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About the Book 

Developing countries need to take an zArly and active role in 
the information revolution to narrow the gap between themselves 
and industrialized countries. The introduction of the microcomputer 
as an educational tool is an important step toward parity, but there 
are many obstacles to overcome when attempting to integrate com
puters and education in developing countries. Language barriers 
require cooperation between developed and developing countries in 
programming and translation of all materials. Software and hardware 
must be appropriate for the particular culture. Local school and 
community leaders must learn which material will best serve com
munity needs. The national identity of the developing country must 

be respected, while the interests and experiences of the industrial 
country must also be carefully considered. 

This book presents guidelines for integrating microcomputers 
into education in developing countries. In addition to a general 

overview, the contributors discuss training, software, primary and 
secondary education, special education, advanced education, and 
future developments. They offer specific recommendations for pro
gram design, detailing integration strategies and providing case stud
ies of successful uses of microcomputers in Third World education. 

This book was written by an ad hoc advisory panel of the 
Advisory Committee on Technology Innovation, Board on Science 
and Technology for International Development, Office of Interna
tional Affairs, National Research Council. 
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NOTICE: The project that is the subject of this report was 
approved by the Governing Board of the National Research Coun
cil, whose members are drawn from the councils of the National 
Academy of Sciences, the National Academy of Engineering, and 
the Institute of Medicine. The members of the committee respon
sible for the report were chosen for their special competence and 
with regard for appropriate balance. 

This report has been reviewed by a group other than the 
authors '.ccording to -ocedures approved by a Report Review 
Committee consisting of members of the National !cademy of 
Sciences, the National Academy of Engineering, and the Institute 
of Medicine. 

The National Academy of Sciences is a private, nonprofit, self
perpetuating society of distinguished scholars engaged in scientific 
and engineering research, dedicated to the furtherance of science 
and technology and to their use for the general welfare. Upon the 
authority of the charter granted to it by the Congress in 1863, 
the Academy has a mandate that requires it to advise the federal 
government on scientific and technical matters. Dr. Frank Press is 
president of the National Academy of Sciences. 

The National Academy of Engineering was established in 1964, 
under the charter of the National Academy of Sciences, as a parallel 
organization of outstanding engineers. It is autonomous in its ad
ministration and in the selection of its members, sharing with the 
National Academy of Sciences the responsibility for advising the 
federal government. The National Academy of Engineering also 
sponsors engineering programs aimed at meeting national needs, 
encourages education and research, and recognizes the superior 
achievements of engineers. Dr. Robert M. White is president of 
the National Academy of Engineering. 

The Institute of Medicine was established in 1970 by the 
National Academy of Sciences to secure the services of eminent 
members of appropriate professions in the examination of policy 
matters pertaining to the health of the public. The Institute acts 
under the responsibility given to the National Academy of Sciences 
by its congressional charter to be an adviser to the federal gov
ernment and, upon its own initiative, to identify issues of medical 
care, research, and education. Dr. Samuel 0. Thier is president of 
the Institute of Medicine. 



The National Research Council was organized by the National 
Academy of Sciences in 1916 to associate the broad community of 
science and technology with the Academy's purposes of furthering 
knowledge and advising the federal government. Functioning in 
accordance with general policies determined by the Academy, the 
Council has become the principal operating agency of both the 
National Academy of Sciences and the National Academy of En
gineering in providing services to the government, the public, and 
the scientific and engineering communities. The Council is admin
istered jointly by both Academies and the Institute of Medicine. 
Dr. Frank Press and Dr. Robert M. White are chairman and vice 
chairman, respectively, of the National Research Council. 

The Board on Science and Technology for International De
velopment (BOSTID) of the Office of International Affairs ad
dresses a range of issues arising from the ways in which science 
and technology in developing countries can stimulate and comple
ment the complex processes of social and economic development. 
It oversees a broad program of bilateral workshops with scien
tific organizations in developing countries and conducts special 
studies. BOSTID's Advisory Committee on Technology Innova
tion publishes topical reviews of technical processes and biological 
resources of potential importance to developing countries. 

This report has been prepared by an ad hoc advisory panel 
of the Advisory Committee on Technology Innovation, Board on 
Science and Technology for International Development, Office of 
International Affairs, National Research Council. Staff support 
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Foreword
 

The introduction of microcomputers into primary and sec
ondary education is an immediate goal ir a growing number 
of countries. Among the industrialized nations, Great Britain, 
Fran -e, Italy, Japan, and the Soviet Union have nationwide com
puter-literacy policies. Although there is no national plan in the 
Ur i*.ed States, more than half of the schools at all levels have at 
le st one microcomputer, and according to the 1985 National Sur
v;' of Microcomputers carried out by H.J. Becker for the Johns 
1: -kins University, the rverage American secondary school has 
more than fifteen. Developing countries also recognize the impor
tance of integrating computers into education in a way that carries 
or national goals. This new technology offers them an opportu
nity to start on an equal footing with the industrialized nations, an 
opportunity they decline only at the risk of falling further behind 
in development. 

As the use uf microcomputers and educational software in
creases, however, serious questions of cultural imperialism and 
dependency arise, especially when programs that may not reflect 
a country's values are brought into the pre-secondary education 
process. A number of developing counries have created mech
anisms to guide the introduction of information technology. In 
Sri Lanka, the Computer and Information Technology Counci.l 
(CINTEC) was organized to help formulate policy and to coordi
nate the work of various ministries, including the Ministry of Edu
cation, in implementing computer technology. In Brazil, a Special 

xvii 



Committee for Informatics in Education, created to oversee the 
development of microcomputers as a teaching aid, emphasized the 
importance of using the technology in concert with the country's 
own culture. 

Questions of fairness and equity also arise when microcom
puter:3 ae introduced into education. In many countries, micro
computers are already being used in private and other advantaged 
schools, raising questions of equal access and opportunity. The 
experiences in these schools can be used as models to facilitate 
the general introduction of microcomputers in the public schools. 
A cooperative attitude between schools within a country, and be
tween countries in a region, can prove invaluable in the rapid 
introduction of microcomputers into the public school system. 

Of perhaps even greater importance than the acquisition of 
computer hardware is the ple:uning for the uses of computer hard
ware once it is installed. Experts in the field caution that neither 
instruction in programming nor repetitive drilling may be the 
best use of the microcomputer in the classroom. Judah Schwartz, 
codirector of flarvard's Educational Technology Center, suggests 
that teaching "real-life" applications such as word processing and 
database management may better prepare students for life in a 
technological society. 'Seymour Papert, creator of the Logo lan
guage, proposes that microcomputers be used to develop an en
tirely new way of teaching children. According to Papert, it does 
not go beyond what is common in today's schools; "It goes in the 
oppo,.,. .- direction." 

BACKGROUND OF THE PROGRAM 

In 1983, the Bureau for Science and Technology of the U.S. 
Agency for International Development (AID) asked the Board on 
Science and Technology for International Development (BOSTID) 
of the National Research Council (NRC) to organize a series of 
meetings to assess the implications of microcomputer technol
ogy for international development. This AID-funded program 
became known as "Microcomputer Applications for Developing 
Coui'tries." The fist of four planned meetings was held i, Sri 
Lanka in 1984 and considered microcomputer applications in the 
areas of health, agriculture, and energy. At the concluding plenary 
,e~sion of that symposium, the participants agreed on a number of 
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policy recommendations for governments of developing countries 
and for donor agencies. 

One major area of concern focused on education and training: 
education to provide computer literacy for the public and for 
policymakers; training to permit technical professionals to use 
application programs designed for fields such as health, energy, 
and agriculture; and high level technical training to create a corps 
of computer professionals. It was emphasized that both education 
and training must be carried out in the developing country context 
and must involve people with sectoral expertise rather than be 
confined to computer specialists. 

These recrinmendations served as background for the Sympo
sium on Microcomputer Applications for Education and Training 
in Developing Countries, the second symposium in BOSTID's pro
gram. This was held in Cuernavaca, Mexico, November 4-7, 1985, 
and was co-sponsored by the Academia Nacional de Ingenieria 
(ANIAC) of Mexico. Participants came from Argentina, Brazil, 
Chile, Colombia, Kenya, Pakistan, Panama, Peru, Trinidad and 
Tobago, and Uruguay, as well as the United States and Mexico. 
After an initial pl.nary se3sion, the symposium was structured 
into three concurrent working groups on (1) training of teachers, 
(2) microcomputers and software for education at pre-university 
levels, and (3) microcomputers and software as aids to learning 
and research at tiio professional level. The participants then came 
together to present their conclusions and make recommendations 
based on their discussions. 

ORGANIZATION OF THE PROCEEDINGS 

This volume includes papers presented at the Cuernavaca sym
posium and the recommendations made by the participants. It 
begins with the papers that are concerned with the overall ques
tion of education in relation to information technology. The next 
C'apters follow the general structura, organization of the sympo
sium, dividing papers in each area into overview papers and those 
reporting on specific projects. Finally, the report summarizes the 
conclusions and recommendations of the participants. 

It became clear early on that participants from many coun
tries shared similar concerns. Many emphasized the need for the 
educational community as well as other users of microcomputer 
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technology and policymakers to take the opportunity to put com
puters to work to serve their individual and national goals (see 
Brathwaite, page 59). In many cases., microcomputers are seen 
as an imported technology; however, their flexibility provides a 
unique opportunity for users in developing countries to mold them 
to their own needs. Many participants considered it important 
that software reflect each country's individual culture, especially 
in pre-university education (see Apel, page 151). This diversity 
would require that software be individually programmed for each 
cultural group. At the same time, the participants emphasized the 
importance of cooperation, both within. Latin America and with 
the countries of the industrialized North (see Murray-Lasso, page 
3, and Hughes, page 295). 

The information presented in this volume is intended to pro
vide background material for education policymakers in developing 
countries. The specific project reports, in particular, offer insights 
into problems that may arise and suggest tested methods for im
plementing microcomputer technology in educational systems. 

William J. Lawless, Jr. 
Chairman, Panel on Microcomputer 

Applications for Developing Countries 
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An Overview
 



The Use of Microcomputers for Education 
and Training in Latin America 

MARCO ANTONIO MURRAY-LASSO 

A HISTORICAL EXAMPLE: THE CASE OF MEXICO 

The use of computers in education has been a subject of dis
cussion in Latin American countries for some time. The first 
computer in Mexico was installed in 1957 at the National Uaiver
sity of Mexico. Many people (including researchers and academic 
administrators in the Department of Mathematics) opposed its 
installation, arguing that it was an esoteric technology that would 
soon disappear and that a poor country like Mexico should aot be 
squandering its scarce resources just to conform to a fashion (Bel
tran, 1983). That computer became the core of the university's 
computer center. By 1970, the computer center had so much work 
that several departments and research institutes began pressing 
the administration of the university for computer centers of their 
own. This was roughly the same time as minicomputers were gain
ing in popularity, and their wishes were granted. This constituted 
the first step in decentralization of computing at the university. 

At about this time, a master's program in computer science 
was initiated at the university, and many computers were installed 
throughout the country, with a heavy concentration in Mexico 
City. A few years later, microcomputers appeared on the scene, 
coinciding with the initiation of an undergraduate program in 
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computer engineering. In a few years, many other universities and 
technological schools had started undergraduate programs, and 
by 1983 we had more than 114 programs in Mexico (including 23 
graduate, 74 undergraduate, and 17 for technicians) in 66 educa
tional institutions (Instituto Nacional de Estadistica, 1984). Now, 
no one questions the advisability of using computers in univer
sity education, whether for administration, education, or research. 
As for the choice between large and small computers, few still 
support the idea of a large central computer with many termi
nals. Many people think that most of the needs of the university 
could be fulfilled by stand-alone microcomputers. For some re
search and administration problems, microcomputers connected 
to larger computers forming one or several networks should suf
fice. Some institutions of higher learning in Mexico, such as the 
Instituto Tecnol6gico de Monterrey, have gone a long way toward 
solving their computing problems with microcomputers. 

Although the use of microcomputers in college education is 
well accepted and in some instances well established, the same is 
not true of elementary and high school education and training. 
There is still considerable debate about the introduction of com
puters in public schools at the lower levels. An important push 
in this direction was given by President de la Madrid's announce
ment that microcomputer prototypes, adequate for the needs of 
students at the junior and senior high school and college levels, 
had been developed (De la M.-ld tlurtado. 1985). 

THE ISSUES 

There are at least two types of issues surrounding the dis
cussion of the use of microcomputers in education. One set of 
issues is common to all those countries considering extensive use 
of microcomputers in education. The other set deals with issues 
pertaining to Third World countries, including Latin America. 

The first set of issues, which has been amply discussed in the 
U.S. literature for the U.S. scenario, has to do with such questions 
as: What is computer literacy? How many students ought to sharc 
a microcomputer? At what age should computers be introduced? 
What should be taught with a computer? How many hours a 
day should students spend in front of the computer? How should 
the curriculum change because of the presence of the computer? 
Should the use of computers be of the programmed instruction 
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type or of the menu-driven environment type? How should the 
educational software be evaluated? How do we go about training 
teachers for the use of computers in education? What should be 
the roles of computer clubs and camps? How should computers 
and software be financed? How can equality of opportunity for 
access to computers be ensured for those of different races, social 
levels, and regions of the country? 

The Latin American issues include all those previously men
tioned, as well as others. For example, given the extreme lack Uf 
resources, is computer-aided education really worth the sacrifice? 
That is, can a country with many children attending school with
out having had breakfast afford to spend money on computers 
rather than on free breakfasts for school children? Where should 
the computers for education come from? Should the country try 
to manufacture them or import them-generally at lower prices? 
Should a country try to develop its own educational software, or 
should it use software developed in advanced countries, perhaps 
adapted to those cases in which there are important differences, 
such as language? Should the Latin American countries develop 
hardware and software cooperatively--and if so, in the case of 
software, on what, topics, and in the case of hardware, what kind 
of machines? Should the hardware used in Latin America iiclude 
the latest technology, or should 8-bit machines that can be ob
tained inexpensively be used? Is normative legislation helpful, or 
should decisions be left to market forces? Would legislation de
signed to promote the use of computers in education be helpful? 
What portion of their gross national products should Latin Amer
ican countries allocate for computers in education? How can the 
advanced countries help the Latin American countries introduce 
computers in education? 

Discussion of the Issues 

It is not my intention to delve deeply into the discussion of 
the issues, as that is the main purpose of the symposium. My 
intent is only to point out the fact that this discussion is of a 
different nature than that occurring in the United States. Perhaps 
some of the issues may be easily resolved, such as collaboration 
between Lat: American countries to develop software that can be 
used throughout the region. Although a common ground would 
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have to be reached relative to topics, points of view, quality stan
dards, and hardware with which to operate the software, I suspect 
that few would oppose such an idea. Moreover, the savings of 
resources could be quite substantial. On the other hand, some of 
the issues are apt to cause heated discussion. One, for instance, 
is the normative legislation on the use of computers in educa
tion. Here we are referring to national policy, which may forbid 
importing microcomputers and software for educational purposes. 
The arguments could range from the industria' protection of local 
microcomputer manufacturers and software developers to the pro
tection of the national culural heritage of the country. It is widely 
accepted that the United States has "culturally colonized" Latin 
American countries through its movies, publications (particularly 
technical literature), television, wire service, and music industries. 
The latest form of colonization has to do with information stored 
in data banks and microcomputer software. Regarding the lat
ter, one often hears criticism that the popuiar packages, -uch as 
spreadsheets, database managers, word processors, and languages 
have most of their manuals, error comments, and other facilities 
in English, in spite of the fact that they are marketed in many 
Spanish-speaking countries. I recently heard a talk in which a 
teacher from the city of Puebla bitterly complained about an el
ementary software package for teaching the alphabet that he had 
ordered from a store in Mexico City. The package had received 
rave reviews in several microcomputer magazines, such as Cre
ative Computing and Byte. Great was his disappointment when 
he found that when he pressed the letter "A," beautiful red apples 
appeared on the screen, despite the fact that the Spanish word 
for "apple" is "mnanzana." In my own experience, I have had to 
struggle with word processors sold in Mexico in order to be able 
to include accents and other Spanish characters. 

Many educators feel that languages intended for the edu
cation of small children, such as Logo, should write their com
mands in Spanish so that children can more easily remember the 
commands and abbreviations. They argue that a command such 
as "LT," which is short for "left," means nothing to a Spanish
speaking child, since the Spanish equivalent of the English word 
"left" is "izquierda." It would be a simple matter to translate 
the commands of Logo into Spanish, but it would require some 
standardization of the words used, because even within the same 
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country, some groups use "adelante" for the English word "for
ward," whereas others use "avanza." There are those who favor 
the use of English because of the large arriount of literature both 
in book and magazine form that contains Logo listings that could 
simply be typed into a computer; if the computer had a Spanish 
version, the programs would have to be translated, a laborious 
job in the case of large programs. The group favoring the Spanish 
version of Logo are quick to respond that small children seldom 
take programs from magazines, while the English Logo supporters 
counter by suggesting that as a child grows older he would have to 
learn the English version, though this contradicts Papert's well
publicized claim that Logo is a language with which a student can 
grow without having to "unlearn" anything as his needs increase 
(Papert, 1980). 

There may therefore be a tendency for some Latin American 
countries to legislate that all educational software for elementary 
education be developed in the country and be approved by the 
educational authorities. One of the dangers of such legislation 
would be that excellent, culturally undamaging software developed 
outside the country might not be available to the children of that 
country, resulting in a loss of opporunity. Such might be the 
case with software for teaching mathematics, which is culturally 
transparent, generally speaking. 

Another issue, teaching methodology, is common to the ad
vanced and developing countries, but is treated differently by the 
two groups of countries. There are some in the United States 
who claim that programmed instruction as used in the teaching 
of basic skills (such as reading, arithmetic operations, and typ
ing), is the only computerized ceaching methodology supported 
by solid experimental results (Suppes, 1979). They argue that 
other methodologies, such as simulation and creative computer 
environments, have yet to be proven effective, adding that no solid 
evidence of their efficiency has been documented in research stud
ies other than casual observations of individual students. In turn, 
the defenders of creative computer environments answer that cre
ativity is such a complex concept that tools for measuring it have 
yet to be developed. Defenders of the two positions are evenly 
paired, and the discussion continues in the United States without 
either group clearly dominating the other. 

In Latin America, however, the creative computer environ
ment methodology seems to have the support of pedagogy theorists 
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and psychologists, whereas teachers tend to support programmed 
instruction. In Latin American countries, teachers tend to have 
less schooling than pedagogy theorists and psychologists, who 
usually have college degrees, while the former have diplomas from a 
normal school. Because of this, the creative computer environment 
group, who is most often in charge of planning, tends to dominate 
the field intellectually. Thus, we are in danger of observing the 
implementation of programs that completely ignore the benefits 
of computer-aided drill and practice, thereby throwing away years 
of experience and useful results, such as those of the Plato Project 
(CERL, 1977). 

A second common issue between the advanced and developing 
countries is the question of whether it is really necessary to intro
duce computers in elementary education on a large scale. Judging 
from numbers and trends, the question seems to have been an
swered in the affirmative in the United States. Typical arguments 
point to the fact that computers are here to stay and therefore, 
should be introduced i;ato the educational system as early as possi
ble. I have no argument against this, although it should be pointed 
out that some past predictions about technological advances have 
been totally erroneous. In 1870, a high British government official 
commented that the recently invented telephone would probably 
be' of some use in the colonies, but he could see little use for it in 
the United Kingdom because of an overabundance of messengers. 
In 1927, senior editors of The New York Times, after seeing a 
demonstration of television, wrote a story declaring it a fine scien
tific invention, but one with no commercial future. In 1947, several 
leading scientists were asked to forecast the number of computers 
that would be required in the United States. Their initial forecast 
was 12. It was subsequently revised to 50 (Dupont, 1985). 

In the examples provided, the possibilities of a new techno
logical device were underestimated. There are also examples of 
overestimation. The great use of television as a medium for im
proving education has gone largely unrealized. In many schools in 
both advanced and developing countries, many types of audiovi
sual aids and language laboratories are gathering dust after overly 
optimistic expectations. In the United States, many microcomput
ers are unused because they were introduced into schools before 
proper planning took place. Be that as it may, the popularization 
of computers in education has a positive effect in advanced coun
tries that have a hardware and software industry, as it provides 
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jobs and economic growth. On the other hand, for developing 
countries with no such industry, the introduction of computers in 
education increases the deficit of foreign currency and promotes 
unrest among the grossly underpaid teachers, who accuse the gov
ernment of spending precious, scarce resources on seeming luxury 
items rather than increasing their salaries. 

CONCLUSION 

Some of the issues surrounding the use of microcomputers 
in education in Latin America have been put forward. All the 
issues currently under discussion in the United States and other 
advanced countries have to be addressed, along with others that 
treat Latin America as a region made up of developing countries. 
A brief discussion of some of the issues has been presented to 
stress the fact that even the common issues have to be seen in 
a different light. Something we can all agree on is that collabo
ration between Latin American countries, many of which share a 
common language and have similar cultural backgrounds, is a step 
in the right direction. Undoubtedly, efforts will have to be made 
to reach a common ground. Likewise, cooperation with advanced 
countries which have considerable experience in the area, such as 
the United States, promises to be very fruitful. Again, a common 
ground must be searched for and found if the national identities 
of the different developing countries are to be respected, while the 
interests of the advanced countries are taken into consideration. 
It is my hope that this meeting is the first of several to provide 
fertile ground for this collaboration. The fact that distinguished 
representatives from so many countries are involved is an excellent 
sign. Let us all work toward this end in the next few days, finding 
new solutions to the urgent problem of providing better education 
for all the inhabitants of our countries. We must ensure these new 
educational solutions are appropriate for the world our children 
will inherit. It certainly is worth the effort, since the beneficiaries 
of what we forge here will be the heirs of everything we own and 
everything we are: our land and all our wealth, the responsibil
ity of admipistering justice, governing our nations, building our 
churches, writing our books, perpetuating our race, and carrying 
on as the trustees of our sacred honor. 



10 

REFERENCES
 

Beltrhn, Sergio. First Director of Computing at the National University of 
Mexico, personal c )mmurication, 1983. 

Computer-Based Education Research Laboratory (CERL). Demonstration of 
the Plato IV Computer-based Education System, final report. University of 
Illinois, March 1977. 

De la Madrid Hurtado, Miguel. Tercer Informe de Gobierno, September 1985. 
Dupont, P. A. "Market Needs, Policies and Trends in Telecommunication Ser

vices," Proceedingsof the Fifth Convocation of NationalErgvueringAcademies. 
London, June 1985. 

Instituto Nacional de Estadistica, Geografi e Informtica. Coldogo de Progra
mas de Formacion de Recursod Humanos en Informatica 198. Secretaria de 
Programacion y Presupuesto, M6xico, November 1984. 

Papert, S. Mind-Stormn: Children, Computers, and Powerfu! Ideas. Basic Books, 
Inc., New York, 1980. 

Suppes, P. "Current Trends in Computer-Assisted Instruction." Advances in 
Computers, Vol. 18, pp. 173-229, 1979. 



2
 

Technology Transfer in Educational
 
Computing: Toward a Non-Magical
 

Approach
 
ALVARO H. GALVIS 

LOOKING AT THE PROBLEM 

The transfer of educational computing technology is an un
avoidable crossroads for the educational sector. There is no way 
to ignore the impact of computers in our society even if we live 
in developing countries. The educational sector cannot leave the 
transfer of educational computing technology to the discretion of 
the suppliers, nor can it indiscriminately accept technology trans
fer. Either alternative would be an open door both for increasing 
technological dependency (in computing as well as in education) 
and for widening the technological and educational gap among 
countries. Thoughtless technology transfer can be a path for am
plifying crosscultural diffusion, a process that has intensified since 
the arrival of communication devices, and one that can weaken 
local cultures when it serves only to transplant foreign culture. 

What can we do in developing colintrics to succeed in appro
priately transferring educational computing technology? What 
conditions are pertinent for such a transfer so that it does not 
become just a new path for maximizing underdevelopment? 

11 
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This paper does not intend to present final answers to these 
questions. It attempts to explore the topic from several perspec
tives concurrently, so that people in the educational sector of de
veloping countries can channel their efforts towards aspects they 
feel are most likely to benefit them. The paper will focus on the 
trends in transferring educational computing technology; it will 
emphasize an analysis of related magical ideas and their impact 
on our countries. The paper will conclude by analyzing consider
ations that are critical to our truly profiting from the potential of 
computers in education and from related technology transfer. 

Educational Computing and Technology Transfer 

We must not allow a magical vision of educational computing
a belief that computing is a panacea that solves all of our edu
cational problems-to pervade our thinkii.. Such a perspective, 
unfortunately, is not uncommon, and it i3 usually being resorted 
to when we simply transfer solutions (technological end-products) 
instead of the knowledge needed to find the solution to a problem 
(technology, know-how). 

A magical vision of educational computing may lead us to 
a great disenchantment, as was the case in the gypsy's story in 
One Hundred Years of Solitude. Garcia Marquez (1967) tells of 
the gypsies that used to come to Macondo from time to time, 
bringing with them the latest discoveries from the wise people 
from Memphis, that is, the latest technology. One year they 
arrived with ice, "such a great invention of our time" (p. 23). Its 
arrival allowed Jose Arcadio Buendia to flnd the meaning of his 
dreams about a mirror-walled house. He thought that in the near 
future it would be possible to make blocks of ice on a great scale 
from ordinary water and use them to build the new house- of 
the village. Macondo would no longer be a tropical place, where 
"hinges and knockers were twisted by the heat," but a temperate 
one (p. 27). 

When I think of the transfer of so many educational computing 
products-software, lesson plans, instructional packages, and even 
educational priorities-without a sound analysis of the embedded 
technology and of the problems it is intended to solve, I feel we 
have become the new, temperate Macondo. 

A magical vision of educational computing technology would 
increase dependency on the producers of technology. As Clayton 
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(1974) mentions, such a vision of technology is common in people 
from noritechnological societies who are used to looking at techno
logical products (plans, machinery, executives' behavior, clothes, 
and so on) and saying, "how can I use this wonderful product?" 
instead of looking at the processes that led to the solution and 
the basis upon which such a technology was developed. The mag
ical approach, which does not help users to lean' how to solve 
problems but only how to use certain products to solve certain 
problems, creates a dependency, not on the technology itself, but 
on its producer. Each time we have a new problem we need to find 
a problem solver, since we have not transferred the methods used 
to find solutions along with the technology. 

EXPLO.RING THE IMPACT OF 
COMPUTING IN EDUCATION 

Can we reach a realistic (non-magical) vision of educational 
computing technology without studying it-without adapting it 
and applying it to the satisfaction of our own educational needs? 
Definitely not. These are necessary conditions for education to 
incorporate such a technology, both in developed and developing 
countries. 

The first questions we may want to address deal with the 
changes that educational computing may bring. Let's say before 
actually getting the equipment we would like to know, What can 
be done with it? Or from another perspective we might want to 
know, What significant improvements might educational comput
ing produce in education? To answer such questions, we may start 
looking at major changes that computing has produced in the 
world we live in. Later on, we may want to go into the educational 
sector and analyze the changes that computing has produced, or 
will produce. Both aspects will help us make decisions about the 
relevance of the changes that educational computing will carry 
with it. 

Continuing and Specialized Education 

It is generally accepted that computers and informatics have 
produced significant changes in the economic, social and political 
aspects of our lives. For example, a recent study of the impact 
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of information concerning Colombian economic and social devel
opment points out that informatics, defined as the science and 
industry of information treatment, has contributed to the modi
fication of working procedures and systems and, consequently, to 
the educational qualifications required of people who contribute to 
the production process. As computers play a role in more sectors, 
demands are placed on the educational sector to prepare.people to 
survive in a world permeated by computing and informatics. 

Adult education processes are especially challenged by the 
new technology. Its incorporation increasingly demands that more 
people understand the machine's capabilities and are able to use 
it accordingly. In this way, computer literacy and the ability to 
use computer programs become essential, but we must ask, "Is 
such literacy by itself an improvement of the educaional sector? 
I think the answer is, No, not necessarily." 

First of all, on-the-job and continuing education class- deal
ing with computers are the minimum necessary for education to 
be relevant. Htowever, they do not imply an improvement in the 
quality of education. It is the scope of this kind of education 
that is critical, in my opinion. From the point of view of tech
nology transfer, if we were to limit such educational processes to 
the knowledge necessary to use end-products, we would only be 
strengthening dependency. It would be a new way of maximiz
ing underdevelopment. The relevant question has now become 
whether current strategies for transferring technology from "cen.. 
ter" countries to those on the "periphery" allow the complete 
transference of knowledge which would be necessary as a basis foi 
sound educational processes. 

Studies by H-eem (1983) show that because of the relative 
advantages that a new international division of labor brings to 
center capital, industrialization is beginning in peripheral coun
tries. Hveem establishe7- that iich a new paradigm is not enough 
to overcome technical, structural, economic, and sociopolitical 
dependency. Technical dependency simply means that technol
ogy circulating to the periphery in "embodied form" (machinery, 
turnkey factories, and various capital goods) remains dependent 
on the center for its maintenance and reproduction. Structural 
dependency is based on the "packaging" of technology (which im
poses patterns to control the circulation of the technology to the 
periphery). It is also caused by the dependency of the periphery on 
the innovative and reproductive capacity of center-based science 
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and technology systems. As a rule, the periphery is at the receiving 
end of the final stage of a technological process comprised of inven
tion, innovation, application, and final production. Hveem states 
that the great majority of periphery countries really does not take 
part in this chain, but instead receives the final product. Further
more, in those countries vhere a division of labor in production 
exists, little research and development is really transferred, since 
R & D transfer takes place mostly in low-technology sectors where 
monopolization is largely absent. In high-technology sectors, relo
cation, even to other industrialized countries, is negligible (Hveem, 
1983:281-284). 

It is quite evident that current patterns of technology transfer 
between countries by themselves will not allow developing coun
tries to educate themselves significantly concerning imported tech
nology. It will be necessary to modify imports through active 
domestic adaptation and other efforts in order to integrate the im
ported knowledge into the development process. As Hveem says: 

In the absence of such an integration, no real transfer of technology 
takes place. For it to occur, three conditions would have to be 
met. First, there would have to be an identifiable recipient in the 
periphery country with the capacity to make use of the technology 
according to self-defined coals. Second, all aspects of technology 
concerned which are necessary for it to be put into stable productive 
use by this recipient would have to be transferred. Third, there 
would have to be a clear net gain for the recipient in the exchange 
process, so that the resources the recipient accumulates would have 
to be greater than the resources transmitted to the other side 
(p. 285). 

It is also important to reassess the value that we give to lo
cally generated technology; such technology is usually referied to 
as "traditional," implying obsolescence and inferiority. Whether 
the itrrditional technology is in fact obsolete, or for which con
crete purposes it may be obsolete, is often not demonstrated. And 
in many cases we know no more about the irrelevance or inap
propriateness of foreign imported technology than we do about 
traditional technology. 

These ideas would serve to reinforce technology transfer pro
cesses by training whatever specialists are required to perform 
functions such as those suggested by Hveem. However, in order 
to avoid a "reverse technology transfer" (because of internal brain 
drain), local policies that link technology transflar efforts with lo
cal production goals should be defined and imp.emented. In this 
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way, continuing and specialized education about computing form 
part of an integral strategy for a real transfer of technology and 
seem to have great potential to help our countries succeed in the 
development process. 

Computing and Education 

Another perspective worthy of analysis is the potential of com
puting in education itself. This component has several elements. 
We could talk about the pre-microcomputer applications in terms 
of administrative and research-oriented applications. There is no 
doubt about the importance of computing in these settings and 
the effects it has had in transferring knowledge with real local ben
efits. But, it is important in this symposium to focus on the uses of 
microcomputers in education; uses that flourish because of the ef
fective arrival of computers into the core of the educational sector, 
that is, into the teaching-learning process. We should therefore 
analyze the so-called computer education--as well as computing 
tools for the teacher and the learner, and computer-based learning 
environments. 

In any of the three major approaches st~ted above for putting 
computers to use in education, people from developing coun
tries may encounter very interesting technological products and 
be tempted to simply transfer them along with the embodied 
technology. As we mentioned before, this would be the worst of 
the approaches-a magical one. People looking at trends as a 
basis for technology selection would be disenchanted. There is no 
agreement concerning the major function of computers in educa
tion. There is a coexistence of the three mentioned approaches, 
and each of them has significant possibilities and disadvantages 
for those interested in educational computing (Taylor, 1980). 

The importance that developed countries have traditionally 
given to computer education is well known. A study by the Johns 
Hopkins University (CSOS, 1983-1984 in Delva!, 1985) shows that 
at the elementary level 36 percent of computer time was devoted 
to computer literacy, and at the secondary level 64 percent was 
devoted to computer education. Another study, sponsored by 
UNESCO (Hebenstreit, 1984), shows a slight shift from this em
phasis in the United States to computer-aided instruction (CAI) 
and tool-management. In Britain, the shift is in the opposite direc
tion. Earlier emphasis was on CAI through the NDPCAL project, 
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while in the re,.ent MEP project the emphasis is on computer liter
acy instead. For our purposes, looking at the reasons for a choice 
and at the research results concerning each of the approaches to 
computer education is more important than conforming to the 
trends. 

Computer Education 

Those people who advocate programming as a major computer 
use in education conceive of computer programming as a second 
literacy (Ershov, 1981:5). They see it as a means of enhancing
explicit, capacitie. already e-isting in hurma, beMiFs, uch a. those 
for solving problems. Because of this, they consider computer pro
gramming a new fundamental resource for developing such intel
lectual skills as structural thinking and problem solving by means 
of heuristics. This educational idea is echoed by other social and 
economic perspectives on computer programming. Hebenstreit 
(1984:10) mentiCD3 that a kind of social pressure to teach com
puters and programming even to young children has fostered this 
approach. This is because in time of ezonomic crisis and increas
ing unemployment, parents believe that a knowledge of computers 
and programming will help guarantee their children's employment. 
Mass media has also played a significant role, promoting falae ideas 
about the level of professional qualif.cation required to find a job 
in informatics (e.g., "Be a man ol tcmorrow-buy a microcomn
puter," or "Become a programmer-learn BASIC in three days"). 
From the perspective of technology transfer, here we may also face 
a magical approach. 

On the one hand, those listening to these educational ideas 
on computer programming but not understanding the knowledge 
that is required to implement them may think that just by learn
ing a computer language people will improve their thinking skills. 
Experience shows that this does not happen. Many people have 
attended and passed computer programming courses without im
proving their thinking skills since the focus was on learning the 
language, not on learning its use as a means for acquiring problem
solving skills. Many of these people hardly know what to do with a 
computing language once they have learned it. Some people argue
that such a counterproductive effect is a result of the computer 
languages that are being taught. A shift from BASIC (a high
level computing language available in many machines) to Pascal 
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and Logo (structured computing languages) and now to Prolog 
(a logic programming language) does not ensure that people will 
learn to think by learning the language. An open learning environ
ment, purposeful, non-authoritarian, should be maintained while 
teaching computer prograrmning so that it may become a means of 
helping people develop their thinking skills (Dwyer, 1974; Papert, 
1978, 1981). 

On the other hand, people who think of computer program
ming as insurance against unei, ployment will realize from statis
tics on developing rountries, that there already exists a significant 
amount of unemployment for less qualified specialists in infor
matics and such people are obliged to go through lengthy and 
difficult professional retraining before being able to find new jobs 
(Hebenstreit, 1984). 

Computing Tools for the Teacher and the Learner 

In addition to being the training vehicle for computer pro
gramming, microcomputer programs provide a set of tools for 
people to use. Tools by themselves are important, as they help 
people do things easier and faster. They may preserve time and 
intellectual energy by taking over necessary but routine clerical 
tasks of a tedious, mechanical nature. This perspective, however, 
should not lead us to consider that any tool we can obtain for 
education is worth having. 

There are general purpose tools, such as word processors, 
database management packages, electionic spreadsheets, and sta
tistical packages. They are quite open-ended tools, and teachers 
may use them for improving and enhancing current work practices 
in the school setting. For example, a word processor could be used 
both to alleviate the burden of clerical tasks, and to help students 
improve their written communication by concentrating on the idea 
instead of the format. On the other hand, there are educationally 
oriented tools that educators could use, with the caveat that their 
selection should involve more than user-friendliness, technologi
cal compatibility, and cost. For example, a computer-managed 
instruction (CMI) system may not be worth having even though 
it alleviates the burden of individualizing the instruction and fits 
the characteristics of our computing facilities. Depending on the 
designer, it could be too rigid or too simple a tool and on],! crpa-. 
ble of managing a cookbook-type curriculum. Or it could impose 
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an educational philosophy which may not be compatible with the 
educational ideas desirable in a school setting. 

Educational technology products which are available as com
puter-tools are not content-free. They bring embodied educational 
ideas which need to be transparent if a discriminative transference 
is to be done. And for such a transfer to be complete, further adap
tation and application to the satisfaction of our own educational 
needs is required. As a consequence, technology tranrfer concern
ing educational computing tools is also a field where something 
other than a magical approach ought to be used. 

Computer-Based Learning Environments 

The two educational uses of computers described above are 
shown as potentially powerful means for helping students increase 
their intellectual skills. As may be seen, the essence of technol
ogy transfer in both cases is not computing itself, but educational 
technology attached to the use of computers. A similar effect can 
be expected in computer-based learning environments. Computer
based learning environments include specific teaching-learning ap
plications that have been designed and produced to help people 
learp something. There is no single way of doing this, and the 
evolution of educational technology has had a great influence on 
how this is done. 

Edticational technology is a practical field for the systematic 
application of scientific knowledge to the solution of educational 
problems. Case and Bareiter (Chadwick, 1983) note that educa
tional technology has evolved significantly: in the early stages, it 
had practically a behavioristic-psychological orientation, empha
sizing the characterization of educational situations as systems, 
with a subsequent search for efficiency and efficacy. Educational 
technology also stressed the use of specific objectives and sometime 
rigid instructional design paradigiris. But the field has evolved, 
and the behaviorist bias has first turned toward cognoscitive be
haviorism and more recently toward cognoscitivism. In this frame 
of reference, it can be understood that two poles for the systematic 
creation and use of instructional environments are in use; which 
of these should dominate is under discussion. Thomas Dv,yer calls 
them the "algorithmic" and "heuristic" approaches (1974). 

According to Dwyer, an algorithmic approach is oriented to
ward defined, predetermined sequences of activities for achieving 
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predetermined, measurable goals. It stregses .,"pipeline" teaching 
model in which an efficient transmission of knowledge is intended 
by the designer. This may be called designer-controlled educa
tional computing. Reasons for using an algorithmic approach are 
based on the relative superiority that educational technologists 
assign to the computer as compared with other man-created in
structional media. As Gagne (1974) and Briggs and Wager (1981) 
mention, with computer support it is possible for a good instruc
tional designer to simulate any of the external events that promote 
learning, such as providing differential feedback and reorientation, 
depending on the student's performance. 

The idea of supporting critical events in instruction with the 
aid of computers has lead people to produce tutorials, drill-and
practice systems, and multimedia-systems controlled or managed 
by the computer. These programs have the merit of giving struc
ture and precision to an otherwise fuzzy process and of encapsu
lating that precision in a reproducible form. However when the 
appropriate edu'ational content is not used, the programs may 
simply become amplifiers of low quality material, a phenomenon 
that unfortunately happens with great frequency. In fact, re
lated studies show that among the approximately 7,000 course
ware products available in 1984, only five percent were assessed as 
top quality products and another 25 percent as being of acceptable 
quality (Delval, 1985). 

The low quality of many algorithmic-approach products is not 
their only drawback. More important is the impact of these prod
ucts on education. It is argued (Maddux, 1984; Delval, 1985:9) 
that there are traditional uses that may be of interest but that 
do not open new avenues to education. With these, teachers may 
have a new way of doing the same thing they have always done
transmitting accumulated knowledge-but that does not mean a 
real change in education. 

A nontraditional approach is advocated by saying that com
puters may be a means of transferring control of the act of learning 
to the student. This may mean a shift from computer-assisted 
instruction (designer-controlled computing) to computer-assisted 
learning (student-controlled conputing). Using this approach, 
computer-support to the students would allow them to create their 
ovn models of what they learn instead of imposing the teacher's 
interpretations (models) of the subject of instruction. "Student
controlled computing means that the student uses technology to 
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develop and test his own models; that the student learns to deal 
with failures: that it is in his pow,' to debug the procedures that 
caused these failures. He also develops a powerful store of ideas 
("ways of thinking") from his contact with real computing science" 
(Dwyer, 1974:97). 

Paths for implementing this nontraditional approach are based 
on heuristic strategies and cognitive psychology. Heuristic strate
gies favor the exploration and discovery of microworlds through 
open-ended, student-controlled procedures. Cognitive psychology 
principles guide the teachers in inspiring, guiding, and propelling 
the learners to assimilate good ideas from the past and help teach
ers accommodate these ideas in their learning structure using their 
own models (Piaget, 1970). Heuristic computing devi : ,3 include 
both simulators (educational games, high-level user-friendly com
puting languages such as Logo or Karel the Robot), and some 
general-purpose computing tools (word processors, spreadsheets, 
databases). Heuristic devices do not, tell the learner what to do; 
they explain how to learn what lie wants to do. They provide 
support for the learner to discover the knowledge he is seeking and 
to make his own interpretation (model) of these ideas. 

Could we discard any of these approaches? Definitely not. 
"We are having access to an unprecedented technology upon which 
to build educational systems that distinguish between the trans
mission of past heritage, and the eliciting of new understanding" 
(Dwyer, 1974). Both student-controlled computing and author
controlled computing make important contributions to an educa
tional system that needs to build upon past heritage but also needs 
to go further, helping people acquire a "liberating control" of their 
lives. 

Toward a Non-Magical Technology Transfer of
 
Educational Computing
 

All aspects of educational computing involve a challenge for 
people interested in the field. We may be tempted to follow the 
path of "magicians" merely by transferring the products of edu
cational computing technology. If we are not to follow that path, 
what should we do to implement a non-magical approach to the 
transfer of educational computing technology? Attaining certain 
objectives would be critically important in avoiding this approach: 
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" To encourage the definition of local policies that really 
promote a technology transfer from center to periph
ery. This would include both a greater integration in 
research and production activities as well as creation of 
local projects that fulfill needs based on local priorities. 
Only from a complete dimension of technology transfer is 
it possible to overcome dependency problems. 

