
IIIIE·~---------------------------------------------------------------~~u~c~at~io~n~and~· ~fi~ra~i~n~m~g 

G.l. Mihalas, 
v. Lungeanu 

aarunent ofMe~i~al Informatics, 
University ofMed1cme and Pharmacy, 
IJnisoara, Rumania. 

1. Introduction 

The School ofMedicine of the Uni- · 
versity of Medicine and Pharmacy in 
Timisoara was the first Rumanian 
medical school to introduce medical 
informatics as a separate discipline in 
1984. At the beginning it was an op
tional course with contents similar to 
those (at that time) of the Vrije 

:versiteitin Amsterdam, mainly due 
o the help received from Professor 

J.H. van Bernmel [1]. In 1991 this 
course became mandatory under the 
name "Medical Informatics and Bio
statistics" and the department of medi
ca} infomiatics was founded. Since 
IIlost similar departments in our coun
try (most of them founded in the same 
pefiod) shared our experience we be-
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came aware of our role in medical 
informatics education in Rumania. 

This paper aims to present our strat
egy to adapt a curriculum elaborated in 
a developed country to our ·specific 
conditions and to integrate this disci
pline into the overall education of medi
cal students. 

2. Specific Conditions 

The section on "Objectives" is not 
the first one approached, but our spe
cific conditions yielded some changes 
even at that level. Some of the main 
considerations are: 
• our students have a good back

ground in basic sciences: while 
the communist regime almost broke 

down the industrial sector, educa
tion was much less affected. Our 
medical students have to pass a 
difficult entrance examination com
prising physics, chemistry and biol
ogy; thus, we can often rely on their 
background and use formal ap
proaches, formulae, various graphs, 
problems, etc.; 

• the educational system is not 
modular: the whole study period is 
divided into six "years of study", 
each comprising two semesters of 
15 weeks of courses followed by 
an examination period of3-4 weeks. 
Students are obliged to attend most 
of the disciplines (very few are 
optional), and have to pass all the 
examinations to successfully com
plete that year of study; 
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• poor background in computers: 
few high schools were able to offer 
computer facilities to their pupils, 
so most of our students have their 
first computer experience in our 
laboratory; thus, we had to dedi
cate some hours to the basics of 
computers, including PC main com
ponents, operating systems and 
computer networks - as courses, 
accompanied by laboratory work 
on using utility programs, main Win
dows operations and use of a text 
editor. Unfortunately, we spend 
20% of our course time and 25% of 
laboratory time on these background 
topics, which should (ideally) be 
covered at the high school level. 

• large number of students: Ruma
nia used to have only six (now 10) 
schools of medicine (for over 22 
million inhabitants), enrolling around 
2500 Rumanian medical students· 
per year, about 250 in dentistry and 
200 in pharmacy. There are also 
foreign students, so we estimate 
the average number of students per 
year of study (in Tirnisoara) to be 
over 450 in medicine, over.100 in 
dentistry and around 50 in phar
macy; this yields over 600 students 
per year. They are divided into 
groups of about12 students, and 
have to share our 10 computers of 
a LAN between 24 students.This 
will change next year when a new 
LAN will be purchased for our 
department and the desired ratio 
1: 1 may be achieved. This "crowd" 
imposed a reasonable list of tasks 
to be performed during laboratory 
work and also increased the re
sponsibility of the assistant -profes
sors · who supervise the laborato
ries. 

• time limitations: when first ac
cepted as a discipline within the 
medical curriculum, medical 
informatics had 15 hours for courses 
and 15 hours for laboratory work. 
Nowadays, there are 30 hours of 
each, but even with this extent we 
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eventually cover our objectives 
(since the basic knowledge of com
puters and biostatistics represents 
over 40% percent of this time). 
However, we integrated biostatis
tics within the laboratory work. 
Several other medical schools have 
also included biostatistics into their 
medical informatics curricula (see, 
for instance, a whole chapter in 
[2]). 

