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Abstract 

A Visualization course ojfered twice (1997198 a11d 
98199) as an elective in the MSc degree on 
Electronics and Telecommunications at the 
University of Aveiro is presented. lts contents, 
bibliography and teaching methods are described. 
Some dijfi.culties encountered during the preparation 
and lecturing of this course are identified. 

1. lntroduction 

Taking into consideration lhat Visualizalion is 
bccoming vcry important and uscful in many arcas, 
an introduclory course on Vizualization seems a 
valid conlribution lo lhe curriculum of any posl
graduation in scicncc or tcchnology and lhus il was 
considered adequate as an elective course of the MSc 
in Elcclronics and Tclccommunicalions offcred al the 
University of Aveiro. This posl-graduation program 
includes severa! courscs and a thesis and aims lo bc a 
largc spectrum degrec cncompassing mainly one of 
four areas of Electrical Enginccring (Electronics, 
Telccommunications, Signal Analysis and Proccssing 
and Compuler Scicnce); lhis means lhal il can give 
formation cilhcr to fulurc consumcrs or facililalors of 
visualization techniqucs and syslems. This is lhe 
conlcxl whcrc lhe rcfcrred in1roduclory coursc was 
mcanl to exist; thus ils general objeclivc is to 
inlroducc lhe studenls to a ncw area which evolves 
rapidly, addrcssing lhe fundamental conccpts, 
providing a basic foundalion, good cnough to allow 
and cncourage thcm lo apply or procced work in thal 
arca. Stating this objcclivc more spccifically, this 
coursc should inlroducc thc studcnts to what 
Yisualizalion is and can do, as wcll as it should makc 
thcm appreciatc its bcncfits and how currcnt tools 
can bc cxploitcd in many application arcas; it intcnds 
to givc a consumer's pcrspcctivc as wcll as a 
facilitator's pcrspcctivc. Howevcr such a course 
should also serve other more genera l objcctivcs 
rclatcd to training studcnts to bc ablc to pcrform thc 
kind of work a post -grad uatcd is cxpcctcd to do ; this 
involvcs training thcm on doing bibliographic 
rcscarch, using adcquatc working mcthods anel 
corrcct tcchnical communication (i.c. writing and 
spcaking). 

GVE'99 - Coimbra - Portugal 

ln lhe following scclions a brief description of the 
general contcnts, bibliography anel tcaching methods 
uscd twice (1997/98 and 98/99) on thc introductory 
course on Visualizalion will be presented. Some 
difficullies cncountered by lhe author during lhe 
prcparation and lccturing of this coursc are also 
idcntified. 

2. General Contents 

This coursc was dcsigncd to have 36 hours (24 
lecturcs) spread along a semester; some of thcse 
lecturcs are dedicalcd to other aclivities as justified in 
scction 3. The list of addressed topics, prescnted 
bellow, indicatcs thc duralion, focus and specific 
bibliographic rcfercnccs (brieíly described in scclion 
4) which have bccn uscd. 

1- Introduction: dcfinitions, history, goals and 
principies of Visualization ( 1 lecture) 

2- Overview of Visualization applications (2 
lcclures) 

3- Human Visual Systcm ( 1 lccturc) 
4- Visual Rcprcsentation of Quantitativc 

Information ( 1 lccture) 
5- Framework ( 1 lccturc) 
6- Visualization Tcchniques (4 lcctures) 
7- Foundations on thc cnabling lechnologies: 

Computcr Graphics, Digital Tmagc Processing 
and Human Computcr lntcraclion (7 lcclurcs) 

