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ABSTRACT

The paper provides a description of methodologiestachniques required for a Training System Dgwalkent in the
field of Senology (TSDS), based on the exploitatisenologic images (primarily mammograms but a&lsleographic
images or MRI) and their related clinical files.eT&im of such a system is to help breast canceestrg in education.
This system will help assist junior radiologists@utine clinical use.

Development of such a TSDS requires understandfngsers’ needs (expertise and pedagogy), modebulesnd

system implementation.

Specifications have been derived from the expeeeoicthe senologists from the Department of Radjplof the

Necker Hospital (Paris, France), Department wheeeraining system will be implemented.

To be compliant with commercial systems for digigmld CAD mammograms, terminological systems usedhby
TSDS to describe and index data must be based G®@RMIand BI-RADS dictionaries.

A detailed discussion of the choice of such a netthod technique is provided and their respectivaribution is

described.

Keywords: Training System Development, Senology, Breast Gar&®ereening, Education, Mammogram, BI-RADS,
DICOM.

1. INTRODUCTION

Early detection of breast cancer is considered amjar public health issue. Breast cancer inciddacie highest
among female cancers and the second cause of ityoitaEurope. About one in ten woman will develapbreast
cancer in her lifetime [1]. To address this prohleiris necessary to create the adequate condiatlowing for the
installation of mass detection campaigns, i.e. lwing the maximum of women at risk.

Detection is carried out starting from the analysfsbreast images, primarily mammograms but aldoog@phic
images or MRI, coupled with the exploitation ofarhation derived from the patient’s history, fromngtures, etc.
Therefore, the clinician grounds his/her diagnasisthe result of image analysis procedures anchersynthesis of
various types of information. It requires a sigrafit amount of knowledge and know-how, which caadzpiired only
through a long practice.

It is thus critical, in order to meet the requireriseof mass detection, to have tools that conteiltatthe training of
senologists to acquire and update this knowledggsther with the evolution of imaging systems inadegy.

To meet these requirements, we propose to spectyt@build a Training System Development in Segpl¢TSDS)
based on the exploitation of senologic images dmdr trelated clinical files. TSDS must be simpleteractive,
pedagogical and easily implemented. It will promtite evolution of teaching in senology by offeritige “junior
radiologist” trainees an advanced pedagogical prodeinally, TSDS will permit a strengthening of dwledge
together with a very elaborate presentation ofltesét last, the know-how will derive from all the factors.

The development of TSDS requires the understandfngsers’ needgexpertise and pedagogymodel desigrand
system implementationThe requirements have been analyzed by using thewsa’Ecritoire (Cooperative



Requirements With Scenarios) approach [2]. It ieldaon the “Requirement Engineering” concept. liphenderstand
the users’ needs via a semi-automatic analysiextfidl scenarios, i.e. scenarios written in a mhfanguage.

These requirements serve as an input of the desigieling of the TSDS, the next phase of TSDS design

Domain knowledge modeling has been identified &syaissue during Requirements Engineering (RE)elp bpecify
complete, consistent and accurate requirement@\fdr capturing experts' requirements, we havermeined a model
including "domain knowledge'experts and beginners.

TSDS includes thecase base”(knowledge on the taught field)pé&dagogical module’(pedagogical knowledgge)
“trainee’s model”(the trainee’s knowledge) and thmtérface” (communication with the trainee). In this paper, we
have focused on thecase base'design of the TSDS. Other modules likgedagogical modulerainee’s modeland
interfacewill be dealt with in an other paper to be issutldo, implementation and validation of the moddl lead to

an other work.

The paper is organized as follows:

- Section 2 presents an overview of a medical dgthrcand the medical context of senology.

- Section 3 details the material and methods usethé TSDS development, in particular the knowkedwpdel.
- Section 4 provides the adequate language for 8i2S and finally:

- Section 5 is the conclusion with further researcinks in progress.

2. THE MEDICAL CONTEXT
After providing an overview of medical educatiore describe different data and knowledge includettiénT SDS.

2.1 MEDICAL EDUCATION

Medical practice requires an aptitude for decigitaiking, based on a continuously updated knowledgesh amount
can only increase. Medical education is therefaneed at training future doctors. It has to prep#re students to
control management technologies and medical dateepsing, which take into account the making-ti# $preading
and the validation of knowledge [4].

One of the major targets of medical education is ttolearn how to learnThis approach assumes an education effort
in the following fields:

* To help the trainee (student, then physician) howdfine his/her individual objectives and thughwes needs
for education.

» Toindividualize the relationship with the trainaed to adapt education to each one's level.