" To make significant efforts to train local personnel in 
the foundations of both computing technology and ed
ucational technology. This would be a very important 
avenue for liberating developing countries from technical 
and structural technological dependency, and would also 
be the basis for a real technology transfer. 
To reinforce local research-oriented activities to generate 
new knowledge both in computing and education and 
to assess existing knowledge, experience, and products 
concerning local educational needs. 

• To give support to local projects where educational com
puting ideas can be developed or adapted, implemented, 
and tested, and where technology transfer takes place in 
a controlled manner. 

" To discard the idea that educational computing projects 
must produce immediate results. Political pr.ssure for 
results may lead to indiscriminate technology transfer 
which, as well as causing negative results early on, may 
damage the innovation's potential. 

" To encourage a revision of curriculum strategies and re
lated teacher training, in order to implement a shift from 
what Margaret Mead (1950) called vertical to horizontal 
education. Ideas concerning a nonvertical view of educa
tion are not new; most educato-s agree with them. They 
are not put into practice however since change implies 
not only new knowledge and tools, but also a catalytic 
environment. Computers do not necessarily implement a 
different view of education. We may have them in place, 
but if the educational setting is not ready and willing to 
change, machinery and software would be worthless. 

Should we wait to have computers in our schools before we 
begin to think about the benefits they may bring and to face the 
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major challenges they present? Educational computing is not cur
rently under the control of educators. Vendors, producers, and 
the public in general are applying pressure for the introduction 
of computers into education and for an increase in computer edu
cation. Should we wait for others to make educational decisions? 
Should we just wait and see what happens? Again, this would be 
another path for maximizing our underdevelopment. 
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Practical Training in
 
Microcomputer Systems
 

GERTRUDIS KURZ DE DELARA 

There is a very large demand for personnel trained in the field 
of microcomputer systems, especially if they have knowledge of 
both the hardware and the software of these systems. This demand 
comes not only from centers for teaching and research, but also 
from industry, business, administration, and hospitals, to mention 
some examples. Their training is certainly a very important task 
for our centers for education, and it is evident that it is not enough 
to simply train them as users of ready-made programs. 

Some of our students of physics and engineering who are inter
ested in computation want to become professionals in the computer 
field itself; others want to use computers only as a tool for solving 
problems in their own fields. This latter group is of interest to 
us in our cybernetics laboratory. Training, we have learned, must 
be a form of apprenticeship rather than classroom learning. Of 
course, some introductory classes are necessary to familiarize stu
dents with basic computational methods. The main part of their 
training however is in practical application: students must learn to 
handle at least one system by themselves, along with its possibil
ities for different areas. Principally, they must learn to formla~e 
problems in such a way that they can be resolved with the help 
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of computers. This has to be learned by working in collaboration 
with experts in the field who can serve as guides. In my opinion, 
what is the most difficult part of this training is teaching the stu
dent how to make a very clear, explicit, and detailed description of 
either the problem to be solved, of the phenomena to be simulated, 
or of the model or instrument to be designed and constructed. 

Once the requirement has been clearly stated, translating this 
statement into operations on the computer can be taught in pro
gramming classes, and, after acquiring experience through the use 
of machines f:.r a great number of different applications, the stu
dent learns by self-instruction. This efficient method of training 
requires however that we place at the disposal of the student an 
adequate system for a period of time sufficient for him to acquire 
experience, be it in translating the formulation of a problem from 
natural language to a programming language, in carrying out the 
simulation of a phenomenon, or in translating a clear and detailed 
design of a model or an instrument into operations on the system 
with whicl, he works. Because this process is also very useful for 
the student's command of his own subject matter and because it 
calls his attention to any vagueness in his concepts and helps him 
clarify his ideas, microcomputer systems can be considered a very 
powerful tool in instruction at the university level. However, this 
is only true when the student has received clear guidelines from 
his instructors or from more experienced students, and when his 
system's documentation enables him to learn most of the applica
tions of the system by himself, without constantly resorting to a 
teacher. This last condition unfortunately is seldom satisfied, and 
frequently we are forced to rewrite the documentation so that it 
fulPlls its intended purpose. 

The conditions in our universities often make it difficult to 
carry out the type of training described for our students. To 
begin with, there is a shortage of qualified teachers; many teachers 
leave because they find much better working conditions outside 
the universities and a similar situation exists among the students 
who are already well trained, who could in turn train beginners. 
If to this we add the bureaucratic insistence on centralizing all 
purchasing of computer equipment, whether large machines or 
microcomputers, it is clear why there are not enough tools that 
can be put into the hands of the students being trained. The 
bureaucrats still have not understood that microcomputers are 
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made to be used individually and are perhaps a lever for that 
decentralization so often spoken of. 

Naturally, the conditions of training are easier in fields in 
which the necessary programs are standardized so that ready-made 
programs can be taught and used. What concerns us here is finding 
the best way to coordinate the work of those who know enough 
about computation with the work of researchers from various other 
fields who are not prepared to study programming in order to 
utilize computers. We find that our own students (who have 
learned how to formulate their own problems in a programmable 
way) are able to obtain information from scientists in other fields 
that they need to help them in their work and to write program, 
that function as they have imagined. 
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Classroom Uses of the Computer:
 
A Retrospective View with Implications
 

for Developing Countries
 
JAMESINE E. FRIEND 

Although mainframe computers have been used in education 
for 20 years in the United States and in Europe, this technology 
has not been widely used in developing countries, to a large extent 
because of cost: both the initial investment and the operational 
costs of mainframes have been too high. However, recent advances 
in hardware technology are reducing the costs considerably, and 
educational applications of large computers are becoming increas
ingly affordable in developing countries. In this paper, the current 
status of educational applications of computers is discusqed with 
a view toward predicting the direction of such applications in 
developing countries. 

TWO DECADES OF COMPUTERS IN RESTROPECT 

Historically, computer use for education became possible with 
the advent, in the 1960s, of the time-sharing operating system. 
Within only a few years, interactive programming languages like 
BASIC were developed, as were primitive precursors of today's 
word processing programs. The time-sharing systems that made 
these programs possible allowed a number of people, each using his 
own terminal, simultaneous access to the computer; the method 
used was a "round robin" in which the computer would serve 
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each person in turn for an instant before going on to the next 
person. Because of the speed with which the computer worked, 
it appeared to each person that he had sole use of the computer. 
(This at leaqt wvas the ideal; in practice, too many simultaneous 
users or operating programs that required a great deal of computer 
time could slow even the fastest computers to the point where the 
time necessary to complete the round robin became noticeable to 
all.) 

With the advent of time-sharing, computer-based instruction 
became feasible, and the first instructional programs were im
plemented in the early 1960s, shortly after time-sharing systems 
became available commercia!ly. At that time, studcnLs were ex
pected to go to the computer; terminals were located at most a 
few hundred feet from the physical computer. By the mid-1960s, 
remote terminals became more common; students worked at ter
minals located at hundreds or even thousands of miles from the 
computer, with communication by means of telephone lines. The 
cost of telecommunication led to the use of the newly developed 
minicomputer for educational programs on a time-sharing system; 
its lower cost made it feasible for it to be shared by a smaller group 
located near the terminals. 

The move from mainframe compuueLf! to minicomputers was 
part of a historical cycle: At first, computers handled only one 
task at a time. Then, as computers became more powerful, there 
was a trend toward connecting more and more terminals to each 
computer so as to share the cost of the computer over more users. 
As the terminals increased in number and moved away from the 
computer, the cost of telecommunications increased and there was 
a reactionary trend toward using less powerful and less expensive 
computers that could serve fewer people but did not entail ex
travagant telephone line costs. The current manifestation of this 
trend is the widespread use of microcomputers, generally serving 
one user at a time. The distinction between microcomputers and 
larger computers is becoming blurred from the individual user's 
point of view; the only distinction that promises to remain clear 
is between a persori,l computer and a shared system, be it a 
microcompiter, minicomputer, or mainframe. 

The "power" of the computer being used has an effect on 
the nature of the educational programs that can be implemented. 
Power, which serves as a distinguishing characteristic between 
mainframes and microcomputers, has several attributes. One is 
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the speed of the machine; another is the amount of storage space 
available. Both the speed and the storage space have several con
stituents, and there are interactions between speed and space. The 
speed of the central processing unit (CPU) of the computer is not 
usually a limiting factor because most are so fast that, for edu
cational purposes, slight differences are unimportant. The speed 
with which the computer can access data from remote storage 
devices, such as disks or diskettes, is often more significant in ed
ucational programs since most of the instructional messages are 
stored as data on a disk. In addition, machines with very small 
memories cannot hold all of a large program in memory at one time 
and must store part of it on a disk; the program is thus executed 
in pieces, with each piece brought into memory from the disk as it 
is needed. If a program is quite small and does not use much data, 
even the smallest microcomputer can run the program at incredi
ble speeds; a very large program however might run so slowly that 
the user would lose patience. The speed of access, then, combined 
with the size of the memory determines the apparent speed of the 
program. In addition to its impact on apparent speed, storage 
space (primarily disk) may impose additional constraints: some 
cf the large educational programs that have been implemented 
on mainframe computers will not fit into the storage available on 
the smaller microcomputers. This fact has greatly influenced the 
direction of educational software development in recent years. 

Peripheral Hardware 

Besides the computer and auxiliary storage devices, display 
devices and other "peripheral" hardware have influenced the style 
and, to some extent, the content of educational programs. Two 
types of peripherals are of great importance in the design of in
structional programs: output devices that allow the computer to 
communicate with the human user, an2 input devices that allow 
the user to communicate with the compdter. 

Until the 1970s, typewriter terminals were the most common 
output devices, for the most part video displays have now re
placed them. Keyboards continue to be the most common input 
devices. All can display printed words, so most instructional pro
grams communicate primarily by means of printed messages and 
depend upon the student's ability to read and write. Video dis
plays, however, can also be used for a dis lay of pictures, even 
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moving pictures. Although most video displays cannot show high
quality pictures, the use of even simple illustrations can enhance 
instruction greatly in many subjects. In a few subjects, color can 
also enhance the educational quality of the program. Displays of 
pictures, especially pictures that move, require a great amount of 
power and disk storage space. For this reason, the programs that 
use graphic displays are usually quite limited in content and tutal 
instructional time. 

Not all subject matter can be conveyed by means of pictures, 
so oral communication is also useful for students who are not 
completely literate. A variety of output devices allow computers 
to talk. itt present, all of these devices have some disadvantages
the storage space required, the low quality of the speech, or the cost 
of the device-but great progress is being made with synthesized 
and digitized speech, and there is much interest among educational 
programmers in such devices. Hundreds of educational programs 
are now available that use audio output. Not all are aimed at 
young nonreaders or other illiterates; many educational topics, 
such as music and foreign languages, are best taught with audio 
output even for literate students. 

The computer's ability to input (and understand) human 
speech lags considerably behind auditory output, although even 
in this area there have been significant advances in the last few 
years. It will not be long before there will be effective, commer
cially available educational programs that will not only talk to 
their students but will also listen to spoken answers. 

FACTORS INFLUENCING THE DESIGN OF
 
EDUCATIONAL PROGRAMS
 

The development of educational programs for ccmputers is 
influenced by these hardware developments, and, as a result, there 
has been a change in the flavor of educational programs over 
the last twenty years. There have been two main streams of de
velopment work. The earlier one started in the 1960s with the 
production of very large programs for mainframe computers. The 
concern was to provide instruction that could be used within the 
framework of the conventional school system. The progcams were 
designed to be used as a part of the ongoing instruction, with 
students receiving some part of their daily instruction from the 
computer. Computer laboratories, containing dozens of student 
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stations, were built in schools, and students came to the labora
tory regularly. There was a great effort to integrate the content of 
the computer-aided instruction with the teaching that took place 
in the classrooms. Teachers were not always intimately concerned 
with the operation of the computer laboratory, but they were kept 
well-informed of their students' progress and allowed to make de
cisions about the placement of their students in the computerized 
courses. Many of the computer-aided courses available at that 
time could supply months or even years of instruction. With a few 
notable exceptions, the instruction was highly verbal; messages 
were delivered to students by means of printed words, and the 
students responded by typing on a keyboard. 

The second stream of development work had its roots in some 
of the programs developed for mainframe computers in the 1960s 
but did not come into full bloom until the late 1970s and early 
1980s when microcomputers became more widely available. This 
stream of computer-based instruction consists of smaller programs, 
with more emphasis on motivation of the student than on cogni
tive concerns. The programs often use sound effects and graphics, 
frequently in color, sometimes in motion; these programs are gen
erally more appealing at first glance than the older programs. 
Often, however, there is little content; many programs contain 
only enough material to occupy a student usefully for half an hour 
or an hour, perhaps in five or six 10-minute sessions. The pedagog
ical value of the new, smaller programs is, in some cases, extremely 
low. This is not to say that all of the earlier mainframe programs 
were pedagogically sound, or that all of the later microcomputer 
programs are not; I am only pointing out a tendency to sacrifice 
pedagogy for motivational qualities. In any case, it is very difficult 
to make a reasoned judgment about the relative effectiveness of 
the newer microcomputer programs since so few of them have been 
adequately evaluated. 

Another tendency in the design of the smaller, newer pro
grams is toward basing the decision about what content to include 
more on the capabilities of the machine than on the needs of the 
students. In some ways, this is good. Some of the older, more 
comprehensive programs did not adequately take into account the 
constraints of the medium; in their effort to provide complete 
courses of instruction, they sometimes included topics that would 
have been better taught by the classroom teacher. In other ways, 
it is not desirable to let the medium determine the instructional 
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content; we may end up teaching only those things that are easy 
to leach. 

The explicit goal of computer-based instruction has been to 
provide individualized instruction. But there has been a continu
ing discussion for years on exactly how this should be done. One 
of the areas of most disagreement has been in the way decisions 
about the sequence of instruction should be made. Some design
ers feel that the control should be in the hands of the student 
(or teacher), while others feel that it isthe duty of the program 
designer to provide mechanisms that will collect and analyze re
sponse data from the student in order to make optimal automatic 
decisions about the sequence of instruction. The arguments have 
to do with, among other things, the student's ability to make ratio
nal decisions in the face of content that he does not yet know; the 
desirability of allowing the student control over his own destiny; 
the power of the computer in taking into account many variables 
simultaneously; the inability of the computer to consider more 
subtle factors (most programs do not, for instance, have detailed 
information on the student's interests and certainly do not know 
his mood of the day); and the motivational value of involving the 
student in decisions. It is probable that the best solution lies some
where between the views taken by extremists on either side of this 
argument; it could be argued that "strategic" decisions should be 
made by the student, who is often in the best position to know his 
global goals, while "tactical" decisions are made automatically by 
a well-designed instructional program that knows the most efficient 
way to reach those goals. In general, the tendency of the larger 
mainframe programs has been to take over the decision making, 
while the tendency in the microcomputer programs is to leave the 
decisions to the students. In many microcomputer programs, this 
means that the program designer has abandoned the responsibility 
for sequencing the material. Some of the simpler microcomputer 
programs, for instance, offer the student a choice between "easy," 
"medium," and "difficult," without any indication of the meaning 
of these terms in the context of the subject matter and with no 
advice to the student on how to make a rational decision. 

Classification of Educational Programs 

The computer-based educational programs that have been 
developed cannot be easily categorized. Traditionally, programs 
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that emulate a teacher have been divided into "tutorial" programs 
and "drill-and-practice" programs; although the concept has some 
meaning, the distinction is not always precise, for tutorial pro
grams can, and usually do, contain a practice component, while 
drill programs may contain remedial sequences of instruction that 
are clearly tutorial in nature. There is also some evidence to 
show that skillfully designed drill programs can promote concep
tual learning by providing the kind of environment that allows 
students to abstract general principles from the exercises given; 
this kind of "guided discovery" teaching can be quite effective for 
certain topics. 

Another way of classifying programs is to determine if they 
are intended as supplementary to some other ongoing instruction. 
Drill programs that deliier "flash card" drills in spelling, arith
metic, chemical formulas, and so on, are generally of greatest use 
in conjunction with other instruction in language arts, mathemat
ics, chemistry, and so on. Some tutorial programs were designed 
as completely self-contained courses, not requiring the support 
of a knowledgeable teacher; there are programs that teach for
eign languages, physics, symbolic logic, computer programming, 
and many other subjects to students who do not have access to 
other means of instruction. Self-contained courses have generally 
been written for adults, while supplementary drill programs have 
generally been written for school children. 

A third way of classifying programs is by the locus of initia
tive. In the traditional tutorial and drill programs, the initiative 
is taken by the computer. Although the program may ask the 
student to choose the topic or the level of difficulty, once that 
global decision has been made, the instruction is presented by 
the computer and the student is expected to answer. By way of 
contrast, in simulation programs the initiative is with the student; 
the student starts the dialogue and directs it as it continues. For 
example, in a simulation of electrical circuits, the student designs 
the circuit, specifying the resistance, voltage, reactance, and so on 
of the various devices to be incorporated in the circuit; while the 
role of the computer is to demonstrate the action of the completed 
circuit. There is a large variety of simulation programs which 
could potentially revolutionize the teaching of some subjects. 

At this time, very few evaluations of the educational effec
tiveness of simulation programs have been undertaken. One open 
question about simulations is how well students will transfer what 
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they have learned to real situations, especially from simulations 
that are highly verbal. Many simulation programs do not illus
trate or model a real situation; they simply describe the results 
in words. It is not known whether students perceive these results 
as having a strong relationship to reality, or whether they are 
viewed as being solely theoretical or, even worse, fantasized. Some 
of the simulation programs that have been developed are quite 
realistic imitations of the real world. There have been dental and 
surgical simulators that use constructed models of human bodies 
that exhibit human reactions to drugs, blood loss, etc. Flight and 
driving simulators operated under computer control can also be 
quite realistic. 

Between the two extremes of prograns that use realistic mod
els and those that rely entirely on verbal descriptions, there are 
a number of simulation programs that show physical phenomena 
pictorially. There are, for instance, programs that show projectile 
trajectories under varying conditions of thrust, angle, and gravity. 
There also exist programs that demonstrate the actions of pendu
lums, the reflection and refraction of light, chemical reactions, the 
operation of internal combustion engines, and so on. Many simu
lation programs have been designed for noneducational purposes, 
some serious (stress on bridges under varying conditions of wind, 
population dynamics), some more playful (video arcade games). 
Under the right circumstances, even these programs that have 
not been designed for educational ends can be used for teaching 
purposes. 

In some sense, programs like word processors and database 
managers can be considered to be simulators of typewriters and 
office filing systems, and these programs can certainly be used 
for educational purposes even though that was not the original 
intent. Perhaps a happier description of these programs would be 
as "tools," which we could then add to our classification-along 
with tutorial programs, drill programs, and simulations-of the 
kinds of programs that can be used in education. 

A fifth kind of program that has been used in education is 
the beginner's programming language: Logo, BASIC, and Small 
Talk, for instance, were all designed as programming languages for 
beginners that would teach the fundamental concepts of program
ming in a simple-and fun-environment. This class of programs 
is quite different from the previously mentioned categories because 
the primary objective is not to teach traditional subjects in a more 
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effective way but rather to introduce an entirely new subject into 
the school curriculum. The advocates of teaching programming to 
school children are quite vocal, and sometimes proraise more than 
they can deliver. Logo and Small Talk aficionados are prone to 
promising that students will develop "thinking skills" that will find 
applications far beyond the actual subject matter that is taught. 
So far, the more extravagant claims have not been substantiated, 
but there is nevertheless a good argument for adding some kind of 
computer literacy to the school curriculum. 

The Design Principles Used in Educational Programs 

Not all computer-based instruction has proven sufficiently ef
fective to warrant the high cost of implementing it, but certain 
programs have been adeqt ately evaluated and proven to be ef
fective adjuncts to school iustructional programs. There are also 
many programs that appear to be very effective, even though 
full evaluations have not been carried out. What, then, are the 
attributes of the successful programs, and what explicit guiding 
principles were used in their development? 

One absolutely undisputed advantage of the computer over 
other media of instruction is the ability of the computer to deliver 
immediate and specific feedback to the student with each response 
that is made. Immediate reinforcement of response is a principle 
that is embodied in all programs, and is perhaps the only reason 
for the success of some. The power of this device is frequently not 
given due credit. Because it is widely known and widely applied, it 
is treated with the familiarity of an old hat. There are those who 
would argue that graphic illustrations can be delivered better by 
video tape, that printed material is best produced in book form, 
that foreign language instruction is best given by a native speaker 
of the language, and therefore, tl'at computer-aided instruction 
that depends on low-resolution graphics, screens full of printed 
material, or synthesized speech of questionable quality is doomed 
to failure. These people are overlooking the enormous advantage 
of immediate feedback and its ability to compensate for mnany 
other seeming inadequacies. 

Another principle that is used in the design of many, but 
not all, educational programs is the individualhzed sequencing of 
instruction. It sometimes seems that our ability to program elab
orate branching strategies far exceeds our knowledge of how to 
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design educationally appropriate branching procedures. However, 
even very simple branching strategies can sometimes contribute 
greatly to the efficiency of the instruction. Pretesting students 
to determine whether they should skip over a section of tutorial 
instruction, for instance, can sometimes save significant amounts 
of the student's time. 

The above-mentioned principles, immediate reinforcement and 
individualized sequencing of instruction, are the primary means 
by which computer-based instruction is individualized, and it is 
mainly these attributes of the instruction that give it its power 
and promise. 

One encouraging trend is the basic research that is going on 
in artificial intelligence and cognitive science. Recent attention 
to the learning problems of young and to the design of "expert" 
systems may lead to the development of teaching programs that 
are much more astute than any we have seen in the past. 

PROBLEMS IN USING COMPUTERS IN
 
DEVELOPING COUNTRIES
 

When computers are used for education in developing coun
tries, it is to be hoped that the most recent developments in 
the technology can be immediately applied, so that the history 
of the development of hardware and software, including the mis
takes made, will not be needlessly r plicated in other countries. In 
addition to the limitations and problems mentioned in the discus
sion of the history of educational computing in the United States, 
there are some additional constraints that are more pertinent to 
implementations in other countries that may stand in the way 
of rapid dissemination of the technology in the developing world. 
The major constraints have to do with the environment, power 
requirements, human resoui'ces, curriculum and pedagogy, and 
finances-with financial concerns being closely related to all the 
other constraints. 

The environmental concerns arise from the fact that comput
ers are sensitive to heat, dust, humidity, vibration, and mechanical 
shock. Many computers must be operated in controlled environ
rnents, with air conditioning and filtering. They cannot be moved 
often, and when they are, they must be moved with care. In many 
developing countries, heat and dust are great problems. Envi
ronmental constraints can be compensated for in two ways: the 
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environment itself can be controlled by artificial means such as air 
conditioning, or computers that are more resistant to environmen
tal hazards can be purchased. These computers, however, are quite 
expensive in comparison with commercially available computers. 
Either of these solutions-control of the environment or the use of 
less sensitive equipment-impacts on financial considerations. 

Sources of power are another great concern if computers are to 
be 'cated in schools in developing countries. Many schools have 
no access to power utilities, and when they do, the power fluctuates 
more than most computers can tolerate. If there is no power utility, 
battery power, which is markedly more expensive, will have to be 
used. For most computers, battery power is not sufficient so com
puters with lower power requirements will be needed. There have 
been several technological advances in recent years that allow com
puters to operate with low power requirements-bubble memory, 
liquid crystal displays, complementary metal oxide semiconductor 
(CMOS) technology, very large scale integration (VLSI) technol
ogy, and high-density dynamic random access memory (DRAM) 
devices. These are the technological devices that allow the pro
duction of small but powerful portable computers. Although these 
devices currently are quite expensive, the price may go down con
siderably in the near future. In situations where a power utility is 
available, the power often drops and surges dangerously. To some 
extent, fluctuating power can be controlled by means of surge and 
spike protectors, supplemented with emergency battery-operated 
power supplies for temporary use. 

The lack of human resources is another concern. There will 
be a need for trained operators (or for hardware and software that 
can be used effectively by untrained personnel) and for trained 
maintenance personnel. In many countries, neither kind of human 
resource is available, so training will be very important. 

Engineering advances could take care of most of the above 
problems. A problem that cannot be taken care of by the engi
neers is that of the educational quality of the programs. Some 
people feel that educational programs from the United States can 
be exported, possibly with slight adaptations. I do not see such 
a simple solution. Most of the programs developed in the United 
States would not be suitable for use in the developing nations. 
The curricula of different countries, even in the same subjects, 
vary enough to make U.S. programs unacceptable to the min
istries of education in many places. In some cases, this resistance 
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will not be completely rational; there is much chauvinism in sup
porting the notion of locally developed curricula. But in many 
cases, the reaction will be quite correct. The needs of the local 
populations are quite different from the needs of school children in 
the United States. The most obvious examples of tlhis are in thG 
areas of reading and language arts (in coun-ries where English is 
not the mother tongue of the children), social studies, physical ge
ography, music, and other topics that are highly dependent upon 
the culture, language, or physical and political characteristics of 
the country. Even elementary school mathematics, which is one 
of the most consistently taught subjects across national bound
aries, cannot be exported in toto. Slightly different algorithms are 
taught in different countries, arithmetic applications vary, and the 
sequence of instruction may be somewhat different. Differences 
in educational goals and methodologies may be less important at 
higher levels of education because there has been so much cross
fertilization of idezas and textual materials. Calculus in Africa is 
not taught much differently than calculus in the United States, for 
example. 

A related concern is the "style" of the programs. Many of the 
educational programs used in the United States have a game-like 
quality that is desired here for its motivational value. In other 
countries, education is perceived as serious business, and children 
are not encouraged by their elders to play in school. Programs 
that appear too game-like will not be culturally acceptable in 
those countries. 

If the software cannot be imported from the developed nations, 
it will have to be written specifically for each developing nation. 
The difficulty of finding financing may well lead to a compromise. 

High cost is the main impediment to the u3e of computers 
in education. Even in the United States, one of the wealthiest 
countries in the world, few school children now have or will have 
instant and unlimited access to computers, at present or in the 
foreseeable future. How then can the developing nations afford 
computer-based instruction? 

The question should be addressed in terms of cost-effective
ness, not simply in terms of cost, and at present, I see few ap
plications of computer-based instruction that would prove cost
effective. Even those applications that are cost-effective in the 
United States might not prove so in a developing country where 
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the salaries of teachers and the maintenance costs of school build
ings are lower than in the United States. 

THE FUTURE OF COMPUTER-BASED 
INSTRUCTION IN DEVELOPING COUNTRIES 

The future of anything related to computers has proved ex
tremely difficult to predict. Nevertheless, I want to point out some 
ways in which computers might be used in education in the de
veloping countries in the next ten years. There are four possible 
application areas that might prove cost-effective. 

The first area is in remedial programs for students who have 
fallen behind in their studies. This is a use for computer-aided in
struction that has proven to be cost-effective in the United States. 
In most of the developing nations, such students are ignored, and 
they are often rapidly lost to the school system. In a few countries, 
however, there is concern for these students, and remedial instruc
tion is supplied with rather high teacher-to-student ratios. If the 
teacher-to-student ratio is high enough, if the cost of teachers' 
salarips is substantial, and if efficient computer-based programs 
can be developed or adapted, this application area might prove 
cost-effective. 

A second application area is in the use of simulation programs 
or combined tutorial-uimulation programs in science teaching to 
replace rather costly science laboratory equipment. The cost
effectiveness of this application will depend on the current or 
planned levels of investment in laboratory equipment and on the 
ability of the computer programs to provide nearly equivalent 
experiences. There are now simulation programs in use in the 
United States that can provide students with experiences that are 
better in some ways than those they could obtain with more costly 
apparatus, and which are safer and more time-efficient. Physics, 
chemistry, and electronics are among the likely candidates, as are 
several areas of applied science and vocational training, such as 
automotive diagnosis or horticultural management. 

A third area that may prove cost-effective is in higher educa
tion courses in which there is very high teacher-to-student ratio or 
in courses for which there are no qualified teachers. These would 
probably be either very advanced courses or courses that cover 
topics, such as computer science, that have not been taught in 
the past. In any one university, there may be only a few students 
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per year for courses like quantum mechanics, epidemiology, or 
topology. If these students have to travel to another university
perhaps in another country-to take such courses, the cost would 
be very high. Computer-aided instruction might be the best so
lution. Because the cost of developing such courses is high, the 
most reasonable approach would be for the cost of development 
to be shared by a number of countries. In this case, problems 
of language and differences in instructional tactics must be taken 
into account. 

A fourth application area that is possible, although consid
erably more speculative, is the development of single-purpose 
microprocessor-based devices. Several such devices have been de
veloped for education. There are, for instance, small hand-held 
devices that deliver drill exercises in specific subjects. Because the 
entire mechanism of a general-purpose computer is not used, the 
production costg of these devices are considerably lower than for 
microcomputers. Although there are few available mechanisms of 
this type and probably none that is suitable for direct application 
in other countries, the possibility for providing cost-effective in
struction is high if the potential audience is large enough so that 
economies of scale in production can be attained. 

In some of the above areas, there are programs in use in the 
United States that could be modified for use in other countries. 
Some of these modifications would be substantial and therefore 
costly, but of course less costly than developing completely new 
courses. In other cases, there are no available programs, or the 
available programs are so unsuitable that a modification would be 
less advisable than developing a new course. 

A detailed cost analysis should be undertaken before any de
cisions to implement are made; it is possible that none of the po
tential application areas mentioned above would be cost-effective 
now. But it is also possible that costs will be greatly reduced in 
the near future by new technological breakthroughs. What might
happen in that eventuality is that there would be a rush to im
plement computer-based instruction without adequate planning 
for the educational quality of the progra;ms. There would then 
be an adverse reaction that would set development back further. 
Since engineering advances seem to come at a faster rate than ad
vances in the art of teaching, it would seem that the time to plan 
for the future of educational uses of computers is r.ow. Research 
into effective means of using microprocessors in education in the 
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developing countries could be undertaken now on not so great 
a scale that the programmers of educational materials would be 
caught unprepared when the day comes that the hardware costs 
are reduced to the point of acceptability. 



Section 2
 
Teacher Training
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Teachers in the Twenty-First Century 
RICARDO NEMIROVSKY 

The idea that human resources training is a bottleneck in the 
development of educational computation has become more widely 
accepted. Everyone agrees that it is easier to install equipment 
and programs than to train the teachers to use the equipment 
(Bustamante, 1985). "Current experiences show that the most 
successful implementations put teacher training first, considera
tion of suitable courseware second, and third, which machines will 
best accommodate the software. In other words, the order is peo
ple before programs, then programs before machines' (Williams 
and Williams, 1984). 

Recognizing the importance of the topic, this paper tries to 
explain the criteria and approaches used by ORT Uruguay to train 
human resources for the creative education program that has been 
implemented by several "chools in Latin America. A growing 
literature addresses the question of teacher training, dividing the 
subject into a number of categories. 

COMPUTER CULTURE 

Despite the recognized difficulty of defining computer culture, 
there is general agreement that society should diffuse computer 
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culture or computer literacy particularly among teachers. The 
following discussion outlines the dimensions of the problem. 

The essence of the problem is defining computer literacy.
The group of nine national experts seemed to divide into two 
camps. One camp essentially thinks of computer literacy as a 
talking level of knowledge. This includes knowing some computer
history; knowing definitionc of computer-related words; knowing 
some applications of computers in bousiness, government and indus
try; knowing about social and ethical issues, and so on. Many of 
these objectives are stated, "the student is aware of .. ."Of course 
this talking-level-Jf-knowledge camp wants students to have some 
hands-on compute' experience and hence a modest level of skill in 
actually using a computer. 

The second group admits that the ideas of the first group are 
important, but insists that the most important aspect of computer
literacy is being able to make a computer do things. This group
is then further divided as to what this might mean. Does it mean 
being able to program in Logo, BASIC or Pascal, or does it mean 
xnowing how to use a word processor, an information retrieval 
system and an electronic spreadsheet? (Carcy and Carey, 1984). 

A number of papers describe study programs and course eval
uations (Cannings and Brown, n.d.; Chen and Nachmias, 1984). 
A basic topic in computer literacy aimed at teachers is the link 
between informatics and educational theories and practices. 

Implications for National Policies 

Teacher training is a basic item in all national plans for edu
cational computing. It invoives complex problems of organization, 
support and evaluation. 

Methods and Materials Methodological considerations range
from self-teaching systems (Vogel and Aiken, n.d.) to detailed 
analyses of work assignments in a course (Globerson and Mioduser, 
1985). Teaching materials are often displayed in these discussions 
(Cohen and Elkin, n.d.). 

Psychological Factors Every training process involves emo
tions and phobias, fears and quests; this general statement is 
particularly relevant when approaching computing. The impor
tance of the link that adults enter into with informatics is such 
that it should condition the contents and methods of the training 
process (Allen, 1984). , 
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MICROCOMPUTERS IN LATIN AMERICA 

Teachers, particularly in Latin America, have had to face daily 
contradictions between what should be and what is--unattainabie 
curricula, the need for updating beyond possibilities, pressure from 
an unstable and uncontrollable social environment, and an endless 
(ist of others. The introduction of computers in .chools, whether 
promising to overcome some of these conflicts or threatening to 
fuster them, fits into this context, too. The criteria and attitudes 
of institutions and teachers wcrking with computers reflect those 
of general educational activities. There is a clear relationship 
between the learning conditions created by a teacher in a science 
laboratory or a library and those generated in a computer center. 

Cultural Influences 

The social application and development of informatics affects 
the field of education both on the level of classroom instruction 
and on the more general level of influence caused by the cultural 
transformation inherent in the information revolution known and 
experienced by all of us. It is important to note in this context that 
such an influence is experienced whether the school has computers 
or not, and it encompasses all areas of school work. For example, 
a series of traditional elements of the curriculum becomes obsolete 
because certain instruments arid resources are no longer used, 
and, at the same time, a number of new topics suddenly become 
important. 

The increased availability of information raises questions 
about the role of the teacher as information transmitter and mini
mizes the importance of the learning activities centered on memo
rizing data. The possibility of automating mechanical intellectual 
processes reduces the importance of learning them. Instead, the 
new environment constantly generates the need to interpret and 
select information and calls for a critical understanding of it. The 
need to invent does not belong exclusively to inventors any longer; 
it is now a requirement of daily life. 

These influences act as a cultural pressure. Normally, teachers 
and students are not aware of them, but sometimes they are 
manifest in conflicts in other areas, such as discipline or grades. 
On the other hand, the mere fact of recognizing the demands 
imposed by the cultural environment does not provide the means 
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to satisfy them. The common practice is that this knowledge is 
left at the level of slogans, such as "learning is thinking," that 
provide no practical aid to learning. 

Classroom Influences 

"Every work environment, every organization, ... has its own 
culture" (Pentiraro, 1984). This statement is perfectly applica
ble to a school: every school, through its educational practice, 
expresses a vision of reality, an attitude to learning, and a his
tory. When computers are incorporated, they are not placed in 
emptiness, rather they are absorbed ard projected in this cultural 
framework. Computers do not act by themselves. They do not 
have "effects" isolated from the culture that implements them. 

However, the analysis of the integration of computers into 
school as a process without context, where computers "cause" 
such and such effects, is cften found. This "technocentric" ap
proach (Papert, 1985) is expressed in varied ways, such as thinking 
tiiat computers can be demystified by merely providing technical 
knowledge, or speaking of the small or great importance of coi
puters in education without speaking first of education. 

These two types of influence, the general one from the culture 
and the particular one from the school, could in fact be in conflict 
with each other. The problem of the timeliness of learning is a 
constant topic for disc'.ssion, raising questions such as "What will 
it be used for?" or, "Are we getting ready for the future?" A 
school is not more modern nor does it necessarily prepare students 
better for the future by the isolated fact of computer use. Learning 
must answer the needs of the cultural environment. This environ
ment calls today for training to face the unforeseen in order to 
assimilate the new and unknown. Incorporating computers into 
the school context and harmonizing these two influences is nei
ther automatic nor simpie. We are not dealing with "acquiring" 
technical knowledge but rather with acting upon cultural patterns. 

Integration into the Informatics Age 

Entering the informatics age, therefore, refers to more than 
computer literacy; we are dealing with the support given to teach
ers, with reconstructing attitudes, with sensitivity, and with the 
teacher-student relationship. 
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To make this point clear, I would like to present two quotations 
that refer to an earlier revolution: 

Obviously the Industrial Revolution had political and economic 
problems even before the material means to solve them were pro
vided. But its greatest impact (and longest) was on people, and 
mainly those newly arrived into the cities. These people grew up 
with standards still latent in the traditional order but not yet 
suited to the new one. There were many people who, like the 
German craftsmen displaced in the 18,10s, were considered as "in
visible" and virtually excluded from society and State, incapable 
of participating in the new order to which they were required to 
adapt themselves (Lampard, 1981). 

The lack of technical knowledge about the machinery and tools 
fostering the industrial revolution was a factor for social unfitness. 
There was however another more general and profound source of 
maladjustment: 

The technology of machines is, like any other tool, morally neuter. 
But when incorporated into the human society, it implants, whether 
we like it or not, some values associated with its main character
i ,Lcs. These values are the causal sequence, order, functional 
efliciency, impersonality, uniformity, numbers, usefulness, energy, 
and movement (Sanford, 1981). 

The fact that these values were alien and conflicted with those 
of the craftsmen resulted in a situation of remoteness from the 
world. This situation could not be remedied simply by providing 
technical training. 

I have gone into detail in this analysis because I believe it 
illuminates what is happening to a large number of teachers today. 
Our generations have been raised according to a set of values (some 
of them associated with the industrial revolution) that are being 
altered by the process of the "informatization" of society. 

It is not possible to present in this paper a detailed study of 
the new cultural values that: are closely linked to the informati
zation process, but some tli.t strongly affect education are worth 
mentioning: 

" Simultaneity: Society gives varied answers, often in direct 
opposition to each other but equally well supported, to the 
same problems. It is difficult to make rational decisions. 
Opinion replaces the search for truth. 

" Instability: We have a constant awareness of change, even 
in the most common and routine aspects of life. We do 
not know how we are going to be doing things in ten years; 
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we only know they are going to be different. Change is 
unpredictable and sudden. 
Complexity: We are aware of the existence of more ques
tions than answers. There is always, beyond every expla
nation, a vast sea of uncertainty and a feeling of the growth 
of divergence. 

Pedagogical Impact 

This process of cultural transformation has deep pedagogical 
repercussions. Pedagogical approaches grow and decline in impor
tance, not only due to their inhe'ent features but also because 
of their link with the sociocultural environment that gives them 
strength and orientation. Approaches that may be considered 
avant-garde in one society and time are seen as conservative in 
others. 

It seems clear, for instance, that the role of approaches based 
on Piaget's theory is not casual. They seem to be an enriching 
response to the threats and problems presented in the current 
cultural context. Moreover, the growing emphasis on innovation 
and problem solving ability is closely linked to this approach. All 
the skills that enable us to face today's unknown will still be vital 
in the unknown future. 

Far from trying to propose ar alternative "system" of teaching, 
we are speaking of the encouragement of an environment and a 
learning style that can be carried out in any type of school, be it 
"traditional," "Montessori," or "personalized." In every case, it 
is possible to enrich the cultural environment of the school. To 
educate for the twenty-first century has implications that have an 
overall effect on the learning process, with or without computers. 

Pedagogical Approaches 

Some specific teacher attitudes and approaches seem to facili
tate the process of integration to the information age; among them 
are the following: 

Teachers who work with open situations; that is, they 
promote activities in the learning process that are not ruled 
by the aim of achieving a predetermined outcome. Instead, 
they encourage students to define obstacles they face and 
to reach original solutions and hypotheses not foreseen. 
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" Teachers who are question posers, rather than sources for 
answers, who foster quests that go beyond obvious and 
stereotypical solutions, and who are critical thinkers capa
ble of encouraging students to think critically in turn. 

" Situations that reflect a multiplicity of viewpoints, that are 
not confined to the known answer, that analyze problems 
from many different approaches before allowing judgments, 
and that extend the students' fields of interest. 

" The development of sensitivity that is guided by the sig
nificance of issues and by the learner, rather than driven 
by the teacher or the curriculum. The teacher must feel 
and look for the meaning that a child, a teenager, (or, in 
general, any learner) attaches to a problem or an idea. 

We believe that computer literacy should be placed in and 
oriented toward these types of educational attitudes; it could be 
a very valuable instrument in under,,tanding our environment and 
fostering cultural patterns that would bring education into the 
informatics age. 

These type of orientations, especially cignificant in Latin 
America, are guidelines for action. Theoretical schemes are in
dispensable in setting guidelines, but inserting a change in the 
complex grid of cultural reality is an art that implies concrete 
analysis. Proposals must deal with specific and heterogeneous ed
ucational environments. Cultural changes cannot be abrupt, nor 
are they homogeneous. There are general trends, but the paths 
for the integration of each social nucleus are diverse and varied. A 
program of educational improvement becomes viable to the extent 
that it can respond to obstacles. One example of a good program 
is the Program of Creative Education. 

A Practical Example 

The Program of Creative Education was created by ORT over 
15 years ago, beginning in Argentina. It is now evolving and being 
developed for a school population of approximately 10,000 students 
in five Latin American countries. There are four areas of work at 
the primary school level: natural sciences laboratory, study cen
ter, creative workshop, and computation. At the middle education 
level there are workshops on technological education and the edu
cational use of computers. Generally, each school employs advisors 
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cific applications advance the ideals expressed above. The concrete 
form adopted by the program in each school varies according to 
cultures and interests of each institution, and new programs aj e 
constantly being worked out. Important expansion plans, so.e of 
them outside Latin America, are in the process of creation. The 
most complete documentation so far is found in a book published 
by ORT Argentina in 1985 entitled Creative Education. 