8- Data Charactcristics ( 1 Iecture) 
9- Visualization Products ( 1 lecture) 

ln thc first lccturc, corrcsponding to topic n. l, a 
general introduction to the arca is made. Bcsides 
prescnting the dctinitions and goals of Visualizalion, 
a focuscd approach to visualizing data is prcsented as 
a mcans to sclcct adcquate tcchniqucs to allow 
cxploration, analysis and lhcn prcscntation of data. 
Thc main rcfcrcnccs used are lhe books by Earnshaw 
and Wiscman, and Keller and Keller. 
This first lecture is of grcat importancc, it is intended 
to molivatc lhe studcnts and cstablish the focus anel 
"philosophy" of thc course. Two fundamental idcas 
are convcycd: a) Visualization is conccrncd with 
exploring data and information graphically as a 
means of gaining undcrstanding anel insight into the 
data (not jusl prcscntation graphics!) b) how to do 
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visualization? Thcrc is a need of a mcthodology for 
selecting visualization techniques, however no 
"recipcs" cxist. The focused approach described by 
Keller and Keller in the first section of their text is 
prcsented. To conclude, a set of imagcs produced 
from seismic data (also from the book by Keller and 
Keller) is used to illustrate the incremental proccss 
one may expect while seeking thc best way of 
visual izing data. 
Topic n.2, is meant to give an idea of the large 
quantity of applications that Visualization finds in a 
great diversity of scientific and engineering 
disciplines. This should make the students awarc of 
the importance and usefulness of Visualization, as 
well as allow them to better undcrstand ali the other 
topics of the coursc. This overview is given through 
the prescntation of a large collection of visualization 
images obtained in a variety of disciplines and 
emphasising the kinds of information revealed rather 
than thc details of thc visualization techniques. A 
numbcr of examples extractcd from severa! 
bibliographic referenccs is used (as the books by 
Brown et ai., Keller and Keller, Brodlie et ai., 
Earnshaw and Wiseman). 
The third topic is conccrned with thc "human part" of 
the visualization proccss, which is essential. The 
capabilities and limitations of the human visual and 
information processing systems are briclly described, 
stressing that they havc important implications for 
design and that users, in spite of sharing common 
capabilities and limitations, are individuais with 
differences which should not be ignored. The human 
visual system is the maio subject and the lecture is 
based on a documcnt prcpared by the author which is 
included in HypcrVis (an on-line tutorial on 
Visualization) and indicates specific bibliography. 
ln Topic n.4, the fact that visualization is not new in 
concept is stressed; most principies that have been 
uscd to produce good maps, scientific drawings and 
data plots apply to computer visualization. This 
lecturc is based on the interesting work of E. Tufte 
(mainly the 1983 tcxt but also lhe 1990 tcxt, to 
support colour usagc) . 
Topic n.5 presents a framework moelel elescribing 
Visualization systcms in abstract tcrms; this 
framcwork will bc useel to present tcchniques, data 
characteristics, products anel applications in the 
rcmaining lccturcs. As an introduction to this topic, 
moelcls of scicntific investigation anel visualization 
proccss are presenteei. This lccture is based on the 
corrcsponeling chapter of the refcrcnce by Bloellie.et 
ai. 
The concept of visualization tcchniquc, introduccel in 
thc previous topic as the responsiblc for generating 
and manipulating a graphic reprcscntation from a set 
of data anel allowing invcstigation through user 
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interaction, is elevcloped in topic n.6. Thc threc maio 
elcments of a visualization technique are described 
accorelingly to the modcl used by Brodlic at ai.; a 
classification and a notation for visualization 
techniques introduccd by the sarne authors is used to 
support thc study of a range of techniques, generic in 
nature and which can be tailored to different 
applications. These techniques are illustrated through 
severa! cxamples (extracted also from the references 
by Brown et ai., Keller and Keller, among others). 
Topic n.7 addresses the maio aspects of Computer 
Graphics, Digital Imaging Processing and Human 
Computer Interactions needed to bc able to 
understand the visualization tcchniques. Addressed 
issues are: a 20 S/W packagc, geometrical 
transformations and projections, specifying a view in 
30, colour, ovcrview of the problems and methods to 
achieve realism, visibility, illumination and shading, 
histogram operations, filters and image transforms 
and general principies for user interface design. The 
explanation of these subjccts has always in mind its 
use in Visualization and examples including 
Visualization techniques already introduced are used 
as much as possible. 
Topic n.8 is conccrned with data. A classification 
that secms suitable for describing differenl types of 
data identified within the uscd refercnce model is 
prcsented. An overview of data formats and data 
compression techniqucs is also presented; this 
overview can be supported by the reference on 
graphics file formats by Brown and Shepard. 
A Visualization system is prescnted, idcally, as an 
integrated wholc providing means to support the 
effective cxploration of complex data. Topic n.9 
presents a classification of visualization software and 
a variety of existing software proclucts. The aclopted 
classification is an hybrid betwccn the classification 
used by Brodlic et ai. and thc onc proposed by 
Brown et ai.. The software buyer's guide included in 
Brown ct ai. is used to illustrate thc great variety of 
ex1stmg commercial products and relevant 
characteristics which need to be considcrcd in the 
choicc of a S/W product. The study of this subjcct is 
complcmcntcd by demonstrations some of the 
students have to makc on severa! of thcse products 
(as part of thcir assignments) . 
This is the general contents of the curriculum for the 
prescntcd course as it has beco applicd on both 
academic ycars of 1997 /98 and 1998/99. From the 
initial proposal of this course [ I], the main changc 
correspondcd to a substantial increase on thc number 
of lectures devoted to the enabling disciplines. The 
author had initially planned to spend a lesser amount 
of time on these subjccts sincc electi vc courses on 
those subjects (Digital Image Processing, Computcr 
Graphics and Human Computer Interaction) are 
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currently offered at the Departmenl and il seemed 
reasonable to expect that students taking the 
Visualization course would have already some 
background on those subjects. The fact that none of 
the students, in both academic years, had that 
background carne as a surprise; in fact it seems that, 
most of the students had made this choice in order to 
get some formation in those areas. For this reason, 
lhe author decided to increase substantially the 
amount of time devoted to enabling technologies; 
this option, although controversial from the point of 
view of a visualization curriculum, appeared to be 
the most reasonable choice for those students, 
possibly allowing them to benefit the most from the 
coursc. 
The current contents of the course follows, in 
essence, what has been done by the community of 
Visualization educators [2,3,4). It is expected to 
evolve, according to the experience obtained, each 
time il will be taught; however the author expects 
evolution to occur mostly in the spccific way each 
lopic is addressed , bibliography, sequence or 
duration of different topics, rather than on the overall 
structure. 

