnosis, an examination record and so
on, can all be seen as definitions of collections of specific clinical medical terms
[85].

The formalization of definitions as data structures that is used here is based
on the idea that a definition generates a local logic, a reasoning model restricted
to specific terms. These local logics are then the basis for reasoning using given
formal clinical terms.

As a data structure, a definition D can simply be thought of as a collection
of equations

ay = A()
a; = A1
D . n >0,
apn = An
where terms, ag,...,a,, are defined in terms of conditions, Ag,...,A,. The

definiens of a term a, D(a), is then the collection of conditions A that define a in
D. The local logic of D consists of a relation Ay,..., A, - B, that is, B follows
from Aq,..., A, according to D, where the two constituting rules are

e Ay,...;a,..., A, - Bif A,... A, ..., A, F B for all A defining a in D,
o Ay,... A, Faif Ay,..., A, - A for some A defining a in D.

The logic of D consists of these two rules together with ordinary rules of rea-
soning for given complex defining conditions built up from atomic terms. A full
description is given in [46].

The model we use can be summarized as follows:
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e formal clinical data are seen as definitions of clinical terms,

e reasoning is always local to given definitions, there is no single global logic
for formal clinical reasoning.

As a concrete example of a definition we show a small part of an examination
record:

4

status = direct
direct = mucos
direct = palpation
Mucos = mucos_site
mucos = mucos_col
mucos_site = 112
mucos_col = white
mucos_col = broun
palpation = palp_site
palp_site = 112

\

In D, the term status is defined by the term direct, which in turn is defined in
terms of mucos and palpation. Thus, D(direct) = {mucos, palpation}. All these
terms are part of the general structure of an examination record, which is shared
by all examinations. In contrast, the term mucos_col is defined by the observed
values white and brown, specific for this particular examination record.

4 Current Status

MedView has been developed in an iterative process through close collabora-
tion between experts in oral medicine and computer science, using a mixture of
contextual design [11], user oriented design, and logical analysis of the problem
and required knowledge. Essentially, the analysis and design of the system can
be divided into two sub-problems: knowledge representation and development
of applications for gathering and exploring clinical data. Knowledge represen-
tation issues are discussed above. In this section we describe the status of the
implemented system.

The system is currently in daily use in eight examination rooms at four dif-
ferent clinics. The examination rooms are equipped with a PC on a custom-built
table, shown in Figure 4, and a digital video camera. The collected data are
stored on a server.

A basic assumption underlying the design of MedView is that of separating
the activities of entering information and viewing, or otherwise using, the entered
information. The rationale behind this is that the cognitive tasks involved are
very different. Thus, specialized applications, each described below, have been
developed for each task.
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Figure 4: Clinician working with MedView. The computer is placed on a custom-
built table aimed at minimizing the interference with the communication between
patient and clinician.

Information is collected in a critical situation, namely during examinations.
For each examination, values for many different attributes describing an examina-
tion must be given. A good deal of effort was therefore put in early in the project
to build efficient tools for knowledge gathering consistent with the underlying
theoretical model.

4.1 Knowledge Base Contents

Currently, (March 2000) the knowledge base built in the MedView project con-
tains approximately 1500 examination records covering more than 700 cases. The
average growth rate is 20 new patients and 30 visits by previously examined pa-
tients a week. The main knowledge base is located at the clinic of oral medicine
in Goteborg. The various clinics within SOMNET have local knowledge bases
containing the examinations made at each clinic. The contents of these local
knowledge bases are added regularly to the knowledge base in Goteborg so that
the entire amount of data collected can be accessed through one common knowl-
edge base. The clinics within SOMNET will have full remote access to this
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central knowledge base.

The contents of the knowledge base is mainly used in two ways. First, in
the examination room to display the history of the patient under examination.
Second, to perform analysis, learn from, and search for patterns in the knowledge
base. The second task is typically performed on the clinician’s desktop com-
puter. So far, the most used analytical tool is The Cube discussed in Section 4.7.
However, building more viewers for exploration, search, knowledge extraction,
education, and so on, is an important area for current and future research. We
present a number of more specific suggestions in Section 5.

4.2 Applications Overview

We briefly describe the applications currently used within MedView. Some more
being under development but not yet taken into use within SOMNET are dis-
cussed in [110].

4.2.1 Background

Today, MedView runs on a combination of machines running Windows95/98/NT
and some machines running OpenStep/Mach 4.2 and NextStep 3.3. Originally
the system was developed using NextStep and GCLAII.

The operating system NextStep, used for the first versions of MedView, was
chosen for its advanced GUI, networking capabilities, and object-oriented appli-
cation development environment. The name NextStep usually denotes both the
operating system and the object-oriented application development environment
used to build applications for it. The application development environment later
evolved to OpenStep available for several platforms including Windows NT.

GCLAII [4, 5, 62, 63] is a definitional programming language developed at
the Swedish Institute of Computer Science, (SICS). Due to the similarity with
the definitional model used to represent knowledge it was the natural choice for
implementing the knowledge base and reasoning part of MedView. However, it
was soon discovered that the performance of GCLAII was not sufficient for use
in MedView. This led to the development of a simple object-oriented definitional
machinery called DefinitionG.

DefinitionG implements the most important features of the definitional knowl-
edge base model and can be subclassed if needed to add more. While DefinitionG
lacks both purity, as a definitional representation of the knowledge base, and fea-
tures, it has nevertheless been crucial for the development of working software
solutions within MedView. Currently, we are in the process of replacing Defini-
tionG with a more fully-fledged object-oriented framework for definitional com-
puting called Gisela [109]. One way to view Gisela is as a successor to GCLAIL.
Gisela has from the start been designed to better fit the demands on a definitional
machinery to be applied within MedView.
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Figure 5: A traditional form. Data is entered using a number of standardized
widgets. Clicking the button labeled Continue will show the next screen.