» Toincrease the share of individual work (updatingwledge, practical exercises, self-checking...).

* To think over the process of education, to achiaveritical study of decisional situations, valideati of
knowledge, etc.).

There are many efforts in tutoring system achievd@mén medicine. We quote the very famous GUIDOINtemy.
GUIDON [5] (expert system for teaching diagnosisl dimerapeutic rules aheningitid is a tutoring system based on
the expert system MYCIN [6] and its rules strategy.

GUIDON is based on the case method: the trainpaed in a realistic context of problem solving, iwhere he/she is
confronted with a concrete case in which he/shetramplain his/her assumptions. When a case is teeleand
described by GUIDON, the trainee makes a diagnesiks questions when additional information is gl The
tutoring takes place in case of the trainee's eixpkquest or when the trainee’s answers do raat te the result. The
main aspect of GUIDON is the separation betweerktftowledge and the teaching parts.

2.2 KNOWLEDGE CAPITALISATION

The development of a quality training system incdegy requires that the needs (expertise and peyagd various
expert users (experts and beginners) are analftededucational needs for experts and beginnerdagsts are both
based onéxpertise knowledg@and “pedagogical knowledge



“A knowledge is a description of the world. It detieres the competence of a system in problem solthiegdepth and
breadth of problem solving power is determined batthe system knoig].
After capturing knowledge, it is necessary to ercibdi.e. to store, to release and to use it.

In reference [7], a representation of knowledgela§ined by: tepresentation is the way knowledge is encoded. It
defines the performance of a system in solving Ipmobspeed anefficiency of problem solving are determined to a
significant degree by the choice of representdtion

To build tutoring systems (Baron [8]), it is neaagsto integrate knowledge in the taught field. Bé& expert
knowledgeé or “reference knowledggit is not obvious to be able to collect this kviedge from experts. Twenty years
ago, a specific field was developed in Al (Artifitiintelligence) asdcquisition knowledde Methodologies and tools
have been developed to enhance the design of symeed knowledge together with other scientifiédBesuch as
cognitive psychology.

For the building of TSDS, we must take into accoenplicit elements in the context of training arttbase them
according to the targets of training. Thus two tjoes can be raised:

- How to organize these elements in a model?, and

- Which models are useful and acceptable in a TSDS?

2.2.1 EXPERTISE KNOWLEDGE

Expertise knowledge is based on the mixture of egpee experts acquired from their routine practee from
textbook knowledge.

The senologic process includes four basic phasesge reading, radiological interpretation, decisionakingand
follow-up.

* Image readingit consists in searching and extracting relevafurmation (imaging data and textual ones).

« Radiological interpretationit is based both oncfinical datd’ (patient’s history, screening, current health
status, and information on previous clinical exaation) and Yadiological datd’ (information such as those
defined by BI-RADS [9]).

» Decision-makingit consists ohormal observationparticular observationandbiopsy
» Follow-up it consists of patient'short-term follow-upandlong-term follow-up.
2.2.2 PEDAGOGICAL KNOWLEDGE
The aim of pedagogical knowledge in the TSDS casmsiSthe 3 points as defined in [10]:
e To organize trainee’s activities around pedagogaa@ets and programs.
-“Task” level, choice of examplegercises, assistance, explanations,...
-“Learning sequence” level, pedagogical targets.
« To adapt knowledge formulation, initiatives anddigie between trainees.
- Presentation of the interfacefdeand images.

- Explanation of statements, ruled procedures.

e Toidentify errors and solving them.
- Error catalogues for “false rules” rules.



3. MATERIAL AND METHODS
This section presents the material and the metreglgred for the building of the TSDS.

3.1 THE TSDS
The design of our system includes four research ésee Fig.1):

1. Educational content€ése Basg

2. Trainee's difficultiesTrainee’s Modél

3. Educational method®édagogical Modégj
4. User’s Interface.

Q Qo [

A HAH CASE BASE Description

Patient Trainé\ l

| Pedagogical ModulM Interface |<—>

1

‘ Trainee’s Module|

Trainee

Figure 1: General architecture of the TSDS
* The Case Baséncludes reference domain from experts as follows:

1. Identification characteristicsthey serve to associate mammogram records withr atlgical data from
patient’s hospital record and among others, denpigalata.

2. Clinical characteristics they include data about patient’s history: sciegistory, current health status, and

previous clinical examination.

Radiological characteristicanformation such as that defined by BI-RADS [9].

Histological characteristicsinformation from histological examinations prooeg, (histopathology).