3. Teaching Methods 

As referred, the course is organised in 1 h 30min 
lectures along a semester, i.e., two lectures a week; 
its distribution by the topics is indicated in the 
previous section. There are no practical classes; 
students are supposed to perform thcir assignments, 
under supervision of the teacher, but on their own 
time and with a high dcgrce of autonomy. These 
students usually work fui! time (al the University or 
at cnterprises), which makes vcry difficult to 
organise working sessions involving ali the students; 
that is thc rcason why only 19 Jcctures are assigned 
to thc topics, i.c., 5 are lcft opcn and are "sacrificed" 
to activities lhal could, otherwise, be performed in 
extra hours . These sessions have bccn dcvotcd to: 

• prcsenling some sclected SIGGRAPH videos 1 

with examples of applications ( 1 lecture) 
• visiting facilities wherc people use visualization 

rcgularly in their work ( 1 leclure) 
presenting student ' s assignmenls (2 leclures) 

• lcctures by peoplc that use or make visualization 
(J lecture) 

from S1GGRAl'JJ Vidco Rcvicw lssuc 108 - ScicnJiíi c 
Visuali zation 95 which, in spitc of having some ycars, slill 
contains in1crcsling cxarnplcs; howcvcr a more rcccnt issuc 
alrcady cxisJs: SJGGRAl'll Vidco Rcvicw lssue 124 - S IGGRAl'H 
97 : Vis uali z:1tion Progr:un . 1ha1 could bc inlcrcs ting. 