Originally, MedView had only a small number of users, all active within in
SOMNET. With the desire to increase the userbase, it became obvious that
it was not possible to require the use of the rare operating system NextStep.
Therefore, during 1998 and 1999 a transition was made to the Windows fam-
ily of operating systems. The development platform NextStep was replaced by
OpenStep and in some cases Java to enable the transition.

4.3 MedRecords

MedRecords (MR) is the input application used by clinicians to enter detailed
formalized examination data during patient visits. Although the version of MR
used today has some special features for use within MedView it is best seen as a
general-purpose program useful for entering many different kinds of data.

The most common way today to design an application where data needs to
be entered is to use forms [39]. The forms are typically built from objects such as
text-fields, pull-down lists, and check-boxes. An example of such a form is shown
in Figure 5. In MR we have developed a technique for entering data where the
forms are replaced by a specialized text-editor, coupled with hypertext links for
navigation, and easily scrollable text lists containing possible values.
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The design goal behind MR was to create an unobtrusive, easy-to-use, space
efficient, and scalable method for entering data, where the forms used can be
created by users without requiring any programming knowledge. Here we describe
the interaction technique and our experiences from it for entering information
about a large number of patient examinations over a period of about two years.

4.3.1 Analysis

MR was conceived as a solution for entering data based on an analysis of the
constraints given. The analysis describes a conceptual model of the act of entering
data. It also lists external requirements describing the environment in which data
is to be entered.

The conceptual model of the knowledge base used in MedView is that of a
collection of definitions, where each definition describes one medical examination.
Each such definition can be pictured as a collection of equations as described in
Section 3.1. Thus, in the MedView setting, entering data is the act of creating
a definition. Therefore, our goal was to support the act of defining, in a precise
manner, a particular medical examination. MR aims to mirror this view of the
knowledge base, while keeping a non-technical interface to the user.

The environment for which MR was developed introduces a number of re-
quirements that had to be satisfied. Some of the more important ones are:

e Data is entered by the clinician him /herself while a patient is being exam-
ined.

e Each record in the knowledge base can have a large number of different
attributes and each attribute can have a very large number of possible
values.

e Values for attributes are most often taken from formalized lists of valid
values. However, free text and digitized images may also be included.

e When a new value is encountered it must be easy to add it to the list of
valid values.

e The protocols or forms used are developed by the expert users themselves
without requiring any programming knowledge.

e The layout of forms should be configurable by each user.

Since the act of entering data is separated from viewing data, MR was designed
for entering data only. It is not intended for viewing examination records.
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Figure 6: MedRecords Form. At the top left is the navigation area which is used
to navigate into the appropriate part of the input view at the bottom. To the
right is a list of values linked to the attributes in the input view.

4.3.2 Design

Following the analysis of entering information as the act of defining records, MR
was designed to display partial definitions and to provide efficient techniques for
completing them.

The user interface of MR consists of one window divided into three views as
shown in Figure 6. At the top left is a navigation area, below it is the input view
where data is entered, and to the right is a list of commonly used values. Apart
from auxiliary windows for editing preferences and the like, all work is performed
within this single window. The contents of each view is taken from template
files in Rich Text Format (RTF). Thus, the contents of a form can be replaced
completely without any modification to the program. Further, the layout of each
view can be designed using all common features found in word-processors with
respect to font, colors, tabbing, etc. In addition, each user may customize the
layout.
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The interaction paradigm is based on a small number of basic operations found
in many applications. The input view at the bottom left works as a specialized
text-editor. It displays an incomplete definition or a ”form” which is edited
when data is entered. The form contains arbitrary lead texts and a number of
knowledge base attributes, each followed by an equals sign. The equals sign marks
the beginning of an implicit input textfield where the value of the attribute is
entered, see Figure 6. Only these implicit input fields in the input view may be
edited by users. All other parts of the displayed text are fixed.

Navigating within the input view can be done by tabbing between the different
attributes, scrolling, using standard navigation keys, or by following the links in
the navigation view at the top. The navigation view typically displays links into
all the main sections of the input view. Clicking a link has the expected effect:
focus is moved to the corresponding area of the input view.

Values may be entered in several ways. First, by simply typing the value. As a
value is being typed, the first matching value in the list to the right is highlighted.
Pressing the completion key or clicking on the highlighted value inserts it into
the form. Second, by following a link from an attribute to its value list to the
right and clicking on the desired value. The value is then inserted into the input
view. Additional documents related to a record, such as images, may be included
by dragging and dropping them on the input view.

Thus, MR is based on a simple flow of actions from navigation view, to input
view, to value list view and back. All the actions involved are simple and well
known to most users. Data may be entered in any order and all attributes in the
input view are instantly accessible via the navigation view.

4.3.3 Discussion

MR has evolved through a continuous interaction between users and developers.
Starting from when the first prototype was stable enough, it has been in use to
enter data during clinical examinations. First, a prototype was built to test the
concept. Based on the success of the prototype, a more complete application was
built together with an editor that is used to create new forms. Today, a third
version, which runs on Windows and Mac OS X systems, is in use.

MR has been used as the input application to enter data for all the records
in the MedView knowledge base. All this data has been entered by the clinician
performing the examination while talking to and examining the patient. The
interaction paradigm based on well-known components such as keyboard, mouse,
hypertext links, drag & drop, and ordinary text editing works very well.

Current forms consist of about 100 attributes and a large number of values,
e.g., lists of different drugs and diseases. The navigation tools are sufficient
although some fine-tuning of the systems scrolling behavior is called for.

Compared to traditional form-based interfaces we believe that MR scales
very well. Having 100 different readily available attributes in one screen poses no
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problem. Displaying traditional forms for the same amount of attributes would
require navigating between many different screens, typically in some fixed order.

