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Abstract—Defining a computational environment for
radiology and image-diagnosis education requires the
development of a model that covers the resident doctor’s
training necessities and creates the mechanisms necessary
for the construction of this environment, especially
integrating the various systems in use or in development, in
a hospital school. This work presents a proposal to define
strategies for the creation of a computational environment
for radiology and image-diagnosis teaching, specifically
aimed towards the education of the resident physician in
this area. The Soft Systems Methodology (SSM) was used to
elaborate a comprehensive model under a systemic focus
and bring up actions for its implementation. Initially, the
current radiology teaching structure will be contextualized,
and information systems that could be applied to support
this type of activity will be discussed. The next step will be
the revision of the SSM and the application of each step
proposed by this methodology within the medical residency
context of a large Brazilian hospital school. This residency-
education activity survey was performed through
interviews, questionnaires and the review of the norms,
criteria and minimum requirements for the accreditation of
medical residency programs in Brazil. Considering the
complexity of the doctor-training environment and the
diversity of computer systems under development to
support it, the systemic approach helps the understanding
and can guide the necessary integration. An integrated-
environment frame, and its action plan, is proposed for
radiology and image-diagnosis teaching. Finally, the
strategies identified for its implementation are discussed.

Index Terms—Computer-Assisted  Instruction (CAl),
Medical Education, Systems Integration, Systems
Methodology.

I. INTRODUCTION

Radiology and image-diagnosis teaching is based on
training for examinations, the understanding of its
principles and the image analysis of real cases. Following
the exam, the instructor presents to the student (a) the
relationship between the body’s anatomy and its
respective image, (b) the knowledge of the semiology
elements associated with it, and (c) the diagnosis routine.

Radiologists learn diagnostic skills by observing many
clinical cases during their training and clinical practice,
and their knowledge obtained from visual impression of
images with various diseases constitutes the foundation
for their diagnosis. However, the instructors — physicians
at hospital schools — frequently have limited time and the
medical students a less than ideal number of opportunities
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for the discussion of case studies [1]. Information systems
can assist in the training of methods and techniques for the
manipulation of the various types of information involved
in this application.

Defining a computational environment for radiology
and image-diagnosis education requires the development
of a model that covers the resident doctor’s training
necessities and creates the mechanisms necessary for the
construction of this environment.

Il. SOFT SYSTEMS METHODOLOGY SSM

The General Systems Theory [2] came about as a
reaction to the excessive specialization and fragmentation
of the sciences and proposes useful transfers between the
many fields of knowledge, as well as an improvement in
the communication between specialists. The option for
systematic theoretical referential allows viewing the
system in its totality, as opposed to reductionist or
simplistic analytical outlooks. Such outlooks only
consider part of their true objects of study, leaving
influences and relationships with other systems and with
the environment in which they live aside. For Checkland
[3,4], there is also a common purpose or a unit that
reasonably contemplates the idea of totality.

The Soft Systems Methodology SSM [3,4] allows for a
structured approach to problematic situations. It is
composed of seven phases. A diagram with the stages is
presented in Fig. 1. This methodology is being used in
several areas [5,6], including in the development of
information-technology and education models. It presents
itself as adequate for the essential definitions that will
compose the conceptual model of the environment
proposed herein. Its application requires investigating the
views of all interested professors, students and staff, and
the study/work environment itself, to expose information
omission and perception conflicts. The experience of the
analyzed hospital school will be used as a basis for this
work.

I1l. APPLICATION OF THE SSM

In this section, the seven steps of the SSM will be
succinctly presented. The first four stages lead to the
construction of the Proposed Conceptual Model, the
purpose of this work.

A. Stages 1 and 2 “The Problem Situation”

In stages 1 and 2 of the SSM, an attempt is made to
construct the most complete frame possible of the
situation where the fact is perceived as a problem. This is
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done through the registration of the numerous perceptions
of the highest possible number of people that assume
different roles within the problematic situation. It is
necessary to identify the developed tasks, tools and
methods that were employed, establish interactions
between people/systems, create sketches of the
structures/layouts, and conduct informal interviews for
essential formulated definitions [5].

With respect to medical residency, in Brazil, the
legislation defines the activities for the resident doctor’s
specialization in radiology and image diagnosis [1]. The
National Commission of Medical Residency CNRM and
the Brazilian School of Radiology and Image Diagnosis
CBR have defined the norms and established the criteria
and minimum requirements for the accreditation of
medical residency programs [7]. At least 80% of the
radiology resident’s activities focus on service training,
which consists of the resident’s knowledge being applied
under supervision in the daily hospital service. The
remaining 20% involves academic activities. These
activities include clinical and clinic-radiological anatomy
sessions, discussions of scientific articles, clinical
laboratory sessions, courses, lectures and seminars. In
addition to the specific education in image diagnosis, the
themes approached in these activities should also
contemplate  bioethics, medical ethics, scientific
methodology, epidemiology and biostatistics. The training
is formally divided into three levels, corresponding to the
first, second and third year of medical residency,
respectively (R1, R2 and R3 order).