GVE'99 - Coimbra - Portuxal 

Until now two visils were organised, both rclated to 
Earlh Scienccs and inside lhe Campus, one to a 
Laboratory using Remote Sensing data and another 
lo a Laboratory of Geophysics including some field 
demonslration on the acqu1s1t10n of Ground 
Penetrating Radar data. Both visits wherc guidcd by 
researchers from those laboratories, showing the 
students which kind of work they are involved in and 
how they use at the moment, and they would like to 
be able to use, visualization techniques and tools. 
Some other laboratories exist at lhe University that 
can be visited in years to come, as in Chemistry and 
Environment. 
The two lectures by externai peoplc that have been 
organised were concerned with visualization of 
Archaeological data and Geographical Information 
Systems; however a great variety of other subjects 
might bc interesting. 
As referred, general objectives of this course include 
training students on doing bibliographic search, using 
adequate working methods and correct technical 
communication (i.e. writing and speaking) . Since 
thcse objectives are usually casier to achieve when 
the evaluation is bascd on practical assignments and 
the expected number of students in elective courses 
on this MSc is low, that was the type of cvalualion 
used in both academic years (the course had 5 
students in 1997/98 and 6 in 1998/99). 
Each student has two different assignments, the first 
consists in giving an oral presentation of == 40 
minutes on some subject and the second, a more 
demanding assignment, consists in a work which in 
general involves some implemcntation (either 
developing code in some language as C++ or using a 
visualization S/W as IDL). Both assignments are 
proposed by the teacher taking into consideration the 
profile of cach student (background, interests, etc .); 
however the students are told that they can propose 
thcir own assignmenl by presenting an extended 
abstract; thcse proposals may, of course, be rejectcd. 
On other courses, offered by the author of this work, 
some interesting proposals have been presented and 
accepted; however, on the Visualization course none 
of the students decided to do it, until now. 
The choice of thc suhjects for the oral presenlations 
as well as for the second assign ment is related to thc 
current interests of hoth the tcachcr and the students 
as well as to interests of other pcople (from the 
University or outsidc) that ask for collaboration in 
some spccific visualization tasks. Along these two 
academic years the oral prcscntations have consisted 
mainly in S/W demonstrations (Matlab, IDL, Iris 
Explorer and OpenGL) or have addressed volume 
rendering algorithms. Second assignments have hccn 
related to the following interesl arcas: 
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• 

• 

• 

• 

• 

• 

• 

visualization of archaeological data from a XV 
century shipwreck existing in the Aveiro Lagoon 
visualization of geophysical data obtained from 
Ground Pcnetrating Radar 
visualization of data rclated to the use of 
Location-Routing models of obnoxious facilities 
development of an hardware processor for 
volume rendcring implemented with FPGAs 
development of evaluation methodologies for 
visualizations used in the study of epilcpsy and 
involving data obtained from different 
modalities as surface electroencephalogram 
(EEG), depth electro-encephalogram (SEEG), 
tomography (CA T) or magnetic resonance 
imaging (MRI) 
development of evaluation methods for 
visualizations obtained using raycasting 
devclopment of evaluation methods involving 
modcls of Human Visual System 