A recent form covering more than 1000 different attributes in the area of oral
medicine has been tested. The value lists associated with this form contains more
than 12 000 distinct values. The initial experiments with this form indicate that
MR works as well as with smaller forms. Another aspect is the simplicity with
which new forms may be created. New forms are created using InterfaceMaker,
see Section 4.5, an editor comparable to HTML-editors. No programming is
required.

The success of MR shows that focusing on simplicity and long-time usefulness
instead of elaborate GUIs can be a good thing indeed. Testing the concepts of
MR on a large number of different kinds of forms remains an area for future
work.

4.4 MedSummary

The first, and so far most used, knowledge base viewer is MedSummary (MS).
MS is used in conjunction with MR in the examination room, but also to display
detailed information during analysis of the material in the knowledge base.

The view of the knowledge base presented by MS is that of a textual sum-
mary of one or more examination records together with any associated images
as shown in Figure 7. The purpose is to display in a format suitable for viewing
the information collected in MR. While it is possible to view data using MR it
is not a recommendable way to learn what an examination record is all about.
Instead of showing the form or screen used to collect data, we use Natural Lan-
guage Generation (NLG) to generate from the collected data a comprehensible
summary of all or parts of the examination(s).

4.4.1 Working with MedRecords and MedSummary

As mentioned earlier, we make a clear distinction between input applications and
viewers. While this may sound obvious, the electronic medical record systems
we have encountered use the same display to input information and to view it.
Consequently, the displays used are optimized neither for entering nor for viewing
information.

When working with MR and MS these two activities are separated. New
examination data is entered with MR, the contents of existing examination data
is viewed using M'S. The main window of M'S shown in Figure 7 contains a listing
of selected examinations to the right, thumbnails of images in the middle and the
generated medical record text to the left. Clicking on a thumbnail image will show
it full-sized in a separate window. Different texts can be generated by selecting
between the headings shown at the top left.

When a previously examined patient comes back for a follow-up, the user

23



On GCLA, Gisela, and MedView

[ MedSummary - MedWebData. mvd
File Edit Fort Tools ‘Window Services Help

| x se=m(alooe

ALLA RUBRIKER

AHAMNES G0z059250 g7-11-16 14:32:16

STATUS

TENTATIV DIAGHOS

GD1989250 _  97-11-11 120905 i ‘Window Appearance -I

72 kvinnlig Pensionar som remitterats fran 1akare for £ ~i [ Large lcans
slemhinnefdrandring. Patienten 4 Gift och 4r av svenskt ursprung. o
Ej rokare Pﬂatiemen dricker gj alkohol Rapp?rterar gven andra [Heweticz Bold 12 = ‘
symptom fran huvud-halsregionen. Genomgér regelbundna
kontroller hos I4kare 2 MBI e,

’]He\vetlca 10 Set.. ‘

Allrmant i i ‘

Aktuella sjukdomar. Gastrit. Background Colars

Altuell medicinering: Losec Headings Summary | ‘
Allergier. Ost och Mjdlk Defaults

Overkanslighet mot fdljande |2kemedel: 0

Uppger inga koagulationsrubbningar. Ingen huvucvark. Patiert
harAkne. Inga underlivshesvar

Symptomrelaterade uppaitter: Patienten har fir ndrvarande Sur

Figure 7: MedSummary: main and preferences windows. Different texts may be
generated by selecting from the headings at the top left. Clicking on a minimized
image will show it full-sized in a separate window.

can create a suitable background text. To do this, the user selects the desired
previous examinations, and then clicks on a heading to show a summary together
with existing images. Once a summary has been created it can be edited as any
ordinary text-document if necessary. The text can then be printed and used for
things like providing a detailed medical history if the patient is sent to another
clinician.

The text-generation used is very flexible and can be adjusted easily both with
respect to contents and formatting. Thus, different users may have different
summary texts based on the same database if desired. Apart from values of
attributes that allow free text, generating summaries in different languages poses
no special problems.

4.4.2 Natural Language Generation

Natural Language Generation is the activity of generating text from some kind
of sources. A good overview of the area can be found in [23, 24]. In principle,
there are two approaches to generation, the deep and shallow approach. A deep
system builds on a deep understanding of linguistics whereas shallow systems use
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simpler methods to generate text. The advantage of deep text-generators is that
they are more domain independent and thus can be applied to various areas with
relative ease. However, building a deep system requires a lot of knowledge and
resources. Shallow systems are typically specialized for a particular task and need
not be more complicated than the task demands. On the other hand, they are
less reusable for another task. Some deep systems are described in [9, 42, 80, 92],
examples of shallow systems can be found in [17, 40, 91]. Discussions of the two
approaches can be found in [17, 23, 89, 90].
Typically, a NLG system is divided into three phases [88]

e Content Determination
e Sentence Planning

e Surface Realization

performed in sequence. Thus, the system first decides what the text should
contain, then plan the general structure at sentence level, and finally, realize the
desired structure into text. Other approaches are used as well. For instance,
[78, 103] propose an integrated constraint-based method that performs all three
activities at the same time. The RAGS project [18] is an attempt to develop a
reference architecture for NLG systems.

4.4.3 Text Generation In MedSummary

The main focus during the development of MS and the text-generation used has
been to create a very flexible system where users can experiment with different
texts without having any linguistic expertise. Thus, from a NLG point of view
the system is a basic shallow system. Close to a simple mail-merge system, it can
be classified as a slot-and-filler, or canned-text with knowledge base references
system [17].