Teacher Training 

Teacher training is undoubtedly a core activity in the Pro
gram of Creative Education. Courses, workshops, and working 
trips are constantly held for teachers. The main responsibility of 
coordinators and advisors is to meet the needs of teacher training, 
and it is not possible to give a detailed description of all of their 
activities. It would, however, be worthwhile to mention some of 
the criteria used to illustrate the work patterns applied. 

A guiding principle in conducting courses and workshops for 
teachers is that they need to "seize" t"e resource or knowledge 
being discussed. Knowing about something is quite different from 
actually incorporating it as a personal tool to analyze and solve 
problems. This principle has -major influence in determining the 
particulars of a program: coitent, method, rhythm, and so on. A 
number of other guiding ideas have been recognized. 

Teachers are not the only important element. Teachers work 
in a context that is riot exclusively determined by them. For this 
reason it is better to speak about human resources training, taking 
into account officials and coordinators as well. Often some very 
valuable ideas held by teachers cannot be implemented because 
of a decision-making process in the hands of a third party. The 
training process involves the institution as a whole. 

Teacher tiaining attaches an important role to the organiza
tion of courses and special activities. The most important and 
decisive aspect however is the handling of daily and normal activ
ities. The key factor is the work of the school coordinator who 
should provide training to meet clearly identified needs by giv
ing support to the design and organization of activities as well 
as engaging in the evaluation and analysis of these activities. 
The relationship between the teacher and coordinator could be 
particularly rich in the development or adaptation of software. 
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There, the coordinator could provide the technical knowledge and 
the teacher the pedagogical approach. This type of interaction 
sometimes causes conflict, especially when there is no common 
language, so a training process is needed. 

In a group of teachers we normally find a variety of attitudes, 
skills and rhythms. To design flexible activities that take these 
into account and allow each person to succeed is a complex task 
that calls for hard work. When they do not succeed as well as 
others in a course, teachers may feel incapable of facing the prob
lem. They decide they are not good with computers azd make 
themselves obstacles to learning. The importance of talking about 
this situation and discussing it openly and thoroughly cannot be 
overstated. There must be an environment where everyone can 
respect his or her own rhythm and approach .9 these activities. 

Content of the Training 

We believe it is important that teachers focus on program
ming as a feasible educational tool. Teachers need not program 
the software to be used because they can always depend on the 
technical support. However, they can use the activity of program
ming as part of the learning resources they offer their students. In 
addition, the ability to use certain basic tools (such as the word 
processor, database systems, and plotting systems) provides both 
teachers and students with a feeling of control over the technology. 
Terminology and information processing are normally introduced 
through short, intensive programs. 

We believe that all decisions concerning social impact, histor
ical aspects, and matters related to pedagogy should be based on 
critical reflection on the teachers' own educational practice and 
life experiences. If these are considered with an inquisitive and 
open mind-not confined by "final" answers-and such analysis is 
enriched by ideas from books by several authors, then the proper 
conditions to adopt innovations will be reached. 

In the same way that scientific practices are not learned just 
by reading the scientific method, but by actual experimentation, 
every educator is formed by experience into the style of learning 
he or she wants to transmit. Methods applied in courses and work
shops should combine basic themes of study and analysis, since 
in addition to gaining knowledge and skills, they are aimed at 
gaining personal experience. The most delicate balance must be 
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maintained between structured and unstructured activities. The 
former are focused on getting acqudinted with unknown resources 
and must be linked to personal ideas and concerns. This link
age is greatly reinforced when new knowledge meets pre-existing 
needs and concerns, such as providing the solution to obstacles 
encountered in the development of a project. 

The ORT program stresses the importance of integrating 
training around the enhancement of desired cultural patterns that 
are seen in all learning activities. This basic process, known as 
pedagogical generalization, strives to consider questions such as 
the relationship between mental images about facts we do not per
ceive in the use of a computer (such as the transfer of information 
between memories) and the mental images of an atom or a gene, 
or the links between the style a person uses in solving computer 
problems and the style shown in an art workshop. Teachers who 
enlarge their capacities to d~sign scientific experiments with an 
open approach or to lead creative activities in a workshop are also 
acquiring the sensitivity to put together the educational potential 
of informatics. 
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Computer Education for Teachers:
 
A Maze of Realities
 

BRADER A. BRATHV.AITE 

The microcomputer has been accepted in schools because it 
promises a new dimension to education. Walker (1983) proposes 
that computers enhance education by providing the following: 
more active learning, more varied sensory and conceptual modes, 
less mental drudgery, learning nearer the speed of thought, learn
ing better tailored to individuals, more independent learning, and 
better aid to abstraction. These claims are yet to be strongly sup
ported by research. The challenge, however, is to incorporate the 
microcomputer successfully into the school curriculum and maxi
mize its benefits to education. This demands that computing be 
accommodated in the curriculum of students as well as teachers. 

Rogers, Moursund, and Engel (1984) pursue the magnitude 
of the teacher training effort necessary to attain the goals of com
puter education for teachers. They recommend four opportunities 
for consideration: pre-service training of education students, in
service training of practicing teachers, graduate programs on com
puters in education, and research on computer use in education. 
Yet the innovation of computers comes at a time when teacher 
education and the tasks of teacher educators are being called inco 
question. 

When David Berliner spoke on contemporary teacher educa
tion in 1985 he said: 

59 



60 

I believe that it is fair to characterize teacher educators, as a 
group, as being timid. In particular, they have been timid about 
instituting program change. Whenever I talked with someone in 
teacher education, they suggested ways it could be done better. But 
few changes took place. For decades now teacher educators have 
accepted, for numerous reasons, a level of mediocrity in teacher 
education that has all but sapped their strength. 

Berliner's point of view aroused my personal interest in the 
topic of the computer in teacher education. I certainly did not 
think that teacher educators were timid. I felt that they were 
poised between the forces of continuity and change, and they had 
a tremendous task to perform. Their portfolio contains not only 
the controversies encountered in translating theory into practice 
but also the obstacles to be overcome in implementing innovations 
in teacher education. 

Sheingold, Kane, and Endreweitz (1983) cited earlier research 
on the effects of implementing computers in private industry and 
government, and indicated that: 

The computer does not have a simple impact on an organization 
or the people in it. Its implementation and use are embedded 
in a compiled matrix of social and political relationships. At all 
levels of implcmentation and use, it is essential to consider the 
interaction of the computer with the social system that surrounds 
it ... this interaction should be viewed over time as computing 
activities influence the social system and the social system shapes 
the influence of the technology. 

After reading this, I was able to visualize an education system 
as a series of intertwining contexts which impact on one another. 
My view is schematically represented in Figure 6.1, which shows 
a merger of the fundamental elements in an educational system 
as follows: the teacher educators and administrators, emphasizing 
their gate-keeping role, the innovation into the curriculum, and the 
classroom are all embedded in the society. Thus I have called my 
paper "Teacher Education: A Maze of Realities." By investigating 
interacting elements in the maze, we encounter factors that teacher 
educators must address. Interactions must be visualized within 
each elemeii and at each interface and sector of the maze. Our 
purpose is an attempt to uncover the realities involved in planning 
for appropriate applications and outcomes in teacher education. 

There are different opinions as to where planning for teachers' 
computer education should begin. Neill (1983) is of the opinion 
that planning for instructional u3e of microcomputers should start 
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FIGURE 6.1 The Maze. 

with an analysis of the current curriculum to identify the con
tent, skills, and attitudes that are considered important. Sandoval 
(1984) asserts that planning should begin with the teacher's tasks. 
In the case of Trinidad and Tobago, the innovation began in 1983 
with the conceptualization of a computer literacy pilot project in 
30 secondary schools. Teachers first participated in a computer 
literacy project and were then allowed to introduce computer lit
eracy with a degree of eclecticism. Implementation has not been 
smooth. 

I am of the opinion that planning should always begin with a 
carefully thought out philosophy. I also acknowledge that teach
ers are capable of providing valuable insights into the education 
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process. If planning were to start with the teachers and their defi
nition of curriculum goals, it would then be possible to determine 
whether the computer had anything to offer the curriculum. But 
wherever the planning process begins, it is essential for planners to 
be acquainted with the concepts and roles of each person involved 
in the change. I hope to reflect on the meaning of the change for 
teacher educators, teachers, and students as we analyze the maze. 

INTERFACES 

The TeacLhr Educator-Curriculum Interface 

An evaluation of our computer literacy project in Trinidad 
and Tobago indicated that, in general, teacher educators and ad
ministrators would have to deal with the following areas: access 
to microcomputers; new roles of teachers in response to comput
ers; availability, quality, and quantity of software; integration of 
microcomputers into the classroom and the curricula; training of 
teachers; and effects of the innovation. But how would the com
puter affect the t~acher educators themselves, and what inputs are 
required with respect to their knowledge, skills and attitudes? 

Of significance is the fact that teacher educators, seen as spe
cialists in their own field, have had to acquire information from 
personnel in the society who have the technical expertise but not 
the knowledge o' educational concepts. There are other areas of 
dissonance. Most teacher educators would be less interested in 
programming tha, those teachers who would like to specialize 
in programming, and so they need a somewhat less formidable 
curriculum devoid of the nonessential technical details. As such, 
the computing curriculum for teacher educators should include a 
course in computer literacy which includes elementary program
ming, integration of computers and subject areas, computer use in 
administration, the use of computer applications, and the evalua
tion of software and hardware. Most likely, appropriate learning 
situations could be structured from a choice of workshop set
tings, peer-tutoring, or self-directed search. At the graduate level, 
teacher educators should be able to program computers for use in 
education and to modify or design new applications. 
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The Teacher Educator-Teacher Interface 

Pre-service and in-service teacher education will have its own 
special requirements and concerns. The first type of teacher ed
ucation involves the preparation of teachers as agents of change 
to face an educational system which is steeped in tradition. In 
the second type, teacher education is geared toward helping work
ing teachers accommodate this change. A new syllabus would be 
required for pre-service education with the possible recognition 
of computer literacy as a required subject area for certification. 
In both instances, the pervasive question will be; Hlow will the 
teacher's role be conceptualized? Research has cast the teacher 
in several different roles. To date, most research paradigms have 
been unable to capture the true essence of teachers' roles amid the 
complexity of classroom interactions. A teacher, as a participant 
in planning, will contribute useful insight at this interface. 

It will also be important for teachers to know that the in
novation is intended to complement and not replace them. The 
reasons for resistance, inertia, and anxiety toward computer tech
nology must not be overlooked. Since some software programs 
aim to reproduce human teaching activities, teachers may fear 
that their jobs will be usurped. The computer proposes a modi
fied role for the teacher--one which emphasizes being a resource 
person and a manager of learning. Teachers are already pressured 
by time constraints, and they may have little time to devote to 
developing expertise in computer education. In addition to their 
normal duties, teachers will be given additional responsibilities for 
the security and scheduling of computer resources. Payne (1983) 
asserted the need for this important component of planning to 
reduce computer anxiety in teachers. 

The Teacher-Curriculum Interface 

The curriculum is usually structured via consideration of the 
choice of learning situations, objectives, lea-iiin.g tasks, materials 
and equipment, learning arrangements and settings, and instruc
tional methods. Whereas the traditional pre-service training for 
teachers has emphasized content and method, computing is ac
companied by three other possibilities for the curriculum: teaching 
about computers, teaching with computers, and teaching through 
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computers. These possibilities come from the three broad cate
gories of computer uses in education (Ragsdale, 1982). Content 
related to teaching about computers involves courses in computer 
literacy, the imDact of computers in education and society, and 
the congruence of computer use with the appropriate grade level 
and the subject matter. Teaching with computers refers to the 
effective use of the computer as a teaching tool. Teaching through 
computers includes using computer-aided instruction, and at a 
more intense level, the modifying, adapting, or writing of relevant 
instructional software material. Knowledge of the psychological 
theories and instructional methods according to which software is 
designed becomes relevant here. 

The Computer-Curriculum Interface 

This area covers content and method in the computing cur
riculum. The computer uses many learning modes: it breaks 
problems down into small sLeps, gives immediate feedback, pro
vides correction impersonally, and repeats endlessly. Computer 
functions which are available for schoolnow use include the fol
lowing: computer literacy, drill and practice, programming to 
solve problems, recreational games, tutoring for special students, 
demonstration labs, administration, maintainig teacher records, 
designing tests, completion and correction of students' worksheets, 
and word processing. 

Galanter (1984) in an article in Psychology Today vouches for 
the cognitive value of the computer. He believes that the modern 
day curriculum had unwittingly omitted the art of logical planning, 
and that this discipline can now be supplied by what he called 
"the third logic," an operational logic, and the rational execution 
of action. He demonstrated that programming languages offer a 
structure to discipline the mind toward exact naming and the use 
of precise and unambiguous instructions. 

However, teachers still need to analyze computer offerings 
carefully to determine their educational value. The effectiveness of 
traditional teaching methods must be compared with the benefits 
to be derived from computer use. O'Shea and Self (1983) list what 
the computer has to offer: 

* Linear branched and generative assisted learning programs 
" Algorithmic thinking, as in flow charting 
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" Mathematical learning models for concepts which can be 
represented mathematically 

" Time-shared interaction, computer-controlled information 
television 

* Simulation, a program which models some process or sys
tem 

" Games with audio and visual effects 
" Emancipatory modes, using the computer as a labor-saving 

device 
" Dialogue systems which restrict students' answers 
" Artificial intelligence for remembering and accessing rele

vant knowledge. 

The utility of each kind of program and its blending with the 
particular subject matter to be taught should be carefully assessed 
for the ability to enhance the education process. 

Computer-Classroom Concerns 

Would placing the computer outside the classrooms remove 
the challenge of integrating computers into the classrooms? This 
alternative is questioned because as soon as the computer is in
troduced into the curriculum, other concerns will emerge. Some 
further questions which merit attention are, Would the computer 
be used as a tool, a resource, a social organizer of learning, or a 
promoter of student achievement? Would it be used to assign stu
dents to work at appropriate grade levels? In attempting to resolve 
these questions, the task of planning is not merely to match the 
computer and the classroom but to mold them to complement each 
other, a process that may result in classroom reorganization. The 
computer appears as an individualized intellectual environment 
whereas classrooms are group interactive systems. Software has 
to be designed to attain the single focus found in the traditional 
classroom. 

Computer-Student Interaction 

The motivation-specifically the intrinsic motivation-and in
terest presently piovided by the computer in the classroom may 
pale with time. For the moment the computer appeals to students 
and helps in the custodial function of schooling, but long, intense 
hours at a terminal may be considered a waste of time. It is feared 
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that the computer will alter the shape of the student's interaction, 
and may foster elitism, promote distancing, and generate students 
who are able to instruct their teachers. An insightful teacher edu
cation prograin 3bould be able to structure diagnosis and ren-dies 
to allay these fears and recommend ways to further chan.nel stu
dents' interests and abilities towards desirable outcomes. 

Teacher-Student Relationships 

Changes would Dccur in the traditional teacher-student rela
tionship. The role of teacher as guide, monitor, resource person, 
strategist, organizer of learning, and diagnostician would be em
phasized. In addition, the teacher could become an adapter of 
programs to suit the needs of the learners. Thus, the job of 
teacher education is to identify the changes in the teacher-pupil 
relationship and to help teachers to cope with the new roles which 
would be required. In-service teachers who a,'e already experi
encing some of the changes would be better able to assist in this 
training, thereby rendering peer-tutoring among teachers a potent 
recommendation. 

SECTORS 

Integration in Computer Education for Teachers 

A few integrating themes emerging from my investigation of 
the maze and my interaction with the research works cited are to be 
presented here. They are listed as recommendations of computer 
applications which could serve to alleviate teachers' problems. 

Is this the opportunity to rewrite the teacher's curriculum or 
portions of it with logical operations? Heavy course load has been 
a constant complaint in teacher education. The computer displays 
a massive information capability and so could be used to address 
the problem of teacher work load and the information explosion. 

Diem (1982) suggests the introduction of communication and 
information studies into the pre-service teachers' curriculum. Such 
a course could be used to keep teachers up to date and would 
deal with computers along with other technology, while paying 
attention to areas like international relations, population trends, 
planning, cultural dimensions, research methodology, and ethics 
and privacy in information science. 
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Teacher educators must no longer be solely responsible for 
the training of teachers. The business of education and training 
of teachers must spread into allied fields and be concerned with 
inter-professional training. Computer programs which apply to 
training must also apply to teachers in training. This may include 
the use of generic programs-appropriate use of graphics, word 
processing, databases, and spreadsheets-integrated into the ex
isting students' and teachers' curriculum. For example, creative 
application programs could address lab reports, lesson plan for
mats, teacher record and forecast, and routine tasks performed by 
teachers. Games which require the knowledge of subject matter 
may serve as entertaining evaluation. 

Competency-based approaches use information gleaned from 
experts in the field in order to identify the minimum competency 
that professionals should possess. The individuals are then tested 
to ascertain their level of competency. The gap in knowledge pro
vides the basis for selecting objectives of the course. The teacher 
trainer who is aware of a specific teaching skill that is required 
would be able to access that information on the computer from an 
individualized package. 

The utility of the computer as a time saving device in the 
school day and in the teacher's schedule should be explored. The 
mot, pressing among teachers' needs is in this area (Fullan, 1982). 
Time spent per task is another area which can be monitored, 
for it varies widely from one teacher to another (Berliner, 1985). 
Computer-aided instruction for teachers would help them upgrade 
their subject matter competence giving them more time for re
search (on the use of computers in the classroom) and classroom 
teaching practice. 

CONCLUSION 

Existing models for teacher education in computing have been 
suggested in the OECJ) Publication (1971); Rogers et al. (1984); 
and du Boulay (1982). Diem (1982) reviewed several training 
models for innovative technologies. Wells and Bitter (1982) appear 
to offer the most comprehensive approach to the introduction of 
computers in education. Their research was conducted through 
extensive needs analysis, in-service training of teachers, teacher 
participation, and all of the above incorporating adequate coverage 
of the interactions which have been considered in the maze. 
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An effective decision-making system is usually devised from 
the careful assessment of the following: policy guidelines and a 
philosophical base, goals, needs, interests, alternatives, knowl
edge, skills and abilities. Few of the existing teacher education 
programs have been structured from a consideration of all these 
requirements. In addition, the computer and its capabilities are 
heavily invested with a strong component of cultural and ethi
cal values, and these features must not be overlooked. A body 
of theory and reseaich about software for education is impera
tive. This should include research on different types of software to 
meet different educational goals and purposes and the suitability 
of instructional designs for effective learning. This area requires 
the conferencing of researchers, software developers, and school 
officials. Time should be devoted to the study of classroom man
agement in the presence of the computer. In general, planning, 
preparation, testing, and evaluation of procedures must be an on
going task to determine the effectiveness of computing and the 
achievement of the goals of the computing curriculum. 
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Training Teachers at the Colegio de
 
Bachilleres in Computing
 

EDUARDO RIVERA PORTO 

BACKGROUND
 

The Colegio de Bachilleres is an official senior high school level 
system. By 1987 it will be the largest system in Mexico at this 
level, and the trends indicate that it will continue to grow. Colegio 
de Bachilleres confers the dipioma of bachiller (senior high school 
graduate), necessary for entrance to any university or college, and 
provides some technical training. 

All of the teachers at this level of the system must have a 
bachelor's degree or at least have completed their studies for the 
degree even if they have not yet written a thesis. However, few have 
any ..pecific pedagogical training or knowledge. Because of the 
salary levels, few teach full time; they may have other jobs or small 
children, or are continuing their studies. The majority are young 
and have very little practical work experience. Most teachers are 
very enthusiastic about continuing to learn, but because of their 
other obligations, training is difficult to arrange outside their work 
schedules. Introductory training classes are given in the inter
term period, and some of the academies of teachers (an academy 
is a group of teachers in one discipline) have periodic meetings, 
including workshops about specific topics, during the year. The 
teachers at this level usually belong to a union that normally 
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demands that they be paid while attending courses. This kind of 
compensation is difficult for many institutions. 

In addit:on to these constraints, there is a question that must 
be answered honestly: Why introduce co iputers when there are 
other demands and needs in th.e classroom? It is not enough to 
cite the improvemernt of quality, in education without allowing 
the teachers to decide whether the computer is the most effec
tive assistance they can have. For this reason, the introduction of 
computers must be made gradually, rather than being imposed as 
another unilateral decision from above. Recognizing that the in
troi uction of computing in schools depends mainly on teachers, it 
is necessary to train teachers in computing, despite the difficulties. 
The training must encourage their acceptance of and enthusiasm 
for computers in general and the use of computers in education. 

EXPERIENCE AT THE
 
COLEGIO DE BACHILLERES
 

Many courses af; ,fered to teachers during the inter-term 
period, but mcst do not take advantage of them. Among these, 
the computer courses are unique because they concentrate on 
practical training. It would be desirable for all teachers to attend 
one oi these courses, but we resist the idea of instituting them 
on . compulsory basis because of the possible reaction against 
computers. 

Computer literacy for teachers must provide a new language, 
help the teachers rediscuver the importance of information and 
its automation, and offer some practical uses for computers to 
provide assistance in their current classroom work. Perhaps the 
most important objective is to give them an overview and motivate 
them to continue learning in this rapidly changing field. 

Proltleins in Teaching Computer Literacy 

it is often thought that computing is associated with mathe
matics and that teachers outside that field have no dealings with 
it. It is true that teachers of mathematics and natural sciences 
more easily accept and adopt computers, but the objective is for 
teachers across fields to adopt them. For this reason, computing as 
a subject for students is taught on an interdisciplinary basis and 



73 

teachers in several fields share the decision-making responsibili
ties. We know that this will create some problems, but the risk is 
taken in the hope that the benefits will outweigh those problems. 

The fact that most of the manuals, instructions for use, and 
programming languages are in English prompts resistance from 
some teachers who have no knowledge of English. In Mexico, the 
question of whether computer languages should be used in English 
or be translated, especially for beginners, is the subject of much 
debate. Both options have their advantages, but the fact remains 
that what is available is used. In any case, it is desirable to have 
both-packages in Spanish and English manuals translated into 
Spanish-to include all teachers. 

The lack of computers is a general problem. When they are 
available, they tend to be in full-time use by students. The pur
chase of microcomputers specifically for teachers seems to be a 
good solution, as teachers have no time to wait for a free machine 
and will find it easier to learn without the pressure of students 
watching them. To enhance learning, it is a good idea to have 
some microcomputers for tile teachers to take home. They could 
be inexpensive microcomputers which could be connected to a 
television (it is reasonable to assume that all teachers have a 
television) and to a cassette player. With this simple equipment 
the teacher could learn about computers at home without excess 
pressure. 

Computer Literacy Courses 

The courses about computers must be directly related to the 
experience of the teachers. It is preferable to use real examples 
and direct applications rather than esoteric or academic examples. 
This approach is very important and requires courses to be care
fully prepared for teachers. An interdisciplinary group might be 
formed for the preparation of courses to make them relevant for 
the teachers and useful in learning about computers. There are 
no computer books written especially for teachers, as there are for 
professionals and children, so it is urgent that this void be filled. 

Many teachers express their disillusion with audiovisual me
dia, particularly in relation to learning. This disillusion also ex
tends to computers and creates an atmosphere of suspicion. In 
this case there has been a misunderstanding about computers: 
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their possibilities, their uniqueness, and their complementary re
lationship with other media. Usually the computer is presented 
in formal demonstration sessions or tutorials, giving it an image 
of automation. It is then very important to emphasize that the 
teachers are the masters of the medium, that they must. edu
cate, and they must decide when to use the computer in their 
courses. Finally, it is important that they learn to use the com
puter as a tool. For instance, using the so-called fourth gencration 
tools-relaLioral databases, word p; ocessors, spreadsheets-gives 
teachers the freedom to organize tieir courses to offer a variety 
of computing experiences. Although computers are importay-t in 
themselves, they are more important as a pretext to renew ed. 
ucation by allowing for the possibility of experimentation. The 
experiments must be conducted seriously and the possibility of 
error acceptcd ii, order to improve education. 

Writing Programs for Teaching Other Subjects 

Most teachers will need continuing assistance after their com
puter literacy courses, especially if they use computers in teaching 
their regular course work. The traditional dependency on pro
grammers must be b,.ken. However, preparing courseware is a 
seriously difficult task that requires a iixture of -e,ources stch 
as pedagogical aids, colors, animation, speed, sound, graphics, 
user-friendly interface, and file management. The teachcr or the 
academy must know what is needed and have the capacity ',.o judge 
the quality of the finished product, but the actual software can 
be written by an external permanent consulting group. A team of 
teachers can be trained to assist with the design and evaluation of 
courseware. This expert team would serve as a bridge between the 
teachers and the external consultants. This team must also be the 
institutional memory in computing to avoid duplicating programs 
and to arrange the sharing of programs and packages. The group 
must be responsible for centralizing documentation so that it can 
be shared as well. 

Thus, there is a need for planning the introduction of com
puters carefully and with the participation of teachers. Teachers 
must move into the computer era rather than allow computers to 
move into the pedagogical field. 
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APPROTRIATE LEVELS OF COMPUTER
 
TRAINING FOR TEACHERS
 

In some other countries, the computer literacy courses lor 
teachers are very ambitious. For example, the Frencb plan "In
formatics for All" foresees a minimum of 100 hours of computer 
training for all teachers and even more training for the leaders. 
In the United States, it is agreed that about 60 hours is the 
minimum for computer literacy. It seems that these goals can
not be achieved in the Colegio de Bachilieres in the short term. 
Therefore, there must first be a strategy of selecting and training 
leaders to increase the level of experience in the institution and 
then of compressing the content of literacy courses to reduce them 
to about 30 or 40 hours (a reasonable length for the inter-term 
period). These courses will not produce programmers but iatel
ligent users, with no fear of using a microcomputer or of reading 
a manual and correcting mistakes made by the other teacherr in 
using software programs. At the second level of strategy, a smaller 
number of teachers will be trained to understand the possibilities 
of a compute.r and how to request and valuate expert assistance. 
At the third level, selected teachers will learn some programming 
languages and will use this knowledge to correct and adapt certain 
packages to make them more appropriate for use at the Colegio 
de Bachilleres. Finally, teachers at the fourth level will receive the 
training to be part of an expert tcam working in an interdisci
plinary group to analyze a problem, design an application, write 
the program, and assess the result. 

The enhancement of their capacity to teach, the participation 
in an experiment to renew education as the masters and not the 
slaves, and the adjustment of the teacher-training process to the 
new requirements of our era needs the enthusiastic support of 
teachers. The computer is their opportunity. 
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How Computers Change
 
Teacher-Student Interaction
 

EVELINA VILLA 

From the following course experiments, we shall see how the 
introduction of computerL in traditional teaching and learning 
environments serves to modify the direction of teacher-student 
interaction in the classroom. 

THE TRAIIIING COURSE 

Instructional Methodologies 

In Argentina, a 36-hour workshop, Introduction to Comput
ers in Education, was set up for elementary school teachers and 
principals. The teachers' aims were to: 

" Learn Logo 
* Work in self-coordinated groups of three or four per com

puter 
" Explore the possibilities of introducing computers in the 

classroom 
" Increase their awareness of new teaching method .)gies 
" Acquire a mental model of the computer 
" Learn about the integration of new technologies in society. 
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In addition, a model course was set up for the teachers' stu
dents, and was conducted by the coordinator so that the teachers 
could observe new teaching methods along with the children's re
sponses. The course was planned for 42 hours. It met twice a week 
with each lesson lasting three hours, and with one fifteen-minute 
break. Once the course was completed, continuing in-service ac
tivities were offered. Each lesson followed this format: 

" Turn computers on 
" Participate in group and individual activities, with and 

without computers 
* 	 Turn computers off 
* 	 Engage in feedback, sharing, and general discussion for the 

final ffteen minutes. 

The teacher training course covered the following areas: 

" 	 The computer: hardware and software 
" 	 The computer in our society: social and cultural impact 
" 	 The computer as an educational tool 
o 	 Human communication, languages 
* 	 Communication between human and computer 
* 	 Information 
* 	 Cognitive strategies 
* Computer languages, Logo
 
" Psychopedagogical background
 
* 	 Evaluation of computer uc in the classroom 
* 	 Group dynamics techniques 
* 	 Computer course methodology. 

Information on the aims of the course, course content, and 
a bibliography was distributed to the teachers to be read and 
discussed in the first lesson. Several Logo exercises were com
pleted in each class. In the beginning, the coordinator handed out 
worksheets with exercises consisting of a series of designs. The 
teachers were asked to write a program to create each design on 
the computer. As the course progressed, the designs became more 
difficult. An example of these designs is shown in Figure 8.1. 

Introduction to new cor:cepts, exercises, evaluation, feedback, 
review, and sharing of information were the main objectve. of 
the ccurse. A typical handout used to stimulate discussion of 
new concepts is shown in Figure 8.2. The bibliography included 
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Method of Writing a Program
 

1. Think what you want to do.
 
2. Design it on paper.
 
3. Analyze the design.
 
4. Write the instructions on paper.
 
5. Try them using the computer.
 
6. Evaluate if the result is correct, otherwise go
 

back to the program and correct the mistakes.
 
7. Save the program in the memory of the
 

computer. Name it.
 

Programming is done in the form of procedures
 
and subprocedures that can be integrated.
 

THIS TS AN EXAMPLE:
 

I 

I ~I 

TO DRAW A SQUARE 
FORWARD 50
 
RIGHT 90
 
FORWARD 50
 
RIGHT 90
 
FORWARD 50
 
RIGHT 90
 
FORWARD 50
 
RIGHT 90
 

FIGURE 8.1 A sample handout for thinking through a design. 
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Parallels in Design and Function
 

A. 	Between a Factory and a Computer: The sectors in
 
a factory and the parts of the computer are
 
similar in their functions. They must both have
 
input, decision-making, processing of
 
information, storage, and output.
 

B. 	Between a Human Being and a Computer:
 

o 	 Acquisition of information = input.
 
o 	 Processing, organization, and analysis
 

the work of the CPU.
 
o 	 Storage in the memory = disks, tape, other
 

memory devices.
 
o 	 Communication of information or language
 

output.
 

Processing
 
_____Storage
 

[---1 0 [ I 
T + U [ ] 
U +++ T 

P ++ + P /-----------/
 
N o + + o U I-----------I
 
I + + T /----------

+ +
 
+ +
 

+ +
 

A. 	 B. 

FIGURE 8.2 A sample handout for introduction of new concepts. 

Mindstorms, by Seymour Papert; several articles in Spanish jour
nals (La Revista del Instituto de Investigaciones Educativas; La 
Zapatilla de Cristal,published by IBI; Microcomputadores,pub
lished by Editorial Plesa); and course notes on basic concepts in 
programming, Logo, and psychopedagogical background. These 
readings were then discussed in class. 

The teachers worked in groups of three to four per computer. 
Following the coordinator's instructions, they divided into groups, 
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taking into account work style, difficulty or ease in understanding, 
personal characteristics, friendship, and teaching levels. When a 
set of exercises was completed, the entire class discussed difficulties 
in problem solving, and personal feelings. The last fifteen minutes 
were devoted to feedback and sharing of strategies to complete the 
assignments in the worksheets. New primitives were introduced 
through examples to the entire group; they were written on the 
board and then explained verbally. The individual groups' paces 
were taken into consideration. 

After three or four lessons, the teachers felt more comfortable 
with the machine and the commands, as well as the methodology. 
As a result, they began producing their own designs. 

The role of the coordinator of these sessions was to: 

* Introduce new concepts and primitives
 
" Distribute exercises and readings
 
* 	 Encourage independent work in small groups, sharing prob

lem-solving strategies, and resorting to the coordinator 
only for special difficulties 

* 	 Lead the group discussions and feedback sessions 
* 	 Explain as many times as necessary 
* Guide the teachers towards the achievement of the goals 
" Observe the teachers' progress, working style, and commu

nication
 
" Serve as a model for teaching style.
 

SAMPLE COURSE ACTIVITIES 

Group di. .,ion topics: 

" 	 Where are the computers in our environment? What is 
their role? 

* 	 How do we learn? 
* What is information?
 
" How do we communicate among ourselves?
 

Information from computer magazines: 

" What is a computer? 
" What are the names of parts of the computer? How does 

a computer work? 
* 	 What is a program? 
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* 	 What is a computer language? 

Commands and concepts introduced: 

HOME 
FORWARD, BACK, RICHT, LEFT 
REPEAT
 
SETPC, SETBG 
CLEARSCREEN, CLEARTEXT 
CORRECTION FUNCTIONS 
TO, SAVE, LOAD 
TURTLE STATES: PU, PD, PE, PX, ST, HT 
RANDOM 
WAIT, SOUND, SILENCE 
VARIABLES 
IF THEN 
RECURSION 
SPRITES 
LISTS. 

After the teachers had completed the worksheet for the day 
they were free to make their own designs. Their methods of achiev
ing ,esults were discussed by the entire group. For the first contact 
with the computer, they had to find the command that made the 
turtle appear on the screen. 

Exploring activity: 

Measure the screen. The turtle has to go to the upper, lower, 
left, and right edges of the screen. Determine how many steps the 
turtle needs to reach them. 

General activities: 

" Combine all the primitives you have learned in a new pro
gram. 

" Use the memory to save your programs. 
" Turn the computer on and load Logo. 
* 	 Initialize a new disk. Save your programs on the disk, 

reload them. 
" 	 Imagine you are the turtle, test the movements and turn

ings with your body. 

Small group activity divided by grade level: 
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Level 1: first, second and third grade 
Level 2: fourth and fifth grade 
Level 3: sixth and seventh grade. 

" 	 Design observation sheets for students' classes. 
" 	 Include intellectual, socio-affective and psychomotor areas. 
" 	 Comment on the observations made in the classes you 

teach. 

Topics for group discussion (designed to recognize leadership 
styles and the group dynamic in the class): 

* 	 How do you feel while working with the computer? 
* 	 Can you work within your small group? 
* 	 Do you constantly need the coordinator's guidance? 
* 	 What is the best way for you to work in class? 
* 	 Is there a difference between your teaching methods and 

the methodology used in the computer lab? Yes? No? 
Why? What is it? How could you explain it? 

GENERAL OBSERVATIONS 

Some of the aspects that need to be taken into account during 
planning sessions are the following: the teachers' needs should 
be observed before the course is developed; group interaction, 
sharing, and freedom for project designs should be emphasized; 
the coordinator should seve mainly as a guide; the course should 
complement other teaching media; and provisions should be made 
for continuing in-service training. 

The teachers' course started before the computer laboratory 
was opened to the students. For some of the teachers, the first 
lessons in the lab were very frustrating: they were afraid of the 
machine; some gave up very quickly upon the fir.t failures in their 
programs; such statements as "I am not able to do this" were 
heard. Other teachers were very enthusiastic and started to ex
plore many alternatives. They had no difficulties in understanding 
the instructions given on programming; they were very open to 
new ideas, exploring activities, and sharing; for many of them, 
the course gave them their first opportunity to experiment with 
the use of a new tool. The teacher trainirng provided them with 
hands-on experience. When computers were introduced to the 
students, teachers attended the Logo lessons of their respective 
classes and were able to observe the coordinator's teaching style 
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and the students' responses. They assisted the coordinator when 
needed. Comments on their students' performance were encour
aged. The methods used with the students were the same as those 
in the teachers' course. The groups helped each other, sharing 
information, problem-solving strategies, and project ideas. 

The teachers realized that it is possible to Let the students 
work by themselves, both because of their own experience and 
from observations of their students. They began to think of group 
activities for their classes, using worksheets, and gradually to 
change from a knowledge transfer teaching style to a more open one 
that encouraged exploration. The lab methods were transferred to 
the ordinary classes and adapted to the contents of the curriculum. 
The students began working in a more independent way, resulting 
in creativity, research projects, as well as sharing in groups and 
helping each other. 

Some joint teacher-student activities were organized in the 
lab. Teachers and students visited a computer exhinition that en
larged their view and ideas about computers. They were provided 
with a written guide and had several questions to ask as well as 
observations to make. After the visit, the guide was discussed. For 
some of the students, it was the first opportunity to see different 
types of computers. 

CONCLUSIONS 

The computers were the "excuse" for initiating new teaching
techniques, changing teaching and learning styles, and giving more 
freedom to the students tu perform self-coordinated activities: to 
explore, to design projects, to worl: in small aaid large groups, 
to interact more in the class, and to communicate within peer 
groups. The teacher style changed to some extent from autocratic, 
teacher-centered to democratic and student-oriented. The key to 
the change appears to be the way the computer is used in the 
classroom. 
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Project ALFA-II: A Teacher-Training
 
Strategy for Computer Education
 

in Uruguay
 
JORGE A.GRUNBERG 

INTRODUCTION 

ORT Uruguay has been involved with high school level educa
tional computing since 1981, within the framework of the ALFA 
Project (Gri i-berg and Bolata, 1985). Early in the project, we 
realized that tedcher education would be one of the most complex 
issues to deal with. Different strategies were tied, aiming at train
ing and involving teachers in the computers-in-curriculum process. 
The long-range goal is to train a new generation of teachers who 
could become the leaders of educational technology renewal. Edu
cational technology is an educational issue and, as such, leadership 
cannot be provided by technocrats or politicians while teachers 
stand by and observe. 

During the first two years of ALFA Project work (1982-1983), 
intensive programming seminars for teachers and theoretical self
study courses were tried and evaluated with varied results (includ
ing some immediate failures) (Grunberg and Bolata. unpublished). 
Some of the problems found in this "everything-to-everybody" ap
proach were as follows: 

* 	 Training focused on technical skills (mainly programming) 
rather than on educational applications. 

85 
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" Courseware packages used as examples were either too 
simplistic or inappropri.-Ats. L;o Uru3uay;!,n teaching methods 
and curriculum. 

" Permanent educatioii was not ensured; no systematic fol
low-up and support were offered between seminars and 
courses. 

" Course content was the same for every teacher and every 
subject. 

* 	 The number of teaching hov:rs was not reduced to enable 
the teachers to carry out project tasks thoroughly. 

Experience acquired since the first project enabled us to de
velop an entirely new approach based on a better knowledge of 
the teaching community's reactions to computers, the students' 
attitudes after the first year "new toy" period, and the special 
conditions of the sg-called developing countries. 

FACTS AND CONCUJSIONS DERIVED FROM 
PROJECT ALFA 

Project ALFA's main objective is to integrate information 
technology with available teaching and learning resources to assist 
the educational process in th secondary education environment. 
Our computer education plann'ng was guided from the beginning 
by the principles that courstware must riot replace teachers, book,, 
or real lab work and that courseware must require and fit the 
computer. 

Some facts were recognized in the field during the first teacher 
training period (1982-1983) including: 

" 	 Positive attitude on the part of the t.eachers is an essential 
condition to attaining project go-ds and objectives. 

" 	 All teachers need minimum operational skills to manage, 
use, adapt, evaluate, or even consider computer use in their 
specific teaching process. 

" 	 Not all teachers have the time or vocation to acquire the 
whole body of computing lbnowledge needed to develop 
courseware and strategies to integrate courseware into the 
curriculum. 

" 	 Creating languages is not a general solution; it may repre
sent a tactical choice for limited purposes but not a long
range strategic option. 
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Teachers must see themselves as "owners" of the technology 
and principally responsible for its selection and use. If they 
see themselves as mere "buyers" or "advisors," they will 
not integrate it smoothly into the curriculum as a naturally 
used resource. 

Based on these facts, we decided to consider the teaching 
community as composed of two groups: the users, on one hand, 
and the authors, on the other. 

Teacher-Users and Teacher-Authors 

Users will be expected to be able to use off-the-shelf course
ware "intelligently" and manage the day-to-day operations of the 
computer lab es it relates to their specific subject. They will de
cide whether to use courseware packages and when to use them. 
When a positive decision is made, they will have to make evalua
tions and select a courseware package or set of packages according 
to their specific teaching objectives. These teacher-users will be 
trained to do minor modifications to unbundled cour3eware pack
ages, to develop very simple applications on their own, to adapt 
the suggested cotirseware to their own environment, and to give 
intelligent feedback to the authors. 

Summing up, the teacher-users will use and ada-t. They 
constitute an educated market that will be able to capitalize ef
ficiently on all the technical support they can obtain and raise 
the standards of available courseware. These users will receive 
periodic short seminars (2 weeks or 30 hours) and technical sup
port to pursue computer training on their own until the following 
(holiday-time) upgrading seminar. 

Authors attend a long in-service course (20 weeks or 120 hours) 
in order to be able to work in teams with computer programmers 
to design coursework and outline strategies to integrate it into 
the curriculum. Potential authors will be offered admiss'on tc 
those multidisciplinary groups depending on their interest in the 
computer-in-education issue, their pedagogical records, field ex
perience, and in-depth knowledge of their specific subject. The 
course for teacher-authors has the following major objectives: 

To create in the teachers a favorable disposition and pos
itive opinion about the educational use of information 
technology; 

0 
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* 	 To make the teachers computer literate, demonstrating 
the broad range of possibilities that this new tool can offer 
in different educational environments from both social and 
technical points of view; 

* 	 To give the teachers the basic know-how in computational 
techniques to solve simple problems by themselves; and 

* 	 To create a common language for the teachers to interact 
with computer programmers in courseware-development 
teams. They will be trained to analyze the teaching pro
cess systematically, to define the requirements, to propose 
useful enhancements, and to design and validate the func
tional specifications for computer implementation. 

Appendix 9.1 describes the objectives, curriculum content, 
and teaching guidelines for the teacher-author course. 

REFERENCES 

Grunberg, J. and A. Bolata. ALFA Project: A Pilot project for the in
tegration of information technology in the national secondary school 
educational system 'n Uruguay. Proceedinga of WCCE 85, North Holland, 
1-17, July 1985. 

Grunberg, J. and A. Bolata. Computer education for teachers: an in-service 
course. Unpublished. 
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APPENDIX 9.1
 
CURRICULUM CONTENT AND TEACHING
 
GUIDELINES FOR THE TEACHER-AUTHOR
 

TRAINING COURSE 

TOP!C OF UNIT 	 HOURS 

1. 	 Introduction: Social impacts of
 
information technology 4
 

2. Computer uses in education 	 8 
3. Introduction to courseware 	 6 
4. 	 Systems approach and problem solving
 

with algorithmic te.chniques 6
 
5. Introduction to computer systems 6 
6. Using computers 	 10 
7. A programming language 	 10 
8. Courseware development 	 20 
9. Project implementation 	 40 

10. 	 Field test with students .10 
120 

SUMMARY OF COURSE UNITS 

UNIT 1 

Introduction: Social Impacts of Information Technology 

Objectives: 	 To create un adequate environment and a 
fertilc ground for the development of the 
course. To discuss different moral, 
social, political, and economic issues 
related to these new technologies. 