• no background in medicine: our 
course takes place in the very first 
semester of study and there is no 
other module on medical informatics 
during the total of 12 semesters · 
over six years of undergraduate 
medical studies. This placing of 
medical informatics at the begin
ning of medical studies (which is 
not specific for our country) entails 
some s~ortcomings: e.g. present
ing ECG processing before study
ing the physiology of the heart, or 
discussion of decision support in 
diagnosis before having basic medi
cal knowledge; etc. An integration 
such as done in London at CHIME 
[3] seems ideal but, f~r us, a second 
module would cover most of these 
shortcomings. 

• poor level of IT use in medical 
units: the process of introducing 
computers in hospitals was ex
tremely slow, mainly due to finan
cial reasons. The clinical depart
ments which succeeded in acquir
ing one or two computers mainly 
belong to university hospitals; the 
applications are various: databases, 
statistical analysis, medical docu
mentation, signal or image process
ing, etc. But there are few places 
with a structured departmental in
formation system, and we cannot 
speak yet of a hospital information 
system, or of a primary care infor
mation system. Since concordance 
between the contents of a lecture, 

· the tasks to be performed during 
laboratory work, and the real needs 
for clinical practice represent a 

"must" for teaching and a strong 
motivation for learning, we feel un
satisfied with the chapter on infor
mation systems. However, the 
healthcare system in Rumania is 
currently the subject of substanti<U 
reform and a large project has just 
started. Our present students will 
be among those who will need more 
details about information systems. 

3. Objectives and Principles 

We established a set of objective~ 
to be reached by our students, which 
proved to be close to the thorough list 
of objectives made by the members of 
the EDUCTRA Concerted Action [ 4]. 
So here we only briefly comment on 
the priorities and some principles to be 
followed: 
• the present students will start practis1 

ing medicine after six years, which 
for computer technology is a long 
time during which improvements aJJ 
expected; thus, it is better to empha~ 
size the principles underlying medical 
applications so that students will more 
easily understand and assimilate new 
developments; 

• computers can not replace physi1 
cians ornurses, and students should 
always be aware of the limitations 
which are specific for any applica
tion; 

• use of computers has become a 
necessity and contributes to im
proved organization and thinking~ 

• useful results can be obtained only 
when based on good quality of data; 
students should be aware of the 
importance of data quality, integ
rity, protection and security; 

• standards will play an increasingly 
important role in medical activities 
and students should understand this 
role; 

• computer networks will dramati· 
cally change several medical ac· 
tivities, especially documentation 
and communication. 
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4. Designing the Curriculum 

Whereas establishing the objectives 
and principles has a rather theoretical 
character, when designing the curricu
lum the most appropriate ways must 
be found to reach the objectives and to 
present details about the contents of 
each part of a lecture or laboratory 

work. 
As pedagogical principles require, 

teaching should start " from simple to 
complex", so that sequencing topics 
becomes important [5]. For interdisci
plinary fields there are several ways to 
divide the topics into chapters, i.e., we 
have a multiaxial classification sys
tem. Moreover, each chapter can be 
scaled from simple to complex. The 
best way to achieve deep understand
ing would be to cover the contents 
twice: first, during the first or second 
year ("preclinical"), comprising basic 
knowledge and applications, with a 
clear view of the main streams of 
medical applications of computers; and 
the second time, during clinical studies 
when the student would better under
stand each application. But, due to 
time limitations and because we do not 
have a second module, we had to adopt 
a curriculum which starts with basic 
knowledge about computers (struc
ture, operating systems, networking), 
followed by: (medical) databases 
(typesoffields, codification, files etc.), 
biostatistics (parameters, distribution, 
estimation, tests, correlation and re
gression, risk analysis), biosignals ( ac
quisition, methods of processing, ECG, 
EEG), image processing (sampling 
and quantization, types of processing, 
medical imaging -tomography, etc.), 
decision support (logical methods, 
Bayes rule, pattern recognition, basics 
oflogic, expert systems, classification 
analysis), computers in medical docu
mentation, education and research (in
cludingmodeling and simulation; simple 
deterministic models, stochastic mod
els, modeling structures, non-linear 
lllodels, neural networks). 
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5. Integration 