Although the text-generator used is very simple it can be clarifying to describe
it using the three standard phases mentioned above. Examination summaries
have a structure based on the formalization of examinations used in MedView.
An examination record forms a tree structure with top level nodes representing
the different main tasks from which information is gathered at examinations.
Text can be generated for all tasks performed at an examination, for a particular
task, or any desired combination of tasks. It is also possible to generate a text
covering several examinations. In terms of the phases above:

e Content planning. Depending on the user’s choice it is decided what parts
of a text template should be used in the resulting text and for which exam-
inations summary text should be created.

e Sentence planning. Depending on which attributes of an examination record
have values, it is decided which sentences of the selected template should
be included in the text. Sentences for which values are missing are omitted.
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e Surface Realization. Depending on the values for attributes in the database
particular text-fragments are selected and used to fill slots in sentence tem-
plates.

The text-generator takes as input a template describing the texts to generate.
This template consists of a number of files providing (i) an RTF template text
with slots to be filled in depending on the values for attributes in an examination
record, (ii) a file describing the connections between slots in the template text
and attributes in the knowledge base, (iii) a file that classifies the attributes of
the knowledge base into a number of groups, (iv) a file that defines the text-
fragments to use as slot-fillers for attribute values. The last file does not simply
list value-text pairs, but allows some slightly more complex substitution patterns
as well.

The text generator parses the template files into a number of definition ob-
jects. Most notably, each attribute gets its own definition object describing text
fragments for all possible values of the attribute. Formatting information is kept
from the RTF template. To modify the look of generated texts each user may
freely change all formatting attributes, font, color, aligning etc. without affecting
the actual contents of summary texts.

With the syntax currently used, part of a template could be:

S§DISEASE HISTORY§

$Age$ year old $Sex$ $Occup$ who is referred by $Refln$ because of
a $RefCause$. The patient is $CivStat$ and comes originally from
$Born$. $Checkup$.

Now, if part of the definition of an examination is

Occup = Larare.

Ref-in = Tandlé&kare.

Ref-cause = Slemhinnefdrédndring.
Civ-stat = Gift.

Born = Sverige.

Checkup = Ja.

and the value-text maps include the following:

Occup:
Larare = teacher.

Ref-in:
Tandldkare = a general dentist.

Ref-cause:
Slemhinnefordndring = mucosal lesion.
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Civ-stat:
Gift = married.

Born:
Sverige = Sweden.

Checkup:
Ja = Attends medical check-ups regularly.

the generated text for DISEASE HISTORY becomes:

DISEASE HISTORY

58 year old female teacher, who is referred by a general dentist because
of a mucosal lesion. The patient is married and comes originally from
Sweden. Attends medical check-ups regularly.

Since most values in the MedView knowledge base are in Swedish they have to be
given a translation to generate English text. However, if values had been given a
neutral language independent coding instead, it would still have been necessary
to translate from these codes into English text.

4.4.4 Implementation

MedSummary is written in Objective-C. The text templates used are parsed
into a number of definition objects, which were developed as an early part of
the Gisela project [109]. There are two versions of the generator, one that uses
an RTF template and produces output in RTF format and one that uses an
HTML template and produces HTML output. The HTML generator makes it
very simple to produce summary texts for web publication, see Section 4.9. The
performance of the text-generator is quite sufficient, the desired summary text is
displayed immediately.

4.4.5 Discussion

In [90], the term automatic text generation (ATQG) is used to refer to any com-
puter program that automatically produces texts from some input data. ATG
systems are then divided into NLG systems and template systems. A template
system is defined as a system that simply manipulates character strings using
little, if any, linguistic knowledge. From this point of view, the current M'S appli-
cation should be seen as a template system. However, we find it useful to discuss
the system in the light of NLG and we are moving towards including more NLG
techniques into the system.

As stated earlier, ease of use by non-experts has been deemed more important
than producing optimal text quality or using linguistically motivated methods.
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The template files forming the basis for generation should best be seen as the
user interface to the system for content management. By this we mean that it
should not be regarded as the representation of the framework used but rather as
an interface to enter information into the system from which a suitable internal
representation can be built. This internal representation could be something with
a deeper basis in NLG than the current system. If a more sophisticated system
should be introduced it must not be at the expense of the possibility for users to
design their own summary texts.

It is interesting to note that several choices made in the development of MS
are essentially orthogonal to the approaches suggested for NLG systems. We
discuss some issues below. We also mention where NLLG techniques would be
appropriate in MedSummary and related systems.

Creating a Corpus The corpus-based approach [23] advocates that the first
step in the construction of a NLG system is to build a corpus of example texts.
This corpus, which should cover the full range of texts the system will produce, is
then analyzed for linguistic and information content. Our approach has instead
been to build a system where the users, through experiments with given tools, can
decide the texts themselves. Actually, an initial prototype for M'S was built using
something of a corpus-based approach. A number of templates were extracted in
collaboration with a domain-expert and realized into an application. However, it
was soon discovered that a system that required the assistance of a programmer to
alter the contents of summary texts was not appropriate. Therefore, the current
system where texts can be continuously refined was developed. By now, after a
couple of years of use, it would probably be possible to take a number of generated
texts from the system, check them for errors, and use them as a corpus.

Flexibility It is often argued that a major advantage of sophisticated NLG over
template systems is that deeper systems are more flexible and easier to maintain.
Exactly why this is the case is not always clear. It is interesting that in the
development of M'S we have selected to use a simple template approach to achieve
great flexibility. Of course, this is related to the fact that it is necessary that the
end-users themselves can modify what the text generated from examination data
should be. The text-files used as templates for text-generation are simple enough
to be modified by end-users. To expect that they would be able to easily control
the workings of a sophisticated NLG system is not realistic.

Text quality Systems building on linguistic knowledge are generally able to
produce text of higher quality compared to template based systems. Whether
this higher quality is needed depends on what the texts should be used for and
on the complexity of the generated texts.