Didactics 
Implementation: Group discussions at general knowledge 

level using press reports, scientific 
papers, and other documents. The topic 
will be covered using key questions to 
stimulate personal opinions, e.g., What 
is the relationship between technology 
and unemployment? (4 hours). 

Contents: - Social impact of technology. 
- Common applications of information 

technology with real world examples 
(robotics, automation, computer-aided 
design, telecommunications). 

- Technological influence on different 
professions and skills. 

Suggested 
Activities: 	 Students will choose one of the issues
 

and prepare a brief position paper (using
 
the laboratory library) for an oper.
 
discussion.
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Evaluation: 	 - Relevance of the chosen subject. 
- Development of the position paper. 
- Associated set of questions and 

answers. 

Bibliography: - The information ave, Davis & 
McCormack. 1979. Addison-Wesley. 

- Le defi mondial, J.J. 
Servan-Schreiber. 1980. Grijalbo. 

- Time, Special issue. 1983. "Man of 
the year". 

- National Geographic, October 1982. 
- Scientific American, No. 74. 

UNIT 2 

Computer Uses in Education 

Objectives: 	 To analyze different methodologies for 
the use of computers in education and 
their advantages on a comparative basis. 
To study the theoretical foundation of 
each approach.
 

Didactics
 
Implementation: Lectures and group discussions
 

supported by practical examples
 
(8 hours).
 

Contents: 	 Introduction. Why should we integrate 
computers to educational tasks? 
Methodologies: a historical perspective. 
- Testing. 
- Administrative uses. 
- Linear programs. 
- Branching programs. 
- CAI, CAL, CMJ. 
- Simulations Modeling. 
- Logo. 
- Problem solving.
 
Various projects such as MECC, Plato,
 
Conduit, MEP, "Informatique pour tous"
 
and ALFA, as well as all the related
 
cou:seware available. Analysis of the
 
theory of education courseware underlying
 
each kind of approach and methodology.
 

Suggested 
Activities: Comparative analysis and conc!usions of 

the different methodologies covered 
(oral and/or written an3wers). 
Suggestions of new approaches. 
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Evaluation: 	 Position paper on the comparative 
advantages of those methods previously 
analyzed and personal suggestions. 

Bibliography: - Learning and teaching with comptters, 
Tim O'Shea, John Self. 1983. The 
Harvester Press. 

- Learning with computers, Alfred Rork. 
1980. Digital Press. 

- Using a microcomputer in the 
classroom, G. Bitter, R. Camusse. 
1984. Reston Publishing Co. 

- Run: Computer education, Dave Ahl. 
1981. Creative Computing Press. 

- Computers in education: Proceedings 
of the IFIPS TC'3 world conference on 
computers in ed,..ation, WCCE 81, 
Lausanne, Switzerland, July 27-31, 
1981. 

UNIT 3 

Introduction to Courseware 

Objectives: 	 To train the teacher in a methodology for 
choosing topics to be taught with 
courseware assistance. To evaluate 
available courseware, to determine its 
relevancy, and to devise strategies for 
its integration into the curriculum. 

Didactics 
Implementation: Lectures and practical sessions. Actual 

examples of sele,.ted courseware. It is 
very important that teachers themselves 
use computers. At the end of the 
sessions, all of them must participate in 
a critical analysis of each piece of 
courseware shown (6 hours). 

Contents: - What is courseware? 
- Main characteristics, objectives and 

contents. 
- How to select a topic to be taught 

with courseware assistance 
(checklist). 

Objectives. 
Contents. 
Interactivity. 
Documentation. 
Screen output. 

- Simple projects to be solved 
individually. 
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Suggested 
Activities: Selection of a topic in each discipline 

for determining whether it might be 
taught with courseware assistance. O
written, the zourseware will be presen
to the rest of the group so that it can 
be analyzed. 

nce 
ted 

Evaluation: Project relevancy and personal apinio
based on the level of implementation 
curriculum appropriateness. 

ns 
and 

Bibliography: Same as Unit 2. 

UNIT 4 

Systems Approach and Problem Solvini" with Algorithmic 
Tuchniques 

Objectives: 	 To introduce to teachers the use of a 
methodology to allow them to define their 
specific problems with a systems 
approach. 

Didactics 
Implementation: 	 Resolution cf practical problems of 

increasing complexity using algorithmic 
techniques and a genc-i+ algorithnic 
language (6 hours). 

Contents: 	 - Introduction, general considerations 
- Basic structures (if.then.else, 

do...until, do...while, case...) 
Exercises 

- Tool kits. 

Suggested 
Practice: Exercises of increasing complexity to be 

solved using the algorithmic language. 

Evaluation: 	 Resolution of some of the proposed 
exercises selected as the most 
representative of each structure taught. 

Bibliography: - Introduction to computer science, an 
algorithmic approach, Jean Paul 
Tremblay. 
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UNIT 5 

Introduction to Computer Systems 

Objectives: 	 To ifitroduce basic computer concepts in 
order to avoid the "black box syndrome." 

Didactics 
Implementation: 	 Theoretical-practical approach supported 

both by audiovisual media and available 
computers (6 hours). 

Contents: 	 - Importance of information. 
Information vs. data. 

- Information cycle. 
- A brief history of data processing. 
- How a computer works. Main feature3, 

finctions, components, and their 
relationships. 

- Concepts of language (micros, minis, 
mainframes, supercomputers). 

- How computers are used (real time, 
batch, distributed processing). 

Suggested 
Activities: 	 Comparative analysis of different types 

of computers and their common uses. 
Technical and economic concepts of their 
applications. Slides, videos and written 
material about different types and brands 
of computers. Guided tours to different 
kinds of computing centers (industrial, 
educational, commercial, financial, 
etc.). 

Evaluation: 	 Certification will be given based on 
exercises on basic computer system 
concepts. 

Bibliography: - The information age, Davis & 
McCormack. 

- Introducion a los computadores en los 
negocios, Elias Awad. 1980. 
Prentice-Hall Inc., 1979. 

- Operating systems, Davis. Addison-
Wesley. 

UNIT 6 

Using Computers 

Objectives: 	 To train the teacher in the basic 
concepts and operational skills needed to 
use the computers available in the school 
computer lab. 
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Didactics 
Implementation: Hands-on approach (10 hours). 

Contents: - Introduction to the specific computers 
available in the school lab. 

- General hardware and software 
features. 

- Basic operations concepts. 
- Basic operating system commands and 

software tools available. 
- Using word processors, spreadsheets, 

databases, graphics, communications 
packages. 

Suggested 
Activities: Exercises creating files, creating 

reports, backing-up files; use of the 
text editor, compiler, and interpreters. 
Use of software packages in educational 
situations. 

Evaluation: 	 Grades will be awarded upon performance 
in these practical sessions. 

Bibliography: - Programmer guides and user guides of 
the specific hardware and software 
available in the school lab. 

UNIT 7 

A Programming Language 

Preliminary 
Information: This course should be taught as 

independent of hardware as possible. For 
the purpose of this teaching guide, we 
have chosen BASIC, which is one of the 
most widely used languages available on 
microcomputers. As this teaching guide 
has been designed 'n a modular way, 
however, this unit could be replaced 
entirely by an equivalent one using 
Pascal, Logo, Prolog, or any other 
language. 

Objectives: 	 To give the minimal programming knowledge 
for the teachers to be able to write 
simple programs and solve problems by 
themselves. To give some programming 
experience so the teacher can develop it 
common ground with computer programmers 
for team work. 
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Didactics 
Implementation: 	 Hands-on approach. Implementation of the 

algorithms developed in Unit 4; problem 
solving with algorithmic techniques 
(10 hours). 

Contents: - Introduction to BASIC, general 
features. 

- Constants and variables, operations 
hierarchy. 

- Assisting values: (IFT). 
- Printing results: (PRINT). 
- Logical conditions and programming 

control: (IF, GO TO, FOR NEXT). 
- Commentaries and program end: (REM, 

RUN, STOP). 
- Entering data: (INPUT, READ, DATA 

RESTORE). 
- Subroutines: (GOSUB, RETURN) 
- Functions. 
- Basic debugging techniques. 
- Arrays processing, associated 

sentences. 
- Functions, intrinsic and user defined. 
- Files, file organization, file 

processing databases. 
Suggested 
Activities: - Solving practical problems of 

increasing complexity. 

Evaluation: 	 Grades will be awarded based on 
performance of some of the exercises 
given as practice. 

Bibliography: - BASIC programming manuals for the 
available computer. 

- BASIC for students with applications, 
M. Trombetta. Addison-Wesley. 

- BASIC, Kemmeny & Kurtz. 

UNIT 8 

Courseware Development 

Objectives: 	 Courseware design, implementation, 
evaluation and refinement using the 
methods and techniques learned before. 
Project experience and team work with 
computer programmers. 
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Didactics 
Implementation: 	 Teachers will be asked to propose several 

curriculum topics as candidates to be 
taught with courseware assistance. The 
relevance of each specific topic and 
various implementation strategies will be 
discussed by the group. Final products 
will be used in trial groups and student 
feedback will be analyzed (20 hours). 

Contents: 	 - Review of Units 2 and 3 
- The computer as a tool 
- Criteria to evaluate courseware 

Topic development 
Documenting 
Pedagogical interest 
Motivation for the students 
Computer implementation 

- Courseware design 
- System concepts 
- Documentation concepts. 

Suggested 
Activities: 	 Project work. 

Evaluation: 	 Final products will be rated taking into 
account 
- relevancy 
- modularity 
- level of implementation 
-	 documentation. 

Bibliography: - Operation and programming manuals of 
the available computer. 

- BASIC for"students with applications, 
M. Trombetta. Addison-Wesley. 

- BASIC, Kemmeny & Kurtz. 
- Design of man-computers dialogues, 

James Martin. 
-	 Sistemas de documentaci~n en 

informatica, J. London. 
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The Use of Microcomputers in the
 
Training of Science Teachers
 

SIMAO PEDRO P. MAW!NHO 

THE STATE OF INFORMATICS IN BRAZIL 

Brazil has been the first developing country to adopt a national 
policy relating to telematics and its effective economic significance 
(Machado, unpublished b). At present it has the most developed 
policy for informatics and telecommunication in the Third World 
(Spero, 1982), thus assuming the leadership of the developing 
world in sophisticated telecommunication facilities. During the 
late 1970s and the 1980s, Brazil launched informatics as a science. 
The somewhat abrupt introduction and the impact of this new 
technology has brought about a permanent concern in various 
sectors of our society for the establishment of clearly defined action 
policies. 

Despite the country's serious economic crisis, the industry of 
informatics has been one of the few segments of Brazil's econ
omy to show signs of real growth in 1984. The growth has been 
fostered by a national policy for informatics, as defined by the Spe
cial Secretary of Informatics. (This post was created in 1979 as 
a complementary organ of the National Security Council.) That 
policy, which aims to significantly reduce the country's techno
logical dependence, has created the necessary conditions for the 
development of research. A portion of the market reserved for 
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FIGURE 10.1 Growth of the Brazilian computer market. 

national industries has made it possible for many national enter
prises to invest in research and development and has fostered a 
rapid evolution of hardware. 

A growing share of the market is being satisfied by national 
industry, as shown in Figures 10.1 and 10.2. Brazilian equipment 
is derived from similar foreign hardware, with or without our 
own technical contribution. One can detect, however, a relative 
predominance of the existing technology, as has been demonstrated 
b.- the growing proportion of nationally produced equipment and 
the relative reduction of imports, as indicated by the total sales 
of enterprises. Of the total now being used in the country, about 
80 percent are micro- and minicomputers produced by Brazilian 
companies. 

Unfortunately, there is a marked difference between the evo
lution of hardware and software. The software market is still 
basically founded on imports, although some steps have already 
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FIGURE 10.2 Lomestic and import shares of the Brazilian computer 
market. 

been taken to remedy the problem. Considering the lack of lo
cally produced software, the situation in relation to educational 
software becomes even more critical. 

The Brazilian Policy on Informatics in Education 

The technological development of informatics in Brazil in the 
past has led the Ministry of Education to design outlines to or
ganize the use of the new technology as an alternative auxiliary 
teaching aid, according to the national policy of informatics. Most 
significant among those outlines are: 

" 	 The training of human resources necessary for the pro
motion, development and proliferation of the principles of 
informatics 

" 	 Research and preparation of the community for the changes 
that will foster the introduction of the new technology 
without harming the cultural values and social habits of 
the country. 

In 1981 and 1982, the Ministry of Education, the Special Sec
retary of Informatics, and the National Council for Scientific and 
Technological Development sponsored two national seminars on in
formatics in education with the objective of debating and looking 
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into the position of Brazil's academic and scientific communities 
on 	'he use of computers as an auxiliary tool in the teaching and 
learning process. In 1983, a Special Committee for Informatics in 
Education was created to take charge of project EDUCOM: T.n
formatics in Elducation. The creation of the committee was based 
on the special secretary's acknowledgment of the relevance of in
formatics technology in education; the Brazilian academic and 
scientific community's recommendations concerning informatics 
in education arising from the two national s-zminars; and the ne
cessity of developing technology in our country for the use of 
microcomputers as teaching aids, controlled by the values of our 
own culture. 

n 1983, the Center of Infrmatics (CENIFOR) of the Brazil
ian Foundation Center for Educ.tional TV (FUNTEVE) took 
over the coordination dnd technicai supervision of the execution 
of Project EDUCOM. This project has the general objective of 
encouraging the development of multidisciplinary research in the 
use of informatics in the teaching and learning process through 
these specific steps: 

* 	 Establishing a nucleus for research into and development 
of informatics in education 

* 	 Establishing pilot centers in institutions with recognized 
qualifications in science and technology in the areas of 
informatics and education 

" 	 Training the pe,'sonnel needed to develop and implement 
the EDUCOM program in view of the requirements of the 
sector of educational informatics 

• 	Following up and evaluating the experience gained in the 
pilot centers created by the program 

" Disseminating results produced in those pilot centers. 

Project EDUCOM is being developed, at present, in five Brazilian 
universities, four of which are supported by the federal govern
ment, and one by the state government. 

Microcomputers and Br -zilian Schools 

The use of microcomputers has already begun in Brazilian 
schools; therefore, it is not necessary to discuss the relevance of 
the use of microcomputers as a teaching aid in Brazilian schools 
(Marinho, n.d.). According to Machado (unpublished a), an initial 
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question is, "What is it that makes a country such as Brazil, 
undergoing a process of development and deeply concerned with 
more urgent educational problems, get interested in education 
through inforniatlics?' As Jaber (1981) points out, "Lhere is a 
conscious and responsible will to insert Brazil in the context of 
the developed countri£s now using the computer as a teaching
learning process aid." However, discussions prior to introduction 
were intense. 

Within Lhe classification of innovations proposed by Robert
son (1967), the computer falls into the category of those qualified 
to bring about the deepest changes in the social system. Such a 
classification is likely to provoke heated discussions and wide crit
icism. On the one hand, some consider the adoption of computers 
as a strategy for the reduction of the distance between our country 
and the developed one3. Others emphasize its role as a learning 
aid, mainly in remedial programs. There are those who believe in 
the machine as a means of liberating the teacher for the execution 
of nobler tasks in the art of teaching. On the otheir hand, some 
think that the importance of the computer in education has been 
overestimated not orly by those in its favor, but also by those 
against it. There are others who, although recognizing its positive 
aspects in the educational process, do not consider the introduc
tion of the computer as a priority in Brazil at present. We would 
like to analyze such criticisms a little further on. 

Education in Brazil has become an object of concern partic
ularly in the last twenty years. A progressive deterioration in 
quality has been detected, with harmful consequences. The great 
majority of Brazilian schools, mainly those supported by the gov
ernment, are not provided with adequate equipment. They lack 
the most elementary didactic resources, including laboratories and 
libraries. In addition, the teachers are poorly paid, contributing 
to a low standard of teaching. This sad reality is the main ar
gument of those who press for a solution for problems of higher 
priority before consider.;ng the use of computers in school. Such a 
position, insofar as it is a stance taken by educators, is likely to 
be criticized. As Chaves (n.d.) points out, it is understandable al
though lamentable that bureaucrats and politicians should restrict 
resources for education. Howtver, it is difficult to undersand why 
educators should limit their demands in favor of education. 

The school has the duty of preparing students through learn
ing correlated to life, in what was promised to be an exciting 
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intellectual adventure (Hesburgh, 1979) that will characterize the 
end of this century. Our schools, in enabling future citizens to 
face technological changes (Gomes, 1976), will have to specifi
cally prepare those who will work with computers. According to 
Servan-Schreiber (1976), people who lead an active life need con
stantly updated educational programs to keep pace with change. 
Microinformatics is another aspect of this permanent updating 
of Lhe school system (Marinho, n.d.), and its introduction into 
schools must be part of the educators' demands. 

In Brazii, microcomputers are being used only in some private 
high schools attended by students from the highest social levels. 
The more poorly-funded state schools lack the necessary conditions 
for introducing any kind of education based on the computer. 
Therefore, the introduction of' the microcomputer runs the risk 
of increasing the existing social inequality. If it is not introduced 
in state scnools, the higher social strata will benefit more than 
the less advantaged population. The Brazilian schools' current 
needs justify introducing computers in public education, unless 
we accept the risk of creating problems for future generations 
(Marinho, 1985). 

TEACHER TRAINING FOR SCHOOLS 

IN A NEW AGE 

The use of the microcomputer in Brazilian schools is very 
recent, and there is a shortage of qualified teachers, which is a 
social as well as a technological problem (Seminario, 1982). In 
a world where change has become routine, the university must 
not be limited by today's reality; it must project into the future 
(Souza, 1979). Ilowever, with regard to informatics. the Brazilian 
university has not anticipated the new reality. The compaLter 
has not been introduced in teacher training courses, despite its 
introduction in high schools. 

The introduction of microcomputers must follow serious dis
cussion of when, where, and how it should be done. For the 
machine to be adequately introduced, it is clear that the teacher 
must be qualified, so as to avoid limiting its use only to basic 
language training. Thus, the introduction of new material into 
teacher training programs at schools with computers becomes ab
solutely essential. We believe (Marinho, 1985) that such prepara
tion should include emergency training of those already teaching 
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along with a basic and continuing use of the microcomputer in 
future teacher training. Computer training for teachers is funda
mental because teachers will be responsible for the development 
of educational software and the software will delimit the action of 
the microcomputer. 

Those who now prepare software tend, on the one hand, to 
be computer experts, or on the other, to know specific high school 
course content, and consequently their interests sometimes con
flict. The solution will be in training those who can control both 
content and computing techniques. Adequately trained teachers 
will be able to innovate and discover potentials of the machine as 
yet unexplored. Therefore, it is vital to act, in the preparation of 
these new human resources, by: 

* 	 Promoting a wide discussion of all aspects of the imple
mentation of microcomputers in schools, including their 
social, psychological, educational, and other implications; 

" 	 Accentuating and exemplifying the auxiliary role of the mi
crocomputer in the teaching and learning process, showing 
that the machine is not an end in itself; 

* 	 Encouraging critical analysis of the use of microcomputers 
in education, of varied programs, of software adjustment 
and compatibility, and of cost-effectiveness; 

" 	 Training teachers in programming languages, a skill fun
damental to the development of educational software; 

" 	 Introducing a degree of knowledge about hardware, thereby 
imparting a limited critical basis for the choice of the best 
equipment for specific educational purposes; 

" 	 Using the microcomputer more frequently and consistently 
in training teachers; and 

" Using educational software (including imported software) 
critically, and analyzing its applicability and efficiency. 

The necessity for wide-ranging training of teachers and school 
administrators has been emphasized (Machado, unpublished a; 
Marinho, 1985; Sabbatini, 1983) as a fundamental strategy in any 
project introducing informatics in education. To overcome teach
ers' unfounded but existing fear of being replaced by machines, the 
innovation project must be planned in such a way as to offer them 
opportunity for improvement and progress in their careers (Car
valho, 1985). Machado (unpublished a) reminds us that teachers 
will be replaced by machines if, not admitting the importance of 
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modern technology, they insist on playing a traditional role in the 
face of irreversible social changes. 

Recent research conducted in Belo Horizonte among high 
school teachers offers a panorama of perceptions of the introduc
tion of microcomputers in schools (Aroera and Barbosa, 1985). 
(See Table 10.1.) Some points are particularly noteworthy. Of 
those interviewed, 73.3 percent agree on the priority of peda
gogical questions such as evasion, repetition of grades, and low 
teaching standards with respect to the introduction of microcom
puters (which are not considered as solutions to those problems). 
At the same time, 62.8 percent believe that the microcomputer 
will be an extra motivation for the student in the learning process. 
The question of using microcomputers in state schools in Brazil 
gives rise to the so-called syndrome of the school lunch. The term 
describes those who believe that, given very limited resources for 
education, priority must go to problems such as school lunches 
for needy students, school infrastructure, school laboratories, or 
better salaries for teachers. Among teachers, 62.4 percent find 
the introduction of computers totally irrelevant in state schools, 
since they are deprived of the most basic teaching necessities. 
Only 24.2 percent believe that computer use is fundamental in the 
training of our youth for the society of the future. 

Teachers will play a decisive role in solving the question of poor 
educational programs, since the solution depends on the arrival of 
new teachers educated in a computing environment. They must 
be aware of their role during the planning of the introduction 
of computers in schools, in order to justify the high investment 
involved. The investment will not be merely in equipment, but 
also in professionals, to assure its positive impact as well as its 
return on the investment. However, as universities start using 
computers in teacher training, the result of the investment in 
computers will be more certain. 

SCIENCE TEACHING IN BRAZIL 

The main problems in science teaching in Brazil are not recent 
and exist despite some efforts (organized or not) to introduce 
modern science teaching through laboratory classes that allow a 
direct contact between the learner and his area of study. Among 
others, the following problems could be pointed out: 
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TABLE 10.1 Selected Opinions of Brazilian Iligh School Teachers Concerning tie Introduction of
 
Microcornpoteri in Education
 

Percentage Responding 

Statement 	 A 11 C D E 

The quality of teaching can be greatly unproved by the introduction 
of microcomputers in the classroom. 3.2 121 30.0 38.0 166 

The introduction of microcomputers in public schools is absurd since 
many do not have even the Most basic needs 7 7 19 M 10.1 32.4 300 

In spite of the lack of resources the microcomputer must be used 
in public schools. 18.2 36.0 21.5 20.2 4.0 

Before considering the introduction of microcomputers in schools, we 
should address some serious issues such as evasion, repetition, and the 
low quality of teaching. 20 19.4 53 328 405 

If continually used, the microcomputer will unakeour children inhuman 
like robots. II 7 28.3 27.9 25.1 6.0 

The introduction of nicrocouliputers in the classroomuwill inotivate tile 
student in the process of learning 28 8.1 26.3 47.0 15.8 

The useof microcomputers in education will accelerate the development
cf children's intelligence and reasoning 4 9 16.6 34 0 320 12.6 

The use of microcomputer. in education is fundamental to the preparation
of our youth for a computerized society, 2 8 10.9 16.2 46 2 23.9 

Key: A: Totally disagree, B: Misagree, C: Don't know, D: Agree, E Totally agree 

" 	 The bookish character of science teaching 
" 	 The teacher's lack of preparation for the full use of aids 

that might make the teaching activity in that area more 
practical 

* 	 The inadequacy or total lack of laboratories 
" 	 The uncritical repetition of practical activities (when they 

occur at all) fcllowing classical expcriments, in a routine 
where everything is prepared to work, and eventual failures 
are never explored; there is rarely a moment of reflection 
by the students 

" The teacher's lack of creativity as a result of inadequf*a. 
training 

* 	 The progressive reduction of the number of science classes 
in favor of other disciplines. 

Current science teaching in Brazil demonstrates once more 
the distance between educational theozy and practice. Emphasis 
is, in theory, given to the experience of the scientific method, 
practical classes, and discoveries, but the teaching is, in fact, 
based on books that do not stimulate the student or encourage his 
creativity. The school purports to be a socially engaged institution, 
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but the relevance of science for the solution of social problems 
is 	 never demonstrated through science teaching. The students 
lack the necessary preparation for understanding the impact of 
technological products on the quality of life itself, and scientific 
knowledge seems to have no direct application in everyday life. 
It 	must be remembered, as Atkinson (1984) points out, that the 
value of teaching science consists not merely in its immediate 
practical results, but in the fact that it is a means of obtaining a 
higher quality of life. Science teaching must meet the demands of 
a changing society. 

In 1983, the federal government created PADCT, a program 
to support scientific and technological development as an instru
ment to carry out a national policy of science and technology. 
Education for Science is one of the subprograms of PADCT devel
oped by CAPES/MEC. This subprogram aims at stimulating the 
implementation of new strategies and consolidating current effec
tive initiatives so as to improve science and mathematics teaching 
through the development of a project with the following objectives: 

" 	 Identifying, training, and supporting leadership at all 
school levels to ensure that the strategies and activities 
directed toward improving science teaching be effective in 
the short and medium term while ensur-ing the continuity, 
diffusion, and multipiication of successful efforts; 

" 	 Improving science and mathematics teaching, particularly 
in 	elementary schools; 

• 	 Improving the training of science and mathematics teach
ers; and 

* 	 Promoting the search for local solutions to improve science 
and mathematics teaching; slimulating the adaptation of 
these disciplines to local conditions and to the level of 
learners; and effective local coordination of personal and 
institutional initiatives that contribute to the improvement 
of teaching science and mathematics. 

This project must reach its objectives through activities in four 
areas: (1) research in science teaching leading to the development 
of curricula and the implementation of pilot programs; (2) train
ing of science and mathematics teachers, both before certification 
and in-service; (3) extracurricular and out-of-school activities for 
students; and (4) dissemination of information about science to 
the community. 
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Microcomputers' Role in Improving Science Teaching 

As we think about the school in post-industrial civilization and 
look for means to improve science teaching, we cannot overlook 
an important aid: microcomputers. The application of a micro
computer in simulating and constructing models and in creating 
student-machine interaction to deal with real problems is one of 
the first uses of this educational aid. Its power to make available 
to the student the experience of different phenomena re-nders it 
absolutely essential in teaching the relationship of observation, 
theory, and experiment. 

Another important role of the computer is in the development 
of creativity (Klein, 1983) and in teazhing problem solving. It 
has been difficult for schools to teach methods of solving problems 
(Chaves, 1983). The programming of a microcomputer makes it 
possible for students to develop their problem-solving capacities, 
a fundamental activity in the formation of a scientific mind. After 
all, scientific activity consists precisely of continuous creativity and 
the solution of problems. Formulating questions, presenting and 
testing solutions, and breaking complex problems into simpler ones 
are common scientific activities, and they are also fundamental 
stages of structuring computer programs. 

In all these ways, we believe microcomputers will contribute 
to the experience of scientific methodology. By requiring that 
students exercise objectivity. the capacity to make decisions, and 
creativity in solving prcLierrs, the microcomputer help,-, them in 
the design of their personal aIud professional lives, even though they 
may eventually choose a career in fields other than the scientific 
and technological ones (Berardilelli and Ribeiro, 1982). 

For those reasons and others that will emerge as it is effectively 
integrated in the teaching and learning process, the microcomputer 
must be widely used in the necessary reform of science teaching 
in Brazil. As Castro (1982) ha3 said, either we improve science 
teaching in Brazil now, or we shall definitely miss "the development 
train." 

Training Science Teachers at the Pontificia Universidade
 
Catolica de Minas Gerais
 

Undergraduate education in Brazil consists of three levels: 
the first, compulsory from 7 to 14 years of age, is made up of 
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eight grades in elementary and junior high school. The second 
has three grades (senior high school). The third corresponds to 
the undergraduate level of the university. Sciencu teaching has 
different connotations for each level. In the first four years of 
the first level (elementary school), science teaching is integrated
into other areas (Portuguese language, mathematics, geography, 
history). From the fifth to the eighth grade (junior high school),
science is taught separately from other disciplines, although biol
ogy, physics and chemistry are combined in one course. Each one 
of these sciences is taught separately in the second level (senior 
high school). 

According to the current legislation, the university is in charge
of training science teachers for junior and senior high school. In 
the current structure of undergraduate courses for science teachers, 
training is in two stages: 

" 	 Junior high school teachers are trained in five terms, with 
a minimum of 1,800 hours. 

* 	 Specific training to teach one of the scientific disciplines 
in senior high school, biology, physics, chemistry, or math
ematics, requires three more terms, with minimum ofa 
1,000 additional hours. 

The Pontificia Univer.idade Catolica de Minas Gerais (PUC-
MG) now trains teachers for junior high school, but senior high
school teacher training is offered only in biology. The curriculum 
includes 2,285 hours for junior high school teachers and a further 
1,475 hours for senior high school teachers. It has played a pioneer
role in offering, alongside the tr%,litonal disciplines and education 
courses, other training includi,ig: (1) anatomical and histological 
techniques and taxidermy enabling the teacher to prepare mate
rial for practical classes and (2) courses in documentation that 
enable the teacher to produce with limited resources Super-8 and 
video cassette teaching films and to organize sets of slides with 
synchronized sound. 

We believe that the microcomputer will help teacher training 
programs to achieve satisfactory professional levels of cornpeten'.e. 
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One Project Introducing Microcomputers 
Into Science Teacher Training 

The Department of Biological Sciences of PUC-MG has devel
oped a project for training science teachers that aims at the im
plementation of a nucleus of courses for science teaching through 
informatics with the general objectives that follow (the outline of 
this project is shown in Figure 10.3). 

" Progressive implementation of the regular use of microcom
puters in our biological sciences licensing, both through 
specific disciplines (logic of programming structure and
programming languages for microcomputers), and as a tool 

in other disciplines of the undergraduate program; 
" Developing, adapting, and evaluating educational software 

applied to science teaching; and 
* Developing in-service science teacher training programs. 

In Brazil, many different microcomputers are being bought 
and used in schools. A further aim of thisproject is to satisfy 
the considerable demand for compatibility of software, so that 
the programs written for one machine may be used with another. 
The features of various microcomputers are sufficiently different 
to inhibit this compatability, and some aspects, such as graphic 
resolution and color, are seiious barriers to complete adaptation 
and compatibility. In our project, we will use several types of mi
crocomputers, all made in Brazil, allowing the adaptation of some 
software to different machines. We expect that in three years we 
will have the nucleus of a science training program using educa
tional software developed and adapted by our multidisciplinary 
staff. We recognize that microcomputers will rapidly change edu
cation in Brazil, as in other nations. Teachers and computer Dro

fessionals must work closely to ensure that these coming changes 
are for the better. 
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FIGURE 10.3 Conditions for the use of microcomputers in junior and 
senior high schools. 
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A Support System for Instruction
 
JAVIER ANGELES ANGELES AND SALVADOR ORTIZ GARCIA 

INTRODUCTION 

The use of computation systems in education has been limited 
in our environment for several reasons, including: 

" 	 The high cost, until a short time ago, of the hardware 
* 	 The communications gap between the teachers (potential 

users of the systems) and the systems personnel (program
mers, analysts, etc.) 

" 	 The lack of software programming for education in general 
(more than 97 percent of programming support provided 
in Mexico is geared to the areas of administration and 
management). 

Even in the developed countries, where many programs geared 
to education are produced, the results obtained in their application 
are often poor. For this reason, teachers, who are in the classroom 
with the students and the machines, need to be responsible for the 
preparation of their own instructional systems. 

This paper describes the Package Support System for Instruc
tion (PSI) in its Apple II version. PSI is a tool that enables 
the teacher inteiested in using computers to prepare instructional 
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software, without being restricted by a lack of knowledge of pro
gramming techniques or computer systems management. 

PSI is a package that permits the automatic generation of 
instructional programsJ on an Apple II microcomputer. It was de
veloped initially by Project ALFA at the School of Sciences and 
Humanities, Universidad Nacional Autonoma de Mexico between 
1981 and 1983 and was used intensively in the preparation of 
instructional programs at the intermediate and middle advanced 
levels. The version described here is the one expanded and updated 
in October 1984 by Educational Systems Research and Develop
ment. Periodic enhancements are made to the system based on 
the results of research by its various users, and other versions are 
expected in the future. 

CONCEPTUAL DESCRIPTION OF PSI 

The material to be taught is divided into small interactive 
teaching units called cuadros. These are designed to lead the 
student to the acquisition of a new ccncept, be it the structuring of 
an algorithm, the comprehension of a definition, or the formulation 
of a new rule. 

PSI has sufficient versatility to be used in the preparation of 
linear or branched programs, simulation, or the heuristic man
agemen, of data. It is a powerful system for the verification of 
responses and handles anything from the "yes/no" Boolean re
spolre, to the evaluation of a complex sequence of concatenated 
responses or image patterns. 

The system includes the following instructional resources: 

" Immediate verification of the responses provided by the 
student with generation of feedback messages 

" Verification, if necessa:y, not only of the content of the 
response but also of the correct distribution thereof 

* Variable speed in the presentation of the material
 
" Variable pauses
 
* Animation and movement. 

Although the package is designed to be used under the computer
based instruction (CBI) mode and all the programs generated with 
it to date have followed this mode, it also can be used successfully 
in the generation of programs that follow the computer-aided in
struction (CAI) or "drill-and-practice" mode. 
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OPERATIONAL DESCRIPTION OF PSI 

The system constitutes what in computational terms is known 
as a "metalanguage for specific use," that is, a set of routines that, 
using procedures of artificial intelligence and commands given by 
any person, automatically generates a program for some particular 
application. 

The package is made up of t1hree parts: 

" 	 The image editor that permits the design of tables on the 
screen
 

" 	 The processor that compiles the image, the sequence, and 
the effects in the desired order; and that, generates the 
routines for evaluation of the responses of the student 

" 	 The applicator that is actually the interpreter of the goal 
language of the program generated at run time. 

The programs generated with PSI are interpreted by a vir
tual machine, making them transpcrtable to other computation 
systems, even though they were originally designed on and for an 
Apple II. 
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Educational Software Development
 
Strategies for Developing Countries
 

ROBERT F. TINKER 

Educational tool software offets the possibility of good ped
agogy at low cost. Well-designed software tools can be used by 
students at many educational levels and often involve little text. 
As a consequence, a small collection of such tools could be the 
only software requirement needed to supplement school instruc
tion. The adoption of a national strategy based on educational 
tool software would simplify teacher training, reduce dependence 
on imported hardware, and reduce the cost of domestic software 
development. 

Several examples of educational tocl software are illustrated 
in this paper, including two types of less well-known tools with 
broad applicability in math and science. 

PROBLEMS WITH EDUCATIONAL SOFTWARE 

Many styles of software can be used with microcomputers 
in an educational setting. Tutorials, computer-aided instruction, 
and drill and practice are styles that have been widely used and 
shown to have educational value in certain settings. Program
ming languages, especially Logo and BASIC, are popular because 
of the problem-solving skills that students acquire through their 
use. Simulations are widely used to allow students to experience 
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situations that are impossible, expensive, or dangerous to explore 
in reality. 

Schools that are attempting to use microcomputers in a broad
er way than in the teaching of programming and that are trying to 
incorporate a full range of educational software styles throughout
their instructional program are faccd with a deluge of software. 
A 1983 survey of software (Tinker, 1984c) found over 3,000 titles 
of commercial math and science software, representing approxi
mately one-third of the available commercial educational software. 
Extrapolating from this base, it is likely that there are currently 
over 20,000 commercial educational programs in all fields in addi
tion to a large number of public domain programs. 

Many of the educational programs are of no serious educa
tional value, and others address a very narrow audience. Any pro
gram that uses extensive text, typical of tutorials end computer
aided instruction, is appropriate only certain reading skillto a 

level. Text-intensive and drill-and-practice software packages 
usu
ally make numerous assumptions about students' prior knowledge,
culture, and vocabulary, as well as the topics in the curriculum 
and their sequence. Simulations are often very specific and can 
be applied at only one point in If a school wishes toone course. 
use narrowly focused software (such as most tutorials, computer
aided instruction, drill-and-practice, and simulations software), a 
large number of individual programs rnast be reviewed, acquired,
and managed to make ona significant ;.mpact instruction. This 
is a costly undertaking, beyond. the resources of most schools, 
particularly those in the developing countries. 

CHARACTERISTICS OF SOFTWARE TOOLS 
One class of software avoids these problems: general-purpose

software tools such as word processors, graphing utilities, spread
sheets, databases, computational aids, microcomputer-based in
strumentation, and modeling packages. The characteristics of ed
ucational tool software are as follows: 

It is user-controlled. A software tool, like a wrench, is 
something one uses for many purposes to extend human 
capabilities. There iq no curriculum built into tool soft
ware, and there is no right or wrong use of the tool. The 
tool may include a tutorial on its use, but not on its role 
in the curriculum. 
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* 	 It is multipurpose. A well-designed tool has many uses, in
cluding ones that the designer could not foresee. A screw
driver can be used with screws, or it can be used to open a 
can of oil or dig a hole in the ground. A good tool can be 
used by students at many different educational levels. 

" 	 It does not depend on language ability. Most software tools 
include little or no text. They usually use menus to select 
options. Icons that represent concepts pictorially using no 
words at all are increasingly being used in software tools. 

The three characteristics of software teols listed above are 
important educationally. Pure tools put thestudent in control, 
avoid the problems of software judgment of student knowledge, 
and minimize cultural bias. The issue of control i: important, 
because tools empower students, making them active participants 
in their education, while some other styles of software allow the 
computer to control the student. The relative absenLe of text 
makes software tools accessible to all students, even those with 
language deficiencies and mild learning disabilities. 

Software Tools in Developing Countries 

The characteristics of software tools make them particularly 
important in the context of developing countries. Because they can 
be used in many contexts, a relatively small number of tools will 
satisfy the needs of many students in many courses. Because only a 
few tools are needed, teacher training requirements are simplified, 
and implementation on more than one computer is conceivable. 
Their limited use of text makes tool software easy to translate or 
to use without translation. 

Good software tools are complex to develop, to use in the class
room, and to teach to tcachers. They tend to be large programs, 
best developed by teams of professional educational programmers. 
Their use in the classroom tends to be supplementary, requiring 
the presence of a teacher and appropriate text material. Their best 
use is creative, requiring imaginative teaching and an open, risk
taking educational environment. They are not "teacher-proof" 
and thus, require teachers to be trained in their use. Offsetting 
these problems are the educational -Avantages of tool software 
and the practical matter that only a small collection of tools is 
required. 
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A national or regional program to produce, implement, and 
support educational tool software in developing countries would 
have many advantages. The small number of programs required 
would make this approach economical compared to the effort re
quired to develop equivalents of even a fraction of the end-use 
programs available in th , United States. 

The small number of programs required also help to limit the 
problems caused by using different types of hardware. Should a de
veloping country decide to develop its own educational computer, 
it wouli be a relatively simple matter to translate the support 
tools to the new hardware. As new commercial hardware becomes 
available and less expensive, mary of the tools, especially those 
useful outside the schools (such as word processors and spread
sheets), will be developed by microcomputer manufacturers or 
third parties. If they are using only a few programs, schools will 
not be locked into one computer but will be able take advantage 
of inevitable improvements in computer technology. 

While educational tool software places more responsibilities on 
teachers than do either drill-and-practice, tutorials, or computer
aided instruction, a national policy to support this style of software 
would result in teacher training economies because of the small 
number of programs and Decause obsolescence is unlikely. The 
alternative, introducing teachers to even a significant fraction of 
the commercially available software, is a hopeless task. Thus, each 
teacher must learn on the job about the software used where he 
or she teaches or else must acquire the software he or she learned. 
Transferring between grades or schools requires learning about a 
new set of software, and often the soft ,are available changes as 
hardware changes and software vendors change. 

If a small set of educational tool software was supported na
tionally, these problems would be minimized. Pre-service courses 
wo-ild train teacheis to use the software in schools, the software 
would be similar at different grades and schools throughout the 
country, and, while the software may change over time, the same 
functions would be available and supported nationally even as the 
hardware changes. 
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EXAMPLES OF EDUCATIONAL TOOL SOFTWARE 

The remainder of this paper will explore some examples of 
educational tool software to illustrate the importance of its char
acteristics in education, especially in developing countries. Some 
of these tools are well known and have been used in the schools 
for some time. 

Programming Languages 

Programming languages represent the ultimate software tool, 
able to cause the computer to perform any task within its hard
ware capability. Languages designed for students, especially Logo, 
Smalltalk, and Bozer, make the computer's capacities particularly 
accessible to students. While there has been considerable inter
est in teaching programming languages to students, programming 
has become an end in itself and is seldom used as a tool to sup
port instructional goals in other courses except in post-secondary 
technical courses. 

Using programming as a tool in support of instruction is dif
ficult unless the teacher and students in a rl-.ss are fluent enough 
in a programming language to apply it successfully to other prob
lems. Without fluency, the programming language gets in the way 
of learning instead of facilitating it. It seems unfair to a chemistry 
instructor, for example, to make extensive use of programming if 
this would penalize a promising chemistry student simply because 
he or she has a weak background in or aptitude for programming. 

A large-scale effort to teach all students and faculty reasonable 
levels of programming is required before the use of programming 
in instruction is feasible. Then an additional effort is required to 
integrate suitable activities based on programming into the cur
riculum. Such efforts are probably most appropriate in programs 
for the gifted or schools specializing in technical subjects. 

Spreadsheets 

Spreadsheet software, such as VisiCalc and Multiplan, has 
proven to be the most popular type of computational software for 
business applications. Spreadsheets are a form of tool software 
often overlooked in education. In addition to being used for plan
ning and budgeting, spreadsheets can be used for many types of 
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calculationz in math, science, and other quantitative fields. In 
fact, almost any programming problem can be cast into a spread
sheet form, and often spreadsheets seem to make i easier for many 
students to visualize a problem. Programs require a type of linear 
thinking that only a fraction of students find natural; spreadsheets 
seem to be easier for many students to set up. Spreadsheets are 
defined by relationships between cells and permit a less linear ap
proach based on relationships that may be more natural for t , 
majority of students (Haynes, 1983). As a result, spreadsheets can 
be successfully used in many educational settings. 