We were aware from the begin
ning that this feature is fundamental 
for a new discipline to become a per
manent part of the medical educational 
process. Effort was made for all pos
sible links to other disciplines since our 
staff is made up of mathematicians, 
engineers and physicists. Collabora
tion with our physician colleagues from 
preclinical and clinical departments 
succeeded partially, and the experi
ence was mutually useful. We intro
duced several examples from basic 
disciplines such as: biostatistics of non
linear correlation illustrated with bio
physical phenomena, regulatory sys
tems and biosignals used on physiol
ogy, simulation of biochemical enzy
matic reactions, methods for analysing 
anatomical Structures, stochastic ap
proaches in genetics, models in immu
nology, parameter estimation in phar
macology, etc. Integration with clinical 
disciplines was not more difficult but it 
was too early for our students. They 
were able to understand the structure 
of a patient record, types of fields, 
importance of unique identification, 
codification and nomenclatures, etc., 
but most of the clinical examples 
were accepted as true and students 
usually have no comments or que
ries, even when obvious discrepan
cies within data occurred. 

We were not able (yet) to associate 
an appropriate laboratory work for our 
course on information systems due to 
the lack of a corresponding real sys
tem(buta "virtual praxis" is now under 
construction). The same is true for 
"pattern recognition", which is included 
in our course on medical decision
making and presented along with sta
tistical methods for decision support. 

We expect to achieve a better inte
gration next year when a new "multi
media laboratory" will be in use, and 
our contacts with other clinical and 
preclinical disciplines will have in
creased. 
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6. Testing and Examination 

From a cybernetic viewpoint, the 
educational process can be regarded 
as a regulated system which has feed
back represented by all types of ex
aminations, in order to adapt the teach
ing, so that the students' knowledge is 
as close as possible to the desired 
objectives. All pedagogical books dedi
cate a chapter to this topic 
(docimology). We would not say that 
this feature was completely neglected, 
but we found few papers on this topic 
[6,7]. However, we created a large set 
of "problems and questions" for ex
aminations because we consider that a 
problem-based examination better rep
resents students' comprehension and 
ability to use their know ledge than a 
multiple-choice questionnaire. 

We should note here that Rumania 
was isolated for a long time, with little 
information on events in the rest of the 
world. Now that we have- in principle 
- access to all information there is a 
trend to copy systems, but little care is 
taken to adapt them to particular con
ditions; perhaps even worse·- to copy 
only what is convenient with no con
sideration for integration. The impor
tance of a discipline within the global 
framework of medical education has 
often been estimated by the proportion 
of questions from that discipline in
cluded in general examinations, e.g. 
board licence examinations. In the 
materials available to us, medical 
informatics was poorly represented. 

Our examinations normally com
prise a practical and a theoretical ex
amination. For the practical students 
perform some basic computer opera
tions, create a data file and use a 
statistical package for data process
ing, and interpret the results. The theo
retical part comprises a set of prob
lems concentrated on biostatistics and 
risk analysis, biosignals and images, 
medical decision making, (biochemi
cal) model building and fractals. There 
is also a set of questions/topics with 
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short and simple answers. Finally, the 
students also .address 2-3 theoretical 
topics which require a more detailed 
presentation. 

Multiple-choice questionnaires 
were once used but the present type of 
examination, requiring students to ex
plicate their knowledge is better suited 
to our purposes. 

7. Specific Educational Tools 

From the beginning we considered 
a good demonstration of the changes a 
computer can bring might be done 
using computers wherever possible. 
Our efforts here concentrated on com
puters for lectures, and on designing 
specific computer programs for labo
ratory work. 

a. Using Computers for Lectures 
We started using computers for 

lectures at an early stage: more than 
10 years ago we used a "Sinclair 
Spectrum" with output on two TV 
monitors. Besides the list of main. 
ideas of each course we also used a 
few simple programs illustrative for 
understanding some basic notions such 
as: sampling a biosignal, what does a 
frequential analysis do, what is a spec
trum, the principle of computer tomog
raphy, the role of the grid in scintigra
phy, etc. [8]. 