The structure of medical record text is typically very static and uses a rather
formal language. Furthermore, there is no need to produce text with great vari-
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ation. On the contrary, too much variation might be disturbing since clinicians
reading the texts expect them to follow certain patterns. Most of the texts gen-
erated by MS are read once in the examination room and then discarded. It
is also more important that the summary is displayed immediately than that
text quality is optimal. This indicates that for the MS application domain a
template-based approach is sufficient.

Since the templates used for generation have been refined repeatedly for sev-
eral years, the quality of the generated texts is in most cases sufficient for their
task. In case further refinements are needed, the text may be edited by the user.

Recently, we have put together a web application where summaries, together
with images, for selected patients can be viewed. Text can be generated in either
English or Swedish. Adding more languages is a simple matter of modifying the
text templates. However, in this context it is not possible for users to create new
templates. It could therefore be appropriate to use a more complex system since
it will be maintained by experts and not by end-users.

Hybrid Approaches While a deep NLG system does not appear to be needed
in MS, using a hybrid system would be quite useful. Several hybrid systems have
been developed which combine templates with deeper NLG techniques [16, 57,
93].

One obvious technique being a candidate for inclusion in a future version of
MS is aggregation. Aggregation is used to combine related phrases and sentences
together in a linguistically correct manner. Some basic aggregation can be per-
formed in an experimental text-generator we have implemented using the Gisela
framework [110]. In MS sentences are either included or omitted depending on
whether all attributes needed to generate the sentence have values or not. In the
Gisela-based generator the choice is made at a higher level; this, among other
things, allows the combination of two sentences into one in certain cases.

Finally, we note that multi-modality is of increasing importance in document
generation. We need to be able to include diagrams, tables, and other graphics
into patient summaries. The images displayed along with the generated text in
MS are as important for the clinician as the generated text. Support for tables
is present in the Gisela-based generator mentioned above. Creating fully multi-
modal documents is an interesting challenge for the future.

4.5 InterfaceMaker

Both MR and MS are developed to allow that the contents of the forms or proto-
cols used and the text generated is completely replaceable without changing the
application itself. To aid in creating new forms there is a tool called Interface-
Maker (IM). IM is similar to HTML-editors. The user writes the various texts
of the new form and adds tags to create links, see Figure 8. IM also supports the
creation of text templates for MS.
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Figure 8: InterfaceMaker: main window.

IM is more of an administrator tool than a user tool. The general methodology
developed within MedView suggests that new forms or protocols are created only
when the contents have been formalized and harmonized. Thus, creating new
forms should be done by authorized persons only, at the time when a new protocol
is to be adopted within the user community.

4.6 Basic Visualizations

The very first visualization of the knowledge base developed was an application
that shows ordinary 2D views of data in the knowledge base. The user can view
data in a scatter-plot as shown in Figure 9 or as a bar chart. Values for any
number of attributes can be displayed simultaneously to let the user look for
interesting groups of patients. In Figure 9 the upper left corner shows a cluster of
patients born in Sweden who have been referred by their general dentists because
of a mucosal lesion.

The application also allows the user to view only a restricted part of the
knowledge base by first making a selection based on any combination of the
attributes in the knowledge base. Furthermore, details for any particular dot in
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Viewer 1

Figure 9: A scatter-plot showing values in the knowledge base.

the display can be shown. So far, the 3D visualizations discussed below have been
preferred by the clinicians. We will investigate the reasons for this and ways to
build better 2D viewers in the future.

4.7 The Cube

The most used visualization of the knowledge base so far is called The Cube.
The Cube has been developed to enhance the clinician’s ability to intelligibly
analyze the patient material within the knowledge base and to allow for pattern
recognition and statistical analysis. The Cube is based on the idea of using
parallel coordinates [52] as a solution to multidimensional data analysis [6, 21].
The visualization of parallel coordinates is discussed in [111, 117, 118].

The starting point was the formalization of the notion of a clinical examination
as a definition. A formal examination is seen as a set of definitions of specific
examination terms. An excerpt of such a definition was shown in Section 3.1.

Clearly, for a given collection of examinations, such a term can be viewed
using a simple scatter plot with the x-axis as a sort of time line, e.g. ordered
by examination date, and with the values of the term on the y-axis. Thus, if
we want an overview of the total set of terms it is natural to think in terms of
multiple parallel diagrams (this is similar to the scatter matrix of [21]). This
view was then generalized into dynamic 3D parallel diagrams with support for
direct manipulation, a 3D cube. The idea is similar to the concept of 3D parallel
coordinates, e.g., the casement displays used in [111]. The reason for using 3D
was that the notion of 3D parallel diagrams was conceptually very natural from
a clinical point of view; it seemed to be a natural model of the raw material
of clinical experience. The idea of investigating such a 3D object to learn from
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Figure 10: All diagnoses related to the number of cigarettes/day.

clinical data was very appealing.

4.7.1 Defining The Cube

An examination record consists of a number of examination terms (attributes).
The user must first decide how many 3D parallel diagrams should be used, and
which attribute should be displayed in which diagram.

The total set of attributes in the knowledge base is displayed in a panel and
the user simply selects the desired attributes from this list. An attribute can also
be marked to be used as the unit on the z-axis.

4.7.2 Viewing The Cube

The Cube consists of a number of planes, one for each attribute that was selected
when The Cube was defined. These planes are presented along the x-axis. The
z-axis is typically used as a timeline, i.e., as an ordering on the examination
identification attribute, but an arbitrary attribute can be used as the unit on
this axis. The y-axis then lists the values for the attribute of the corresponding

32



An Overview of MedView

plane in some order, e.g., in alphabetical or numerical order. In any case, each
examination is represented by a line connecting individual values in the different
attribute planes. If an examination has more than one value for an attribute, the
values are connected with a line in the plane. A picture of The Cube with two
planes can be seen in Figure 10.