For the supervision of many of these assignments the 
author had lhe invaluable collaboration of collcagues 
working in enabling technologics and application 
areas. 
These assignmenls consist, in general, of a 
bibliographic rcsearch on thc subject, a proposal of 
what work could be interesting to develop, an 
implcmentation of parl of this work, a small technical 
reporl and a documenl wrillen as a scientific paper. 
Most students pul a lot of work and enthusiasm into 
thesc assignments and supporting them has bcen very 
interesting, howcver students typically take long time 
to finish their tasks. In spite of the fact that this 
course is not a research oriented course such as the 
one dcscribed by Banks (5), many of the 
recommendations and difficulties presented by this 
author are also applicablc; the choicc of subjecls for 
the second assignment, its supervision and finally the 
preparation of the paper corresponds to a significant 
burden associated to lhe course; this solution is only 
viable for a very small numbcr of studcnts. 
This type of assignments have resulted very 
stimulating for the more interestcd students, however 
for lcss motivated students it is perhaps too 
demanding and may rcsult frustrating both for the 
studcnt and the tcacher. For these reasons, thc author 
is considering the possibility of maintaining this 
second assignmenl for voluntecr studenls and give 
the altcrnaLive of an cxamination for the oncs who 
are not so committed to visualization. 
One of the main difficulties has Lo do with Lhe 
writing of Lhe "scientific paper", many studcnts just 
don't. like to writc (and don't havc enough 
expcnence) and a special attcntiun is needed to this 
part of thc work (as well as in the preparation of the 

oral presentation). Difficulty in wntmg is a general 
problem of our students, so some extra effort has 
been devoted lo it, in this course. During a lecture, 
the teacher usually stresses the importance of 
communicating correctly any work and generally 
instructs the students how to do it before they start 
preparing their oral presentations or their papers; 
some bibliography on the subject of writing and 
speaking is also recommended f 6,7]. The teacher also 
encourages students to write in English since it is the 
"lingua franca" in tcchnology. The process of 
preparing the papers is iterative and some of them 
need as many as 3 or 4 iterations. Since the teacher 
and, in some cases, other people also have to invest 
effort, nol only in the supervision but also in 
reviewing the paper they become co-authors; when 
the final version of a paper is ready it can be 
published as an internai note (in the Department's 
Journal), submitted to a conference or not used at ali 
(accordingly to the nature and quality of the 
developed work and achieved results). 
From the 5 papers of 1997 /98, four were published as 
internai notes; modified versions of two were 
accepled at conferences organised in Portugal and 
one will be submitted to another conference. One of 
the assignments involved porting to a different 
platform an already existing srw developed by 
someone who was far away and no longer working 
on the subject; in spite of the fact that the student has 
done enough work to succeed in the course the 
obtained results did notjustify their publication.'This 
is always a risk of this kind of assignments and care 
should be taken lo minimise il, however the author 
feels it is impossible to completely eliminate the 
possibility of "something going wrong". 
Papers accepted in conferences should be presenteei 
by the students whenever it is possible; this 
opportunity should be viewed by students as a 
"reward" for having done a good work. From the 
institution perspective this should be considered as a 
~aluable contribution to the overall quality and good 
name of the degree. For this reason it was possible, 
until now, to find inslilulional financial supporl for 
this activity, with the reasonable constraint of 
submitting papers only to conferences which imply 
low travelling expenses. 

4. Bibliography 

Knowing how to search for and use bibliography is 
an important part of any course, however at MSc 
levei il is fundamental. Al this levei lectures are 
mainly meant to givc the basic undcrlying theory and 
poinl out important issues, not to present them in 
detail; for these reasons a good bibliography is in fact 
fundamental, thus a select bibliography is given to 
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the students and the importance of having the 
capacity of obtaining new and adequatc bibliography 
is stresscd. 
Duc to Lhe fact that Yisualization is a rclatively new 
discipline, no text books seem to be available (al 
least in lhe sense as they exist in other longer 
established disciplines as Computer Graphics or 
Digital Image Processing). To overcomc this type of 
difficulty usually two altcrnatives exist: use severa! 
books and papcrs or writc some notes to support the 
coursc. The second alternative, in the view of the 
author, is not interesting at MSc levei, the studcnts 
ought to consult severa! bibliographic rcfcrences; 
however an experienced teacher may write some 
notes convcying his/her perspective on some of the 
!opies. Since the author does not have enough 
experiencc in lecturing this course, even writing 
some notes seemed out of the question. Thus the 
book by Brodlie et ai. was used as general support 
for the course. As it is stated in its prefacc: 
" this book proposes a framework through which 
scientific visualization systems may be understood 
and their capabilities described. lt provides 
overviews of lhe techniques, data facilities and 
human computcr interface, that are rcquired in a 
scientific visualization system .... the ways in which 
scientific visualization has been applicd to a wide 
range of applications are rcvicwcd"; and it seemed 
comprchcnsive cnough to be uscd as a "guideline". 
However since it is not a recent and detailcd tcxt, 