Spreadsheets have been applied (Tinker, 1984 a,b) to rule 
guessing the hinorni,! -,ri's. f;ci.7, se7 :, cr;iva functions, 
difference equations, simultaneous equations, and two-dimensional 
fields. Many of the more recent integrated business packages com
bine spreadsheets with graphing packages. This adds a powerful 
capacity for visualization onto spreadsheets and makes them even 
more valuable for education. 

Graphing Utilities 

The ability of modern microcomputers to generate graphs, 
bar charts, and histograms has been used in many educational 
tool software programs. "Exploring Tables and Graphs," devel
oped by The Technical Education Research Centers, Inc. (TERC) 
and published by Xerox Educational Publications, is one such pro
gram. This package is of particular interest to developing country 
educators because many parts of this software use iconic menus, as 
illustrated in Figure 12.1. Because of the icons, non-English read
ing students might be able to learn to use the software without 
modification. 

One of the best features of the software is its speed. All the 
code is resident in the computer, avoiding the slow chaining from 
disk that larger and more sophisticated programs must use. This 
makes it easy for a student to modify a table and see the result 
of the modification in a graph immediately. This quick feedback 
is quite important because it allows students to learn the relation 
between numbers and graphs through exploration. 

Many graphing packages have been used successfully to en
hance mathematics instruction, including Arbplot (Conduit), Cac
tusplot (Cactus Software), Green Globs (Conduit), and Guess My 
Rule (HRM Software). These packages can be used to supplement 
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FIGURE 12.1 A screen from "Exploring Tables and Graphs" showing a 
bar chart output and iconic menu giving the user options for alternative 
display formats. (The Technical Education Research Centers, Inc., Xerox 
Educational Publications.) 

the curriculum from the time students are introduced to the idea 
of graphing, thrmugh pre-calculus, calculus, and advanced analy
sis. Some of the same packages can be used in science and social 
science courses to visualize data and relationships. 

Some other tool software has been more recently introduced 
and is aimed more specifically at education. 

Microcomputer-Based Laboratories (MBL) 

The educational use of personal computers in the laboratory 
to gather, analyze, display, and store data, is a class of edi-catiuiial 
tool software that has only recently begun to gain recognition. We 
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have named this type of application microcomputer-based labs, or 
MBL. Four relatively new instructional units developed at TERC 
illustrate the educational potential of the MBL tool approach: The 
Bank Street Laboratory (CBS/Holt, Rinehart & Winston), Ex
ploring Heat (DCH Software), Experiments in Chemistry (HRM 
Software), and the MBL Project Sonic Grapher (unpublished). 

The Bank Street Laboratory 

A TERC-developed package, the Bank Street Laboratory 
enables students to perform a wide variety of experiments in
volving light, temperature, and sound. One of many possible 
measurements-Sound Print-illustrates the sophistication of the 
package.
 

Sound Print captures one .econd of sound and displays the 
compressed waveform and a representation of the strength of fre
quencies present in the waveform. (Figure 12.2 illustrates output 
obtained from a whistled ture.) Sound Print is quite sophisti
cated. The hardware interface samples the microphone every 12 
microseconds, storing 8K points. These points are transformed 
in groups of 256 using a fast Fourier transformer assisted by a 
hardware multiplier. Students have no more of an idea that all 
this is happenin,.- than they know of the inner workings of their 
television or telepnone. All that matters is the relation of input 
to output. Students learn that whistles give single lines that go 
up and down with pitch. They can attempt speech recognition 
visually, and learn to appreciate the sophistication of their own 
auditory system. 

The Bank Street Laboratory can be used over a wide range of 
educational levels. Supporting print material is now available for 
grades four to six and seven to ten. 

Exploring Heat 

Exploring heat is an MBL unit developed with special atten
tion to the needs of mildly learning disabled (LD) students in 
the higher grades of elementary school. The adaptation of tem
perature measurement and graphing software to tha needs of LD 
students involved careful attention to screen layout, uqer interface, 
and other features of the student-computer interaction. The re
sulting software has as great a capacity for data acquisition and 
scientific investigations as earlier software not designed for LD 
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F I U RE 12.2 A screen Hllustrating sound waveform analysis. The upper 
trace is a compressed one-second waveform captured during a short whistled 
tune. The lower trace is a sound print showing frequency over the same 
time. The vertical frequency scale is linear from 0 to 4 kliz. (The Bank 

Street Laboratory; C13S/Hlolt, Rinehart k Winston.) 

students. The same features that make it usable by L) students 
make it easily used by all students and, therefore, an ideal tool for 
classrooms in which some of the students have learning disabilities. 

The material was carefully tested in public school classes with 
a mixture of LI) and other students, all of whom fell within the 
normal distribution range for intelligence. There was no signifi
cant difference between the performance of LD ,and other students 
on the material. It seems that the M3L package was able to by
pass the communication difficulties experienced by LD students. 
For the LD students, understanding the material was important 
psychologically, giving them a rare, positive learning experience 
from which they could gain confidence. 
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Experiments in Chemistry 

Experiments in chemistry are designed for advanced high
school and general college chemistry courses. An integrated pro
gram provides the ability to record, graph, and analyze pH,EMF, 
and temperature data. Compared to other MBL packages, its 
data display and analysis functions are unusually strong. Fig
ure 12.3 illustrates this capacity with pH data from a titration. 
By expanding the graph around one equivalence point, and then 
differentiating twice, Figure 12.3b is obtained, from which the 
equivalence point can be easily read. The package also provides 
two independent screens and allows data to be fitted over selected 
parts of the range to best fit straight lines. 

The Sonic Grapher 

The Sonic Grapher is )ne in a series of 18 MBL units currently
under development at TERC with funding from the National Sci
ence Foundation. An ultrasonic transducer, adapted from a cam
era's automatic focusing electronics, is interfaced to the computer 
to provide real-time graphs of position, velocity, and acceleration 
against time, as is sh-own in Figure 12.4. Very brief exposure to 
experiments that utilize this capability seems to permit students 
to understand kinematics concepts that have traditionally been 
difficult to teach SYibstantially similar MBL packages have been 
used successfully with both sixth graders and introductory college 
students (Thornton, 1985). 

12 
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FIGURE 12.4 Graphs of the position and velocity of a pendulum obtained 
from a prototype version of the Sonic Grapher. (TERC; NSF.) 

In summary, MBL tools offer a powerful new approach to 
science education that can improve student's learning, expand the 
science topics covered, and be used across many grade levels. 

Modeling Software 

Software can be used for exploring models of the real world 
in many ways. The best use of models involves educational tool 
software that allows students to create models rather than simply 
explore a simulation, that is, a canned model that someone else 
has created. The ability to create a model is central to the goals of 
science education. Creating a model isa form of theory building, 
and testing the accuracy of a model -sa part of the essence of 
science. 

Dynamic model-building software can allow students who do 
not understand calculus to gain insight into dynamic systems; 
it gives these students thc ability to solve interesting, complex 
problems, even if the problems do not admit to a closed analytical 
solution. The software has the potential to eventually force the 
reorganization of the mathematics and science curriculum. Science 
teachers will want to use modeling software to allow students to 
explore and solve otherwise intractable problems because these 
problems are interesting and realistic. This will permit the earlier 
introduction of theoretical tre.atments of science content that must 
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now be delayed until students have learned calculus. One of the 
chief motivations for including calculus in math is to give students 
the tools to solve some of these complex problems. With modeling
software tools providing a better alternative method of solution, 
there will be a powerful pressure to cover numerical methods 
earlier iii the mathematics curriculum and delay the formal study 
of calculLs. 

Nancy Roberts has pioneered the use of dynamic models 
at the pre-college level. She has developed curriculum material 
(Roberts, 1983) and participated in the development of micro-
Dynamo (Addison-Wesley), a microcomputer version of Dynamo 
(Richardson, 1981). Dynamo is a mainframe systems modeling
language widely used in academic applications. Professor Roberts 
has successfully taught students in grades nine through twelve 
to create sophisticated models and to solve them using microDy
namo. Although dynamic systems are based on calculus, these 
students required no more than the usual mathematics taught in 
a first course in algebra. 

The interactive graphics, sophisticated user interface, speed,
and computational power of more recent software and computers
offer exciting possibilities for better software for solving dynamic 
systems that could make dynamic modeling much more widely 
applicable in education. 

Dynamic models can be specified graphically, using icons that 
have been developed to represent elements of systems. The iconic 
representation is used as a way of thinking about systems that is 
accessible to students with a modest command of mathematics. 
The critical calculu 3 ideas of rate and change are incorporated into 
icons representing reservoirs and values. 

This kind of icor, c representation is usually translated into 
another representation for computer solution. The exciting possi
bility presented by modern personal computers is that this iconic 
representation can be the only input required; the software can 
compute the system performance directly from the iconic diagram. 
Stella (High Performance Systems) is an example of a system 
solver that works directly from icons. Figure 12.5 illustrates an 
iconic model specification together with its solution dumped from 
a Stella screen. 

The model can be created and changed graphically using the 
mouse. For instance, a few changes in the model to link high 
population with a decreased birth rate are easily incorporated 
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FIGURE 12.5 An iconic specification and graph of a system (population) 
that has simple unrestrained growth. A constant birth rate of 0.1 per 
unit time and death rate of 0.5 per unit time was assumed. (Stella; High 
Performance Systems.) 

and result in the model shown iconically with its solution in Fig
ure 12.6. Not all the details of the model are evident in the picture. 
Details of the assumed relation between population and birth rate 
are "inside" the birth rate circle. The user can access them by 
clicking the mouse on the corresponding icon. 

While Stella is now a unique program available only on the 
Macintosh, it is the harbinger of a new class of modeling software 
that is easy to use, iconic, fast, and highly interactive. By combin
ing iconic representations of complex systems with the interactive 
graphics now possible on personal computers, any student who 
can draw can begin solving systems. With this new technology, 
not only will calculus no longer be a prerequisite, but algebra will 
not be absolutely necessary. 

Mary Budd Rowe (Rowe, personal communication) has shown 
that students in early elementary grades can create plausible mod
els of interacting systems in an iconic representation. This new 
technology could convert these students' models into quantitative 
predictions. Perhaps the ability to interpret graphs will emerge as 
the only traditional mathematical prerequisite to a sophisticated 
understanding of complex systems. Recent results (Barclay, 1985) 
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FIGURE 12.6 Screen dumps shlowinig a more complex model that relates 
birth rate to population and a graph of its solution. (Stella; High Performance 
Systems.) 

ind~zate that MBL software may facilitate graph interpretation 
and comprehension by students as early as the mid-elementary 
level. If this is the case, surprisingly young students will be able 
to undertake independent experimental and theoretical investi
gations given the combination of emerging MBL and modeling 
educational tool software. 

Figure 12.7 gives an indication of ways that MBL and mod
eling tools could be used together. The top graph shows the 
displacement of penidulumn a function of time,a as using data 
recorded by the software. The apparatus consists simply of a 
game paddle with a rod taped to it. The game controller acts as 
both the axis of rotation for the rod and the transducer used to 
record the rod's motion. The lower graph is a dynamic model of 
the pendulum. The terms in the model that control the frequency
and friction have been adjusted to match the data. The squares on 
the lower graph are data points transferred from the upper graph
and indicate how well the model fits the data. It was necessary 
to adjust the model to incorporate a type of friction not usually
considered in introductory courses. 
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FIGURE 12.7 A graph of MBL pendulum data (upper) and the solution 
of a dynamic model of the system. The data have been normalized for easier 
comparison to the model. 

SUMMARY 

Software tools should have a central role in educational appli
cations of microcomputers, especially in developing countries. A 
limited collection of tools could be the core of a country's response 
to the opportunities presented by the new technologies. Some of 
these tools would be well-known educational or business tools like 
Logo and spreadsheets. Others would be more specialized tools, 
such as packages for graphing, microcomputer-based labs, or mod
eling. The use of tcols, though rewarding, is not an easy path; 
a coordinated approach to software development, curriculum ma
.zrials development, hardware acquisition, and teacher training is 
required. 
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A Practical Guide for Developing
 
Educational Software
 

JAIME PRILUSKY 

There is little doubt that the microcomputer can be an in
valuable help in education and training. The fundamental aspects 
to consider while developing software for education or training are 
therefore noteworthy, so we will discuss different aspects of the 
interaction of microcomputers with teachers and with students. 
We will also discuss the selection of an adequate communication 
pathway between the user and the computer, considering at the 
same time the degrees of participation that can be established 
through the program to ensure a maximum response from the 
user. After followiing a flow diagram for one educational program, 
we will analyze in-depth a working software program, pointing out 
the positive and negative aspects we will encounter. 

USES OF THE MICROCOMPUTER IN EDUCATION 

The microcomputer in education is used for teaching computer 
literacy, as a tool for presenting images (like a slide projector), and 
in the principal role of computer-aided instruction (CAI). The 
use of computers for teaching computer literacy, programming 
languages, and structured logic does not need to be discussed; 
the best way to learn how to program a computer is to program 
a computer. The application of the microcomputer as a slide 
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projector is spreading, since powerful software is now available 
for developing attractive slide-like pictures that can be seen on 
a giant screen. All sorts of graphs, line charts, bar charts, pie 
charts, and scatter charts help lecturers express themselves clearly 
and allow tme audience to comprehend the information more fully. 
However, these illustrations can be prepared by other means. The 
computer only becomes uniquely necessary when we consider CAI 
applications. Generally speaking, we car, find three different kinds 
of CAI programs: drill-and-practice. problem-solving, and event 
simulation. 

Drill-and-practice prograrns allow the student to develop an 
instantaneous response to a given task. Basic mathematical oper
ations are performed faster than ever before because the student 
competes against the clock. The repetitive practice develops an 
effective skill that can help the student carry out similiar tasks in 
the future. 

Problem solving has a different attraction. Using software 
based on the "problem-solving" principle, the student needs to 
solve different problems each time, applying general given rules. In 
practice, the student develops the capacity to extend concepts and 
learned strategies to similar but not identical situations, providing 
him with a good preparation for solvrig everyday problems. 

But not all real-life problems caa be solved using mathematics. 
There are situations that can only be solved by taking the optimal 
logical action or performing an accurate series of movements. The 
only way to increase the student's ability to solve these particular 
types of problems is to give them the logical cues or necessary 
manual skills. For example, to learn to operate an automobile 
skillfully we must drive a car again and again. To improve a 
student's ability to fly an airplane, we must allow the student 
to fly as many times as needed. The same applies in learning 
how to operate any industrial machine. Economic restrictions 
on the one hand, and safety considerations on the other, usually 
make learning while operating the machine absolutely impractical. 
Computer simulation allows the acquisition of at least a minimum 
skill-level by opei 1ting a simulated machine. 

To teach scientific principles, we can also apply computer 
simulation. Generally speaking, we can divide scientific events 
into two broad groups: those that are too expensive or danger
ous to be included in a regular classroom, and those that are too 
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fast or too slow to be observed directly. The first group may in
clude almost any standard science laboratory demonstration. For 
instance, many chemical reactions or physiological experiments 
involving test animals can be simulated on a microcomputer. The 
simulated experiment is less expensive and less dangerous, can be 
repeated as necessary, and is more humanitarian because experi
mental subjects need not be killed. Among the experiments too 
fast to be observed we can consider the production of light, the 
changing of the orbit of an electron, and other similar phenomena. 
As examples of experiments too slow to be seen we may include 
the simulation of our solar system, the movement and interaction 
of the galaxies, the reproductive cycle of mammals, and so on. 

STUDENT INTERACTION WITH THE
 
MICROCOMPUTER
 

An educational program requires two important elements: a 
computer on which to execute and a user to receive the message. 
When designing an educational program, we must carefully con
sider which role we want the user to play. As shown in Figure 13.1, 
we can classify the participation of the user into four general cat
egories: null, weak, medium, and strong. 

When the student watches the message passively as though 
watching a television show, we say that the participation is null. 
The computer generates situations aud shows facts at an internal 
rate, independent of the needs of the user. This kind of software 
will satisfy the expectation of some users while being too slow or 
too fast for others. When the user is allowed to control the speed 
at which new concepts are shown on the screen, tae program allows 
weak participation. In this way, each concept reni,,ins on the screen 
long enough to satisfy the particular needs of a particular user. In 
a medium participation mode, the flow of the programs depends on 
the user's answers. This kind of softwar,. not only allows the user 
to think about any concept as long as needed, but also provides 
information related to the requirements of the particular moment. 
It is evident that different users may have previous knowledge of 
the subject thus requiring a special treatment and a different way 
of explaining the same principles. A good educational program 
working in a participatory mode should give each user what is 
needed to relate his or her particular background and facility to 
the new concepts to be learned. 
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FIGURE 13.1 Educational programs classified by user participation. 

When interacting with software able to handle a strong user 
participation, in addition to the advantages ,-,cribed for the pre
vious mode, the user is able to control the simulation of complex 
phenomena. This participation allows the user to generalize about 
a particular phenomenon by studying its development under differ
ent conditions. This way of recreating general rules by observation 
is the best way to learn. At the same time, the solving of real-life 
problems can be accomplished by asking the user to control the 
interacting parameters to simulate the phenomena under study. 
This option combines manual and intellectual skills to create a 
realistic simulation. 

The physical means by which the user interacts with the com
puter can be of a diverse nature. We can develop software able 
to detect keyboard pressure or to receive inputs from a paddle, 
joystick, light pen, touch-sensitive screen, and even spoken com
mands. Not every computer facilty has all these resources nor 
does every software program need them. 

A software program with null participation by the user will 
not require any link to the exterior at all. As described, the user 
watches a show without interacting. A weak participation will 
require at least a simple interaction to signal the computer when 
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FIGURE 13.2 How software presents concepts to the student. 

to continue to the next concept. In a medium participation pro
gram, the user must control the flow by choosing between different 
options or by answering questions at different times. This can 
be accomplished by entering data through the keyboard, point
ing to answers on a multiple-choice test with a light pen, or by 
pressing a touch-sensitive screen. The most rewarding link exists 
for those programs designed for strong participation. Besides the 
keyboard, light pen, or touch-sensitive screen, this software may 
require analogical signaling through paddles or joysticks. Out of 
all the possible links described, voice input would allow the most 
natural communication path from our human point of view. 

HOW MICROCOMPUTER PROGRAMS
 
COMMUNICATE WITH THE USER
 

We can classify a training or educational program into one of 
four categories according to the way in which it presents concepts 
to the student (Figure 13.2). In this classification, we are consider
ing just two dimensions: text/graphic display and static/dynamic 
presentation. 
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FIGURE 13.3 A static text-based program. ("A Review of Modern Biol
ogy," Text-based program by J & S Software.) 

Figure 13.3 shows an example taken from a text-based static 
educational program. During it3 execution, pages of text are 
shown, and the student is confronted with a multiple-choice test. 
It is only the ability to automatically record the performance of 
different students for later evaluation that makes this program 
different from a textbook. 

In Figure 13.4, we find a graphics-based static program. The 
software in this example uses graphics for showing the meaning of 
the legends on a map attractively. Even when static graphics are 
shown one after the other, the better representation of the subject 
under study makes this program a bctter choice than a text-based 
program. 

The next option is to have a dynamic text-based program like 
the one that teaches the replication of DNA (Figure 13.5). The 
screen represented show,, the actual replication of DNA. A long 
DNA molecule is drawn and a ' ' sign representing the DNA 
polymerase enzyme separates both sides of the chain. The student 
observes how the elements of each half of the molecule find the 
appropriate complement from the medium. When the process ends 
we have two DNA molecules, each of them identical to the original 
one. The program is rather simple and short, but the effect on 
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FIGURE 13.5 A dynamic text-based program. ("Replicacion del DNA," a 
dynamic t.xt-based educational program by J.L. Sersic.) 

the students of observing a simulated DNA division makes this 
program a good example of this type of software. 

Figure 13.6 shows dynamic graphics-based software. As in 
motion pictures, different portions of the graphs move depending 
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FIGURE 13.6 A dynamic graphics-based program. ("El impulsa nerviosa," 
a dynamic graphics-based educational program by J.Prilusky.) 

on the student's actions. The membrane potential, for example, 
changes as a stimulus is applied and an action potential gener
ated. As in the previous program, movement keeps the students' 
attention focused on their work. 

A third dimension, sound, can be included. Music and appro
priate sound effects add to educational software, and spoken words 
on those systems with speech synthesizers give training software 
the optimal cue to keep the student alert and learning. 

A FLOW DLGRAM FOR CREATING 
EDUCATIONAL SOFTWARE 

Figure 13.7 shows a sample flow diagram for creating educa
tional software. The first thing an educational program must do is 
orient the student to the general objectives to be covered. Fear of 
the unknown may interfere with concentration, so we must make 
two important things clear: what we will show to the student and 
what we expect the student to do. After an appropriate introduc
tion to the subject to be covered, a repetitive loop begins: explain 
a concept, integrate it with previous knowledge, evaluate the stu
dent's grasp of the concept. If the student did not understand 
the new concept then we must go back to the point where it was 
explained. Otherwise, we go on to explain the next concept if any 
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FIGURE 13.7 A flow diagram for preparing educational software. 

remains. When the list of concepts to be presented has been ex
hausted we return to an overview, that is, a comprehensive review 
of the material to allow the student to integrate it with previous 
knowledge. 

A carefully measured amount of new information should be 
given at each step. We must never present more new information 
than the related familiar information included. Each new idea 
should strike the students but not knock them out! A balanced 
and gradual introduction of new concepts is the key to success. 

A Practical. Example 

The following figures were taken from an educational pro
gram that teaches the law of heredity. It is a dynamic graphics
based software that utilizes a simulation of biological events. The 
program first provides the students with the minimum elements 
needed to establish a valid communication channel. They are in
structed that "the longest key on the keybon.ru is the 'space' key" 
and that every time they want to speed up ,he presentation, that 
key should be pressed. At the same time, students are alerted to 
the location of the numerical keys because at selected times they 

http:keybon.ru
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need to answer questions by pressing the appropriately numbered 
key. The general objectives of the program are then summarized 
and the actual program starts. 

Figures 13.8 and 13.9 show how students are introduced to 
the concept of the gene by establishing a relationship between the 
external aspect of the cow, the internal "epresentation of the gene, 
and the symbolic nomenclature used to describe the genotype. 
Next, Figure 13.10 integrates concepts while showing the possibil
ity of there being an individual with one gene of each kind. The 
graphics are continually expanded. 

Reproduction and genetic combiation are simulated in a 
dynamic graphic scene that leads to the picture shown in Fig
ure 13.11. 

A second generation is then created and a final picture (Fig
ure 13.12) allows the student to follow step by step the new re
combination. On the right side are test questions to help focus the 
student's attention. 

Next the student is introduced to the concept of the existence 
of more than one pair of genes deterinixing more than one external 
characteristic. From here, the result of the combination of two 
cows is shown in the first and second generations. Special care is 
taken to show the student where the magical numbers of 9:3:3:1 
come from (Figure 13.13). 

Up to this point, the program has shown a fixed sequence 
of concepts and figures, altered 'nly by a return to a previous 
concept if it was not understood. However after this point the 
students assume control of the computer. They are asked to select 
a pair of cows from the four basic types and combine them and their 
offspring for as many generations as they wish. Figure 13.14 shows 
a typical second generation. The student has selected the option of 
producing a third generation by combining the individuals within 
the squares. Since thei-e is no limit on the number of generations 
that can be produced, many of the students tend to carry on until 
a "pure" breed is developed. 

It is obvious that it is not possible to anticipate which cows 
will be selected as parents and how many generations a student will 
produce. Therefore, the outcome of each generation is simulated 
in the program as an actual genetic recombination. The genetic 
contribution of each parent is taken into account, and the 16 
possible combinations are calculated. Then each animal is drawn 
according to its genetic structure. 
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FIGURE 13.9 Showing how genes combine. 
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FIGURE 13.10 Result o' mixing two types of genes. 

This softwaie can be improved at many points, but it stands 
as a good example of an attractive software that contributes to a 
clearer understanding by explaining an arid biological theme. 
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FIGURE 13.11 Genetic combination in the first geaeration. 
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Expanding the Use of Microcomputers in 
Elementary School, Teaching 

JORGE APEL 

BACKGROUND
 

This paper is written from a specific point of view; it de
scribes the difficulties and possibilities facing the headmaster of 
an elementary school in introducing microcomputers. 

In Argentina, elementary schooling is compulsory, serving as 
a leveling factor and an element of social progress. Children start 
at six years of age and attend for seven years. Schools may be 
national, provincial, municipal, or private. In general, they are 
divided into state and private schools. In all cases, the state 
supervises their work, legalizes their functioning, approves the 
certificates granted, and prescribes a syllabus for the seven years. 
This syllabus may vary in response to political changes, but it is 
usually basic, middle of the road, and conservative. 

During the military era (1976-1983), there was a deliber
ate policy of freezing education, and a diminished budget and 
restricted admission in all branches and at all levels. In Dr. Al
fonsin's government, there is a different policy. At the university 
level, remarkable efforts and advances have been made in many 
aspects. At other levels, there is no clear, continuous policy. A 
pedagogical congress is planned for 1986. 

151 
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A Brief History of Computers in Argentine Schools 

The first microcomputer equipment was introduced in private 
elementary schools in Buenos Aires in 1980. The work of two peo
ple was fundamental: Horacio Reggini, an engineer who translated 
Logo into Spanish, and Antonio Battro, a physician, psychologist, 
and Piagetian educator. Both promoted, explained, and justified 
the introduction of microcomputers with Logo language. They 
were the founders of the Friends of Logo Association. Due to their 
efforts, since 1980 there have been Logo congresses in Buenos 
Aires, Mar del Plate, and Rosario, and in October a fourth will be 
held in Montevideo, Uruguay. 

Elementary school teaching of computers is directed mainly 
toward the use of Logo. The members of the Friends of Logo 
Association estimate unofficially, that there are approximately 
one hundred thousand children working with Logo. 

In many state schools, the parents associations pay for the 
central processing unit and combine it with an old black and white 
television set and a cassette recorder. The fact that these simple 
computers are being brought into distant parts of the country 
is generating a new cultural phenomenon. The Friends of Logo 
Association is also beginning to focus on the subject not only as 
a school phenomenon but more fundamentally, as a cultural one. 
They are encouraging the provision of computers and instructors 
in cultural and artistic centers throughout the country, as well as 
in public libraries in the city of Buenos Aires, without charge to 
the user. 

A Specific Example 

The Jean Piaget School is 20 years old. It has 250 pupils from 
the upper middle class, with a maximum number of 24 pupils 
in each classroom. It is a coeducational school with no religious 
affiliation and is privately supported. 

The school day starts at 8:10 a.m. and finishes at 4:00 p.m. 
Each class has a teacher who remains with the class for the entire 
day but, in addition, the pupils have subjects such as gym, music, 
art, carpentry, handicrafts, and English, which are taught by 
special teachers. 

In 1983, Logo was made a compulsory subject for fourth and 
fifth grade students. In 1984 a second computer was added. The 
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cost of a complete set of computer equipment in Argentina is 
about $1,000 (with very little variation among brands).* When I 
refer to a comp'ete set, I mean keyboard, screen, Logo cartridge, 
memory expander, and diskette drive. (I exclude a printer of any 
kind.) By comparison, a new diskette costs $5, a good book for 
elementary school (pupil's textbook) is about $10 to $12, and an 
inexperienced teacher's salary part time (4 hours' work) is about 
$100. 

The experience at the Jean Piaget School during these last 
two years and th- projects planned for the future are the main 
topics of this paper. My findings do not, of course, apply to every 
school in such a complex and diverse country as Argentina. While 
reporting the experience of this school, I have tried to point out 
some of the general educational applications. 

This paper is based on the firm conviction that work in el
er ientary school with microcomputers and the Logo language is 
very important for a variety of reasons. One of these is the fact 
that computers are the wave of the future, but the same could be 
said about teaching with the aid of computers us*ng previously 
constructed software chosen by adults. We have not, however, 
chosen this path. It is not merely a technical question; it is a 
long-term educational policy. We think it is the task of the school 
to allow the pupils to build lip their knowledge by providing for 
the following: 

" The student's training in the structural possibilities of 
thought 

" The teacher's participation 
* 	 The consideration of the student's environment and peers, 

and the geographic and economic situation. 

The Logo language and the Logo environment specifically, 
allow pupils and teachers to carry out personal research. It in
troduces the scientific method of trial and error as a source of 
knowledge. It helps the pupil develop self-motivation. The strong 
hypothesis that underlies the educational program at the Jean 
Piaget School is that the Logo laboratories are important models 
for modernizing the traditional structure of Argentine education. 

* Figures are given in U.S. dollars. 
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Difficulties in Introducing Microcomputers 

There is of course resistance to the introduction of computers. 
Two dimculties that are constantly mentioned are the dehuman
ization of teachers' work and the policy implications of introducing 
computers in a country with a high percentage of illiterate people, 
with the need to retain children at school, with hungry pupils, and 
with unemployment or underemployment. 

Despite this resistance, the Jean Piaget School decided to 
provide computer instructiun. In introducing microcomputers we 
faced two major problems. 'Ihe first was a shortage of hardware 
and the impossibility of obtaining more. Second, and perhaps 
more important, there was little or no enthusiasm on the part 
of the teaching staff to study Logo. During 1981 and 1982, the 
teachers were offered training in Logo. Only one teacher among 
twelve was interested enough to study it systematically. Two 
others attended a few classes and then left. 

In addition, we wanted to avoid having a "computing period" 
in which the teacher would turn his pupils over to a special teacher 
and be totally free of responsibility for the course. With such an 
arrangement, the transfer of computer learning to the regular cur
riculum becomes very difficult. The pupils consider what happens 
with the machine as completely separated from the ordinary class
room. This is similar to the situation that often occurs with music 
and art classes. In those periods the pupils sing enthusiastically, 
play melodies on the recorder, or color pictures. They do not, 
however, integrate these skills into their regular studies, nor does 
the teacher ask them to do so. It was clear that if Logo were 
taught in separate classes by special teachers, it too would fail to 
be integrated into education as a whole. 

Basic Decisions 

We began with some clear ideas based on experience. Three 
pupils shared a screen. This was not a random number. In general, 
groups must determine the projects they are going to execute. 
When the team is in agreement, the size of the group does not 
matter, but when there is a dispute, the size of the group may be 
crucial. In groups of two, it often happens that one submits to 
the other; groups of four generally divide into two irreconcilable 
sub-groups. When pupils are in groups of three, they areable 
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to discuss. In Logo, discussion is essential to make changes and 
produce agreement. 

The experience of other schools showed that 30 hours was a 
favorable length of time for a Logo course. We wanted to give each 
pupil at least that much time, so as to offer some continuity. 

The Jean Piaget School emphasizes the children's autonomy in 
other courses. For example, beginning in kindergarten the teacher 
generally organizes the class in such a way that many diverse activ
ities can take place simultaneously. Tables and chairs are moved 
and different task areas are established. During the week, the 
student is free to move from one working section to another. This 
arrangement allows several projects in the same classroom, creates 
a school environment favorable to the discussion and exploration 
of ideas oi knowledge, and encourages the autonomy of the pupils. 
The individual tasks very often require specific amounts of time 
that the pupil learns to allocate. 

The computer workshop is organized as a working section, 
taking advantage of the previous experience of both pupils and 
teachers. For example, the fifth grade has the following simulta
neous activities every Tuesday and Thursday afternoon: Logo (six 
children), math (six children), language (four children), and sci
ence (four children). At the end of each hour, the children change 
working sections. In this way, the teacher has six fewer children 
in class as they rotate into the computer section, and when the 
children return, they mix with other sub-groups. They are able to 
share their problems and experiences with Logo, and the teacher 
learns what has happened in the Logo class immediately. The 
teacher can also visit the computer workshop, since the pupils in 
the classroom are carrying out activities that do not depend on 
the teacher's continuous presence. 

Each working group of three pupils at one screen is fixed for 
three months. Since their production speed is very low, they would 
not be able to carry out any project if groups were changed more 
often. In this way, with two sets of equipment, we manage to allow 
80 pupils working four times a week to complete 30 hours of Logo 
instruction per year. 
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THE EFFECTS OF WORKING WITH LOGO 

A significant difference has been recognized between the tra
ditional classroom and the Logo classroom that provides an edu
cation oriented toward cognitive search. In the traditional school, 
testing shows what the pupil remembers-or can reproduce-of 
what has previously been said by the teacher. In the Logo group, 
not 	knowing is the source of knowledge. Pupil test their proposi
tions and learn to diagnose their mistakes. There are no grades 
given, and copying the successes of other groups is essential. It 
is therefore important for pupils to see the other groups' work, 
to listen to other children's analysis, and to accept other pupils' 
criticism. 

The performance of each group is also evaluated for group dy
namics, for differences between what the project is designed for and 
what it achieves, and for obstacles that prevent the achievement 
of the project's goals. Finally, each group gives a demonstration 
of its work for the rest of the pupils in the grade. After the evalu
adioi, the group may ask either for its members to be changed or 
to continue with the same three. 

THE PROBLEM OF MOTIVATION 

In the Logo workshop motivation is a major problem. Once 
pupils have passed the stage of exploring with the turtle, they 
begin to ask, "What shall we do now?" The teacher must not 
wait passively until the pupils think of a project. Education is 
a permanent interaction. In this way, the Logo class is similar 
to an art class-the pupils may be inhibited by a clean sheet of 
paper. Three possible sources of project ideas can be identified: 
(1) the work of other groups; (2) an unfinished project or a specific 
suggestion made by the Logo teacher; or (3) a project based on 
problems encountered in *)ther classes. 

We have learned from the success of the program at the Mary 
Graham Institute where teachers provide verbal or visual chal
lenges by creating notice-boards or making incomplete programs 
for the pupils to finish. In another school, the Bayard Institute, 
modules are suggested, and pupils create programs within the 
suggested 	areas. 

The classroom teacher may provide the computer class with 
a problem to work out. For example, the pupils in the language 
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section may create a story to be illustrated in Logo. As an ex
periment, the third grade pupils (who will start to work with the 
computer in the fourth grade), were asked to create the story to 
give them an early interest in the computer. 

Carrying Out Logo Projects 

We have found that once the idea for a project occurs to the 
group, they start working without really measuring the difficulty 
and without reaching an agreement on their goal for the project. 
We think this is a crucial moment that may be neglected since 
traditional education never values the pupils' projects but concen
trates on the teachers' plans. Logo creates a revolution in this 
attitude. 

We proceed in the following way: Once the group knows what 
it wants to do, the teacher writes the group's project proposal. 
The teacher reads it and asks the pupils if that is exactly what 
they want to do. lie discusses the difficulties they think they will 
encounter, and asks them for an approximate schedule to achieve 
their goal. It there is no clear agreement, each member of th'r group 
is asked individually to state how he or she thinks the project will 
end, so that they can adjust their mutual expectations. 

This technique is used regularly in the classroom. Putting 
thoughts into words is fundamental in planning and in visualizing 
difficulties. Even before microcomputers were introduced, pupils 
at our school were trained in programming activities that they were 
going to undertake. There are projects that the pupil can plan and 
can subdivide into stages. Some are very simple, such as arranging 
birthday parties; others, such as planning their homework for a 
school term, are more complex. 

The pupil's experience with planning increases their potential 
in using Logo. Speaking about planning or anticipation is the 
same as speaking about thinking or participating intelligently. 
Planning, whether with or without computers, is an important 
tool for the autonomous development of the individual. 

Using Logo Skills for Instruction 

Logo controls the mobility of the turtle in a two-dimensional 
space. The turtle turns left or right according to the program. 
When children work, they frequently want to place the turtle in 
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different parts of the screen. To achieve that purpose they must 
handle the x and y axes and make theni correspond using the 
grid that comes with the language. The relationship we establish 
at school between Logo language (special handling of the turtle 
and handling of variables) and the syllabus is based on topological 
relationships. 

The teacher can use what the pupils have learned from Logo
in a number of related classroom activities: 

* 	 Games of rotation and turns (the pupils are the turtles and 
other classmates the operators) 

" Building an imaginary three-dimensional city

" 
 Games of streets and crossing to handle addresses and sense 

of streets 
" Ruation of the base of the scale-model to change the car

dinal points 
* 	 Relationship between the external axis external to the sub

ject (right and left depending on the individual) 
* Distance and distaiice traveled
 
* 
 Games using an imaginary grid (one example is Battleship) 
* 	 Relationships in their own city (in this case Buenos Aires)

using street guides
 
* 
 Finally, their work may be related to maps of Argentina us

ing parallels, meridians, and location of geographic points. 
It is remarkable how experience in using Logo makes syl

labus changes possible not only in the areas of class dynamics and 
pupils' participation, but also in the subject matter that can be 
studied. Logo also makes the teachers question their own knowl
edge of space epistemology and the learning theory that they put
into practice. If they come to the conclusion that learning must 
be constructive and genetic, they will change their methods of 
teaching. 

THE RELATIONSHIP OF
 
EPISTEMOLOGY AND LOGO
 

The aim of the Jean Piaget School is to give elementary schoc! 
pupils the necessary tools to build up their knowledge. To do this,
the pupils must develop good study habits while learning to read 
and write, master the techniques necessary to use the computer,
study from different sources of information, and most importantly, 
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acquire techniques to evaluate what they do not know. Pupils must 
be able to recognize their mistakes and decide on a course of action 
to correct them. 

Underlying all these ideas is the supposition that in enc oun
ters with the environment, children are builders of their kh' w'.edge; 
knowledge is not absorbed in an automatic way, nor is it stamped 
on them by teachers. The active students assimilate new informa
tion according to their previous experience. In this conquest of 
knowledge, they must accommodate the reality; it is neither an 
easy nor a linear prccess. Even a superior teacher's abilities would 
not help child assimilate information (although in this model no 
superior teacher can exist). Each child will assimilate information 
according to previous individual experience. 

In this Piagetian model, knowledge is the creation of a valid 
reality. The recognition of the environment in which the child 
meves is fundamental. As in the scientific community, the accepted 
or rejected paradigms do not always have an objective validity but 
may reflect personal and group prejudices. In building individual 
knowledge, the epistemological obstacle is essential, but it is often 
not recognized until a paradigm is resented to a group of peers 
for validation. 

The Logo environments provide a good model of scientific 
inquiry, since there is gr-oup and individual work to develop a 
project and, after the project has been reviewed, error is accepted. 
When an error is recognized, we help pupils divide the problem 
into small parts so that they can distinguish which is the true 
obstacle, "what does not work." Sometimes it is possible to offer 
an alternative, but many times pupils must admit that they aro on 
the wrong track and that it is irrpossible to do anything with the 
reality they have proposed up until that moment. We have shown 
by experiment that if the teacher gives the solution, the student 
does not benefit. 

It is the purpose of this work to emphasize the fact that 
education must be considered as a system. If we want the computer 
to have a real effect, we should analyze and adjust other aspects 
of the system simultaneously. 

FUTURE PLANS
 

The planned expansion of the program at the Jean Piaget 
School will extend the influence of the Logo environments to a 
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larger number of pupils. We plan to purchase another set of 
hardware so that pupils will have 45 hours per year of Logo, and 
the third and sixth grade classes will be included in the program. 

Now that the teachers have seen the effect produced on the 
pupils by their work with Logo, we intend to offer Logo classes for 
teachers during the holidays. These courses will provide examples 
of ways that microcomputers can be used in classroom work, that 
is to say, Logo techniques will be taught so that teachers may 
profit by the use of Logo in the next term. The Logo teachers will 
also work with the classroom teachers on a regular basis during 
the term. 

To encourage pupils to make more use of the microcomputers 
outside of their Logo courses, we plan to start a diskette lend
ing and exchange program in the school library. The pupils are 
also being assisted in starting a "Project Club." It would meet 
after classes and provide a place where pupils are stimulated to 
conceive, express, and develop a project (which may or may not 
be class-related), with the support of the computer. In addition 
to providing teacher support for these projects, trained specialists 
will study how children develop their projects to assist the Logo 
teachers in developing their teaching methods. 
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The How and Why of the Computer 
in the Educational Process 

GUILLERMINA YANKELEVICH 

BACKGROUND 

When the problems related to the incorporation of conputers 
into education are discussed, the most attention is usually focused 
on those problems dealing with how this tool may be converted 
into an element for daily use and low it can help children and 
young people with their studies. (A full discussion is given in 
;,rankelevich, 1985c.) 

Fewer questions are asked about and less discussion is directed 
toward determining wl,at changes occur in students who have en
tered or are entering into the world of computers. Moreover, an 
evaluation of the goals achieved by the use of this educational tool 
isnot a point often considered. As a result, theoretical reflections 
on why the use of computers generates the benefits usually at
tributed to it seems to be treated as an incidental topic in most 
meetings. 

The intellectual benefit derived from the computer is seldom 
called into question because the advocateE, of computerization con
tinually report observations about the interest, dedication, dex
terity, and amount of learning that pupils show when exposed 
to computer education. Discussions on the topic usually concern 
strategies to optimize the cost-benefit ratio or the problems of 
access to this technology for each individual in the population. 
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These concerns, of course, become more critical when discussing 
developing countries. 

Computer technology has had a notably rapid development 
and, therefore, an accelerated process of commercialization. Our 
understanding of the changes caused by this tool, in society and 
especially in the individual, has not advanced at an equal pace. 
The fact that tools that result in the multiplication of human po
tential generate intellectual changes in the individual and society 
practically guarantees that such evaluation could not be complete 
at this time. 

The Role of the Computer 

This paper presents some thoughts on the development of ab
stract intellectual processes that occur during the growth and mat
urati- ri of children and on the role that working with a computer 
may have in these events. The discussion is based on a group of 
experiments on human communication using images. They have 
led to several hypotheses on the possible relations between the 
process of maturation of the perception of images and the devel
opment of abstract concepts. Using the computer in the education 
of a young person (!2 years old or more) not only familiarizes the 
student with the technology but also provides the opportunity for 
the student to analyze and to exercise his or her own thinking 
mechanism. 