Nowadays we use a notebook 
connected to a LCD panel; almost 
all lectures are presented this way. 
We have inserted demo sequences 
from other programs. Our LCD has 
also a video input and our students 
can appreciate the video film made 
by DTI [9] about using computers in 
healthcare. 

Our experience shows that stu
dents are sensitive to the variety of 
methods used for teaching and we 
should not underestimate the impact a 
specific teaching method will have on 
the students. 
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b. Designing Specific Computer 
Programs for Laboratory Works 
Our original intention was that this 

paper would be dedicated only to this 
feature. This topic developed into one 
of our major objectives because the 
existing programs are not satisfactory. 
For one who carefully designs the 
objectives of his courses, it becomes 
clear that a few commercially avail
able programs will fulfill educational 
requirements. The demos which ac
company this software are sometimes 
useful but generally they are not inter
active. We have a very clear objective: 
to offer students an equivalent labora
tory program for any topic presented in 
lectures. The computer programs de
signed for our laboratory classes re
ferred to: 
• biosignal acquisition and process

ing (similar to that presented in 
[10]), 

• biostatistics: generating data with 
known distribution and parameters 
[11], which can also be used for 
analysis with various statistical pack
ages, 

• simulation of biological processes 
[12-14]; we noticed the quality of 
understanding the phenomena af
ter "playing" with various param
eters and seeing their influence on 
the effects. 
We are now preparing programs 

for laboratory work on information 
systems (in primary care) and pattern 
recognition. 

8. Medical Informatics for 
Dentistry School 

To date, dental informatics focused 
on a limited range of applications, 
mainly concerning administrative tasks: 
computer-based dental patient record 
and clinical databases (without deci
sion-support systems). Very few of 
the specialists in dentistry followed 
formal training in medical informatics 
and, even when they did, dental 

informatics was briefly represented in 
the curriculum. Most of them taught 
themselves to use a computer and 
unfortunately, in Rumania very fe~ 
specialists have had the opportunity to 
collaborate in application development 
- we mean applications to be used 
beyond the walls of their own institu
tion and not restricted to the current 
necessities or limited by the available 
local resources. 

We took over the medical infor
matics curriculum for the students in 
dentistry, but tried to emphasize the spe
cific features: signal and image process
ing for dental aspects, the use of CAD/ 
CAM techniques in prosthetics, quality 
assessment of medical activities, deci
sion-supportfordentistry, visualizations 
and simulations specific for facial sur
gery. As already mentioned, because 
both medicalknowledge and informatics 
change quickly we have to provide stu
dents with a good grounding in problem 
solving and information retrieval skills, 
rather than give them "universal" solu
tions or knowledge [15]. They should 
see informatics and computers as useful 
tools to improve access to data and 
knowledge bases, communication with 
their colleagues and patients, and to 
improve the quality of medical practice. 

Even if our teaching strategy is still 
"teacher-centered", we tried to mix it 
with laboratory problem-oriented work: 
biostatistics, computer-based dental 
patient record, databases for the 
dentist's office. 

9. Informatics for Pharmacy 
School 

Our pharmacy students have their 
course on medical informatics in the 
first year of study (second term) after 
a course on mathematics and biostatis· 
tics (first term). The informatics course 
has 15 hours of lectures and 15 hours 
oflaboratory work, which are insuffi· 
cient to cover the topics normally pre
sented in similar courses in other uni· 
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ver:siw;~>. We found few papers [16] 
g with medical/pharmacy 

infortnatics education for students of 
,phartnacy schools. 