The user can observe The Cube from any desired direction, either by dragging
or rotating The Cube with the mouse, or by using the controls at the bottom of
the main window.

The appearance of The Cube can be changed in various ways: a strictly
parallel projection can be used, the elements of The Cube, e.g., the lines, points,
and planes, can temporarily be hidden, the user can change the colors of the
elements, elements can be set to be transparent, etc.

If the user finds some lines, i.e., examinations, particularly interesting, these
lines can be selected and then opened in a separate window for closer inspection.
Similarly, if some lines are blocking the view of others, these lines can temporarily
be removed. To get a summary of a number of examinations, the user can select
the lines and then open the corresponding examination files in MS.

It is also possible to get statistics about a selected plane: for each value in the
plane, the number of examinations with that value is displayed using an ordinary
bar chart.

4.7.3 Grouping of Attributes

When data from thousands of examinations are displayed in The Cube, the dis-
play will be filled with lines and it may be difficult to recognize clinically meaning-
ful patterns. To solve this problem two techniques can be applied: either showing
only a subset of the knowledge base based on a selection made before defining
The Cube, or grouping values into classes in a hierarchical manner. For example,
a number of diseases can be grouped into viral diseases. Such classifications of
attribute values reduce the complexity of the display and facilitate the detection
of interesting patterns.

Groups can be created and stored in a library for future use. From a theoretical
point of view, a group is simply a definition relating values to groups. Examples
of existing simple groups are a division between smokers and non-smokers and
between patients with oral lichen planus and patients which do not have oral
lichen planus. Combining various groups gives new interesting patterns to explore.

4.7.4 An Example

The Cube is used for finding patterns and correlations. The typical question
posed is "How does a certain set of attributes relate to each other for the entire
patient material?” or simply viewing a single attribute. If the patient material
is homogenous from the aspect of parameters chosen in the analysis, the lines
will appear parallel to each other within The Cube. Heterogeneity and outliers

33



On GCLA, Gisela, and MedView

Figure 11: The picture in Figure 10 has been simplified by grouping values.

in the patient material for a certain parameter will, consequently, cause the lines
to diverge from each other in the corresponding plane. By using the various
selection possibilities, a step-wise procedure may be performed where hypotheses
are continuously refined.

Oral lichen planus (OLP) is a disease with unknown etiology that effects the
oral mucosa. In its most severe form, the disease presents with erosions and
ulcerations, which interfere with, for example, eating of citrus fruits and spicy
food. Some of the OLP lesions transform into a malignant disease of the oral
mucosa.

In this example, The Cube was used to examine drug and smoking habits for
symptomatic (ulcerated) and non-symptomatic (non-ulcerated) OLP, informa-
tion that has not previously been reported. A cube with two planes was defined:
on the first plane the smoking habits of the patients were presented and on the
other plane the different diagnoses of the patients were displayed, see Figure 10.
The display was then simplified by classification of smoking habits into three
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groups: non-smokers, patients smoking less than 10 cigarettes/day, and patients
smoking more than 10 cigarettes/day, and by changing the color for the two
different forms of OLP, see Figure 11.

It was revealed that patients with symptomatic OLP (OLP-symp) were non-
smokers (100%) compared to patients affected by non-symptomatic OLP (OLP-
nonsymp; 81% non-smokers; 11% more than 10 cigarettes/day; 8% less than 10
but more than 1 cigarette/day). The opposite was found for medication where
only 47% of the OLP-nonsymp used drugs compared to 65% of the OLP-symp.

These findings raise thoughts about how different factors may influence the
development of the two clinical forms of the disease. The reported observations
have now to be statistically evaluated and further investigations by using The
Cube have to be conducted to examine if patients with OLP-symp take other
types of drugs than patients with OLP-nonsymp.

4.7.5 Discussion

A basic metaphor in MedView is that clinical experience can be viewed geo-
metrically as a space of interconnected atomic points of knowledge. Using The
Cube in clinical practice has shown that the tool works well conceptually, as an
implementation of this idea.

It is interesting to note that, although 2D visualizations such as scatter-plots
and bar charts are more obvious and may appear to be easier to understand, the
clinicians prefer working with The Cube. One reason for this is that it is the better
tool for viewing the collected clinical experience. It is more of a visualization of
the space of interconnected points forming clinical experience.

The grouping, or aggregation, of values has been proven very useful to achieve
better results with The Cube.

In the future we need to add more tools for direct manipulation of the, often
very complex, displays. Examples of such tools are better and more powerful tools
for selecting and, temporarily, discarding or hiding various elements of The Cube,
and methods and algorithms for minimizing problems with disorientation and
occlusion of elements. Parallel diagrams take practice for users to comprehend
[101]. Therefore, the work on a methodology for clinical use of The Cube will be
extended and carried further.

4.8 SimVis

Similarity assessments play an important role in most cognitive activities. For
example, a clinician examining a patient wants to know if there are previous
examination records that are similar to the current one, hoping that these might
help him, or her, in the diagnosis of the new patient. However, before we can ask
for “similar examination records” we must define what “similar” means. SimVis
is a tool designed to allow and encourage clinicians to classify and cluster clinical

35



On GCLA, Gisela, and MedView

data in different ways, i.e., a tool that enables them to interactively construct
and try out new similarity measures.

Much effort have been spent on studying similarity measures within the med-
ical domain, especially in the area of case-based reasoning (CBR) [41]. This
includes work on using CBR-techniques in the retrieval of images from image
databases [66] and knowledge mining [54]. In [2] clustering was used to find
higher conceptual structures of medical data.