In 2006, over 150 thousand exams with medical images
were performed at the hospital. Although it has a large
service volume, the Center of Image Sciences and Medical
Physics CCIFM only has 28 resident doctors and 6
professors in the radiology and image-diagnosis area
[8,9]. The CCIFM doctors are also responsible for the
hospital and emergency-unit radiology supervision and
protection service, the planning of radiotherapy radiation-
source dosage and calibration, and promote quality control
for the radio-diagnostic, nuclear medicine and
radiotherapy equipment. The training of this group of
residents is the object of interest of this study.

In regards to Information Technology, at the hospital
there is an internal cable and wireless network with
Internet access including the entire image-production
service and all professors have computers in their offices.
In the Image-Processing Laboratory, LAPIR, twenty
computers are shared between the students, professors and
technicians.
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Figure 1. The seven stages of Soft System Methodology [3].
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Our residency-education activity survey was performed
through interviews and questionnaires. The six professors
of the FMRP-USP academic body responsible for the
training of the resident doctors and the three medical-
residency learning representatives, R1, R2 and R3, were
interviewed. Seventeen (of the twenty-one residents of the
college) had answered a questionnaire. The interviews and
questionnaires were searched to establish how the
residents’ training is and what their experiences and
expectations are in relation to educational computing
environments. All professors and residents interviewed
have personal computers with Internet access; they state
that they always use the computer in their professional
activities.

75% of the residents had already had experience with
distance education. The e-learning system is used in
graduation and specialization as support in several
disciplines. Through it, the students can download
instructional material, participate in forums and receive
acknowledgments  and official notices. The
complementary academic activity indicated by both
residents and professors as the most important is called
‘session for clinic/radiological/pathological correlation,
CRP’. These approximately one-hour sessions are held
daily and work as supervised consultation — a set of
images from a clinical case is presented; then a resident is
responsible for considering the clinical and differential
diagnosis and treatment. The material used in these
sessions is from the college academic archive, the
Hospital Information System databases, or from the
professor’s personal-case archive.

The residents’ suggestions for computational-teaching
support were a system for considering examinations, a
didactic database system, and a lessons-register system
within the e-learning system. The professors’ suggestions
were a didactic database system, a research-support
system, a system for considering cases with a student-
evaluation register, a support system for the CRP sessions,
video-lessons, e-learning courses on complementary
subjects (like Information Technologies and Hospital
Infection Control Practices), and computer-assisted
evaluations. Some concerns and recommendations were a
friendly interface system.

Due to its nature, the training at the service makes
activity-planning and the schedule difficult. The volume
and frequency of medical consultations are intense and,
although this condition can be considered advantageous
(for the amount and possible diversity of cases), generally,
the instructors have an excessive workload. Thus, the
preparation of the study material and the execution of the
complementary academic activities demand careful
organization, which is not always possible. Although the
college presently has a broad 100% digital-format
didactic-image base — accumulated since 1954 — it does
not have an automated access and storage system.

A better definition of the evaluation criteria is seen by
the residents as a way to receive feedback on his/her
performance and validate his/her training. The CNRM and
CBR norms define the minimum requirements for
specialization in radiology and image diagnosis. Goals are
imposed in these norms, such as time slicing between
activities, types of examinations to perform, and the
minimum number of procedures and/or finding-reports
required per year for each resident’s training, namely,
5000. However, they do not consider a pedagogical
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program with defined objectives neither do they establish
phases for resident education, which could be used as a
checkpoint.

B. Stage 3 — Root definitions

Root or essential definitions are formulated by choosing
a particular concise view of the situation, such as a group
of factors that describe the nature of the situation, i.e.
‘what the system is’. Initially, these definitions configure
“what it is necessary to perform”.

The essential definitions are called by Checkland [3,4]
as CATWOE: Clients, Actors, Transformations,
Worldview  (or  Weltanschauung),  Owner, and
Environment. In our case: Customers — resident doctors;
Actors — professors and employees; Transformations —
imposed by a computerized teaching environment; Owner
— is the community (the hospital is a public institution);
Environment — the hospital school with all its complexity;
and Worldview (Weltanschauung) — the hospital school
must be as concerned with education activities as with
professional activities. In general, it presents success in
both activities. Besides the results in scientific research, it
has the approval of the community in the region as well
[8,9].