The role the coml nter may play in the educational process in 
the primary school should be analyzed separately. In the case of 
a child under ten years of age, the situation is entirely different; 
the computer is incorporated into education at the precise mo
ment when the intellectual mechanisms are under construction. 
Under such conditions, it becomes important to undertand the 
effect that this tool may have on the development of thinking 
mechanisms and the possible creation of new modalities. 

Diverse theories have been formulated concerning the devel
opment of the intellect: some from the physiological point of view, 
others from a psychopedagogical angle, and still others that take 
the sociocultural determinants of the process into account (see 
Coren et al., 1984; Fodor, 1983; Inhelder, 1983). Among the most 
widely recognized postulations at present are the constructivist 
hypotheses based on the ideas of Piaget (Oleron et al., 1985). 
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The experiments on communication and on the role of com
munication ;n the development of abstract thinking are based on 
these models. The following is a summary of the ideas that have 
arisen from these studies that bear on this discussion. 

Background of the Studies 

The studies were organized around a group of images of in
creasing "complexity." The complexity was estimated by compar
ing the number of "input bits" of information to the amount of in
formation, or "output bits," retained by individuals of the diverse 
populations studied. The images uised in thes<i studies were consid
ered to contain different absiracticn levels: iconic, schematic, and 
ambiguous images; metaphorical drawing (an editorial cartoon); 
and illustrated story (comic books, either commercially produced 
or of our own design). The populations studied were diversified 
in terms of age, sex, occupation, education level, socio-economic 
level, and area of residence (rural or urban). 

From these studies, a theoretical framework was derived with
in which observations on the behavior of the individuals in the 
study could be consistently organized. On the basis of the behav
ior of different populations, an ordered sequence of "ciphers" in the 
imagas was also derived that may represent increasing levels of dif
ficulty in the abstraction of the information content (Yaiikelevikh, 
1983). 

DEVELOPMENT OF THE HYPOTHESIS 

In brief, my hypothesis is the following: The development of 
abstractive intellectual activity occurs during a child's growth and 
maturation as a result of diverse activities. One of the essential 
activities is "visual perception" and the learning necessary to ab
stract information contained in images. The exercise of this func
tion occurs in infancy in three distinguishable, sequential stages 
that contribute to the gradual maturing of the abstractive activ
ity. In the first of these stages, the abstractive intellectual activity 
occurs in relation to the concrete world; in the second, this ab
straction occurs not only in relation to the concrete, but also with 
mere evocations; and, in the third, this activity can take place 
independently from the environment. 
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In the first stage, which develops between birth and approx
imately three years of age, the infant abstracts starting with the 
visual perception of objects and scenes in the surrounding environ
ment. In the second stage, the child develops the thought process 
necessary to evoke images of past events or of scenes that are not 
physically present. Learning to recognize representations in two di
mensions, for example, may be initiated by an evocation of objects 
or scenes previously perceived in their natural, three-dimensional 
environment. 

The start of the third stage (at about 12 years of age) ap
parently demands prolonged preparation. In this stage, the young 
person acquires sufficient maturity to carry out an intellectual pro
cess completely separated from the concrete universe. The formal 
disciplines of the 'levels of abstraction reached in pure mathematics 
are accessible to the individual when he or she has satisfactorily 
developed and matured his or her intellectual activity by diverse 
methods, one of which is the exercise of perceiving images con
taining different levels of abstraction. 

In accord with this proposed general scheme, there are two 
critical moments in the overall process corresponding to the transi
tions between stages. When the development of abstraction ability 
occurs in a gradual manner by means of the appropriate learning 
and practice, the transition between stages happens without effort. 
If for some reason the child has not appropriately exercised these 
faculties, the transition to the next stage requires great effort and 
occasionally is unsuccessful. 

It may be speculated that passage from the first to the second 
stage depends greatly on the learning and exercise of verbal lan
guage. The association of a word with an object known through 
observation introduces an abstractive activity evoking known im
ages. Language, in itself, is an evoked conceptual world. 

When the representation of verbal language is achieved 
through such varied abstract images as drawings, pictograms, 
ideograms, and ultimately the elements of an alphabet, we may 
speculate that a link is established between verbalization and 
the perception of images, both expressed in increasingly abstract 
forms. 

It is proposed that difficulty in passing from the second to 
the third stage may be diminished by exercising the abstractive 
faculty through training with image information-abstraction prior 
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to the transition. Such training, done in a gradual manner, would 
help the children acquire the maturity that they have not reached. 

Design of the Studies 

In the first series of studies, we used commercially produced 
comic books. My previous research suggested they would be an 
adequate tool for the exercise of the abstractive faculty for images 
because of the particular way in which the concepts of space and 
time are handled (Yankelevich, 1983). The results of these studies 
indicated to us the possibility that for children, the association 
of the illustrated comic book with some ideas on computing and 
concepts of programming might form an amalgam appropriate to 
help in gradually training them in abstract thinking prior to the 
transition to independent abstraction. 

The computer not only offers the possibility of "visualizing" 
some aspects of formal thinking that usually have been handled 
within a totally abstract universe but also permits the creation of 
special presentations in sequential images of the abstractive levels 
the child needs to grasp. In addition, the computer offers the 
additional advantage that such sequences and exercises may be 
repeated as many times as necessary. 

Results of the Studies 

In the second series of studies, a short story comic book was 
written consisting of five pages dealing with the legend of The
seus and the labyrinth. There was also a program (in BASIC or 
in Karel) on the route. The last page contained an integrated 
scheme into which the four levels of abstraction-drawing, lan
guage, geometrical scheme, and computer program-used in the 
story book are incorporated. The children, feeling they were in 
a relaxed atmosphere, participated actively, and showed pleasure 
in what they were doing. A clear sense of satisfaction in playing 
with the computer was evidenced by each child. However, some 
interesting results occurred: 

* 	 None of the children ten years old or younger performed 
satisfactorily. None was capable of understanding a new 
command, such as "for," although previous commands had 
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apparently been learned during an introductory program
ming course. Some even showed difficulties in compre
hending images at a lower level of abstraction (such as a 
geometric scheme) or a transfer to the computer screen of
 
a scene pictured in the story book.
 
The majority of those older than ten years did perform
 
satisfactorily in the problem presented to them, that is,
 
they were able to assimilate and even to use the command
 
"for" (Yankelevich, 1983, 1985a).
 

CONCLUSIONS DRAWN FROM THE STUDIES 

" 	 It seems that an evaluation of the changes that occur at 
the level of the individual or of society as a result of the 
introduction of the computer into the educational process 
could bear heavily on the question of how this tool should 
be 	implemented. 

" 	 If more such studies are carried out, a better understanding 
of how the abstractive intellectual faculty of man develops 
could be determined. This, in turn, would permit the 
stating of hypotheses concerning why one must wait for a 
certain result in education (whether or not computers are 
introduced into the process). 

" 	 These points take on a special transcendence when one 
is dealing with children up to approximately twelve years 
old (primary education) in whom intellectual activity is in 
the process of construction and consolidation. In contrast, 
for older youths, the incorporation of the computer in the 
educational process may well achieve an improvement in 
their intellectual development through excercise with this 
tool. 

" 	 The results of these studies appear to show that the opti
mal moment to incorporate computers into the education 
of children comes during the fifth or sixth grade of primary 
school (ten to eleven years old). At this time, intellectual 
abstract activity is, on the average, sufficiently developed 
so that the transition to the third stage, that of intellec
tual abstraction "foreign" to the concrete universe, may 
successfully occur. 
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* 	 Using the computer, children can exercise their intellect 
in relation to images, advancing in the abstractive process 
according to their individual potential and at their own 
speed. The computer provides a great variety of images at 
diverse levels of abstraction, such as iconic representations, 
schematics, caricatures, geometric figures, and text, which 
may be organized in an attractive, gradual sequence. It 
also provides an opportunity to introduce the child to in
tellectual activities that demand progressively higher levels 
of abstraction and that can be individually suited to the 
capabilities of the child. 
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SYSTEMANDI: From Kindergarten to
 
Information Systems*
 

RAUL DORFMAN 

INTRODUCTION 

The word "SYSTEMANDI" is formed from the words "8ys
tem" "analog," and "digital." SYSTEMANDI is an instructional 
design model for learning, teaching, and research in systems, cy
bernetics, informatics, structured programming (without comput
ers), and computer technology. A group dynamics technique was 
developed for implementing SYSTEMANDI through an intere
disciplinary seminar entitled "From Kindergarten to Information 
Systems." 

Constructing and playing ANDI games allows the user to build 
models and develop a semantic network based on sensory motor 
analogies. With reference to field experience (Monti and Dorfman, 
1984; Dorfman, 1984a; 1984b), systems vocabulary bibliography 
(Van Gigch and Francois, personal communication; Robbins and 
Oliva, 1982), and etymological research on the origins of sensory 
motor words, an interdisciplinary semantic (verbal) network is pre
sented for further research and discussion (O'Kill, 1984; Corripio, 
1979; Dauzat, 1971) in Appendix 16.1. The results of preliminary 
field experiments are given in Appendix 16.2. 

*Note: ANDI, SYSTEMANDI, PROGRAMANDI, and "From Kinder
garten to Information Systems" are copyrighted by Raul Dorfman. 
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EDUCATIONAL AND SOCIAL ENVIRONMENT 

INTERDISCIPLINARY SEMINAR FROM 
KINDERGARTEN TO INFORMATION SYSTEMS 

PROGRAMANDI
 

FIGURE 16.1 Activities, concepts, and techniques hierarchy. 

Structured algorithm solving and structured programming are 
introduced by means of a set of games related to the elemental 
programming structure and operators. The modular set of games 
is called PROGRAMANDI. The hierarchy of activities, concepts, 
and techniques is given in Figure 16.1. 

Objectives 

Incorporated in the methodology are objectives for students, 
teachers, researchers, parents, and educational policymakers. 

The objectives for students are the following: 

* 	 To stimulate the capability of understanding, building, and 
using models to cope with simple and complex systems; 
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" 	 To increase the perception of regularities within a system 
and analogies among different systems through interdisci
plinary activities involving music, sports, biology, physics, 
geography, mathematics, and informatics; 

" 	 To impart an understanding of the differences beLo;een 
technology and methodology, problem description, prob
lem solving, and solution execution; to study the design of 
information systems; 

" 	 To analyze the computer as a system; 
* 	 To introduce a modest knowledge of structured program

ming emphasizing analogies among different graphic and 
mixed languages with a systemic approach; and 

" 	 To intra duce information systems handling. 

Objectives for teachers include those set for students as well 
as: 

* 	 To develop and stimulate awareness in learning and teach
ing systems, cybernetics, and informatics as part of in
dividual and professional growth, using a simple, easy to 
understand, and inexpensive methodology; and 

* 	 To encourage participation in a rational and informed anal
ysis of methodological and technological innovation in the 
classroom through interdisciplinary projects. 

Objectives for researchers are as follows: 

" 	 To facilitate the integration of interdisciplinary research 
groups; 

* 	 To initiate the study of cognitive processes using the pro
posed material and/or related techniques; and 

• 	 To develop evaluation tools for the proposed methodology. 

Objectives for parents and educational policymakers are these: 

" 	 To promote awareness of the role of technology and meth
odology in the complex environment of the classroom, the 
school, the educational system (conventional and noncon
ventional), and the community using simple concepts that 
allow communication between all interested parties; and 

* 	 To promote participation in the systems and informatics 
literacy programs. 
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Cyenetlcs Systems 

SInformatics // Games 

Computers 

FIGURE 16.2 The interdisciplinary seminar. 

Group Dynamics 

In addition to these general objectives, the interdisciplinary 
seminar aims to define, plan, implement, and evaluate concrete 
and feasible projects. Figure 16.2 shows roughly the distribution 
of time at the seminar. The seminar agenda is as follows: 

" ANDI materials and techniques are presented using slides, 
transparencies, and books; 

" Participants ask the basic questions: What do I observe? 
How is it made? What does it do and how does it do it? 
Why? For what purpose?

" Participants divide into small interdisciplinary groups of 
six to eight members; define their own goals; and model 
the scenario and/or system under discussion using ANDI 
material; 

" Each group presents its project in a plenary session for 
discussion by the entire seminar; and 
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* 	 Participants review, modify, evaluate, and select projects 
for pilot implementation, and define follow-up procedures. 

The length of the seminar depends on the resources and the 
target audience. For example, a nationwide seminar in Argentina 
(120 participants, four months preparation) took 40 hours. Sev
eral primary school projects were defined, and some have been 
implemented by the Ministry of Education. For elementary school 
teachers and decision makers in Uruguay and Colombia, 16-hour 
seminars worked very well to create and stimulate permanent in
terdisciplinary groups. Seminars of similar length were offered to 
begin literacy in systems, cybernetics, and informatics in Peru and 
in various educational centers in Argentina. At the other extreme, 
a seminar was arranged for a small medical group in France to 
study isolated and perfused biological systems and to design a 
pharmacological database; the work of this group lasted for two 
months, eight hours a day. 

SYSTEMANDI 

Starting with ANDI games, systems concepts are developed 
through more formal games and activities. These systematic ac
tivities promote the growth of systems analysis and synthesis liter
acy, enabling seminar participants to levarn programming. St:arting 
from the other direction, in many instiLutions individuals already 
have experience with programming and computer use in languages 
such as Logo, BASIC, and Pascal. On the basis of this experi
ence they can be directed through PROGRAMANDI to learn and 
teach systems and cybernetics concepts and emphasize structured 
programming. This two-way path (of synthesis and analysis) is 
illustrated in Figure 16.3. 

Materials 

The materials are almost the same for all target audiences. 
In the beginning, solid squares (plastic, cardboard, or paper) are 
used. Texture, size, and shape may vary. As the number and 
variety of algorithms increase, the logical structures become more 
complex. Deterministic games become probabilistic. Younger au
diences usually begin with concrete examples and then develop ab
stract concepts; this approach also works well with adults who have 
no programming experience. It is interesting to note that adults 
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ANDI SYSTEMANDI PROGRAMANDI 

FIGURE 16.3 Visual aid for kindergarten students showing dual progres
sion. 

and/or students with programming experience have problems in 
converting abstract algorithms into concrete ones. Figure 16.4 
illustrates a typical SYSTEMANDI game oriented toward struc
tured algorithm analysis, using the structures and operators-IF, 
AND, OR, ELSE-that are also found in computer programming 
languages. 

FUTURE PROGRAMS 

The Teacher and Professor Computer Literacy Program has 
begun. System simulation, analysis and design is scheduled for 
1986. Seminars and workshops about hardware and computer 
systems are under development. Practice with computer systems
and languages emphasizes the systemic approach and structured 
programming in several computer languages, including structured, 
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PROGRAMANDI 
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FIGURE 16.4 A typical SYSTEMANDI game oriented toward structured 
algorithm analysis. 

graphic, and hybrid. Hardware suppliers have provided computers 
on temporary loan at no cost. Networking and access to databases 
are intermediate goals of the program. 

The logistics and personnel of the 'reacher and Professor Lit
eracy Program follow here: coordinating institution: MiListry 
of Education, National Superior Education Direction; official co
ordinator: Prof. Eva Sarka, Head, Department of Informatics, 
Systems, and Education; seminars were held at i.he Escuela Na
cional Normal Superior -n Lenguas Vivas y Profesorado, Min. R. 
S. Naon, Pehuajo, Buencs Aires, Argenzina. The Pehuajo edu
cational system consists of the following educational institutions: 
kindf;rgarten (11), primary (47), secondary (6), tertiary (2), adult 
education (1). The Institution Interdisciplinary Group Coordi
nator is Prof. M. V. Cosentino; the Methodology and Systems 
Advisor is Ing. Raul Dorfman. 
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APPENDIX 16.1
 
DRAFT OF AN INTERDISCIPLINARY
 

SEMANTIC NET
 

Accommodation Equilibrium Order 
Adaptation Error Organization 
Aleatory Etymology Output 
Ambience Evolution Overt 
Amplification Exclusive Open 
Analog 
Analysis 
And Feedback Parallel 
Art Flow Perception 
Artificial Fluid Perspective 
Arithmetic Form Plane 
Assimilation Forward Point 
Autonomy Probability 

Process 
Gradient Proportional 

Backward Goal Program 
Balance Ponder 
Binary 

Idea 
If...Then Reference 

Chaos Inclusive Regulator 
Clock Induction Repeat until... 
Closed Information Representation 
Coding Integrate Reserve 
Complement Interdisciplinary Right 
Complex Interactive Rhythm 
Computing Interruptor 
Communication Interval 
Concept Semantic 
Connector Language Serial 
Continuous Left Sequence 
Conversor Level Structure 
Cybernetics Line Synthesis 

Logic System 

Data Technique 
Deduction Matter Transduction 
Deterministic Memory Transmission 
Delay 
Derive 
Differentiate Natural 
Digital Net Valve 
Discrete Noise Variety 
Drain Not Volume 
Dynamic 

Object While...Do 
Efficiency Observer 
Element Operator 
Emittor Or 



178 

APPENDIX 16.2
 
A CASE STUDY OF STUDENT COMPREHENSION
 

HELD AT THE BUENOS AIRES MUSEUM OF
 
MODERN ART
 

The purpose of the study was to determine at what ages 
students were able to comprehend certain logical structures using 
PROGRAMANDI-style games.* 

Target group: 850 children, four to twelve years old. They were 
organized in three categories by age and into groups of six to eight 
individuals. 

Category Ages Number of Groups 

A 4 to 5 30 
B 6 to 9 30 
C 10 to 12 30 

The children engaged in games using both horizontal and 
vertical planes, and in free and guided play. The following logical 
structures were assimilated by the children. These give an idea of 
the success of different age groups in synthesis and analysis of the 
games. 

CATE- PASS, DO IF..THEN REPEAT WHiLE. 
GORY NOT PASS AND OR ELSE UNTIL REFEAT 

A x x x 
B x x x x x 
C x x x x X X 

The children had no previous experience with these games. 
These data have limited research value, since the situation was not 
controlled. They do, however, assist in refining the program and 
selecting the best games and techniques, based on the -hildren's 
attitudes and observation of self-organized individual and group 
activities. 

* The achievement levels and detailed observations of the participants aZ. 
well as the methodologies used are provided by Araceli Monti in (Monti and 
Dorfman, 1984). 
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Introducing Logo to
 
Teachers and Children
 

SAMUEL BERN 

As with any good idea that requires implementation, the in
troduction of Logo concepts in schools can become a difficult task, 
especially if the teachers-even more than the pupils-are not 
adequately prepared. Different methodologies can be used to in
troduce pupils to the Logo language or turtle graphics, but all 
involve the prior preparation of teachers to help pupils cope with 
the new concepts and to develop pupils' ability to use computers 
as creative learning tools. Teachers in developing countries are 
aware of the increasing role computers play in society, but they 
are still unsure as to how the machines can help them improve 
student performance. This problem arises in public schools as well 
as in private ones in Panama. 

The use of Logo introductory software can be visualized as 
a means of making teachers aware of potential appl;cations of 
Logo in their educational plan. This introdactory softwae can 
be considered as a first step before becoming involved in Logo's 
two-letter commands, rigid syntax, turtle degrees, number inputs, 
variables, and management routines-all of which are more dif
ficult for young children to understand by themselves. A.aong 
the methodologies used to introduce Logo in the classroom, in
troductory software provides children at the preschool level with 
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the opportunity to control the computer and explore its capabili
ties, preparing them for using Logo language in a later step in the 
computer curriculum. 

In a pilot project that started in June 1985 at the Albert 
Einstein Institute, a private school in Panama City, two groups
of 20 five- and six-ye!ar-old children are successfully experimenting 
with the use of EZ Logo, a software program from the Minnesota 
Educational Computing Consortium designed to prepare children 
to use Logo. 

Long before the use of the introductory Logo software was 
considered, all of the elementary school teachers in the school 
participated in a two-week instruction course on Apple Logo. Un
fortunately, this course made but a poor effort at providing the 
necessary background of the theory behind the development of 
Logo language by Seymour Papert and his group at the Mas
sachusetts Institute of Technology. Also, it did very little in the 
area of presenting possible applications of Logo to complement
the learning process used in the school. This lack of adequate
instruction caused some despair among teachers who could niot 
really grasp the application of Logo in the school system.

The introduction of EZ Logo at a later stage of the program
proviided the practical orientation necessary for the teachers and 
pupils using simple sets of one-letter commands to generate turtle 
graphics. The following skij' are taught by the use of EZ Logo: 

" Recognizing left and right directions 
* Estimating distances and degrees 
* Drawing shapes 
* Developing problem-solving strategies
 
" Gaining familiarity with the computer keyboard.
 

The sc'tware includes 24 activities where these skills can be 
combined in a variety of ways. EZ Logo requires a 64K Apple 
computer and the Apple Logo language software. The new EZ 
Logo Revised Edition can be run with the same equipment and 
does not require an upgraded version of Logo. 
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The Use of Computers in
 
Teaching Mathematics
 

EMANUEL JINICH 

The computer can be a tool of enormous importance in im
proving the teaching-learning process. It is therefore necessary 

that both students and teachers know how to profit from the 
advantages this machine offers. 

There are two formats for interacting with the microcomputer: 
as users we can learn frorm the machine, or as programmers we 
can be its teachers. W'.en computers are being used as teachers, 

their success in improving the student's grasp of mathematics 
depends on the software program. Many make the student a 
passive receptor of the information that is presented on the screen. 

However, by taking advantage of the graph-making capability of 
computers and its capacity for synthesizing musical tones, even 
these programs can have a major impact on the student. The user 
frequently has to answer multiple-choice questions on a topic. The 
immediate feedback the computer provides is important, and in 
some programs students have the option of going back for a further 
explanation, if they should need it. 

As teachers of mathematics, however, we are interested in 

seeing that students ccrne in closer contact with the material. We 
would like them to experiment with mathematics-to pla with it. 
To accomplish this, we use another kind of program in which the 

students are active participants. With such a program they can 
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manipulate and apply the information that is given them; they can 
modify the values of variable3; they can verify concepts presented 
in class or delve more deeply into them. Students can observe and 
analyze graphs; they can modify them and then make comparisons. 
They can make the computer draw an object in three dimensions, 
rotate it or move it, or have it do both operations simultaneously. 

Let us see in detail how to take advantage of the microcom
puter's capabilities in a mathematics class. If the program can 
display functions graphically, we could, for example, analyze poly
nomial functions and investigate the number of roots, or zeros, 
that the function has and determine what these values depend 
on. The computer could rapidly show (graphically) the functions 
of n degree that have n, n - 1, n - 2, up to 1 or 0 roots. The 
students could compare the graphs and perform iterations thereof 
according to the number of zeros in the function. 

With this program we could study the linear function y = 
mx + b.The students could request the computer to make several 
graphs with different values uf variables m and b,and thus to 
relate these letters with the concepts depending on and ordered in 
relation to the original. Also, one could view graphically a function 
f(z), another function g(z), and subsequently, the different curves 
that result from adding, subtracting, multiplying, or dividing f(x)
and g(x). In addition, we could show graphically the conposition 
of these functions, their inverse values, and so on. 

The computer could also show the trigonometric functions for 
us graphically: 

y = a* sinb * (x- c*pi) 

y = a* cosb* (x- c* pi) 

Students wout! -experimentby looking at different graphs with 
different values fo" the variables, and could analyze the concepts of 
amplitude, frequency, and phase. In addition, it would be interest
ing for them to view graphically on the same screen the functions 
sin(x) and cos(x) to observe the points where they intersect. 

This program also could serve to show us graphically how the 
Taylor series approximates various functions. For example, we 
could show a trigonometric function and then we would draw the 
graph for the first term of the series, then the first two, and so 
on, verifying that the graphed lines are increasingly closer to one 
another. 
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In analytical geometry we could command the computer to 
draw a cone for us. We could vary the base of the ellipse and 
the values of the semiaxes, and we could observe changes in the 
eccentricity of the curve. In addition, we could perform rotations 
and iterations of the cones. The computer would help us to find 
the limit of a function at a given value. For example, we would 
draw the function f(x) = sin(x)/x, and we would analyze the graph 
at x = 0. The program permits us to vary the units on the axes 
and therefore we could analyze the graph at any level of detail 
desired. 

Naturally, all of thbese graphs could be prepared and presented 
in a traditional -lass without computers. However, the time that 
this tool saves in the graph-making process is important. The 
student and the teacher are able to spend their time on the anal
ysis of the mathematics rather than wasting it on the process of 
tabulation and making graphs, a task made tedious by constant 
repetition. 

There are many other similarly constructed programs that 
strengthen the concepts presented in mathematics classes at all 
levels. Now, however, we will analyze the second format in which 
the computer can serve as a learning aid. In this type of program, 
the computer can be regarded as the student's student, in other 
words, as a machine that is going to learn exclusively what it is 
taught and that is going to obey our instructions to the letter. If 
the student has a full mastery of mathematical concepts, he/she 
can program the computer to apply these concepts correctly. 

Let us look at an example. Suppose that a student has learned 
to program in the language BASIC. His/her objectives are first, 
to make a program in which the computer asks for the coefficients 
of a quadratic equation and second, to use a quadratic formula to 
calculate the results, if these happen to be real numbers. 

In a first attE:mpt, the student's program might be: 

10 PRINT "DAME VALORES DE A, B, C EN" 
20 PRINT "AX 2 + BX + C = 0 Y YO TE" 
30 PRINT "ENCONTRARE LOS RESULTADOS" 

40 INPUT A, B, C 

On reaching the next step, the student would have to translate 
to BASIC notation the formula "x is equal to minus b plus or 
minus the square root of b squared minus 4ae divided by 2a." The 
student's first obstacle would be the meaning of "plus or minus." 
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If he or she has understood the concept Ehat the square root of 
a number greater than or equal to zero has two results, then the 
student will conclude that the formula must be written twice, once 
for each sign. 

50 X1 = -B + SQR(B? - 4*A*C) / 2*A 
60 X2 = -B - SQR(B2 - 4*A*C) / 2*A 
70 PRINT "LOS RESULTADOS SON" 
80 PRINT X1 
90 PRINT X2 

At this point, we would ask the student to execute his or her 
program. Let us suppose that the student is working with the 
equation: 

X2- 5x + 6 = 0 

which gives the results x = 2 and z = 3. However, the student's 
program would indicate that the results are x = 5.5 and x = 4.5. 

Next, the student who knows the order in which the computer
does the combined operations would change steps 50 and 60: 

50 X1 = (-B + SQR(B 2 - 4*A*C) / 2*A 
60 X2 = (-B - SQR(B 2 - 4*A*C) / 2*A 
The student has corrected a very common mistake: the term 

2*A divides the whole numerator, not just the square root. More
over, the order in which the computer does the combined opera
tions is also the order in which they should be done by the student. 

When this program is run using the same problem, we will
obtain tJ- correct results. However, if we run the program for the 
equati,. 

2x 2 - 10x+ 12 = 0 

(the results of which are the same), we will obtain the values x = 12 
and x = 8. 

Again we have to correct steps 50 and 60: 

50 X1 = (-B + SQR(B2 - 4*A*C) / (2*A) 
60 X2 = (-B - SQR(B 2 - 4*A*C) / (2*A) 

and then we will obtain the correct results. 
In the process of programming and verifying that the com

puter gives the student the expected results, the mathematical 
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concepts are reaffirmed. The student has created an object, and 
in manipulating it he learns from it. The student has become a 
teacher of the machine, and thus a master of knowledge. 

Each of these ways of integrating the computer into the teach
ing of mathematics meets three objectives to some degree: it 
provides students with a basic kxiowledge of the principal charac
teristics of the computer; it teaches them a programming language; 
and it improves their understanding of mathematics. This last is, 
for the mathematics teacher, perhaps the main objective. 
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Computer Literacy Through Television 
PEDRO HEPP 

INTRODUCTION 

This paper describes a course on computer literacy broad
cast over television in 1984 and repeated in 1985. The course 
comprised 13 short programs aimed at teachers, parents, and stu
dents interested in microcomputers for education. People enrolled 
in the course had access to computers, courseware, and tutor
ing. The programming language Logo, which was translated into 
Spanish, was used. A number of other short courses for teachers 
and students have since been developed. A new course, based on 
applications, is now being developed and will be broadcast in 1986. 

Television has always been regarded as a medium with great 
educational potential. Although education is the most important 
way for developing countries to improve people's lives in the long 
run, television's potential for education is, in general, barely ex
ploited. In Chile, most of the people, including the poor, own or 
have access to television sets. Television can therefore be used for 
continuing education for large numbers of people of all ages and 
backgrounds, in their own homes and at their own pace. 

The Catholic University of Chile owns a television network 
(channel 13) that reaches every major town in Chile. It devotes 
part of its transmission time to educational programs, which are 
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designed and implemented by a special department named "Tele
duc" (TELevision EDUCativa). Each course consists of a series of 
10 to 13 programs. Their underlying principles are that learning 
can be fun, that a great deal of learning happens by experimenta
tion when people do things by themselves, and that television can 
be effectively used for education and promoting creative thinking. 
People who enroll in the courses participate in practical work, re
ceive course material, and take examinations. For these activities, 
Teleduc has special purpose centers in ten of the largest cities in 
Chile. 

Courses are broadcast on Saturday morning and repeated on 
Sunday. It is estimated that at that time, when no other channels 
are broadcasting in Santiago, 25 percent of the television sets 
are on. The courses are viewed by people between 8 and 85 
years of age, but most are between 25 and 35 years old. Sixty 
percent of the viewers are females, 90 percent have completed 
secondary school and only 30 percent are professionals. Each 
semester, approximately 5,000 persons enroll in Teleduc courses. 

Courses on history, arts, mathematics, photography, and the
ater have been developed by Teleduc with the cooperation of the 
appropriate university departments. A teacher is responsible for 
the content of each program. H1e or she prepares course material 
(in the form of a book or magazine) and supervises the entire 
process including scriptwriting, practical sessions, examinaGions, 
and assignments. 

DESIGNING THE COURSE 

In October 1983, Teleduc consulted the computer science de
partment in order to design a course on computer literacy with 
the following objectives: 

* 	 To show that today's microcomputers are simple to learn 
(there is no need for any particular skill other than reading 
and writing), useful (their applications are limited only 
by people's creativity), and great fun (learning can be 
enjoyable) 

" 	 To show that microcomputers can be effectively used in 
education if teachers and parents are aware of and have had 
a personal experience with computers in an environment 
conducive to learning. 
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This second objective was particularly important because 
many schools and parents rush into computing, buying equip
ment and software labeled "educational" without knowing how 
they intend to use them. A survey showed that while 11 percent 
of Santiago's schools had computers in 1984, only 3 percent of the 
teachers had used them (Donoso, 1985). An increasing number of 
schools and parents need guidance because after a short period of 
uncoordinated attempts, they find that the technology does not 
match the promises. The same survey reported that 91 percent of 
Santiago's teachers want to enroll in computer courses (Dcnoso, 
1985). 

The television course was called "The Logo Language: A 
Simple, Useful, and Enjoyable Way to Get into the Computer 
World." It was designed as a 13-week course, with the first televi
sion program being an interview with the author and an overview 
of today's computing technology and applications. A book, com
prising 12 chapters, and a technical magazine were written. Each 
program consisted of short sketches in which actors tried to convey 
three or four basic ideas, extracted from one book chapter, and ad
ditional technical information from the magazine. Each program 
was planned to last 24 minutes. 

It was expected that the general public not enrolled in the 
course would be able to follow the television programs without 
much diffi..'ity and that they would be eager to try working on a 
microcomp er. Each program was designed to interest people in 
exploring ideas with the computer and to provide general support 
to the practical sessions for those enroiled. Each person who was 
formally enrolled was allowed to practice at least three hours a 
week with three different types of microcomputers. 

The Logo Decision 

We decided to use a programming language instead of an ap
plication software (such as a word processor or spreadsheet) as the 
learning vehicle because it was possible to get a standard subset 
of it working on all the different participating computer models. 
Also, schools and parents were already using programming lan
guages, mainly BASIC, because it was readily available on their 
machines. However, we decided to use Logo instead of BASiC 
despite strong arguments against such a decision. It was said that 
BASIC was inexpensive and probably the language most used in 
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education. On the other hand, Logo was almost unknown in Chile, 
and no research had been done to s-poport :lairn. of its superiority 
over BASIC as a learning tool. 

We had used BASIC at itie university in the late 1960s and 
early 1970s to train programmers, and we were aware of the many 
benefits of BASIC for short and simple programming. However, 
as soon as code grew over approximately 1.00 lines and prob
lems became more complex, BASIC would not provide adequate 
abstraction mechanisms and control structures to ded with the 
complexity. The longer the code, the more became.structured 'it 
It became much more difficult to debug, expand, and experiment 
with it. Code was difficult to share and to explain to others. At 
the university, we rapidly switched to Pascal as soon as it became 
available and overcame most of ihe problems found in BASIC. 

Logo, on the other hand, wns designed fcr learning (Papert, 
1980). It has monZof the benefits of BASIC, such a8 an interactive 
environment, including an editor; bu'. it also has good abstraction 
mechanisms, elegant control 4tructures (such as recursion) and 
tlhe language is easy to extend. The integrated graphics capability 
makes it easy to begin with, allowing a smooth transition from 
simple to complex problems. It promotes e)xperimentation, and 
as we rapidly obser-ed by trying it on children and youngsters, 
it tends to stimulate programming in team3 and code sharing. In 
brief, we consider that Logo has better underlying language design 
principles than BASIC; it has a strong educational appeal; and it 
has good supporting written material (Abelson, 1981; Abelson and 
DiSessa, 1982; Reggini, 1982; Ross, 1983; Thcrnburg, 1983). 

Finally, Logo proved easy to translat2! into Spanish, and differ
ent versions had a large intersection, making it easy to standardize. 
At first, Logo was translated into Spanish for each make of com
puter by a commercial firm. This translation rapidly became a 
standard and further commercial versions were based on it. The 
university now has its own translation and is finishing its own 
Spanish implementation. 

Courseware 

The book, from which the television scripts were extracted, 
includes the following topics: turtle graphics, command and op
erator creation, editors, math operators, variables, if-then-else, 
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recursion, Cartesian coordinates, list processing, interactive pro
gramming, and file handling. Each chapter includes exercises and 
hints for experimentation. The final chapters describe projects 
such as building a simple database, playing with physics, geogra
phy, and motors. In writing the book, we drew heavily from ideas 
included in other books, which by now are standard examples, 
particularly those from Abelson, Ross and Thornburg. 

The magazine includes topics on the history of computing, 
from the abacus, through the Inca Qu*pu, to the five generations 
of computers. It explains the basic principles of today's comput
ers starting with components such as transistors and chips, and 
defines terms such as memory and CPU. A few pages are de
voted to programming languages with brief examples. Finally, it 
demonstrates how computers are used iti different activities, such 
as health care and administration. 

The television programs are in a light comedy style. A special 
character called the "Logotipo" was created. He was responsible 
for presenting the main ideas, discussing them with the "Turtle," a 
character always ready to 7,ct and learn. Among other actors, the 
"Programmer" was in charge of representing the traditional view 
of computing as a difficult discipline, always in conflict with "Lo
gotipo" and the helpful "Turtle." In essence, the "Turtle" was the 
medium through which the "Logotipo" learned and experimented. 

THE 1984 COURSE 

Computer and Human Resources 

The computer industry was immediately interested in the 
course, and Teleduc obtained 74 microcomputers of three dif
ferent types to be used during the course. Computer centers were 
established in ten cities. These centers were open twelve hours 
daily, six days a week, and were permaneatly staffed by teaching 
assistants. In each center, one person was in charge of assigning 
computers and practice hours according tc demand and machine 
availability. 

Teaching assistants were trained in only three days. Most 
of the assistants from Santiago were computer science students 
who already knew Logo. They helped prepare the others from 
provinces, mainly secondary school teaihers. Their principal task 
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FIGURE 19.1 Practice room utilization. The 9 to 18 age group used 
65 percent of their allowed time. Those over 19 used 54 percent. Weeks 5 
and 11 were holiday weeks. 

during the course was to observe and gi'e guidance to students, 
stimulating experimentation and self-discovery. 

Course Statistics 

Of the 1,561 persons enrolled in the course, 1,343 (76 percent)
used the computers in the practice cent(-rs. Of the total, 960 
(61.5 percent) were male and 601 (38.5 percent) female. Only 534 
(34.2 percent) w.ere students. Figure 19.1 shows how the demand 
for practical work evolved during the course. The first week was 
slow mainly because people were still enrolling in the course. Later 
on, people found that they could finish the exercises in each book 
chaptei in less than the three hours practice allowed each week 
arid finished the course earlier. This was not the case with younger 
people, under 20 years of age, who also finished the course earlier 
but continued exploring other possibilities with the computers. 
This difference in attitude between ages was apparent in other 
short courses given after the television course. 
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FIGURE 19.2 Percentages of students passing the course. 

Only 70.5 percent of those enrolled took the examination, and 
73.2 percent of this group passed the course. Figure 19.2 shows the 
distribution of course results. The group that passed the course 
was 74.7 percent male and 70.8 percent female. It was noted that 
whe;n students and teachers were enrolled by their schools in the 
same course, the teachers generally did not take the examination. 

EPILOGUE TO THE 1984 TELEVISION COURSE 

In December, shortly after the 1984 course had finished, a 
two-week course for children between 8 and 14 years of age was 
implemented in schools and not shown on television for the general 
public. These children received seven sheets, in which a very 
energetic character named the "Supertortuga" introduced, in a 
comic-strip style, the Logo concepts. These concepts included 
only turtle graphics. 

In January 1985, a two-week summer camp, with 60 children 
between the ages of 8 and 14 was held. It was a full-time course, 
combining recreation and computers. Each session began with one 
TV program and the children worked on those concepts for the 
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rest of the session. Children were filmed during these practices. 
As a result, Teleduc is now organizing more summer camps and 
short courses based on Logo. 

Because of the prissure in schools to provide computer courses, 
it became apparent that courser for teachers were and are a grow
ing necessity. After the summer camp, a two-week course for 
secondary school teachers was carried out. A permanent training 
course for teachers is currently available at the university (Donoso, 
1985). 

THE 1985 COURSE 

The television course was repeated in 1985, with the following 
differences from the previous year: 

The book was rewritten to include more exercises, a new chap
ter on the use of the editor, and changes in the order and content 
of chapters to provide a smoother transition from graphics to list 
processing. A magazine, written as a comic and featuring the 
Supertortuga was given to students under 15 years old instead of 
the book. The content of the book and magazine are similar but 
differ significantly in presentation. The practice center in Santiago 
is now twice as large, with 60 donated microcomputers. The new 
room includes space for group discussion and a second floor for 
demonstrations and exhibits for visitors 

The Logo version now used has been translated by the com
puter science department, and our own Spanish version is currently 
being tested. We decided to implement our own version of Logo 
because present commercial versions are too expensive for most of 
the schools and parents. Also, we expect to improve the Logo syn
tax and add new features to it, according to needs and machine 
capabilities. For example, Logo versions for Apple's MacIntosh 
show many advanced features (such as three-dimensional spaces). 

THE FUTURE 

Teleduc now has a great deal of experience as well as computer 
resources and teaching material. It is therefore planning additional 
courses to be offered to the general public. There will be two 
new courses. One is based on Logo and will show how to use 
"microworlds" (Papert, 1980) in different subjects such as physics, 
history, and grammar. The other course will show how computers 
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can be used by people to do their current jobs in more productive
and creative ways. This course is also intended to show that 
computers can modify the way people communicate, enriching the 
quality of their work. 
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A Realistic Program of Computer Literacy 
for All Mexican Children 

JORGE BUSTAMANTE 

In countries that are highly developed technologically, it is 
estimated that within three years 75 percent of all work will di
rectly employ computers. In our country, it will take several more 
years, but inevitably this will be the situation, at least in urban 
areas. Now is the moment to act intelligently, within our economic 
possibilities, and try to take steps that will benefit the entire pop
ulation. For those who would question the arrival of computers in 
our midst, suffice it to say that in 1956 the ILLIAC, one of the first 
machines designed by Von Neumann, cost several million dollars, 
whereas today a $100 machine has more capacity than the ILLIAC 
ever did and can be used with greater ease. What will happen in 
another 15 years, considering that the rate of development is ac
celerating daily? 

COMPUTERS IN MEXICAN SCHOOLS 

Cutrrently, schools for children and young people whose fami
lies have liberal economic resources have access to computer equip
ment and software. Some of these schools have comprehensive 
plans and are attempting to introduce them in different subject ar
eas; others use computers in laboratories somewhat independently 
of the curricula. The Israeli and French schools in the Pedregal 
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are examples of these two very different approaches, although both 
schools use similar computer equipment. 

Currently there are dozens of centers that teach computer 
skills to children from families that can afford to spend a great 
deal of money on education. Only the program at the Academy 
of Scientific Research and the one at the General Directorate of 
Libraries (the AIC-DGB Program) give computer courses free of 
charge for children at all socioeconomic levels. Unfortunately, the 
resources are limited to 20 stations; these are used all day long, 
Monday through Friday and half a day on Saturdays and Sundays. 
It is hoped that soon a major teaching program will be introduced 
in the third year of secondary school using 400 MICROSEP ma
chines, as announced at a recent meeting in Durango. 

If the current trend continues, in a few years there will be 
two classes of children: those who have had access to computers 
and those who have not. It could be said that there will be a 
further breakdown of these categories depending on the degree 
of mastery of the teaching methodology and other variables such 
as acceptance on the part of the teachers, the training they have 
had, and the quality and variety of devices available for the equip
ment being used. However, we firmly believe that the most serious 
difference will bc between those children who have not had any 
contact with computers and those who have. It amounts to the 
difference between those who have learned to read and write and 
those who have not. Based on this analogy, we will use the term 
"computer literate" to refer to those who have attained a certain 
level of knowledge about the use of computers and "computer ac
culturated" to those with a fuller understanding of the technology. 