4.8.1 Definitional Similarity Measures

Since examination records are given as definitions, it follows that we must first
study how to measure the similarity between these definitions in order to be able
to classify clinical data.

A similarity measure consists of a definition, E, a computation method, M,
and a number of definitions, Dy,..., D,. One may think of £ as a set of test
points, a number of properties of Dy, ..., D,, on which the similarity measure is
based. The result of the application of M to E and D;,...,D,, the similarity
value, is a new definition, V', which describes both structural and computational
similarities between Dq,..., D,. The computation of V is really only the first
step in a more general estimation process. If an interpretation of V' cannot
immediately be found, it can be used as the starting point for further estimation.
The result of this second step can, if necessary, be used as the starting point
for a third step etc. The process usually ends when V' equals a test-definition,
S, indicating that the interpretation of V is clear to us. More on definitional
similarity measures can be found in [32].

All parts of the similarity measure, including the data structures, the compu-
tation method and the estimation process, are given as definitions. Since all parts
of the model are given as definitions, the user can, in principle, use the output of
the model, i.e., the similarity value, as an input in any other part of the model.

Through experimentation with SimVis, a similarity measure can be found
that, for instance, captures the characteristics of a certain diagnosis. This mea-
sure can then be used for finding records with this diagnosis, and, indeed, the
similarity measure can be said to define this diagnosis.

4.8.2 The SimVis Tool

The general framework for computing similarity measures can be used as a basis
for different information visualization models, where each model gives a different
visual interpretation of the underlying similarity measures. What is required
is a mapping from the results of the estimation process to the visual model. In
SimVis a visualization model based on a three-dimensional hierarchical clustering
is used. With SimVis, a clinician can interactively construct a similarity measure
between examination records, apply the measure to a knowledge base of records,
and visualize the resulting classification.
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Figure 12: SimVis: the panel for constructing similarity measures (left), the
visualization of clusters (middle), and the visualization of individual similarity
values, i.e., cluster points (right).

SimVis consists of three modules, which are shown in Figure 12. The first
module is used for constructing similarity measures and estimations. On the basis
of the similarity values, a three-dimensional hierarchical clustering is created,
visualized, and examined using the second module of SimVis. The similarity
values themselves can be examined in detail using the third module.

Constructing Similarity Measures To construct a similarity measure, the
user starts off by choosing one of many predefined computation methods. Each
method has its own characteristics and parameters. These can, for instance, be
the weights assigned to the different attributes of the examination records, if the
length of the estimation process should be taken into account or not etc.

The user then defines which attributes of the examination records that should
be taken into account. It is also possible to save the similarity measure for future
use.

Visualization Model The user can apply the current similarity measure (or
one saved from a previous session) to the knowledge base. From the resulting
similarity matrix, a hierarchical cluster is constructed. A 3D visualization of the
cluster can then be examined using the second module of SimVis (the middle
window in Figure 12). To facilitate the exploration of data, clusters can be
visualized in different ways: various parameters controlling the visualization could
be modified, color codes could be used, the dynamics of the computation could
be simulated by animating the construction of the clusters. If the user finds some
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sub-clusters particularly interesting, these can be selected and then opened in a
separate window for closer inspection. Similarly, if some sub-clusters are blocking
the view of others they can be temporarily removed.

The underlying similarity measures can be analyzed in detail as well using 3D
parallel diagrams (the right window in Figure 12). The details of this visualization
are described in Section 4.7.

4.8.3 Discussion

The theory for similarity measures underlying SimVis could be used as a basis for
different classification and visualization models, not just hierarchical clustering.
An alternative clustering could be the self-organizing map [58]. Apart from being
tested in MedView, SimVis has also proved itself useful in the area of functional
genomics, where it has been applied to problems connected to the analysis of
expression data from proteome analysis of yeast [33].

Compared to the Cube and the simple 2D visualization tested, SimVis is a
step towards a more active system, that is, a system performing tasks for the
user, not just an exploration tool. The measures constructed could be used for
exploration of data in the knowledge base.

In the future SimVis will be extended into a general case-based reasoning
(CBR) system [59, 116] that should provide assistance to clinicians within the
field of oral medicine.

4.9 Web Applications

The real treasure of MedView is the knowledge base being built. An obvious step
to give clinicians and researchers worldwide access to the data collected is to use
the Internet. We are currently considering various web-applications that would
allow exploration of the knowledge base using a Web-browser.

To setup a static website with information from the knowledge base would
not be very interesting. Instead, we will build dynamic web-applications. Since
essentially all the code written so far can be reused, the main problem will be
design of an appropriate web-based user-interface.

So far, we have built two simple web applications: One that makes it possible
to view patient summaries in the same way as in MedSummary, and one to search
the knowledge base for images, see Figure 13. In the search for images each image
is indexed by all the information collected at the examination when the image
was taken. For example, a query might be “Find all lesions with Mucos-colr red
and white and Mucos-txtur plaque”. This is possible since images taken at an
examination are part of the total knowledge collected at the examination and the
knowledge base can be searched for examinations matching any combination of
attribute-value pairs.

38



An Overview of MedView

<} MedView WebPhotos - Microsolt Intemet Explorer [_[O[x]

Atkiv  Redigera Viss Gatl Favoiter  Hidlp |

Adiess Ia hitp: /. md.chalmers. se: 2002/cgi-bin/WebD bjects AWebPhotos. woawo/do0000DI200WE 7001 /3,12 'I

« Medview Webdpps I~

MedView WebPhotos

Arvand i fraga Attribut Virde
Adhv-drug Dis-past Astma 'I
Alcohol .
Alergy Diag-def [atrofisk lchen planus |
Bleed
Born “isa bilder Rensa varden | Ny fraga |
Checkup
Chid-dis

Civ-stat
Diag-def

Diagnr
Diag-tent
Dis-now

Dis-past
Crug
Exam-type g02283.jpg g02282.jpg g02281.jpg
Eye-drop

Eye-on

Eye-pbl

Facetts Copyright ©2000 Industrilogik L4 Medical AB. &l rights reserved,

Factor-neg =| Olof Torgersson
WehObjects

Sortera

4] | LJ
4

|87 hitp:2/ e md chalmers se:2002/egi-binAwebOE [ [ @ ZenenIntemet

Figure 13: Searching for images over the Internet.