some other more up to dated or more detailcd 
rcfercnces were used as support for severa! topics as 
already mcntioncd in scction II. Attempting also to 
provide the students with a bibliography that can be 
useful in their future activitics, thc author sclected a 
small set of bibliographic rcferenccs that covcrs the 
subjccts addresscd in thc lccturcs. ln thc ncxt 
sections thc general usage of thcsc bibliographic 
rcfcrcnces is dcscribed and a commented 
bibliography is provided. A list of some other 
referenccs which havc been uscful, for instance to 
support practical assignmcnts, is also provided along 
with brief comments. 
During the lecturcs, but mainly during thc 
prcparation of their assignmcnts, students are 
strongly advised to bccomc familiar with othcr 
possiblc sourccs of intcrcsting rcfcrcnccs such as 
journals and confcrcnce proceedings as well as the 
diffcrcnt methods of gctting thcm (as in librarics, 
throughout data bases, Internet). ln fact, thc 
Univcrsity Library provides an information system 
which allows thc rcmote bibliographic search in its 
databases, other portugucsc databases and in services 
as INSPEC, which studcnts are urgcd to use for their 
hibliographic rcscarch. 
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4.1. General usage of the sclected bibliography 

The first hibliographic refercnce (of the list presented 
in 4.2) is, as alrcady mentioned, the one that will 
provide general guidance for lhe course. The 
following three refcrences of thc sarne list can also 
be used as support for severa! topics, as definition 
and goals of Visualization, overview of visualization 
applications, techniques, data characteristics, 
visualization products and case studies. 
The most interesting reference by Tufte can be used 
to support the study of the history and principies of 
Yisualization (independently from using computers). 
The refcrence on graphics file formais can be used 
for the overview on the rclevant issues to file formats 
and data comprcssion. 
Thc next fivc references can ali be considered as text 
books of the so called enabling tcchnologies of 
Yisualization: Computcr Graphics, Human Computer 
lnteraction and Digital lmage Processing; thus they 
can be used by the students to obtain a background 
on those technologics. 
Finally, the last refcrence can be used to support thc 
introduction to the Human Visual System. 

4.2. List of main bibliography 

• Brodlie, K., L. Carpenter, R. Earnshaw, J. Gallop, 
R. Hubbold, A. Mumford, C. Osland, P. 
Quarcndon, Scientijic Visualization, Techniques 
and Applications, Springer Yerlag, 1992 

This book was writtcn to be a reference guide for the 
Yisualization community on the technical aspects. A 
framework is described and uscd to present 
techniques, data characteristics, products and 
applications. ln spite of not bcing up to dated in 
certain aspects it still gives a good overvicw of the 
main issues that should be addressed m an 
introductory coursc on Yisualization. 
• Brown, J., R. Earnshaw, M. Jcrn , J. Vince, 

Visualization , Using Computer Craphics to 
Explore Dma and Present Information, John 
Wiley, 1995 

Providcs background on the field of visualization 
giving an overview of design issues, visualization 
market and various visualization products. It 
illustrates a wide variety of real-world applications 
through case studies. 

• Keller, P., M. Keller, Visual Cues, IEEE 
Computcr Society Prcss, 1993 

lt is intended to people confronted with the problem 
of discovering the mcaning of their data seis. Using 
practical examples from many disciplines, it 
illustratcs visualization techniques, tips and rules of 
thumb, that help to producc informative images. 