Digital image characteristics image production characteristics and other technara administrative

information, such as those defined by DICOM [113 amformation about the analysis procedure (e.¢DC

system).

ar®

* The Trainee’s Modelthis model takes into account the trainee’s cajisilby proposing several levels of
exercises. It elaborates a feedback adapted fortgpe of error

 The Pedagogical Modulethanks to the knowledge base of the field, theagedical module develops a
reasoning which allows to evaluate the traineegyuile them with a pedagogical strategy adaptethéo
trainee’s model. Misdiagnosis made by the trairlesva more relevant and more effective intervension the
system. It is aimed at helping the trainee us&timeviedge necessary and to neglect the non relevent

The User’s Interfaceserves to communicate with the trainee.



A case description

1.The system interrogates the “case base”.
2.The system retrieves data from the “case base”.
3.The system chooses a case in the “case base”.
4. The system presents the case to the trainee.
5.The system asks the trainee to describe his#ser. c
6.The trainee answers the questions of the system.
7.The system compares the “trainee’s answer” wigh"tase base’s answelrf.
8. If the “trainee’s answer” = “case base’s answe€h
9. (Cases are similar)
10.The system calculates similarityamees.
11.The system determines evolutioagul

19 Else(Cases are not similar).
20. The system determines errors.
21. The system determines srstep by step.
22. The system asks the tratodiand the error

Figure 2: Extract of a case description in senology

We have focused on the knowledge basast bask which is the basic component of our system. ©Othedules
(pedagogical modularainee's modeandinterface will be dealt with later on.

3.2 DOMAIN KNOWLEDGE: THE TSDS MODEL

The most commonly used modes in medical educatiosist in teaching trainee’s experiments, catifiical cases
These cases learned individually or in groups gaenples resulting from real situations.

The case-based reasoning (CBR) [12] is an apprwhiath permits to consider expert knowledge as afeases. The
expert relies on this set of cases, experiencedrsibn-making and diagnosis.

3.2.1 THE CASE-BASED REASONING (CBR)

Case-based reasoning (CBR) is an Artificial Ingeltice approach to learning and problem solving chase past
experience. A past experience is stored underaime 6f solved problems (“cases”) in a so-calledse base A new
problem is solved grounded on adapting solutiorsirtalar problems (see Fig.3) to this new problem.

Case—based reasoning is a cyclic, four-phased $8dt8] (from [14]):

1. REtrieve: the aim of this phase is the seleatibone (or several) case(s) which solve(s) a praldemilar to
that of the new case (also called the target).

2. REuse (adaptation): the target and the retrieasé (source) are combined to reach a solutionsdhution of
the source is adapted to account for the differebedween the target and the source.

3. REuvise: the purpose of this phase is to make thatethe proposed solution is correct and shadl k® success
if applied.

4. REtain: the new case and its solution are storedthe case base. Thanks to this learning ptihsesystem
requires new knowledge at each reasoning cycle.
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Figure 3: The CBR reasoning (from [15])

3.2.2 MEDICAL TUTORING SYSTEMS WITH CBR
In medicine, CBR has mainly been applied for digjmand tutoring. One of the earliest medical expgstems that

use CBR techniques is CASEY.

CASEY [16] (from [17]) is a system that diagnosesth failure. It uses as the input the patientisspms
and produces a causal network of possible intestads that could lead to those symptoms. Whemwecase
arises, CASEY tries to find out cases of patienith wimilar but not necessarily identical symptortisthe
new case matches, then CASEY adapts the retrieieghabkis by considering differences in symptoms

between the old and the new cases.

PROTOS [18] (from [17]), was developed in the damai clinical audiology. It learned to classify hnieg
disorders from descriptions of patients’ symptomgvious history, and test results. PROTOS wasrhi
with 200 cases in 24 categories from a speech aadry clinics. After training, PROTOS had an absol

accuracy of 100%.

There are also many works in medical imaging u§iBR. We quote the very well-known:

PROTOISIS [19] is a case-based system based dAREIOS [18] learning and reasoning from experience.
It has shown a great potential for use in decisiopport systems. A prototype was developed andddst
explore the applicability of this technique to 8eection of diagnostic imaging procedures.

MACRAD [20] also permits the retrieval of referen@aliologic images (standards X-rays, scanners.hg. T
300 cases illustrated by 3000 images are storadétational database and indexed with their canten

3.2.3 THE TSDS WITH CBR

The previous steps show the level of accuracy wigng the CBR approach in medical diagnosis anditig It
contributes to the acquisition and dissipation lafical expertise: (1) while the trainee gets faarized with a rich
empirical content, often unavailable in individwdihics, by relating (2) this content to the thama aspects of the
specific cases, and (3) by revealing the “diaged&teling” involved in diagnosis and treatment. SThupporting role
and, especially, the important function that caasel reasoning systems should have in the strutherenethods and



the content of medical education, underscore tlee fer further research in theoretical aspectsaatdal development
of such systems [21].