5 Future Directions

We believe that MedView is a project that is worth continuing. The foundation
for building a large knowledge base in the field of oral medicine has been laid
down. Tools that have been put to the test at more than 1500 examinations
have been developed and proven useful. Some analysis tools are in use, although
in a smaller circle of users. However, to find areas that would be interesting to
investigate further is not hard. We mention some of these in no particular order
below.

5.1 Foundations

The theoretical model of MedView as a knowledge base containing definitions
of examinations is not expected to change. However, some details may need
further attention. Examples of such details are the way values are built-up and
used. Today all values are atomic. This means that a value, say “2 times a
day”, is represented by the atom ’2 x/day’. There are several reasons for this:
First, the basic definitional model used does assume that all values are atomic.
Second, ’2 x/day’ does not require any special knowledge about atoms, terms
etc. which makes it easier to understand for clinicians. Third, DefinitionG used in
some applications to model definitions does only allow atomic values. Of course,
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an atom like this, which does possess an inherent structure, would be better
represented as a compound term that makes it easy to access the components 2
and x/day, say times_day(2).

We are currently working on using the Gisela framework as a replacement for
DefinitionG as the tool for computing with definitions in MedView. Gisela is a
much more flexible tool for programming with definitions than DefinitionG. As
such, it is also less efficient and it remains to be seen how much more work is
needed before it will reach the level where it can be used as the deductive engine
and knowledge representation language of MedView.

With Gisela in place, it will be time to look further into knowledge representa-
tion and more advanced computations over basic data and knowledge structures
built on top of it. Examples are defining new diagnoses based on data in the
knowledge base, searching for patterns or similar cases, building a set of useful
query filters, such as looking for patients with specific properties instead of ex-
aminations etc. Our belief is that Gisela will provide a definitional framework to
do the things we need in a sufficiently clean and efficient manner.

5.2 Collaboration

There are several directions in which MedView can benefit from collaborations of
various kinds. Some collaborative efforts, considered or ongoing, are mentioned
here.

First, extending SOMNET is considered as a way to both increase the expert
knowledge within the network, and speeding up knowledge gathering through a
larger userbase. Since SOMNET is not about MedView only, this has to be a
process where clinics are gradually assimilated. On a related note is letting general
practitioners use MedView tools for evaluation and testing. The next extension
would be to create an international network building a common knowledge base.
Such a venture would of course demand serious efforts in the formalization and
harmonization phases.

An international collaboration with Eastman Dental Institute in London is
being initialized. There are strong relations between MedView and the work
done at Eastman, both theoretically and practically. We hope that this will
bring up interesting research opportunities.

Yet another important thing would be to have better cooperation with experts
in information visualization, database mining, and pattern recognition. Finally,
to further develop the NLG used in MedSummary collaboration with experts in
computational linguistics is needed. We hope to be able to start work on this in
the near future.
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5.3

Applications

As we have mentioned several times before, we are only at the beginning of
building tools for exploration of the information that has been collected over the
years in MedView. Some ideas for future tools are:

Database management. The definitional knowledge base model used in
MedView needs computerized tools to monitor entered values, add value
filters, corrections and so on. Some experiments in this direction are men-
tioned in [110].

MedRecords with expert knowledge. Currently, MedRecords simply collects
data. An interesting extension would be to add an intelligent agent that aids
the user. The agent could provide suggestions for values, verify that entered
values are consistent in some manner, or simply rearrange the value-lists so
that the values deemed most likely by the agent occurs at the top.

Combining MedRecords with graphical input devices. Although the basic
paradigm used in MedRecords works very well in most cases it is sometimes
better to enter data through a graphical user interface. To add a plug-in
architecture that would allow various extra input methods would not be
very complicated.

Improved Visualizers. The name Med View indicates that viewing visually
what is in the knowledge base is an important part of the project’s goals.
What the best tools for visualizing various aspects of the collected knowl-
edge should be needs some serious work.

Interactive Distant Consultations. Currently the members of SOMNET
send patient information, including images, to each other via email. A bet-
ter approach would be to build tools for real-time communication using
audio/video such that the expert asked for advice can view the patient di-
rectly. With both parties having access to the common MedView knowledge
base similar cases could be viewed and discussed in relation to the current
patient.

Educational tools. Using the collected material in MedView for education
is an obvious application. Educational tools could be of various kinds and
directed at different groups, students, graduate students, practitioners, re-
searchers etc. We are currently investigating the possibilities of building an
Electronic Handbook of Oral Medicine. An idea of this handbook would be
to combine general rules given by experts with actual examples from the
MedView knowledge base.

Web Tools. Related to the above is accessing the MedView database using
the World Wide Web. A web application for MedView could combine sev-
eral of the suggestions above in a MedView web portal. By logging into this
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the user would have access to distant consultations, image search, patient
summaries, electronic handbooks and tutorials, and so on. Once the basics
of the various functions are in place, allowing access using the Internet is
essentially a matter of programming and user interface design.

Searching for patterns. Related to the need for visualizations aiding the
user is automated database searches. A data-mining program could be
constructed to search the knowledge base for patterns that could be reported
to an expert for further evaluation. This approach is the dual to letting the
user search for patterns using visualizations and direct manipulation.

The list could be made much longer but we stop here for now.
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