• Scott Owen, G. et ai., HiperVis-Teaching 
Scientijic Vi.rnalization Using 1-fypermedia, (on-
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line), ACM SIGGRAPH Education Committce, 
http://www.education .siggraph.org, 1996 

It is a hypermedia document undcr dcvclopment 
which addresses the fundamental topics of Scientific 
Yisualisation. 
• Tufte, E., The Visual Display of Quantitative 

/nfonnation, Graphics Press, 1983 
It is concerned with the design of statistical graphics 
as wcll as with how to communicate information 
through the simultaneous presentation of words, 
numbers and pictures. It reviews the graphical 
practice in the last two centuries and seeks to account 
for the differences in quality of graphical designs. 
• Brown, C., Graphics File Formais: reference 

guide, Manning Publications, Prentice Hall, 1995 
It is a comprehensive guide to file formais used in 
computer graphics and rclated arcas (including 
visualization). It discusscs implementation and 
design of file formats focusing on the basic issues for 
its evaluation and development (as data types, 
organization and compression). 
• Foley, J., A. van Dam, S. Fcincr, J, Hughes, 

Computer Graphics: Principies mzd Practice, 2nd 
ed., 1990 

This is considcrcd thc standard rcference rn 
Computer Graphics. It <leais with the fundamental 
topics of this area in adequate dcpth, as well as with 
many others. 
• Watt, A., F. Policarpo, The Computer /mage, 

Addison Wesley , 1998 
An updated coverage of subjects from thc three fields 
of computcr imagcry which havc previously only 
appcarcd in scparate texts from Computer Graphics, 
Imagc Proccssing and Computer Yision in a cohcrent 
ovcrvicw. 
• Shncidcrman, B., Designing the User lnterface

Strategies for Effective Human Computer 
/11teracti01z, 3rd ed. Addison Wesley, 1998 

Provides a complete anel currcnt introduction to uscr 
interface design . It offcrs practical lcchniqucs and 
guidelincs taking also grcat care to discuss 
undcrlying issucs anel to support conclusion with 
cmpirical rcsults. 
• Dix, A., J. Finlay, G. Abowd, B. Russell, Human 

Computer !llteraction , 2"º cd., Prcntice Hall, 1998 
ll is a text book 111 its arca, providing a 
multidisciplinary pcrspcctivc of thc subjcct. It covcrs 
the basic psychology anel computcr tcchnology 
involvcd anel thc interface bctwccn thcm, as well as 
usability and more advanccd topics . 
• Gonzalcz, R. C., R. E. Woods, Digital /mage 

Processing, Addison Wcsley, 1992 
It is commonly uscd as a tcxt book in its arca; it 
covcrs thc fundamental conccpts anel mcthodologics 
for Digital lmagc Proccss ing. 

• Fishler, M., O. Firschein, lntelligence, The Eye, 
the Brain and the Conzputer, Addison Wesley, 
1987 

Uses an integrated approach on human and machine 
intelligence, using knowledge from severa! arcas as 
computer scicnce, cognitivc science, linguistics, 
biology anthropology and psychology. 

4.3. Other bibliography 
Other bibliographic refcrences havc been used to 
support cither specific topics of the lcctures or 
practical assignments. These referenccs include 
papers published in journals and procecdings of 
conferenccs as well as books. A list of some of the 
books (the ones the author considers may be most 
useful to a reader of this work) is included. 
• Tufte, E., Envisioning lnformation, Graphics 

Press, 1990 
Presents a collection of exemplary designs 
representing ali types of information, widely 
distributed in time and space, through which design 
excellence in complex data representation is 
identificd and explained. lncludes an interesting 
chaptcr on how to use colour. 
• Earnshaw, R., N. Wiseman, An /ntroductory 

Guide to Scientific Visualization, Springer 
Verlag, 1992 

A book intcndcd for rcaders new in the ficld, gives a 
quick summary of what Scicntific Yisualization is 
and can do. Can be indicated as an casy to read 
introduction to the subject. 
• Travis, D., Ejfective Calor Displays: Theory and 