The CBR approach is rather appropriate in the naddiield and thus in medical imaging. We adopt C&Rknowledge
representation for the case base design of the TEEXSpurpose in senology is to store all the resmgsfeatures (texts
and images with various modalities) and to usepfevious experience for diagnosing current cashs. radiologist
can benefit from prior experience and cases.

3.3 THE CASE BASE

The mammogram records used for the making-off efdaise were provided by Doctor Corinne Balleyguirem the
Department of Radiology of the Necker Hospital. Go@dred out of 500 records were selected andiziditwith the
agreement of Doctor Balleyguier. Let us recall that films are digitized with their overall surfasgth a resolution of
42um/pixel and a dynamics of 12 bits/pixels.

3.3.1 KNOWLEDGE INCLUDED INTO THE CASE

A case is a contextualized piece of knowledge ssprEng an experience. It contains the past lesairis the content
of the case and the context in which the lessorbeamsed [22].

A case includes empirical data describing expedeaaqjuired in the solving of an accurate situatibhas two parts:
problem descriptionthe case we try to diagnose- awdution description-the diagnosis- [23].

It is mainly standardized information included irt@ reporting by BI-RADS and DICOM, which has satfor the
case design (see Fig.4).

Patient’s Name : affent’s Surname :
Patient’s Birth date:
Referent doctor :

Bilateral screening mammography.
March 1rst, 1998.

Clinical history : history of family breast cancer screening.
There are bilateral, disseminated fibro-glandujzaaities. The mammograms are compared with
the preceding ones (Wichita Clinic), dated May &®3.9

SYNTHESIS

Incomplete examination. Mass circumscribed to aelefe part. An echographic examination is
recommended. The patient must get an appointmeitt fo

Further investigation is needed.

BI-RADS CATEGORIE 0

Doctor Jessica Taylor.
Radiologist.

Figure 4: Example of a case as BI-RADS [24]
Conversion of the reporting into cases has requhediesign of knowledge model.

3.3.2 REPRESENTATION OF KNOWLEDGE DESIGN

Let us assume a context mfoductandprocessas they are defined in NATURE project [25]. Whilpmduct“is the
result to be achieved”, @ocesss “the way which allows to achieve this result”.



Knowledge design is stored product tracesand inprocess tracesA product tracerepresents the set of successive
problems in processes used in senology. fileeess tracaepresents the set of successive steps leadig ®olution
as opposed to the solution itself, i.e. the deaigifact produc) [26].

For instance, for the TSDS, we consider the fouaspk of the senologic processiage reading radiological
interpretation decision-makingndfollow-up asa productand the how" to obtain each phase aprocesgseeFig.5).

Theproduct tracesind theprocess tracesonstitute simultaneously the cases, i.e. theatdasproblem and the reusable
solution. Given a new problem (trace), a similarcé is retrieved from memory, adapted to the neéuwaon and
replayed using a derivational analogy similaritpegach to PRODIGY [27] (from [14]).

A trace is a case. A case corresponds to a gaalhithaleciding agent (designer) is trying to realease is itself split
up into aninterfacepart (the problem, i.e. thevhat") and aspecificationpart (the solution, i.e. thdadw") [26].

The main component of thieterfaceis itsinterface contextTheinterface contextepresents thiatention(the goal) the
agent is trying to achieve as well as diriation (the initial state) in which he/she is trying tohaeve this intention
[26].

A contextassociates an intention of the agent with ghieationin which thisintentionappears. It is represented as a
<situation, intention> couple, for example <TSDS system “TSDS systemhef Department of Radiology of the
Necker Hospital”, Develop (the TSDS systes®.

A situationis built upon one or several product parts, eaddyxt part being an instance of a product part,typean
instance of a product part type, i.e. an instarice aoncept of the product model. For exampleh&above mentioned
context, the situation (TSDS system “TSDS systeitihefDepartment of Radiology of the Necker Hospital built on

the product part “TSDS system of the DepartmerRadiology of the Necker Hospital”.

Product

CASE

Q0 QQ ¢

Image reading Radiological interpretation Decision making Follow-up ‘

?\9¢\@\\

Reading (problem) ‘ Reading (solution)

Interpretation (problem) ‘ ‘ Interpretation (solution)

Radiological Data T
Cllnlcal Data
Biopsy

Interpretation report [K>————

Process

Figure 5: Extract of model trace in senology

According to our goal representation formalism &mio the Crews-I'Ecritoire approach [28], axtentionis composed
of averband one oseveral parameters.