The essential definitions are:

e More effective use of the computing resources for
didactic purposes — there is enough infrastructure and
interest to work in a computerized teaching
environment;

e The education environment must be friendly - if the
allocation of many hours for learning and especially
for the maintenance of the education environment is
necessary, there is the feeling that it will be
abandoned;

e The education environment must be flexible -
necessity of time flexibility to dedicated one’s self to
complementary academic activities;

e The education environment must support evaluation
— there is great concern regarding the training
evaluation structure;

e The education environment must support
complementary subjects — e-learning courses for
complementary education such as bioethics,
technology and epidemic control must be feasible;

e The education environment must structure the
didactic archive - all professors, and about 60% of
the students, suggested the need for improvement in
the didactic archive infrastructure.

C. Stage 4 — Conceptual Modeling

The conceptual model is a graphical representation (a
frame) of the components necessary to reach changes
indicated in the essential definitions. It must be tested to
guarantee compliance with the following requirements:
assure the criteria is a system, have integrated
components, have a lasting purpose, have resources for
performance measurement, have control process and
decision support, be part of the system or environment
with which it interacts, have decisions for the border
processes, support itself, have the expectation of
continuity and perpetuation. The conceptual model
considered is schematized in Figure 2. The bases for this
integrated environment are a tutor system for resident
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training in the formulation of a diagnosis, a didactic
image database, a knowledge base, and an e-learning
structure.

The Tutor Systems are being used in many teaching
areas [10,11]. In radiology, Tutor Systems associated with
Knowledge-Based Systems can capture the structured
knowledge of the specialist and thus support the dynamic
generation of training and error-identification routines. In
the considered environment, the resident doctor will
interact with a tutor system, supported by two pillars. The
first one is a didactic image database, with or without
confirmed diagnoses. This image database can receive
data from the Hospital Information System or from the
medical radiologist’s personal database. The current
didactic archive will be incorporated in this image
database.

Concerning the medical-image storage systems, they
are still being investigated, despite the fast-paced
development. There have been proposals for the
establishment of a standard data-registry and medical-
image indexation structure, like RadLex[12], these issues
are relevant for storage and recovery of data from image
examinations[13].

Working with images opens up another important
technological front: the recovery of images based on
Content-Based Information Retrieval (CBIR). The
comparison of images from one exam with others that
already have confirmed reports and diagnoses, when
applied in several areas where the automated evaluation of
the image content is relevant [14,15], provides broad
support for the medical diagnosis. The automation of this
process results in Computer Aided Diagnosis CAD
[16,17]. Some CADs are important resources for diagnosis
support, as in the case of mammographies, approved as a
diagnostic resource in breast cancer by the FDA (USA
Food and Drug Administration).

The Tutor System may or not demand CBIR processes,
as illustrated in Figure 2. The tutorial system will be able
to assist the resident doctor’s training through the retrieval
from the database of similar images for a query image for
which the diagnosis is desired. The retrieved images
would bring a description of the examination, findings and
diagnoses. Since Content-Based Image Retrieval is highly
dependent on the type of examination and the anatomical
region, this option will be available when it has algorithms
tested for its implementation.

On the other hand, the semantic structures from
confirmed diagnoses or consultations are inserted into a
knowledge database — as a second support pillar for the
Tutorial System. This knowledge database will support
the tutor system for the conclusion of similar diagnoses,
like what happens in CRP sessions: description technique
of the image, findings and diagnosis. The tutor system will
have a basic structure; however, its implementation will
incorporate the necessary and available components for
each type of examination, anatomical region and
pathology.

The knowledge database will be able to register
shunting lines related to the resident in relation to the
adequate routes to find the correct diagnosis as well. This
feedback possibility and the factor identification that had
caused such shunting refine the election of the image
characteristics  that identify the pathology, in
contraposition to the ones that cause confusion and lack of

http://www.i-jet.org



A COMPUTATIONAL ENVIRONMENT FOR RADIOLOGY AND IMAGE-DIAGNOSIS TEACHING:
A PROPOSAL USING SYSTEMS METHODOLOGY

precision in the result. This is an important subsidy to the
research: to make use of cases with confirmed diagnoses
in the training and keep a register of the attempts to reach
them, allied to the complete definition of the ways used to
reach the findings, could supply the elements to support
research for CAD systems as much as for CBIR systems.

The interface system/users must be as simple and
operational as possible. The choice to use an e-learning
system is due to the familiarity that those involved already
have with this software. The e-learning system can easily
contain the complementary courses such as information
technology, bioethics and hospital-infection control
practices; only the definition of the contents and materials
will be necessary.

Computer-assisted instruction in the consultations
(Figure 2) consists of presenting a case image(s) and
complementary information; the student will register the
description of the image, findings and diagnosis in the
system. These processes will feed a resident-evaluation
database into e-learning systems.