ORGANIZATION OF THE PROPOSED PROGRAM 

OBJECTIVES 

The objective of the program described herein is to achieve 
computer literacy with a minimum investment for all Mexican 
children in the primary grades within a period of six years. Com
puter literacy occurs when people have had sufficient access to 
equipment and training hours to enable them to: 

1. 	 Use a computer keyboard directly, including the special 
function keys; 

2. 	 Write simple procedures; 
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3. 	 Link these simple procedures in the development of in
creasingly more complicated procedures or programs; 

4. 	 Edit their procedures and correct their own errors to ac
complish the proposed task; 

5. 	 Recognize that the computer does only what it is told and 
that it does not make mistakes or harbor any magic; 

6. 	 Understand that it is possible to do wonderful things with 
computers; 

7. 	 Recognize that these wonderful things are made up of 
small procedures just like the ones that they have already 
learned; 

8. 	 Pose problems and solve them correctly with the com
puter; and 

9. 	 Finally, it would be very desirable if they became moti
vated to continue working with computers whenever the 
opportunity arose. 

Computer Acculturation 

Experience with the almost 14,000 children in the AIC-DGB 
program leads us to the conclusion that with 20 hours of intensive 
work, two children per machine, it is possible to achieve the level 
of computer literacy described above. 

To prevent a deterioration of this knowledge, which could soon 
lead to functional computer illiteracy, there should be equipment 
at the disposal of the computer literate children that h s been set 
up for practical and useful applications. It is also necessary to 
give talks at the computer acculturation centers that will serve to 
carry on the sensitization process. The new applications that they 
will be working on daily will contribute to this objective. It would 
be very desirable if the Mexican television networks would do as 
the BBC has done in England and offer information programs on 
the uses of computers. Once people become computer accultur
ated, they can evaluate everyday applications in the markets, in 
shops, or on television, all of which will reinforce their knowledge 
and interest. It could be planned so that in the near future every 
television set will come with one or several additional electronic 
circuit boards and a small keyboard that will allow them to be 
converted into home computers. The additional cost of such equip
ment would not exceed that of a normal television set by more than 
25 percent at this time, and, within a few years, by more than 10 
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percent. For this purpose, Mexican manufacturers should try to 
use a standard such as the MSX or the 16-bit MSX. This would 
mean that in the future all homes that have a recently acquired 
television set-and there are many-would have a computer. In 
those homes that have a telephone, the possibilities for communi
cation would be enormous, and the process of full acculturation 
would be accomplished. If we discount the situation for the im
mediate future, given the economic crisis that we are currently 
going through, it is possible to plan for the teaching equipment 
to remain at the disposal of the children who have been trained 
so that they can practice what they have learned and use it in 
applications of collective interest. Further on, we will propose a 
practical way of accomplishing this. First we will address the task 
of developing computer literacy. 

Methods to be Used in the Program 

In a country the size of Mexico, the achievement of computer 
literacy in children would appear to be a superproject. But the 
printing of free textbooks for all primary schoolchildren was also 
once regarded as a project of unattainable dimensions, and this in 
fact was achieved within a very short time. My concrete proposal 
for computer literacy is that it be done through the network of 
the National Public Libraries Program and CONACYT'S "Casas 
de la Ciencia." The plan of operation would be similar to the one 
that has been used for the limited equipment of the Academy of 
Scientific Research (AIC). The effort would be to improve it with 
te provision that in each library the installation be permanent, 
secure, and adequate in size. 

Personnel and Training 

At each of these work centers there would be a person desig
nated to be responsible for the equipment and the instruction. The 
training and technical selection of this person would, in principle, 
be done by AIC, either following the system that is now being 
used or by another mechanism described below under the heading 
"Supporting Organization." 
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Maintenance 

A central unit would be created for maintenance of the equip
ment, and would be divided as the program grows. Persons already 
working in different parts of the country could take charge of the 
maintenance under contract, later on. An effort would be made to 
use small independent working groups to make the system efficient 
without increasing the permanent staff of the libraries or the Casas 
de la Ciencia. In our 20 months of experience with the AIC-DGB 
program, we have been able to verify that the equipment holds up 
well, even though the installations in the libraries are not the best 
for this purpose and the equipment is connected, disconnected, 
and packed up twice a day. 

Enrollment of Students 

The children would be enrolled at the libraries, on a first
come-first-serve basis; it would be emphasized to the parents and 
children that punctuality is an important part of the training, and 
that the program is ongoing. Cards will be made available for 
keeping attendance records, and rules will be set down in writing. 
In order to use the equipment without an instructor, the pupil will 
have to have completed 20 hours of supervised work. These are the 
rules that are already being applied under the currenit program. 

Didactic Approach 

We propose to use Logo as the basis of our educational philos
ophy; we have specifically avoided using the word "language" to 
emphasize the fact that Logc is more than a language. 

During 20 hours of exposure to Logo, we plan to guide the 
children step by step toward the achievement of the objectives set 
forth in our definition of computer literacy. It is not a question 
of leaving the children alone to do what they want; this has not 
worked either in Mexico or in the country where the Logo move
ment has had its greatest development and acceptance. Logo is a 
language for both children and adults; to learn all of it requires a 
great deal of time and study. It is important to emphasize that it 
is useful for children and adults of all ages; no one can deny that 
it is not an intellectual challenge. The more advanced and clever 
children will be stimulated to find problems that are difficult to 
solve. In other words, Logo has no limitations that will hold back 
a child's development. 
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It is important to point out that the proposed scheme, which 
is outside the school system, should not create problems in the 
educational setting either for the teachers or for the children. On 
the contrary, the fact that it is free of charge will allow the children 
who are motivated to go the public libraries and, if they so wish, 
to see it through to the end. The scheme can be likened to an 
optional laboratory outside the classroom. 

Equipment 

We intend to use the most inexpensive equii-,nent available 
that will enable us to attain the objective of computer literacy. 
We are aware that there is more expensive equipment that is more 
attractive and user-friendly, but we also know that the equipment 
we have selected or that is to be selected, even though it is in
expensive, is adequate for the job. Moieover, regardless of what 
the children use subsequently in the way of additional equipment 
(such as diskettes or printers), it will not represent a great change 
if they are computer literate. 

In the later phase of acculturation there will be other applica
tions at the children's disposal-such as word processing, database 
management, and the use of spreadsheets, to mention some of the 
ones that are best known and most useful. 

Evaluation of the Program 

The money spent in this program of computer literacy for 
children is justified if it helps to improve the quality of life of the 
Mexican people. Thus it is indispensable to evaluate the cost
benefit ratio of the project. In this research, it will be necessary to 
take into account any social changes that occur as a consequence 
of computer literacy and their influence on the development of 
creativity, logical and critical thought, intellectual ability, and 
problem-solving capacity in the children. Below we define, both 
operationally and in terms of computer literacy, the improvement 
in quality of life that we believe should result from a project such 
as the one prcposed. 

Improvement in the Quality of Life. We will refer to those 
aspects of quality of life that, as a consequence of computer literacy 
and subsequent acculturation, would be available to those who 
have had this preparation and without which they would face as 
many closed doors as now exist for the illiterate. 
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In general, I believe that Mexico will be a very different coun
try when all the children are computer literate, perhaps in 10 to 
15 years-when they will go to the public libraries to read and 
to use computers as a tool; and when they will see that there are 
other dimensions of thought and that they can break away from 
the constant alienation of a television set that makes them mere 
spectators of other people's lives. The computer can make it pos
sible for them to create their own worlds and their own challenges, 
and to form user groups that have more in common than cartoons 
or Pac-Man. 

It is hoped that th.e re will be improvement in at least the 
following areas: 

1. 	 Equal job oppoftunities for all Mexicans, especially for 
jobs that are better paid or more attractive from other 
points of view; 

2. 	 Equal job opportunities for men and women, especially for 
better-paid jobs. We emphasize boys and girls because it 
has been widely noted that computers are regarded as a 
male preserve; we believe that this is due, in part, to lack 
of access for girls at an early age. In the program that 
follows, no distinction will be made between boys and 
girls; in all cases we will be referring to both sexes when 
we speak of "children"; 

3. 	 Cultivation of a sense of security and emotional tranquil
lity compared with other children of the same age; and 

4. 	 Assurance of equal opportunity in the choice of career. 

Some of these aspects will offer, in turn, other advantages 
for quality of life, such as better housing, better food, and better 
facilities for transportation and communication. 

Estimated Program Cost 

Before launching the program on a full scale, we would have a 
maturation period during which the necessary personnel would be 
trained. The annual cost, or better, the cash flow of the program, 
will depend on the size of the target population and the length of 
the maturation period. 

As a rough estimate, we assume the following: 
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Size of the population: 15 million children in the 
primary grades 

Literacy training period: six years 
Maturation period: three years; each year the capa

city will be increased in order 
to complete the project in six 
years. 

Literacy program: 
First year: 1 million children 
Second year: 2 million children 
Third year: 3 million children 
Fourth year: 3 million children 
Fifth year: 3 mi!lion children 
Sixth year: 3 million children 

Total: 15 million children 

Acculturation: 20 percent of the children trained each year. 

Time necessary for literacy training: 20 machine-hours. 
Time necessary for acculturation: 20 machine-hours. 

Cost of Equipment and Necessary Programs: 
Cost of microcomputer: U.S. $ 100 
Cost of monitor, low color resolution: 180 
Cost of cassette recorder 

(one for every five stations): 40 
Cost of cassette with Logo program: 40 
Cost of acculturation programs: 180 

The cost of program administration and supervision is esti
mated at ten percent of the instructors' salaries. 

Cost of Equipment Maintenance and Repair. We estimate 
that tile equipment has a useful life of six years. Also, we consider 
that an adequate amount of funds should be set aside for its 
upkeep. Table 20.1 gives a sample of the percentages, based cn 
the initial value, that are being considered for maintenance and for 
major repairs of the equipment. It could be a question of setting 
an upper limit, but we want to present a realistic estimat3 of the 
costs that can be expected. 
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TABLE 20.1 Cost of Hardwrre Maintenance as a 
Percentage of Initial Outlay 

Year Percentage 

First year 7 
Second year 17
 
Third year 27 
Fourth year 37 
F'fth year 47 
Sixth year 57
 

TABLE 20.2 Ca.mihFlow,a Stations, and Inntructor.1 Required 

Equipment Stations Total 
Literacy Accultu- Instruc- C,.ordi- Mainte- Literacy Accultu- Instruc-

Year Program ration tors nation nance Total Program ration tors 

1 540.83 0.00 10.00 91.00 3786 1,579.69 4,167 0 833 

2 F40.83 108.17 910.00 91.00 183.88 1,8-3.88 8,333 833 1,667 

3 $40.83 108.17 910.00 91.00 467.28 2,117.28 12,500 1,667 2,500 

4 0.00 108.17 2,730.00 273.00 680.37 3,791.54 12,500 2,500 2,500 

5 0.00 0.00 2,730.0& 273.00 915.09 3,91b.09 12,500 2,500 2.500 

6 0.00 0.00 2,730.00 273.00 1,109.79 4,112.79 12,500 2,500 2,500 

Total 1,622,50 24.50 10,920.00 1,09,.00 3,394.27 17,353.27 

a Amou nts are given In millions of pesos. 

Cash Flow 

Table 20.2 gives a summary of the cash flow needed in order to 
complete the program in six years under the conditions stipulated 
above. Appendix 20.1 presents the same table as alternative 1 
and gives five other alternatives, with changes in the hypotheses 
regarding salaries, number of stations per instructor, and matura
tion period. Alternative 6 is the same as alternative 1 except that 
it is based on participation of only 50 percent of the children in 
the initial computer literacy program. 

http:17,353.27
http:3,394.27
http:1,09,.00
http:10,920.00
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Instructors 

For development of the program under alternative 1, it was 
considered that one instructor is needed for every five stations 
during the literacy phase of the program, while the acculturation 
phase could be carried out with the ipstructor together with vol
unteer tutors or teaching assistants. The rector of Universidad 
Nacional Autonima de Mexico, Jorge Carpizo, and the director 
of social services, Rafael Valdes, looked favorably on the idea of 
assigning teaching assistants from some of the programs at this 
center to the teaching of computation to children. 

The 20 percent annual increase in equipment and additional 
programs will be of greatest help in the acculturation process. The 
maintenance of knowledge, as it has already been said, will take 
place through the free use of computer equipment in applications 
that are valuable to students, such as word processing or database 
management. 

Within the program, provision should be made for the partic
ipatioi of pupils and young tutors who can be of assistance to the 
instructors. In the current program of the AIC, tutors are being 
used with gi'eat success both from the standpoint of the assistance 
they provide and the motivation they have gotten from this work. 
In all cases, they have been told that they can work as much time 
as they want, but they have been asked not to leave the program 
once a cycle of sessions has started. The tutors have responded 
very well. 

As can be seen, the human and material resources that this 
program requires would not be excescive for an economy such as 
Mexico's, and the cost per student would be very low. 

Supporting Organization 

For this programn to have the dynamism that it requires, it 
is proposed to establish a Council for Free Computation for All 
Children, whose founding members might be the Ministry of Pub
lic Education, CONACYT, CONAFE, the Ministry of Trade and 
Industrial Promotion, the Academy of Scientific Research, par
ents' organizations, progressive firms such as the ICA, and all 
those persons or institutions ,at make a significant contribution 
to the financing of the project. The council would not have any 
employees or salaried staff; its functions would be to oversee qual
ity control and research. For this purpose a technical committee 
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would be appointed consisting of ten members, two of whom would 
be replaced every two years. It would have a finance committee, 
similarly organized, whose objective w aid be to obtain funds for 
the project. 

The council would not undertake any specific activity; rather, 
it would assign this work to third parties, preferably institutions 
or specialized enterprises. The council would be an advisory body, 
while 'he executive units, as previously mentioned, would be on 
the one hand, the Casas de la Ciencia, and on the other, the munic
ipalities throughout the country and the SEP General Directorate 
of Libraries, as set forth in the agreement between the SEP and 
the Federated States for the installation of public libraries. In the 
expectation that the SEP could be depended on to give the most 
significant contributions for the equipment, CONAFE would be 
asked to place the international bids for the equipment and the 
corresponding contributions. Contracts for the work of coordina
tion, evaluation, and research would be awarded through national 
bidding, while the specifications would be proposed by the council. 
Also, it would be the responsibility of CONAFE to contract for 
maintenance through national bidding. It would be the respon
sibility of the municipalities to contract for the personnel for the 
actual teaching. This personnel would be selected and trained by 
the companies responsible for coordination and evaluation, and 
the program would be carried out in all the municipalities as the 
opening of public libraries progresses. The council, depending on 
progress in computer instruction in the schools, could disappear 
or continue to function beyond the six years of the program. 

CONCLUSIONS 

The following conclusions may be drawn: 

" The proposed program will remedy to a great extent the 
overwhelming social inequity being caused by the current 
elitist use of computers among Mexican children. 

" In view of the financial and human resources that it re
quires, the program is feasible for a country such as 
Mexico. 
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o 	 The proposed scheme is aimed at implementing a successful 
program under current circumstances and at preventing 
the intimidation of pupils and teachers. On a much smaller 
scale, it has already proven itself. 

* 	 This scheme does not interfere in any way with other com
putation and education projects planned by the SEP in the 
public libraries or in some secondary schools in the imme
diate or near future; on the contrary, it may complement 
them. 

* 	 It is proposed to institutionalize the project with the par
ticipation of all sectors involved in this project and others of 
its kind, for purposes of technical standardization, quality 
control, and research. 

RECOMMENDATIONS 

Twenty months ago the Academy of Scientific Research initi
ated a pilot project that was supported directly by the Ministry 
of Public Education (SEP), the Ministry of Trade and Industrial 
Promotion (SCFI), and CONACYT that has been an outstanding 
success. The project has reached maturity, and it is time to extend 
it throughout the countiy. For this to happen, it will be necessary 
to have the support of the rest of the political elements as well 
as of the economic sector. Only in this way can its continuity, its 
acceptance, and its success at the national level be guarant?ed. 

The concrete recommendation of this presentation is that a 
council be formed, with the participation of all the elements men
tioned, in order to bring together the financial resources so that 
the project can be extended throughout the country. For this 
purpose, the infrastructure of the National Program of Public Li
braries (which is opening a library in each municipality) would 
be utilized, along with the help of the federal, state, and munlc
ipal governments. In this way, equal opportunity would be made 
available to all Mexican children through free access to computer 
literacy, and the project would automatically have a federalist, 
participatory, and decentralized basis. 
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APPENDIX 20.1
 
SIX ALTERNATIVE SCENARIOS
 

ALTERNATIVE 1 

Preliminary Data 

Number of children (millions) 15 
Number of years of program 6 
Numbers of years since initiation 3 
Hours of annual instruction 20 
Number of students per station 2 
Number of students per instructor 5 
Annual hours per station 2,000 
Monthly wages for instructors (Pesos) $60,000 

Equipment Costs Per Station 

Cost per computer (US) $ 100 
Cost per monitor 180 
Cost per cartridge 40 
Cost for illustrations 8 
Cost for electrical installation 15,000 

Year 	 Computer Literate 
Children (millions) 

1 0.83333 
2 0.83333 
3 0.83333 
4 4.16667 
5 4.16667 
6 	 4.16667 
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ALTERNATIVE I (Cont'd) 
Cash FPcv (Millions of Pesos) 

Equipment Stations Total 
Literacy Accultu- Instruc- Coordi- Mainte- Literacy Acculto- Instruc-

Year Program ration tors nation nance Total P.ogram ration tors 

1 540.83 0.00 91000 91 00 37 86 1.57--,49 4,167 0 833 

2 540.83 108.17 9100 9100 183 88 1,833 88 S33 833 1,667 

3 540.83 108.17 91000 91 00 467 28 2,117 28 1 t2SO 1,667 2,500 

4 0.00 108.17 2,730.00 273 00 680 37 3,791 r4 12,.500 2,500 2,500 

6 0.00 000 2,73000 273 00 915 0, 3,918 (19 12,50(0 2,5()0 2,500 

6 0.00 000 2,73000 273 00 1,109 79 4,112 79 12,5(10 2,500 2,500 

Total 1,622.50 324.50 10,920 00 1,092 00 3,394 27 17,3!:3 27 

hypothesis: The expentes for coordination are equivalent t,, 10 percent f the teachers' salar:es. 

The equipment dedicated to accult uration anitrits to 21) percent of tire equiipment 
dedicated to the literacy program. 

http:1,622.50
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ALTERNATIVE 2 

Preliminary Data 

Number of rhildren (millions) 15 
Number of ye:ars of program 6 
Numbers of years since initiation 3 
Hours of annual instruction 20 
Number of students per station 2 
Number of students per instructor 4 
Annual hours per station 2,000 
Monthly wages for instructors (Pesos) $60,000 

Equipment Costs Per Station 

Cost per computer (US) $ 100 
Cost per monitor 180 
Cost per cartridge 40 
Cost for illustrations 8 
Cost for electrical installation 15,000 

Year 	 Computer Literate 
Children (million s) 

1 0.83333 
2 0.83333 
3 0.83333 
4 4.16667 
5 4.16667 
6 4.16667 
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ALTERNATIVE 2 (Cont'd)
 
Cash Flow (Millions of i'esos)
 

Equipment Stations Total 
Literacy Accultu- Instruc- Coordi- Mainte- Literacy Accultu. Instruc-

Year Program ration tors nation nance Total Program ration tors 

I 540.83 000 1,137.50 113.75 37.86 1,629.94 4,167 0 1,042 

2 540.83 108.17 1,137.50 113.75 18388 2,084.13 8,333 833 2,083 

3 540.83 108.17 1,137.50 113.75 467.28 2,367 53 12,5o0 1,667 3,125 

4 0.00 108.17 3,412.50 341.25 680 37 4,54229 12,500 2,500 3,125 

5 0.00 000 3,412.50 341.25 91509 4,66 84 12,500 2,500 3,125 

6 0.00 0.00 3,412.50 341 25 1,109 79 4,863 54 12,500 2,500 3,125 

Total 1,622.50 324.50 13,650.00 1,365.00 3,394 27 20,15C. 27 

Hypothesis: The expenses for coordination ale equivalent to 10percent of the teachers' salaries. 

The equipment dedicated to acculturation anmoint to 20 percent of the equipment 
dedicated to the literacy program. 

http:1,365.00
http:13,650.00
http:1,622.50
http:3,412.50
http:3,412.50
http:3,412.50
http:1,137.50
http:2,084.13
http:1,137.50
http:1,629.94
http:1,137.50


214 

ALTERNATIVE 3 

Preliminary Data 

Number of children (millions) 15 
Number of years of program 6 
Numbers of years since initiation 2 
Hours of annual instruction 20 
Number of students per station 2 
Number of students per instructor 4 
Annual hours per station 2,000 
Monthly wages for instructors (Pe.sos) $60,000 

Euipment Costs Per Station 

Cost per computer (US) $ 100 
Cost per monitor 180 
Cost per cartridge 40 
Cost for illustrations 8 
Cost for electrict.l installation 15,000 

Year 	 ,'omp'iter Lit2rate 
Child'en (millions) 

1 1.25000 
2 1.25000 
3 3.12500 
4 3.12500 
5 3.12500 
6 4.16667 
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ALTERNATIVE 3 (Cont'd) 
Cash Flow (Millions of Pesos) 

Equipment Stations Total 
Literacy Accultu- Instruc- Coordi- Mainte- Literacy Accultu- Instruc-

Year Program ration tors nation nance Total Progran tation tors 

1 811.25 0.00 1,706 ?5 17063 5679 2,744.91 6,25n 0 1,563 

2 811.25 162.25 1,706.25 170 63 275 83 3,126 20 12,500 1,250 3,125 

3 0.00 162.25 3,412 50 341.25 481.8h 4,397 8S 12,500 2,500 3,12F 

4 0.00 0.00 3,412.50 341.25 720,39 4,474 14 12,500 2,500 3,)25 

5 0.00 000 3,412.50 341.25 91509 4,668 h1, 12,500 2,500 3,125 

6 000 0.00 3,412.50 341.25 1,109.79 1,863.54 12,500 2,500 3,125 

Total 1,622.50 324 50 17,062.50 1,766.25 3,559.77 24,275 52 

Hypothesis: 	 The expen-e for ccordintion are equivalent to )0 percent of the teachers' salaries 

The equipment dedicated to acculturation aonunts to 20 percent of the equipment 
dedicated to the literacy program. 

http:3,559.77
http:1,766.25
http:17,062.50
http:1,622.50
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ALTERNATIVE 4 

Preliminary Data 

Number of children (millions) 15 
Number of years of program 6 
Numbers of years since initiation 3 
Hours of annual instruction 20 
Number of students per station 2 
Number of students per instructor 10 
Annual hours per statiun 2,000 
Monthly wages for instructors (Pesos) $60,000 

Equipment Costs Per Station 

Cost per computer (US) $ 100 
Cost per monitor 180 
Cost per cartridge 40 
Cost for illustrations 8 
Cost for electrical installation 15,000 

Year 	 Computer Literate 
Children (millions) 

1 0.83333 
2 0.83333 
3 0.83333 
4 4.16667 
5 4.16667 
6 4.16667 
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ALTERNATIVE 4 (Cont'd)
 
Cash Flow (Millions of Peaoe)
 

Equiprmient Stations Total 
Literacy Accultu- Instruc- Coordi- Mainte- Literacy Accultu- lnstruc-

Year Program ration tGrs nation nance Total 'rngram ration tors 

1 540.83 000 45500 45 50 3783 1,079 10 .1,167 0 417 

2 540.83 108.17 45500 45.50 183 88 1,33338 833 833 853 

3 540.83 108.17 445.00 45.50 467.28 1,116 7e 12,500 1,G7 1,250 

4 0.00 108.17 j,3i;5 00 136 50 ,80 37 2,290 4 12,5of 2,500 1,250 

5 0.00 000 1,365 00 1350 915 0) 2,416 5o 12,500 2,500 1,250 

6 0.00 000 1,365 00 13, 50 I,I0 79 2,4111 20, i?,5o0 2,500 1,250 

Total 1,632.50 324 50 5,46000 540 30 3,394 27 11.747 27 

Hypothesis: Tie expenses f,,icordtiti, :,reequyivelit t(, tO percent fthe teachers' salaries 

The equipment dedicated to acculturation amounts to 20 percent -,fthe equipment 
dedicated to thehiteracy programi 

http:1,632.50
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ALTERNATIVE 5 

Preliminary Data 

Number of children (millions) 15
 
Number of program years 6
 
Numbers of years since initiation 3
 
Hours of annual instruction 20
 
Number of students per station 2
 
Number of students per instructor 4
 
Annual hours per station -.,000
 
Monthly wages for instructors (Pesos) $(,0,000
 

Equipment Costs Per Station 

Cost per computer (US) $ 100 
Cost per monitor 180 
Cost per cartridge 40 
Cost for illustrations 8 
Cost for electrical installation 15,000 

Year 	 Computer Literate 
Children (millions) 

1 0.83333 
2 0.83333 
3 0.83333 
4 4.16667 
5 4.16667 
6 4.16667 
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ALTERNATIVE 5 (Cont'd)
 
Cash Flow (Millions of Pesos)
 

Equipment Stations Total 
Literacy Accultu- Instruc- Coordi- Mzinte- Lteracy Accultu- Instruc-

Year Program ration tors nation nance Total Program ration tars 

1 540.83 0.00 1,706.63 170.63 37.86 2,455.57 4,167 0 1,043 

2 540.83 108.17 1,706.63 170.63 183.88 2,709.76 833 133 2,083 

3 540.83 108.17 5,118.75 511.88 467.28 2,993 16 12,500 1,667 3,125 

4 0.00 108.17 5,118.75 511.88 ,-10.37 6,413 16 12,500 2,500 3,125 

5 0.00 1.00 5,118.75 111.88 915.09 6,545 7, 12,500 2,500 3,125 

6 0.00 0.00 5,118.75 511.88 1,109.79 6,74f.42 12,500 2,500 3,125 

Total 1,522.50 324.50 20,475.00 2,047.50 3,301.27 27,863.77 

ilypothesis: The expenses for coordination are equivalent to 10 percent of the teachers' salaries. 

The equipment dedicated to acculturation amounts to 20 percent of the equipment 
dedicated to the literacy program. 

http:27,863.77
http:3,301.27
http:2,047.50
http:20,475.00
http:1,522.50
http:6,74f.42
http:1,109.79
http:5,118.75
http:5,118.75
http:5,118.75
http:5,118.75
http:2,709.76
http:1,706.63
http:2,455.57
http:1,706.63
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ALTERNATIVE 6 

Preliminary Data 

Number of children (millions) 107.5 
Number of program years 6 
Numbers of years osince initiation 3 
Hours of annual instruction 20 
Number of stulents per station 2 
Number of students per instructor C 
Annual hours per station 2,000 
Monthly wages for instructors (Pesos) $60,000 

Equipment Costs Per Station 

Cost per computer (US) $ 100 
Cost per monitor 180 
Cost per cartridge 40 
Cost for illustrations 8 
Cost for electrical installation 15,000 

Year 	 Computer Literate 
Children (millions) 

1 0.41667 
2 0.41667 
3 0.41667 
4 	 2.83333 
5 2.83333 
6 2.83333 
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ALTERNATIVE 6 (Crnt'd) 
Cash Flow (Millions of Peics) 

Equipment Stations Total 
Literacy Accultu- Instruc- Coordi- Mainte- Literacy Accultu- Instruc-

Year Program ration tors nation nance Total Program ration tors 

1 270.42 0.00 455.00 45.50 10.93 789 85 2,083 0 417 

2 270.42 54.08 455.00 45.50 91.94 91694 4,167 417 833 

3 270.42 54.08 455.00 4-.50 23364 1,358 64 6,260 83 1,250 

4 0.00 54.08 1,36500 136.50 340.18 I,,95.77 6,250 1,250 1,250 

5 0.00 000 1,365.00 136.50 457.55 1,959,04 6,250 1,250 1,250 

0 0.00 0.00 1,365.00 136.50 554 89 2,056 10 6,250 1,250 1,250 

Total 811.25 162.25 5,460.00 546.00 1,671 47 8,6 7C64 

Ilyputheeis: The expenses for coordination ar- equivalent to 10 perctent of Oie teachers' salaries. 

The equipment dedicated to acculturation amounts to 20 percent of tire equiipinent 
dedicated to the literacy program. 

http:5,460.00
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Microcomputers in Special Education:
 
Logo as an Educational Tool
 

JOSE ARMANDO VALENTE 

INTRODUCTION 

Even though our understanding of exceptional children has 
progressed enormously, in their education this knowledge has not 
been adequately applied in order to successfully tap their intel
lectual potential. Their needs have not been satisfied because the 
educational process in use today is a mere simplification of the 
educational method used with normal children. For example, a 
severely physically handicapped child has difficulty manipulating 
objects, hence the ordinary pencil and paper are not accessible 
educational tools. The exceptional child requires a new concept of 
education. Each child needs communicators, curriculum material, 
therapy programs, and physical spaces that are specially adapted 
for his individual needs. 

The experience of utilizing the Logo methodology with special 
needs children (Goldenberg, 1979; Weir, 1981; Weir and Emanuel, 
1976) has shown that the computer can provide a new approach 
to their education. The Logo methodology encompasses a com
puter language (Logo) and a learning environment consisting of 
children, computers, computer activities, programming ideas, and 
several learning principles. According to this methodology, the 
computer is a tool with which the special needs child can develop 
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his or her abstract thinking, can express ideas that were previously 
inaccessible, and can become a productive member of society. 

The objective of this paper is two-fold: first, it describes the 
use of Logo as an educational tool for children physically hand
icapped by cerebral palsy. The result of this work demonstrates 
that combining information from a variety of Logo activities pro
vides a powerful way of making a good analysis of performance 
in spatial, numerical, and writing domains-offering a magnified 
and "slowed-down" view of their cognitive processes. Second, it 
describes he ongoing work at our computer-based learning center 
for the education of special needs children. 

THE USE OF LOGO TO
 
EDUCATE CHILDREN WITH CEREBRAL PALSY
 

Cerebral palsied children have a disorder of movement and 
posture, caused by brain lesions, that limits their interaction with 
the physical world. They are known to have cognitive retardation 
as the result of reduced interactions with the environment because 
of their physical handicaps, or as a result of brain lesions that 
may affect motor areas as well as areas of the brain that support 
specific intellectual functions. These children's motor impairment 
makes understanding and evaluating their cognitive deficiencies a 
formidable task. It is difficult to create interesting and challenging 
activities that they can carry out so that their intellectual abilities 
can be evaluated. The computer can provide the means by which 
cerebral palsied children can perform engagin~g activities. 

The Logo methodology meets the spe. al needs of these chil
dren for the f3llowing reasons: 

First, the child does not have to manipulate physical ob
jects. Instead, he controls a computer that, in turn, ma
nipulates objects. The computer minimizes the barriers 
between the child and the physical world by moving the 
objects for him: executing the drawing and printing the 
words. Thus, children who have sufficient motor coordi
nation to push a button can command the computer to 
do what they want, without being dependent on other 
people, and without being limited by their lack of motor 
coordination. 
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* 	 Second, the activities the children develop in the Logo 
environment are determined by their own interests and 
imaginations. The children decide what to do and have 
control over their own projects. Thus children are trans
formed from passive observers to active participants. 

* 	 Third, the use of Logo demands the formalization of in
tuitive knowledge; this allows us to "see" the process the 
child uses to develop a particular activity and thus to 
identify the child's strengths and weaknesses. Education 
according to the Logo methodology consists of giving the 
children the power to channel their strengths to overcome 
their weaknesses. 

A Case Study 

This research started in 1978 as part of the project "Infor
mation Prosthetics for the Handicapped" developed at the Logo 
Laboratory of the Massachusetts Institute of Technology. It was 
tested in Boston at the Cotting School for Handicapped Children, 
a vocational school that offers a twelve-year academic program for 
physically hanaicapped children with norm:-2 mental capacities. A 
microcomputer from the Logo Laboratory was set up at the school, 
and the work started with Mike, a 17-year-old severely cerebral 
palied boy, who was enrolled as a tenth-grade student. 

Mike was selected as our first subject for several reasons. 
First, he had been at the Cotting School since the first grade 
and had shown a high degree of intellectual ability: excellent 
reasoning abilities, excellent memory, and an appreciation of being 
challenged by difficult tasks. This meant that he could not only 
exploit the intellectual power of the Logo environment, but he 
could also give us feedback in terms of the development of his 
ideas, the iristructional techniques we were using, and his feeling 
about the use of the computer. Second, Mike's teachers were 
concerned that there was a gap between Mike's potential and the 
school's ability to meet his intellectual needs. 

My first contact with Mike showed that traditional educational 
approaches had few chances of working. Although he had sufficient 
motor coordination to control his electric wheelchair, he had never 
used a pencil, and there were few things he could do with his 
hands. In the Logo environment, Mike was allowed to select the 
computer activities he wanted to develop. The computer was his 
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"scratch pad." He could draw, write, solve algebraic expressions, 
or keep notes about his programs. My function was to be his 
experienced colleague performing several roles: an ob.erver trying 
to understand Mike's difficulties and working style, a facilitator 
providing the information necessary for him to reach his goal, and 
a critic asking for better structured and more elegant programs. 

Mike's computer work lasted approximately three years, dur
ing which time he was offered unlimited access to the computer. 
Twice a week I came to the school and spent two to three hours 
working with him. Usually, he spent another five hours each week 
wcrking by himself. Duriag school vacations, Mike was brought 
to the Logo Labratory ;t MIT, wherc h, cGuld cnntinup hin 
computer activities. Thus, for almost three years Mike spent ap
proximately twelve hours a week working on the computer. 

In this learning environment it was possible to identify several 
aspects of Mike's working style. On the one hand, if we consider 
th. degree of his motor handicap, it was surprising to discover 
not only how much knowledge he had acquired, but how creative 
and meticulous he was. On the other hand, his high degree of 
competence made it all the more surprising to find situations 
where he performed like a young child. His writing skills, for 
example, were an area of particular weakness. This is a sample of 
the first piece of writing Mike produced: 

I ment Dr. Sileva Where, Jose Val-.r.te and Gary Drescher on 
October 5, 1978 at 9:32:47 AM. that the compuer I was so excized 
it like being it a waitting & maternace room at a hospital whiting 
to fine it oot's a boy or a grail. 
My fist and every day experreance with the compuer when it cash 
and it lost but it keep on losting all that I have tort it but keep no 
teaching it overy and ovety agian when I bring back to live. 

This example looks like spoken English that has been written 
down. There are many phonetic spellings, omissions of words and 
letters, reversed letters, and misconstructions of verb tenses. The 
question immediately arises of to what extent these problems are 
the result of lack of experience or of brain damage. To investigate 
and try to overcome this problem, we set up a focused remedial 
program. An English teacher designed a series of specific exercises 
based on weaknesses found in Mike's writing. All the lessons 
took place in the computer room, using the computer text editor, 
instead of having someone writing for him. Mike's use of this 
remedial program resulted in a gradual improvement, and he is 
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now writing papers at an acceptable level for college freshmen. 
This indicates that the deficiencies he showed may not be solely 
attributable to brain lesions and opens the possibility that some 
are the result of lack of experience. 

Mike's programming skills also developed. They evolved from 
using simple programs to draw geometric shapes to programs 

involving sophisticated programming techniques such a ideas of 

recursion, data structure, and algorithms that operate on these 
data structures. The other ch age was in his conception of the 
purpose of the computer: he no longer saw it as a toy but as a tool. 
He learned to take advantage of the computer as an instrument 
that could carry out useful tasks, thus creating vocational options 
for himself. 

Besides the development in Mike's programming skills, there 
was a noticeable improvement in his fine motor coordination as 
well as in his social interactions. The irst improvement came be
cause Mike was interested in using the computer and needed to at
tain the degree of dexterity necessary to manipulate the keyboard 
and insert the diskette into the disk drive. His social interactions 
developed because he had something interesting to talk about. 
His computer activities became a topic he could share with his 
teachers, colleagues, and with people interested in his work. This 
provided him with the means to interact with people outside of his 
immediate family, to make new friends, and to feel part of society. 
As he wrote, "The computer is a way that a disabled person can 
contribute to society" (Valente, 1983). Today he is an undergrad
uate in computer science at the University of Massachusetts and 
has a great interest in providing this training to other handicapped 
people. 

The Cotting School also benefited from the project and ac
quired new educ?..tional and vocational tools. A computer cen
ter was established, and Logo was included as part of the high 
school curriculum. Computers were brought to the elementary 
classrooms so that the children could have a chance to develop 
computer activities. 

From the researcher's point of view, the program showed that 
the computer can be an effective instrument to be used with 
physically handicapped children. It provided us with a way of 
understanding these children's intellectual disorders so that we 
could be truly helpful to them, giving them a way out of what 
seemed to be a hopeless situation. Our current objective is to 
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build upon this work, providing computer experiences to children 
in Brazil. 

CENTER OF INFORMATICS FOR
 
SPECIAL EDUCATION
 

The Center of Informatics for Special Education was estab
lished in January 1985 at the State University of Campinas, Sao 
Paulo, Brazil. The center is funded by private and government 
groups interested in education and the development of computer 
technology in Brazil. The primary objective of the center is to cre
ate computer-based Logo learning environments for children with 
physical handicaps, hearing impairment, and mental retardation 
and to develop educational methodologies that are suitable for 
these children's needs. To reach these objectives, we are develop
ing the following activities: 

" 	 Research on cognitive styles. The Logo environment can 
provide us with the means to understand each child's 
problem-solving style. By analyzing the Logo work of 
the children in the center, we hope to be able to iden
tify various landmarks or characteristics in their thinking 
process. 

* 	 Training programs. Professionals who work with excep
tional children are trained to use Logo as an educational 
tool. 

* 	 Development of educational and training materials. Part 
of the center's funding is devoted to the development of 
educational and training materials such as floor turtle, a 
plotter, video tapes, and Logo booklets.
 

* 
 A model school. The center has set up a model learning 
environment for the education of exceptional children. 
We believe that the best way to convince people about 
the power of Logo is to le tiem sce Logo in action. 

Training of Professionals 

In a traditional two-week Logo workshop, the participants 
have a chance to develop only a superficial understanding of Logo 
and have no time to change their understar.ding of thinking and 
learning. In these situations, the computer never becomes the tool 
through which we can truly ui..derstand the exceptional child. 
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The goal of the center's training program is to produce edu
cators who, in addition to having knowledge about computers and 
Logo, are willing to accept a radically different approach to learn
ing; who are able to analyze learning situations and to reflect on 

their own experience; and who have developed an understanding of 

the psychological and intellectual issues related to their population 
of special needs children. 

In this initial phase of the center, six professionals-two phys
ical therapists, one occupational therapist, one phonologist, and 
two teachers-participated in an intensive six-month training pro
gram. The people selected were simultaneously continuing their 
work in the field with their respective special needs population. 
During the training program, the participants were involved in the 
following series of activities: 

o 	 Programming. The participants learned the Logo lan
guage in depth, including topics such as turtle geometry, 
manipulation of words, numbers, lists, and recursion, as 
well as some basic concepts about computers. 

" 	 Research in the literature. The participants were required 
to search the literature in order to develop an understand
ing of the intellectual and emotional problems related to 
their respective special needs population. This thecretical 
foundation can help to identify the potential contribution 
of the computer and to focus our attention on these issues 
as we work with the children. 

" 	 Using Logo with children. Under supervision, each par
ticipant was required to work with two children from their 
respective special needs population. The function of this 
activity was to create an environment where the partici
pants were immersed in the theory and practice of Logo. 

* 	 Reflection on development. Participants were required to 
monitor the changes that took place within themselves 
as learners, as well as to analyze their behavior with the 
children as a teacher. This activity was supported by the 
use of personal notes each participant made of his or her 
own Logo activities, as well as his or her respective child's 
activities. 

" 	 Discussions. Weekly seminars were held to present new 
topics and to discuss problems and issues that arose dur
ing the activities. 
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This experience provided us with the means to understand 
some of the issues related to the training of adults and caused sev
eral changes in. our participants' views of themselves as well as theirrole as professionals. The Logo experience radically changed the 
participants' concept of discipline from one of emphasizing confor
mity (behaving well, arriving on time, following formulas) to the
discipline of critical thinking that includes playfulness and chaos.
It shook the "owner of knowledge" mentality of our six profession
als. They realized that to be a good Logo teacher they would have 
to, simultaneously, be teacher,a researcher, and learner. They
had to reform-ulate their knowledge and reevaluate their learning
style. Logo became a tool with which our trainees came to better 
understand themselves-the first step to using Logo as a tool with 
their students. 
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Experiences in the Introduction of
 
Computers in the Education of
 

Hearing-Impaired Children
 
ALICIA MARIA GOYCOOLEA INCHAUSTEGUI 

Basic education is administered at the national level in Mexico 
by the Ministry of Public Education (SEP). Within this ministry 
there is a General Office for Special Education in charge of the 
educational needs of atypical children such as the blind, those with 
learning problems, the mentally deficient, the hearing-impaired, 
and those with language problems. 

In particular, the Coordination of Integrated Specific Groups 
for the Hearing-Impaired (GIEH) arranges programs for children 
who have hearing loss. Their psychological, pedagogical, and clin
ical characteristics are carefully studied so that they can be as
signed to the most homogeneous groups possible with 10 children 
in kindergarten and primary school or 13 in technical secondary 
schools. The children attend public schools with normal-hearers 
using classrooms specifically designed for them. They take classes 
in Spanish, mathematics, social sciences, and natural sciences 
given by a teacher who specializes in hearing and language and 
who follows the SEP curriculum and programs, adapting them 
to the specific conditions of GIEH children. The normal school 
environment is used to encourage the socialization of the hearing
impaired; here they can interact with normal-hearing children in 
physical, artistic, technical, and school cooperative activities, and 
take these classes from the regular teachers, while the specialized 
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teacher serves as an assistant who explains to the hearing-impaired 
children what that they are not able to capture by lip-reading. To 
supplement their education, these children receive individualized 
language therapy according tc a schedule that does not conflict 
with the regular class time. 

Given th. growing interest throughout the world in the use 
of computers n education, and with a view to providing hearing
impaired children with the advantages, means, and resources to 
utilize computers, we have undertaken a special extracurricular 
pilot project. This experiment seeks to give hearing-impaired chil
dren the opportunity to increase their personal development, to 
gradually become trained without missing out on technological 
advances because of their deficiency, and to become part of pro
ductive society in the future. 