Students should understand the 
position and role of a pharmacist in a 
health information system, become 
familiar with concepts of health infor
mation, appreciate the capabilities of a 
phartnacy information syste~ (drug 
ordering, stock control, drug mterac
tion checking, billing, drug delivery, 
therapeutic monitoring) and understand 
the use of computers for drug design 
and pharmacological studies (pharma
cokinetics, pharmacodynamics, toxi

cology). 
In order to reach these objectives 

we designed a curriculum introducing 
two specific lectures: one on pharma
cokinetics (principles, formal descrip
tion of multicompartmental systems, 
computer programs [17]), pharmaco
dynamics (modelling drug receptor in
teraction, dose-response curves pro
cessing [ 18]), principles of drug design 
and QSAR (Quantitative Structure -
Activity Relation) studies [ 19]; and the 
other dedicated to drug interaction stud
ies [20] and pharmaceutical informa
tion systems [21]. 

For laboratory work we use a spe
cific program for pharmacokinetics [22] 
and our programs for pharmacody
namics [18], comprising a simulation 
of drug-receptor interaction and pro
cessing of dose-response curves. For 
QSAR studies we use a demo version 
for 3D molecular structures. 

We estimate that we have insuffi
cient software for specific pharmaco
logical topics. Also, there is still a low 
level of computer implementation in 
Pharmacy units. However, it is ex
pected that this sector, which is now 
largely privatized, will develop quickly. 

10. Graduation Theses 

In Rumania, students have to pre
tPare a graduation thesis as a problem-
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based project. Medical students carry 
out the project during the last year of 
study and can choose the coordinating 
professor and department according 
to their preferences. Each year, we 
have 2-6 graduating students who 
choose to work co-ordinated by our 
staff. Most of them graduated from 
high schools with informatics included 
in the mandatory curricula. 

We tried to define project themes 
related to fields we are doing research 
on, but we also allow the students to 
choose subjects which fit their particu
lar interests and can· help them in their 
future careers. Furthermore, we find 
this a good opportunity to develop a 
stronger collaboration between tech
nical schools and medical schools, and 
to encourage our students to have a 
multidisciplinary approach to medical 
informatics and to develop skil~s suit
able for "life-long learners". We col
laborated mainly with the clinical de
partments of O"!Jr university and with 
the Polytechnic University of 
Timisoara, especially with the School 

· of Computers and Control Engineer
ing. We also had "mixed" teams, with 
medical and technical graduating stu
dents, trying to bridge the gap between 
healthcare specialists and inform
aticians or computer engineers, and to 
compensate for the lack of medical 
informatics specialization in our uni
versities. 

Our students collaborated especially 
for building medical databases for some 
clinics (e.g. clinics of Hematology) 
and biostatistical processing of data, 
but also in other areas of research: gait 
analysis (Mental Health Laboratory of 
Satu-Mare and Timisoara School of 
Computers), computer-aided learning 
application onneuro-ophthalmology for 
students and young physicians (clinics 
of Neurology and Ophthalmology), 
simulations of pharmacological pro
cesses (School of Pharmacy), 3D
visualization of face and jaw and study 
of malocclusions (School of Dentistry 
and School of Computers), simulation 
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of visual processes - stereov1s1on 
(School of Computers), a little knowl
edge-database (School of Dentistry). 

The students have to present their 
work and defend the thesis at an oral 
examination. Furthermore, we encour
aged our graduating students to present 
their results at the annual Rumanian 
National Conferences on Medical 
Informatics. 

11~ Medical Informatics for 
Postgraduate Studies 

While undergraduate and Ph.D. 
studies are organized by the Ministry 
ofEducation, other postgraduate medi
cal studies are organized by the Minis
try of Health. Within their programs 
we have two modules per year, each 
of them having 15 hours of lectures 
and 30 hours of laboratory work over 
a period of six weeks, with groups of7-
12 students. These courses are op
tional; they are attended especially by 
physicians who had no such classes 
during their studies. We mainly fol
lowed the structure and contents of the 
courses and laboratory works of medi
cal students (but it does not comprise 
the chapter on biostatistics). We esti
mate that the real requirement for such 
courses will soon increase since the 
investment plans for the introduction 
of a large number of computers in 
several medical units have ·already 
started, and it will probably become an 
educational program on a national scale. 