For instance, the goal of our project can be ega@by the following sentence:



(Use Jen (of the TSDSQ)ge: (Which supports radiologists senology-related &tt)means
(in the Department of Radiology of the Necker H@dRineficiary.

The parameters are:

1. The target:which indicates the entity concerned by the goadws makes a distinction between afbjéct,
which exists before the goal completion, andrastilt’ which proceeds from the goal achievement. For
instance, in the goalvalidate the biopsy requéstthe biopsy request is the target object becaussists
before the course of the scenario. On the contrartain the agreement of the second radioldgite
agreement is considered as the target result afdak

2. The directionwhich represents an oriented relationship (arovbeh two Crews concepts.

3. The way of goal realizatiorwhich is a two fold concept includintMeans” and“Manner” for achieving the
goal. The Mear’ indicates the support used for achieving the goélereas the Mannef provides
information on the way the goal is achieved. Faaregle, for the goalcommunicate patient examination
results thanks to a vocal recdrdvocal record is the support of the goal anddentified as &Mean” to
“facilitate breast cancer screening using mammograffie “Manner is expressed by tising mammogram”
A “mean” can be formulated as a new goal. In the previo@mele, after a new formulation ofusing
mammogram; we obtain a new goal which ipérformingmammogram?

4. Thebeneficiary:concerns thedgent taking advantage of the goal achievement.

5. The referent specifies the entity defining the goal. For insgntperform a second interpretation for
assessing the primary readihplays the role of referent.

6. The quality qualifies the goal in terms of qualitative feasir
7. The placelocates the goal in space (e.qg., in the DepartmeRadiology of the Necker Hospital).

8. The timeindicates temporal constraints on goal achieveroenh the scenario.

3.3.3 INDEXING DATA

One may query data by index, feature, content omkedge. One characteristic of medical imagesas tiiiey contain
information that often lacks accuracy. But for msé purposes, we need an accurate and standac#sedption of
features on mammograms to be able to query thebzesse That is why we specified a complete desonimf relevant
features we are interested in. This descriptionoisipleted for each mammogram interpretation, artiserve as a
basis for the first indexing system we will setisTtextual indexing will be used, in a first stggmd will help to tune
image analysis procedures to offer, in a secom stdexing by image analysis content [29].

Textual indexing assumes the inclusion of all itamssful to describe image features. This might lrelénsome for
radiologists when interpreting images. But up tavnehis is the only way to get accurate enoughrimgttion for
research purpose. This indexing will allow reseasams to develop image analysis procedures, mipérdexing by
content, which is not enough advanced to be rolyturged in digital mammography.

To be compliant with commercial systems for digitimmography and CAD mammography, terminologicatesys
used by thel'SDS to describe and index data must be based 6G®HRIand BI-RADS dictionaries.

3.3.4 CHOICE OF IMPLANTATION

We initially planned to implement tHease base”. The knowledge of radiologists is stored as “casesf we must be
able to extract it via the Web. We have chosenléwa language for language implementation.



4. DISCUSSION AND CONCLUSION

In this work, we have attempted to determine methaxd tools required for the implementation of fdiray System
Development in Senology (TSDS). We have achievedahcase study from the experience of radiolodisis the
Department of Radiology of the Necker Hospital. Tdaper has provided discussions and definitionsnedlical
training systems.

The TSDS is aimed at helping acquisition of knowlkedy trainees. This acquisition is enabled by twgpthe

tutoring/trainee’s interaction, on the basis ohestudent's capabilities, which are inherent irheafcthem. Information
may come from various sources, but, most of the titdeals with knowledge and know-how attribubgthe system
to the trainee, according to his/her behavior. Kieolge may come from a knowledge base shared hfiealrainees.
This is why we have thought about the way to memnaotiiis knowledge and be able to retrieve it adogrtb the users'
needs (tutoring/trainee). We have mainly focusedwark on the knowledge base of the training systéne approach
used was the case-based reasoning for knowledg@rizaion.

We have provided the rationale for adopting thigrapch thanks to the support of existing literature

This approach was as follows: all the radiologiktsdwledge is presented under the form of caseketbas product
and process traces in the knowledge base labelsdss base". We define a product as the resultrengrocess as the
way in which we obtain this result. A trace is a&aGiven a new problem (trace), a similar traceeiseved from
memory, adapted to the new situation and replagatla derivational analogy approach.

We are currently in the process of conceiving #ala model, pedagogical module and interface. Eutwork shall
concentrate on the further development and impléatien of our TSDS particular of the case base.
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