Practice, Acadcmic Prcss, 1991 
Addresses pcrception, displays and colour models. 
Provides practical guidelincs to thc cffcctive use of 
colour, without disregarding thcoretical foundation. 
1t is a uscful tcxt for designers wanting to use colour. 
• Kaufman , A., Recent Trends m Volume 

Visualization , 2"d IEEE EMBS International 
Summcr School, Junc 1996, Berdcr Island, 
France, 1996 

Providcs a survcy of volume visualization and its 
trends with a focus on biomcdical applications. 
• Rosenblum, L., R. Earnshaw, J. Encarnação, H. 

Hagcn, A. Kaufman, Sklinenko, G. Nielson, F. 
Post, D. Thalman, Scientific Visualization 
Advances and Chal/enges, IEEE Computer 
Society, Academic Prcss, 1994 

Dcmonstratcs techniqucs, examines divcrsc 
application arcas and addresscs rclevant issucs in 
Scicntific Visualization. 
• Grinstcin, G., H. Lcvkowitz (cds.), Perceptual 

ls.rnes in Visuali;:.ation, Springcr Verlag, 1995 
Addresscs issucs in thc ficld of applicd pcrccption, 
providcs a portrayal of thc prohlcms that can bc 
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addressed towards increasing the effectiveness of 
inforrnation displays. 
• Lichenbelt, B., R. Crane, S. Naqvi, /ntroduction 

to Volume Rendering, Prentice Hall, 1998 
Provides an introduction to volume rendering 
concepts and presents an organised logical 
progrcssion through lhe volume rendering pipeline; it 
a!so contains a CD-ROM with source code which 
results very useful for practical assignments in the 
subject. 
• Murray, J., W. VanRyper, E11cyclopedia of 

Graphics File Formais, O'Reilly Associates, Inc., 
1994 

Provides detailcd technical information on nearly !00 
file formais; it also includes chapters on graphics and 
file format basics. 

5. Conclusions 

Offering this course has not been an easy task for the 
author, which have encountercd severa! difficulties; 
shc hopes this work may givc a positive contribution 
to whom it may be interested in preparing a coursc 
on visualization. 
Perhaps the first and main difficulty cncountered in 
thc prcparation of the course is related to thc Jack of 
text books offcring comprehensive approaches to lhe 
ficld; this implies not only a great cffort in searching 
for adequate bibliography but also (and pcrhaps more 
imporlant) a great effort of organisation and 
systcmisation of thc topics to addrcss. This problem 
can bc tackled with the (direct or indircct) help of 
other more cxpcricnced educators and working
groups in the arca which publish papers, organise 
workshops and maintain on-line sites containing 
uscful information (as SIGGRAPH, EUROGRAPHICS, 

AGOCG). After lhe initial cffort of putting together a 
curriculum thal makcs sensc, it is necessary to decide 
on the best approach for the kind of students one is 
expecting to cncountcr, to collect and choosc the 
spccific materiais to lhe lcctures and last (but not 
least) to choose thc subjects anel typc of practical 
assignments and thc cvaluation to bc uscd . Ali these 
choiccs havc to bc rc-cvaluatcd cvery time lhe course 
is offcrcd bascd on thc accumulaled cxpcriencc of thc 
teachcr and fcedhack from lhe studcnts. Thc scarch 
for ncw up-lo-dalcd bibliography as wcll as thc 
choicc and preparalion of practical assignmcnls 
which could result intcrcsling havc hecn the greatcst 
conccrns of the author of lhi s work. Thcse conccrns 
are also cxpcctcd to hc lhe main conccrns in the ycars 
to come since lhe proposcd curriculum is bascd on 
lhe curricula of similar courscs offercd in severa! 
European and Amcrican Univcrsi1ies and it is 
cxpccled to evolve mostly in lhe specific way each 
lopic is addrcsscd, hihliography, scquencc or 
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duration of differcnt topics, rather than on its overall 
structure. 
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