12. Doctoral Level 

The doctoral level in medical 
informatics in Rumania started in 1992 
with four students and up to now there 
are 10 students with different back
grounds: .2 physicians, 4 mathemati
cians and 4 engineers. There are sev
eral unsolved problems within this re
spect. 

We should first mention that ac~ 
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cording to the Education Law of Ru
mania, the doctoral level, as a post
graduate form of education, is orga
nized by universities and the coordina
tors are appointed nominally by the 
National Council for Attesting Titles, 
Diplomas and University Certificates 
(CNATDCU). There are only about 
12 major fields in which one can get a 
Ph.D. in Rumania, including mathemat
ics, physics, engineering, medicine etc. 
Each major field is divided into spe
cialities, with a list of approved speci
alitiesforeachfield.Butonlythename 
of the field, not the speciality, is written 
on the Ph.D. diploma. A postgraduate 
student working for a Ph.D. is regis
tered at the university where his coor
dinator works, in our case at the Uni
versity of Medicine and Pharmacy in 
Tirilisoara; however, a medical univer
sity may only award "Ph.D. in medi
cine" and not in e.g. mathematics or in 
engineering. Thus, only medical doc
tors can defend their theses at a medi
cal university. For our Ph.D. students 
in medical informatics who are not 
MDs a provisory solution was pro
posed: the dossier of the candidate 
would be transferred to an appropriate 
university accredited to award the 
Ph.D. title in the candidate's field. 
Second, we should also mention that 
most of the Ph.D. students keep their 
full-time jobs and their preparation is 
done during other everyday tasks- it is 
even called "doctoral stage without 
attending program". The doctoral stage 
starts with an admittance colloquium 
and lasts about four years comprising 
two phases: examinations and reviews 
strictly restricted to two years, and 
thesis preparation taking another two 
years. 

The coordinator has to decide on 
the number and the topics of examina
tions and reviews as well as establish
ing the contents and the references to 
be used for preparation of the exams. 
The examination is performed by a 
commission of at least four invited 
professors, specialists in the topic or 

118 

speciality of the exam. The reviews 
are presented and discussed at the 
meetings of the department and refer
eed by a commission similar to that for 
the examinations. There are no re
strictions or rules concerning the top
ics subjected to become the name of 
an exam, but this usually follows the 
traditions and exigencies associated 
with Ph.D. preparation. The thesis has 
to be reviewed by at least five profes
sors from different universities, spe
cialists in the speciality or topic of the 
thesis. The candidate is also required 
to have at least two published papers 
on the topic of the thesis. All commis
sions, for examinations, reviews and 
thesis are proposed by the coordinator 
and have to be approved by both the 
Professorial Council of the school and 
by the Senate of the university. The 
title is validated by CNATDCU. 

A recent meeting at the ministerial 
level proposed to improve the doctoral 
system and, hopefully, will solve some 
of these problems. 

13. Future Perspectives 

Our efforts are oriented towards a 
stronger integration of our discipline 
within the global framework of medi
cal education; better communication 
with colleagues from various disci
plines within our university; and stron
ger links with similar departments, both 
domestic and international. As a prior
ity we intend to emphasize scientific 
research activities. 

We expect that our new LAN and 
the multimedia laboratory will mark
edly improve the infrastructure facili
ties for educational purposes. 

Our links with similar departments 
at other medical universities are good; 
we periodically meet during national 
medical informatics conferences; we 
try to keep similar curricula, exchange 
programs, and share experience. We 
also try to attend international events, 
as far as financial resources allow. We 

participated in EuroMISE courses or
ganized in Prague [ 6] and participatedi 
in a TEMPUS project. It is hoped to 
extend our contacts; perhaps via Euro'\ 
pean programs and bilateral agree
ments. 
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