This integrated system, with a didactic image database,
a knowledge database and an e-learning interface,
composes the educational computing environment in
radiology and image diagnosis. The Considered Model
has covered the essential definitions presented in section
3.2.

D. Stage5-The5FE’s

The 5 E’s are: 1) Efficacy - do the means employed
work? Do they reach the objectives? ; 2) Efficiency — are
the resources used minimized? , 3) Effectiveness - Does
the transformation help attain the long-term goals? ; 4)
Ethic — are the changes morally acceptable? ; and 5)
Elegance — do the changes work harmoniously? The
conceptual model proposed was broadly discussed with
the team of professors at the hospital school. The
objectives were reached, because the model contemplates
the expectation both of the students and the instructors,
especially in regards to the characteristic availability of
the e-learning and the difficulties in assessing students.
All the projects developed, and being developed, that
could be used as resources for the formation of the
medical body were contemplated; the proposal
infrastructure in terms of technological resources is
compatible with the present one, ensuring the
minimization of the resources. The effectiveness and ethic
are met once the proposal support is in harmony with the
lines of the ongoing researches at the college.

E. Stage 6 — Comparison

Since the conceptual model produced is theoretical, it
does not represent the system’s actual or potential
structure. A comparison or test with the real world is
mandatory. This process will bring the necessary
subsequent actions. Incompatibilities between the model
and the real world must indicate problems and/or
necessities of improvements. The product of this test
phase is a list of corrective activities. The comparison of
the proposed model defined the choice of the software
listed in Table 1 and corrections already incorporated to
the model in Figure 2.

F. Stage 7 — Actions

The “Actions” will be defined in stage 7. The points
that were raised during stage 6 (comparison) must define
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the actions that will produce improvements. These actions
must be identified and implemented and they can affect
the structure, processes, procedures and attitudes in the
system. The established actions are summarized in Tablel.
All related systems are being developed or adapted to be
implemented in the proposed environment counting on the
work of seven people, among professors and post-
graduation students.

IV. RESULTS AND CONCLUSION

Medical images and their interpretations involve
multidisciplinary knowledge and thus increase the
complexity of medical-radiologist education. In this

proposal, the tutor system, knowledge-database system,
image database, contend-based image retrieval and e-
learning were used to compose the base for a
Computational Environment for Radiology and Image
Diagnosis Teaching.

The development of the model provided three important
aspects that can be addressed immediately. First, is the
identification of an available structure that can be used to
the advantage of implementing e-learning courses for the
complementary subjects; second, is the observation
necessary for a more detailed training program with
checkpoints that guide evaluations; finally, it is necessary
for the development a didactic database system and tutor
systems.

This study guides the proposal, which was approved by
the staff, for the integration of several of the hospital
school systems for the construction of an integrated
environment for education in radiology.

TABLE I.
SYSTEMS IN DEVELOPMENT OR ADAPTED.
Main
Component System Software Status
“Case-of-the-
Day” System: Tests with In
1| E-learning Resident Training | Moodle' and develop-
and Assessment in | TeleEduc? ment
Image Diagnosis
RadLex® and
Didactic FMRP-USP tests with In
2 Didactic-Archive 4 develop-
Database System MySQL", ment
Y PostGreSQL®
Tutor System for
Tutor MRI of Focal In
3| System Lesions in Normal | Prolog® develop-
Y and Chronically ment
Diseased Liver’
C++Builder®
,v.5.0 and In
4| CBIR HE?CBIR'RF Library C++ | Integra-
GBDI tion
Arboretum®
Collaborative
5| E-learning Education Using TeleEduc? Design
the Internet®

1.http://moodle.org/
2.http://teleduc.nied.unicamp.br/~teleduc/pagina_inicial/index.php?&cod_lin=
3.http://www.radlex.org/viewer

4.http://www.mysqgl.com/

5.http://www.pgsqgl.com/

6.http://www.swi-prolog.org/

7.Based on [20]

8.Based on [19]

9.http://gbdi.icmc.usp.br/downloads.php
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Personal Cases

Database -
E-Learning Environment Hospital

(TelEduc) Resident Information
System

Computer Assisted Instruction (Cases Discussion, Distance
Education to Complementary Courses)

Program Education Tutorial System
Specific x
Topics ‘\‘
(Computer- \‘\
managed %
instruction) Y
Diagnostic CBIR > %
Instructions
Assisted by Knowledge Database
Intelligent Tutorial Didactic (Research and Learning) Meetings to
System Image & discuss the
Database diagnosis or
treatment of a case
Figure 2. Conceptual Frame Proposed (SSM - Stage 4).
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