The experiment was initiated at the Universidad Nacional 
Autonorna de Mexico installation with a simultaneous course in 
BASIC for secondary teachers and students (in separate sessions) 
given by an instructor who, although experienced in computa
tion for children, did not have any background in education of 
the hearing-impaired. However, since hearing-impaired children 
at the secondary level take most of their subjects with nonspe
cialized teachers, their understanding of the material (with the 
assistance of a specialized teacher) was similar to that of any an
other secondary subject. When the specialized teachers completed
the course in BASIC, they were ready to try to develop sim
ple teaching materials that, experience has shown, would awaken 
overall clear sensory perception in the children. 

Next, thought was iven to the possibility of introducing com
putation to hearing-impaired children (ages six to eight) in the first 
grade. A course in Logo w-s initiated simultaneously for teachers 
and students in separate sessions and was given at the Techno
logical Museum of the C.F.E. with support from the Academy of 
Scientific Research. The group of teachers included participants
from cutside the GIETI who subsequently acted as assistants to 
the specialists in hearing and language. 

It was clearly difficult for first grade children to carry out the 
orders given during training, since, ?vcn though they could read, 
they had limited kaowledge of spatial relations. The teachers were 
forced to reduce the number of instructions and to carry out each 
of them step by step until they were sure that they had all been 
followed. The children's level of basic knowledge prevented them 



235 

from learning Logo effectively, since they did not yet know about 
angles, degrees, geometric figures (their names and the number of 
sides that they have), numbers above 50, and, in general, a number 
of concepts not taught until the third grade. 

The teachers and assistants wrote a program, known as "The 
Maze," to practice instructions in Logo given in class. In it, a little 
turtle has to walk up to an apple and eat it, repeating the exercise 
until it has finished eating a total of three apples. This means that 
the child has to organize his thoughts so as to arrive at the goal 
as quickly as possible through trial and error. The Maze made 
it easier for the child to learn the right direction for the turtle 
to take. We think that is because the game has a goal, instead 
of having the child simply move the turtle without any objective. 
In addition, with this program it was more pleasant for children 
to learn the keyboard because, as a reward for their efforts, each 
time they came to an apple the machine made noises and flashed 
different colors, making children enthusiastic about going after the 
apple. 

During the 1984 summer vacation, a workshop was held on the 
development of computerized educational materials in BASIC for 
teachers and assistants, and various exercises were developed in 
Spanish, social sciences, and mathematics. The program written 
for mathematics was designed to teach the basic geometric figures. 
Geared to first-grade children in the GIEH, it consists of the 
following: first, it shows the children three figures (a circle, a 
square, and a triangle) and asks them to name each of them. If 
the children recognize them, they must write the name of the figure 
as it Is highlighted; they must write all three names correctly. If a 
child make three mistakes, he or she is sent to a subroutine where 
the names are written for each figure, and the child is permitted 
to copy them, before trying the test again. Once the first three 
figures are right, the child goes to the next level, where other 
figures are presented. 

The program developed in the area of Spanish language is 
for third grade students on the subject of language structure. 
First, children are shown a conjugated verb and are given three 
alternatives from which to choose the corresponding pronoun. If 
they do not answer correctly, the program tells them why their 
choice is incorrect and gives them a second chance. If they answer 
correctly, they go on to the next section of the program, which 
involves choosing the circumstantial complement of place, and the 
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previous steps are repeated. Once they have answered correctly,
the program writes the sentence and asks the children why this 
action happens. They are again given three choices as in the steps 
above. If the response is correct, the program congratulates the 
children and invites them to play with another sentence. 

Finally, the program developed for the social sciences is for 
third grade students and aids in teaching the names of states 
and capitals of the Mexican Republic, and its federal entities 
and capitals. It gives the option of choosing between answering 
questions on federal entities or capitals, and the program sequence 
is identical in either case. First, the map of the Mexican Republic 
is shown, with random questions in the lower part of the screen 
concerning the capitals or federal entities. For learning purposes, if 
there are more than three wrong responses, the program highlights 
the capital or federal entity, giving its name aud allowing the child 
to copy it three times, and after that returns to the previous 
step. Finally, once the program has performed all of its steps, a 
summary is given of successes and errors. Depending upon the 
number, the program invites the child to play again or to study 
the program again from the beginning. 

During the 1985-86 school year, support was 'provided by
the Arturo Rosenblith Foundation, through the Galileo Tlalpan 
Center, for a program in which a group of 15 students (who were 
also attending the center's regular secondary course) had 12 two
hour sessions on handling the following programs: 

" Operating the electronic computer 
* Understanding how computers work
 
" Using Karel the Robot
 
* Introduction to BASIC (this last was not completed). 

In the course of utilizing these programs, some modifications 
were needed in the language to be used with the students, given 
their limitations in language abilities. Some difficulties were en
countered in the binary system andteaching in converting the 
binary system to the decimal. The Karel program proved very 
complicated for our students, needed many additional sessions 
away from the machine, and required extra teaching material in 
order to be understood. For all of these reasons, it is clear that 
utilizing these program; with hearing-impaired children requires 
that explanations be given in simpler language with clearer ex
amples in the theoretical sessions. It is also necessary to know 
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the skill-level of each of the students in order to begin working 
with the programs, and it is necessary to modify the teaching style 
or technique, since the students' achievements and activity will 
depend largely on this. Therefore, we believe that if we continue 
with this group, it would be desirable to have a plan of work that 
takes into account the characteristics, limitations, and possibilitics 
of these young people. 

During the course of this experience, the greatest limitations 
seemed to be the lack of human and financial resources. Even 
though we have been give:t access to equipment at UNAM and 
the Galileo Tlalpan Center, it has only been for very short periods 
that are barely enough time for the instruction of the children. 
As a result, the development of materials has virtually stopped. 
However, through this experiment, we have benefited from the in
terest and cooperation of persons completely outside our program 
of Integrated Specific Groups for the Hearing-Impaired in the Gen
eral Bureau of Special Education, Ministry of Public Education, 
who have helped us to the extent that they were able. This pro
vides a very great incentive for us because it has made us realize 
that people from outside our group have appreciated the value of 
our work solely for its value in assisting in the rehabilitation of 
hearing-impaired children. 

CONCLUSIONS 

I have taken the liberty of listing many of the conclusions 
that have been reached by the teachers in the Integrated Specific 
Groups for the Hearing-Impaired who have participated in this 
experience. 

* 	 Through computers, it has been possible to e:jpand the 
horizons of new teaching aids in education that can provide 
a solid basis for strengthening instruction in the classroom. 

• 	 The intellectual development of a child can be channeled 
through logic and the use of the computer. This opens 
unexpected paths for people who simply need a chance to 
demonstrate that their deficiency lies in their hearing and 
not in their intelligence. 

* 	 The computer can become a great ally of the teacher, 
since an educational program carried out in accordance 
with the interests of special education can be repeated 
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again and again, thereby guaranteeing immediate feedback, 
and reinforcing the successes of the students at the right 
moment. If they are not successful, they proceed through 
corrective subroutines that can be repeated until they have 
achieved the objective. 

" 	 In no way is this a substitute for the specialized teacher; 
on the contrary, it is a valuable teaching resource. 

" 	 It has been observed that computer graphics facilitate the 
teaching of vocabulary, set theory, maps, perceptual visual 
exercises (depth perception, visual discrimination, spatial 
relations), series, and associations. 

" 	 The software can be written so that it does not accept 
spelling errors, inversions, substitutions, or omissions i' 
the text-all common problems for hearing-impaired chi
dren. The program gives immediate corrections, and the 
children w;il become more careful in their writing. 

* 	 In interpr.ting the instructions given in the programs, the 
children can practice their reading skills. 

" Because of its characteristics, the computer can provide 
valuable assistance in teaching mathematics. 

" 	 By means of software programmed for the drafting of texts, 
E is possible to strengthen the areas of Spanish, language 
st. 'ucture, social sciences, and natural sciences. 

* 	 The time required to learn a new word or a new concept 
is greatly reduced, since the computer is faster than using 
slides, pencil and paper, or blackboard and chalk. More
over, constant repetition of the same exercise favors the 
formation of habits and thus the exercise of memory and 
basic learning skills. 

" 	 Most children find working with computers interesting. 
This gives them a positive attitude toward learning. 

" Use of the computer provides hearing-impaired children 
with an additional ineans of communication. 

* 	 The organization of computer programs is one more ex
ercise in organizing the thoughts of hearing-impaired chil
dren. 
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Computer education has a positive effect in overcoming 
the prospect.of a dark occupational future for the hearing
impaired. It offers new hope for personal satisfaction, ca
reer development, and improved earning potential. 



Section 6
 
Advanced Education
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Experiences with Computers at ICESI 
RODRIGO VAREL V. 

Instituto Colombiano de Estudios Superiores de INCOLDA 
(ICESI) is a private university, founded by a group of businessmen 
who decided to join efforts with the Instituto Colombiano de Ad
ministracion (INCOLDA) in search of an institution academically 
strong in the areas of business and management. Its main objective 
is to provide students with integrat-A training-academic, moral, 
spiritual and ethical-under the political ideology of free enter
prise, the democratic system, and the Colombian social, economic 
and legal environment. Its mission is the seawch for leadership, 
excellence, and honesty in all of its students anc. in their activities. 

ICESI has three undergraduate programs: 

B.A. in business administration (day program) 
* 	 B.A. in business administration for people already working 

(evening program) 
* 	 B.S. in system engineering and informatics with a major in 

administration. 

The ICESI graduate school offers a M.S. in business admin
istration, with majors in marketing, industrial relations, agribusi
ness management, and management of information systems. This 
presentation focuses on the work done with undergraduate busi
ness administration students in specific areas. 
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PHILOSOPHY OF THE PROGRAM 
In December 1982, when ICESI was a very small school with 

academic programs only in business, the president of the school de
cided to introduce microcomputers in order to modernize teaching
techniques and increase the skills of ICESI students. Based on his 
training in education and in systems engineering, he established 
the following policies: 

" 	 All iCESI students should be able to use the microcom
puter in their work, and ICESI should provide them the 
means to reach that goal. Therefore, the academic program
she ild include training in microcomputer applications.

* 	 ICESI professors should become acquainted with the mi
crocomputer and gradually begin to use it as a teaching 
device and/or in support of the learning experience. 

In April 1983, 15 NEC 8000's were purchesed and the pro
cess began. In February 1984, the Systems Engineering and In
formatics Program started, and 20 additional NEC 8800's were 
purchased. We have now decided to purchase another 25 micro
computers from IBM and Hewlett-Packard. 

Software Development Schemes 

At the beginning of the program the decision was made that 
software should be 	developed by and for students. We did not 
expect to produce high-quality software, but instead to produce
software (with all its limitations), that could be developed by
undergraduate students. The goal, then, was to train students 
in software development and application rather than to develop
professional quality software. Additionally, we were looking for 
software that could be useful for the academic process, tLat would 
help in the solution of problems, and that would also help the 
students understand the procedures and the steps required to 
solve problems. 

However, we found that in order to interest the students in 
learning to use the microcomputers, we needed to allow them 
access to high-quality software related to the course they were 
taking aL the time, engineering economics. Thus we decided to 
adapt five programs on the IBM 1130 and B5900 that were directly
related to the course (FAECO, MAIA, MAII, SEI!SEA and EVAP) 
to be used interactively on microcomputers. 
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After the students learned how to use these programs, the 
second phase started. Each student was assigned a program that 
in most cases, was already commercially available. The main 
sources were programs that I had in my Apple II+ and programs 

published in Industrial Engineering. In some cases, students were 

asked to develop their own software in a defined subject area. For 
academic credit, the final paper of the course required each student 
to describe the goals and limitations of the program, present the 
flow diagram, and test the program under working conditions. 

Usually the results of this exercise were not fully satisfactory 
because the students lacked prior experience not only with adapt
ing or developing software, but even with ,,sing it. Although the 
students had taken a BASIC course, they did not realize the full 
potential of microcomputers until they became involved in the 
software development program. 

After the first phase of development and adaptation was com
pleted, three or four students in the course who had shown a high 
level of interest and ability were chosen to work on a detailed 
approach to a problem. They were able to continue with the next 
level of training and to have the opportunity to check with all their 
classmates about any doubts they had about the preliminary exer
cises. During this second phase, the professor played a larger role, 
providing the students with ideas about the final version. Special 
attention was to be directed toward a clear phrasing of commands 
to avoid user-errors, to the printing, to providing a generai de
scription of the procedure followed by the program, to the general 
information provided about the scope, and to the limitations of 
the program. 

In the final step of the second stage, the students prepared 
a condensed user's manual. Finally, the programs were released 
to students taking the engineering economics course the following 
semester for their ,ise and evaluation. 

We expect that as the systems engineering and informatics 
students become more experienced, there will be a third stage 
that will be oriented toward refining the products and improving 
the efficiency of programming. We plan to start this third stage in 
about a year, after information about the difficulties found in the 
use of each of the programs has been collected. 
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Uses of the Software 

The software developed has been used in two ways: as a 
complement to classroom activities and as a teaching device inside 
the classroom. 

Software as a Complement 

In the first case, the software is used after the student has 
learned to solve the problem by other means (analytically, graph
ically, numerically) and with other resources (mainly calculators).
This procedure is used because we believe that a university educa
tional process is more a process of formation than of information, 
and that learning is an educational experience that should pro
vide several alternative ways of solving a problem and not "the' 
solution. In addition, we realize that not all the students will have 
microcomputer and software facilities in their professional lives. 
Furthermore, real-life problems will not permit all the simplifi
cations and assumptions required in most existing mathematical 
models, and the student should have a wider vision of the problem.
Finally, we believe that the software makes sense only when the 
student knows what the software is doing, what amount of time he 
or she is saving, what kind of difficulties could arise in the solution, 
and the complexity of the problem. Even though it may seem to 
be a strict attitude, we believe that students should know how 
to do things by themselves before turning on the machine. They
should learn how to add before using a calculator, how to solve a 
problem before wing a microcomputer. 

The main advantages to the students who have learned to 
write and critique software hF.ve been as follows: 

* 	 The programs provide a new learning experience, increas
ing students' motivation and interest in the academic sub
ject. 

" The students have quickly developed an understanding of 
the interactions among the variables, and a disposition to 
attack more complex problems. 

* 	 The students have used the programs to refine their al
gorithmic approach to the solution of problems, because 
most of the programs will print the solution step by step.

" The students have better grasped the decision procedure 
involved in each situation, and they have been able to 
understand the role of the decision criteria. 
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" 	 The students have been able to devote their time to analy
sis, interpretation of the meaning of the results, and deci
sion makinig, rather than to mechanical calculations. 

* 	 They have overcome their fear of microcomputers, and 
many cf them find this the starting point for a new skill in 
computer programming and use. 

" 	 Academic results have improved because the students are 
able to consider many problems and possible situations, 
and they begin to recognize that alternative procedures 
can be used to reach a solution. 

" 	 Many of the student users return to the school after gradu
ation to use the student-written software, and some of them 
are interested in buying the software for their companies. 

" 	 All the students realize that the microcomputer is a great 
help to the learning process. 

Software as a Teaching Device 

In the second case, software is used by the professor in the 
classroom, mainly to show the students certain procedures and/or 
to show the students how to use a specific software. The main 
experience in this area had been in the linear programmning courses, 
in which we bring to the classroom a microcomputer and a giant 
video screen to show 1he students how to use the software, how 
the simplex method works on large problems, and how to do 
sensitivity analyses. It should be understood that this activity is 
done after the basic explanation about the simplex algorithm has 
been given in class and after the students have worked a small 
simplex problem by hand. 

The main advantages of this application have been the follow
ing: 

* 	 It reduces the time spent teaching the subject because all 
the mechanics that were traditionally written by the pro
fessor on the blackboard and were subject to mistakes and 
student inattention have been replaced by an innovative 
scheme that solves the problems quickly. 

" 	 It is possible to solve several times as many problems and 
to better illustrate the technique. 

" 	 It is possible to solve bigger and more complex problems. 
This possibility has been especially useful in the graduate 
courses in which the final paper relates to a real problem of 
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the student's company that usually has so many variables 
and constraints that it becomes impossible to solve without 
a computer. 

* 	 The professor and the students are able to dedicate their 
time to the analysis and interpretation of the solution and 
to making a decision, rather than to solving the problem,
where they are subject to making time-consuming mis
takes. 

" 	 Some of the concepts (such as shadow prices) and some 
of the procedures (for instance sensitivity analysis) can be 
explained and understood very easily and without resorting 
to mathematical jargon. 

" 	 After running the software, the students have a good under
standing of the algorithmic scheme of the simplex method. 

The Software Developed 

The following is a very concise description of the programs we 
have developed in each area. 

Engineering Economics-Project Evaluations 

TASCO 	 It finds the real cost of a loan using 
several schemes for interest and capital 
payments, including the effect created 
by the concept of commission. 

EQUIVALENCIA It does all the calculations required to 
handle the time-value of money using 
the equivalence concept.

INTERES It makes conversions among interest 
rates expressed in several ways.

PRESTAMOS It calculates the payment schemes for a 
home loan under the UPAC system, us
ing any of the five most common 
schemes. 

ELECTRO It finds the real cost of money for people 
who have to borrow because they do not 
have enough money to pay cash. 
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DEPRE 	 It calculates the depreciation and the 
book value for each period of fiscal life 
using any one of six methods. 

In addition, w use the programs FEACE, MAIA, SENSE, and 
EVAP. Their instruction and scope are presented in the textbook 
by R. Varela, EvaluacionEconomica de Alternativas Operacionales 
y Proyectos de Inversion. (Editorial Norma, fourth edition, second 
printing, 1985.) These last programs are available from Varela 
Software. 

Operations Research 

LINEA I 	 PROGRAMACION LINEAL 
It solves a linear programming (LP) 

problem using the simplex method. It 
allows sensitivity analysis and data 
modifications. 

PROGL 	 It solves an LP problem, adjusting itself 
to standard form. It does sensitivity 
analysis but data modifications are not 
allowed in the same run. 

PROLIN It solves an LP problem using a data 
statement to feed the data. 

ASIREG It uses the Hungarian's algorithm to 
solve the assignation problem. 

Production and Economic Analysis 

PUNEQ 	 It calculates break-even levels for sev
eral situations including several kinds 
of costs. 

FACTI It determines the economic feasibility 
of improvements in a production line. 

SEGUI It does the follow up of financial state
ments of the projects studied by FACTI. 

ARBOLES It solves a decision tree including, if 
necessary, the time-"ilue of money. 

INFLA It studies investments for the produc
tive sector under inflationary conditions. 
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Productlon 

INVPRO It finds the optimum inventory policy 
for demand and replenishment times 
that follow a Poisson, normal, or ex
ponential distribution. 

MINDES It finds the optinmm purchase level un
der discount conditions. 

JNVCO It finds the optimum policies of spare 
parts using Park's Algorithm.

C.O.C. It calculates the O.C. Curves. 
COFIB It calculates reliability indices. 
MEZCLA 
 It finds the optimum sequence of oper

ations in an assembly line. 
SECUENCIA It finds the optimum sequence of "j" 

works through "n" machines using 
Johnson's Algorithm.

EMPA It finds the optimum scheme to locate 
several boxes in a crate. 

PRONOSTICOS It does the main calculations to esti
mate demand based on historical data.

NEQUIP 	 It determines the number of pieces of 
equipment needed to fulfill a produc
tion requirement. 

New Projects 

Approximately ten additional programs are now being refined,
and we expect to continue our production rate of about ten per
semester. In addition, several new projects in the following sub
jects are planned. 

" 	 Mathematics. With the systems engineering students, we 
are starting a process similar to the one used in engineer
ing economics. We expect to have about six programs of 
Calculus III by the end of the year.

" Production. Two professors at our institution made the 
decision to develop programs to help in the teaching of 
Production I and Production II. It will be their master's 
thesis and will have a larger scope than the programs al
ready developed, covering the whole subject. 
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Numerical Analysis. Next year will be the first time that 
this course will be taught. Work to provide our micro
computers with enough software will be started early in 
1986. 

CONCLUSIGNS 

Por the academic life of ICESI, and mainly for the quantitative 
ar and the project evaluation courses, the microcomputer soft
ware development program has been a complete success-without 
major conflicts, without complex bureaucracy, and extremely in
expensive. 
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Teaching General, Tropical, and
 
Nutritional Epidemiokgy wi' h
 

Microcomputer Support
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Luis BENAVENTE, CLAUDIO LANATA, AND
 

JOAQUIN NOVARA
 

INTRODUCTION 

A statistical package has been developed at the Universidad 
Peruana Cayetano Heredia, based on the relational model, that 
includes interactive operation with graphic output, complete para
metric and nonparametric coverage for uni-, bi-, and trivariate 
analysis, and messages in Spanish. It has special routines for com
puting derived variables and anthroponetric indices. The initial 
version was written in BASIC for the Apple II. Development was 
entirely local. 

The package has been employed since 1983 in courses on nutri
tional epidemiology (undergraduate medicine and nutrition, post
graduate hospital administration), tropical epidemiology, and nu
tritional epidemiology for medical students, interns, and residents. 
Students receive actual data sets together with questions about 
the data. Within a given time limit, they can make data pro
cessing requests. The results are prepared for public presentation. 
The package is also used in actual research and thesis work. 

This approach allows concentration on the analysis rather 
than the mechanical aspects of the calculation, vithout losing 
the "feel" of real data. The use of graphics is central to the per
ception of relationships among the variaDles. Learning by practical 
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experience rather than passive reception seems to result in more 
enduring knowledge. 

Teaching Epidemiology 

Epidemiology deals with the interpretation of health phenom
ena at the population level. It is mostly based upon statistical 
thinking and systems analysis (Morris, 1975). It is clear that 
solving the complex health problems of developing countries, and 
indeed of any country, is a task that requires much applied epi
demiology. Therefore, training in this area merits a high priority 
in the curricula of the health sciences. 

Two issues are important in teaching epidemiology to the 
health professions: (1) making the topic palatable to people who 
find their primary interest in individual patient care or practical 
community work, and (2) achieving the kind of analytical thinking 
that makes the difference between mechanical behavior and en
during knowledge. The importance of solving these issues can be 
better assessed from a position of understanding of the current sta
tus of public health training in undergraduate health schools and 
of thv way health professionals deal with public health problems 
in developing countries (OPS, 1984). 

Our group was able to obtain an 8-bit microcomputer in 1981, 
when software was neither cheap nor powerful (Carpenter, 1984). 
Since we were faced with the practical needs of data analysis 
for research, we thought that the cost-effective decision lay in 
developing some kind of integrated statistical package that would 
provide a subset of mainframe packages (Dixon, 1972). Actual 
software development started in 1983, when the team began to 
assemble. At the same time, we took over the responsibility of 
teaching epidemiology at the medical school. 

In the course of developing and applying this software to the 
educational situation presented in the previous paragraphs, we 
have had some experiences we would like to share. This, however, 
is not the report of a planned educational experiment or a full
scale software development project, rather it is an account of some 
particular experiences and our reflections on them. 
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DESIGN OF THE PACKAGE 

Computational Aspects 

Two data structures were chosen to implement the package: 

* 	 A rectangular matrix of real values: (1) representing the 
data in memory as a real array of cases versus variables; 
(2) ignoring the decimals for analysis, using them only 
for display purposes; and (3) assigning for each variable a 
missing value, to represent the absence of data. 

* 	 A relational file organization: (1) standardizing the data 
files as sets of fixed-length, fixed-format ASCII records 
(FORTRAN-like, without using delimiters); (2) defining 
for each data file a dictionary file describing the variables; 
and (3) making an entry into a catalogue file recording 
record length and file length. Both the dictionary files 
and the catalogue file have the same format as data files; 
they have their respective dictionaries and are recorded 
in the catalogue. 

The algorithms to be implemented were divideu into four 
groups: 

" 	 Data entry procedures: (1) keypunching emulation (both 
initial and verification pass); (2) correction of individual 
data items; (3) data listing; and (4) dictionary definition. 

* 	 Interactive description and analysis: (1) univariate para
metric and nonparametric descriptions; (2) graphical pro
cedures (uni- and bivariate scatter plots); (3) editing, 
filtering, and transgeneration; (4) bivariate analysis (lin
ear regression, analysis of variance, two-way tabulation, 
and their nonparametric counterparts); and (5) analysis 
of three variables (multiple regression, two-way ANOVA, 
ANCOVA, and multiway tabulation). Standard tech
niques are implemented (Armitage, 1971; Sokal, 1981). 

* 	 Out-of-core analysis: currently only multiway tabulation 
and breakdown of means are available. 

" 	 Relational operations: currently a set of independent pro
grams that must be tailored to perform selection of vari
ables (verticd projection), selection of cases (horizontal 
selection), top-bottom merge, left-right merge, and join 
(Date, 1981). 
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The software development was organized so that modules 
could be developed independently and integrated using menua 
skeleton supported by overlay management. Structured program
ming techniques were employed throughout the whole project. A 
consistent menu-driven uscr interface was provided so that the 
user deals only with three programs, and all the capabilities are 
options in those programs. 

The initial implementation of the software package was made 
on an Apple I+ (rev 7) microcomputer with 64 KB (kilobyte)
RAM, 280 KB dual 51 inch floppy disk storage, an ALF 8088 
co-processor board, and Videx Ultraterm and Enhancer cards, 
using Applesoft BASIC under DOS 3.3, plus an Epson MX-100+ 
dot matrix printer attached through an Orange Micro-Buffered 
Grappler+ interface. 

Educational Aspects 

Var-ius ideas for the application of the package in actual 
training have evolved during the training courses. Naturally, con
ventional microcomputer applications used to support techwere 
nial aspects of teaching: word processing for writing monographs
and exercises, spreadsheets for managing students' grades, and 
database programs for storing references. 

The way in which microcomputer support was employed can 
best be illustrated by the activities of the main epidemiology course 
in the undergraduate medical school: 

" 	 Lectures (10 hrs): one-hour lectures on the main topics of 
the course 

* 	 Discussions (15 hrs): one and one-half-hour group sessions 
about written exercises distributed in advance 

* 	 Examinations (15 hrs): Objective assessments given every 
week before lectures 

* 	 Study design exercise (20 hrs): Each group receives a 
question of practical importance for which an epidemio
logic study needs to be designed 

* 	 Literature review exercise (20 hrs): Each group receives 
a theme, usually a disease, for which a concise summary 
of facts about the epidemiology and control must be pre
pared 
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Data analysis exercise (20 hrs): Each group of five to ten 
students receives a data set (which is available on com
puter). The group has three weeks to request processing 
(batch mode) and to present the discussion to the class. 
If the class shows interest, some of the computer runs are 
performed. 

Attendance is not compulsory, but the grades received on 
exercises count together with the examinations for the students' 
final marks. The overa!l objective is to promote rationLl thinking 
on the health problems at tihe 1evel of human societies. Specific 
objectives are targeted to key epidemiological concep s, basic types 
of study, common sources of error, and essential elements of design 
(Barker, 1982; MacMahon et al., 1970). 

The course is offered each year during the first term (12 weeks) 
to each cohort of about 80 students in the UPCH medical school. 

After this course, another course, also 100 hours long, is offered 
on the actual performance of an epidemiological study. During 
this activity, students are further exposed to computerized data 
analysis 

Teaching for the special sectors of nutrition or tropical diseases 
follows the same outline, emphasizing the actual meaning of the 
information in public health terms as supported by the available 
evidence. 

Within this educational frame, computers are seen as tools 
that students must be acquainted with, but they are not the focus 
of teaching. 

RESULTS
 

The software developed has been used in the following courses 
shown in Table 24.1. 

The following are examples of the more interesting topics that 
have been analyzed with the package: 

* 	 Comparision of Diagnostic Techniques for Strongyloidia
sis in the Field (Lumbreras, Guerra, et al., 1983). 

* 	 Diseases at a University Hospital (Iturri, 1983). 
* 	 Risk Factors for Intestinal Bleeding in Typhoid Fever 

(Gubbins, Gutuzzo, et al., 1984). 
* 	 Evaluation of Diagnostic Techniques for Typhoid Fever in 

Children (Vallenas, Gutuzzo, et al., 1985). 
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TABLE 24.1 Computer-Aided Courses 

Hours/ Teacher
Course Students Studied Time Level 

Epidemiological Method 80 	 400 h100 	 4th MB 
Nutritional Epidemiology 	 2080 	 101h 5th MB 
Nutrition in Public Health 40 10 50 h DPH 
Tropical Epidemiology 80 	 100 h10 	 4th MB 
Epidemiological Studies 100 	 4th MB80 400 h 
Thesis Seminar 1 240 'ariable 6th MB 

and MR 

DPH: Diploma in hospital administration
 
MB: Undergraduate medical students
 
MR: Medical residency training
 

* 	 Nutritional Assessment of Children in San Pablo, Loreto 
(Tambini, 1985). 

* 	 Case-Control Study of Risk Factors for Hepatitis B among 
Hospital Workers (Deville, 1985). 

* 	 Case-Control Study of Risk Factors for Typhoid Fever in 
the Northern Area of Peru (Gotuzzo, Black, et al., 1985). 

* 	 Follow-up of Family Contacts of Typhoid Fever (Gotuzzo, 
Black, et al., 1985). 

These examples cover approximately 10 percent of the overall 
data processing performed with the package. The size of the data 
sets varies between 20 to 130 variables and 150 to 1,200 cases. 

Software was developed over an 18-month period, using ap
proximately 1,000 programmer-hours for the production of about 
64KB of BASIC code in 6,000 BASIC statements. Special tailor
ing of programs for particular data sets was kept to a minimum. 
No special purpose programs were written for individual users. 

Since this program was designed as a teaching tool, numerical 
accuracy has not been as important as the data management prob
lems. Nevertheless, the arithmetic errors inherent in the hardware 
and the BASIC interpreter required some attention when design
ing the algorithms (Conte and de Boore, 1980). 

While programming effort was directed to general purpose
software development, some degree of "baby-sitting" was neces
sary to help users with (1) the strategy of statistical analysis, (2)
actual operation procedures that were not "friendly" enough, and 
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(3) handling some bugs that cropped up in actual use. These 
tasks consume analysts' time, reducing the cost-effectiveness of 
the computerized data processing. 

Discussion 

Was the micromputer helpful? Our answer is a qualified "yes." 
Advantages that have been clearly perceived are these: 

* 	 Focus on analysis and interpretation of real data, and 
its meaning for public health, therein combining social 
relevance and technical rigor 

" 	 Visual examination of data, comparing the statistical re
sults of various approaches, and understanding the con
cepts of p, confidence interval, and biological significance 

* 	 Rise in teachers' productivity, allowing the same time to 
be used in higher quality work, creating the opportunity 
for a better use of qualified human resources 

* 	 Increased stimuli to students' participation, resulting 
from the availability of higher quality learning activities 

* 	 Learning experience with exercises that are very similar 
to real epidemiological analysis, rather than made-up ex
amples 

" 	 Multidisciplinary integration through actual cooperation 
resulting in local development of software engineering ca
pacity and in bridges between mathematical abstraction 
and health problems. 

There were also some disadvantages noticed. While consider
ably cheaper than mainframes, microcomputers are still expensive. 
In addition, they produce an uncomfortable dependence on for
eign technology and private funding. The risk of misuse is present, 
particularly the waste of computer-time in analyzing useless data. 
Special care has to be taken since mistakes can often yield spec
tacular results with computer technology. Users must also keep 
clearly in mind that programming is neither a necessary require
ment for teaching nor a straightforward activity. 

Prospects for the future 

Microcomputer use is growing. The collection of real data sets 
available on magnetic media has to be increased, and data entry 
techniques have to be improved. The use of powerful spreadsheets 
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and commercial statistical packages in training should be consid
ered, since they are now more easily available. (Carpenter, 1984; 
Dean, 1985). 

Our efforts in software development will not cease. The design
ideas developed for the package are being used as the kernel of large 
health information systems. This work will be developed in Pascal 
under MSDOS. The design idcas are also being used to tailor 
specific data handling applications. The role of simulators has 
to be explored, as well as the increasing amount of "intelligence" 
built into the systems. 

The training of teachers on computing tools has to be rein
forced. At present, teachers are not able to complete their uni
versity education without knowing how to use word processors, 
spreadsheets, relational database systems, and statistical pack
ages. 

SOME REFLECTIONS ON COMPUTERS,
 
TEACHING, AND DEVELOPING COUNTRIES
 

Computers are part of the development process. They have 
a large potential, but there are also risks, particularly of increas
ing dependence on developed countries and of creating inequity 
in a society. One important lesson that can be learned is in the 
orientation toward general solutions. Independent sets of pro
grams with customized data entry and file management represent 
a considerable development burden in exchange for only minor 
gains in efficiency when compared with general purpose packages. 
The search for general structures also forces understanding of the 
problem. Epidemiology is an area where general solutions can be 
developed and taught. 

However complex, the key impact of microcomputers seems 
to be in the way they allow us to think when we use them. This 
effect is not inherent in their use. The concept of significance and 
the importance of relevance can be learned better if one is freed 
from mechanical tasks, but they still need to be actively learned. 

Computers, especially small ones, have limitations, so priori
ties need to be considered when their use is being planned, both 
in education and in research. The tendency to overload studies 
just because the computer will take care of the extra work is not 
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warranted. Learning how best to teach (and learn) these con
cepts seems to require the fertile terrain of multidisciplinary work 
targeted toward relevant objectives. 

The trend that goes from the ancient core dumps to the graph
ics and the actual calculation of the p values has to be extended 
to achieve knowledge level output. Attention must be paid, how
ever, to a possible exaggeration of the black box concept. Users 
must understand the relation between input and output, otherwise 
they are just operating the machine while someone else thinks and 
reaps the benefits of knowledge. Understanding is best derived 
from making a tool rather than from simply owning it. 

Human resources capable of optimal use of microcomputers 
are scarce. Therefore, the multiplicative role of those who acquire 
the knowledge has to be emphasized. Early identification of the 
students who pick up the statistical concepts and their relation
ship with decision making in health will allow a more effective 
concentration of teachers' time, as those students will in turn help 
others. Learning epidemiological concepts is an active process. 
Teachers are to provide exercises and very little steering. 

Finally, a few words need to be said about a method for assess
ing microcomputer projects. Comparative trials could be designed 
for measuring gains in knowledge or in faster acquisition of some 
skills when microcomputers have been used to support training. 
The data from these studies could indeed be analyzed with com
puters and tested for -gnificance. The resulting conclusions are 
unlikely to be useful. Society has already been taken over by com
puters and our universities are following the path. There is a place 
for careful, scientific evaluation of the experience, but technicians 
must be careful not to misuse techniques. 
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Training in Knowledge Engineering for
 
Medical Practice
 

JOSE NEGRETE M. AND ALBERTO GUTIERREZ L. 

Largely because of ineffective mass education developing coun
tries produce a pseudo-expert physician: a professional stuffed 
with an undigested feast of unrelated facts and who has almost 
entirely forgotten basic medical knowledge. This paper offers a 
"postmortem" solution to this pseudo-expert production. 

The Two Ainds of Medical Knowledge 

The nature of medical knowledge includes case-specific (cor
relative) and deep (theoretical) information; the professional needs 
to blend them in his practice. At first, medical knowledge is taught 
in medical schools as organized knowledge with a nearly scientific 
structure: laws, models, deductions, and experimental support are 
taught. This kind of knowledge is classified as "deep" in the field 
of artificial intelligence (Al) (Koton, 1985). 

Thereafter, when the student enters a hospital, the training 
switches to a massive input of correlative knowledge, largely un
written, almost unconnected with the "theory of medicine." This 
knowledge is "abductive" (Pople, 1973) in nature and oriented 
to problem-solving by the use of "rule-of-thumb" decisions. The 
student thereby becomes a correlational expert (a "surface knowl
edge" expert, in Al terms). This expertise is not without value 
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because it can be used to solve a certain percentage of cases; 
however, it has no means of questioning the already acquired cor
relations, is unable to find new, meaningful correlations, and is 
handicapped in the capacity to transform rule-of-thumb decisions 
into strategies to deal with contingencies. We call this kind of 
expertise "pseudo-expertise." 

A RESTATEMENT OF THE PROBLEM 

What we would like to do is to transform this pseudo-expertise 
into expertise. The real aim is to "engineer" the already existing 
knowledge into a blend of theoretical and correlational knowl
edge. This knowledge engineering should ideally take place in the 
pseudo-expert's mind, without the need for a human tutor, since 
one is generally not available. 

The Use of Microcomputers to Implement the Solution 

The restatement of the problem implies the use of expert 
systems for this retraining, with emphasis placed on the pers3nal 
use of the computer for auto-revision of the trainee's personal 
knowledge. 

A First Strategy 

The problem of implementing this training is mainly microso
ciological. Any attempt faces resistance from the medical estab
lishment. In this sense, as with any other attempt of this nature, it 
is subversive. Our solution to this resistance was to offer a course 
on awareness of the nature of the knowledge to be engineered for 
those physicians who were sufficiently interested to pay for the 
course. 

Specification of the "Puetic" Nature of the Training 

The awareness course is one in which the nature of the pro
gram is explained at the instructional level in BASIC and at the 
"information-flow" level in LISP. The physician is expected to 
change some parts of the programs, but is not expected to pro
gram (this is the so-called programming for poets). The core of 
the awareness is not programming; it focuses on the nature of 
the knowledge involved. It deals with the distinction between 



265 

TABLE 25.1 Outline of the Awareness Course 

Medical Knowledge Problem Solvir, Math and 

Session 
Pedagogical 
Perspective 

Correlation 
vs.Theory 

Algorithmic 
vs.Heuristic 

Computation 
Background 

I 	 The computer at in organijm Theory Algorithm Computer literacy 

2 	 Health care decisions under Correlations Algorithm Hill-climbing 
risk 

3 	 Therapy decisions under Correlations Algorithm Math expectancy 
uncertainty 

4 & 5 	 Diagnosis as an epidem- Correlations Algorithm Bayes' theorem 
iological problem 

6 	 Training indeduction Theory Algorithm Biolphysical models 

7 Training in backward Correlations Algorithm liophysical models plus 
reasoning and theory rulhusfortranslation 

of variablesin symptoms 

8 	 Triinng in Correlations Algorithm It iles of translation of 
c'jnical backward and theory etiological "hint-", and 
reasonirg variables intoparameters 

9 	 Qualitative bin- Theory Heuristic Artificial intelligence; 
physical reasoning Quialitative ph sis 

10 	 Polishing correlative Correlations Heuristic Production rul for 
medical knowledge expert systems 

11 	 Training inpattern recog- Correlations lieu.',tic Artificial intelligence; 
nition of diseases and Patient simiulation 
medical strategies 
of interviewing 

12 	 Training ,n iiedical Correlations Algorithim Dcision theory 
decision making 

correlative and theoretical medical knowledge and algorithmic as 
opposed to heuristic problem-solving. It also involves the dis
tinctions between the pedagogical perspectives that the different 
systems offer. 

Organization of the Awareness Course 

Table 25.1 describes an awareness course already given con
sisting of 12 two-hour, hands-on sessions. 

Second strategy 

It is essential that the curriculum of the first two years be planned 
so that students know enough pathophysiology to learn clinical 
skills efficiently. . . .Logical clinical reasoning should be an explicit 
high priority goal of the medical curriculum with mote emphasis 
prior to clerkships on the logic of clinical diagnosis . . . and to 
use computer-based exercises that explain the logic of diagnosis. 



266 

...Students should learn principles of probabilistic reasoning as 
applied to medicine and should understand how decision analysis 
can contribute to patient care .... [they] must have adequate access 
to costs, risks and benefits of procedures .... [Ilntroductory clinical 
experiences should be coordinated with basic science courses (Sox 
et al., 1984). 

These are some of the recommendations of the subgroup report 
on clinical skills for the "Physicians of the Twenty-First Century," 
submitted to the Association of Medical Colleges on the question of 
the future of medical education in the United States. They could, 
however, be well taken as the theme of this paper if the new goal 
in medical training were added to our operational commitment. 
Our awareress course is a concrete example of these new trends. 

In order for a student to pass from a state of awareness to the 
effective training required, it is necessary to offer in our medical 
schools a parallel training option by expanding every session of the 
awareness course into an open-ended training program. What we 
have in mind is a drop-in, twenty-four-hour-a-day "micros hall" 
for every school of medicine. The hall should be equipped with 
organized tutorial software for every semester. Random access 
tape recorders, voice and noise synthesizers, and video disks should 
be driven by the resident software. Among the software packages 
available should be expert systems on different subjects. 

REFERENCES 

Koton, P.A. "Empirical and model-based reasoning in expert-systems" IJCAI 
85, 1985, pp. 297-299. 

Pople, H.E. On the Mechanization of Abductive Logic. Proceedings 3rd Inter
national Conference on Artificial Intelligence, 1973, pp. 147-152. 

Sox, H.C., Morgan, W.L., Neufeld, V.R., Sheldom, G.F., and Torex, X. 
Subgroup Report on Clinical Skills in Physicians for the Twenty-First 
Century. J. Med. Educ. 1984, 59:139-147. 



Section 7
 
Future Developments
 

01<
 



26 

The Contribution of Machine Translation: 
Present Status and Future Perspectives 

MURIEL VASCONOELLOS 

THE BROAD PERSPECTIVE 

The reality of the translation of natural language by com
puter opens up new perspectives for the exchange of knowledge 
among cultures. The costly overhead associated with human 
translation-in terms of both economics and time delays-can now 
be greatly reduced thanks .o recent advances in machine transla
tion (MT). Rough, or "raw," output for purposes of information 
only is already available at dramatic savings, and polished transla
tions are produced in as little as one-third or even one-quarter the 
time it takes to complete a human translation at approximately 
half the expense. These savings create the very real possibility of 
equal accelerations in the transfer of information: for the same 
amount of money, volumes can be doubled, trebled, or quadrupled 
while delivery speeds improve ii, the same proportions. Machine 
translation, because of its increased flexibility, is already being 
used for the processing of information that was not being trans
lated previously. It is not an exaggeration to say that wherever 
there is a need for the transfer of knowledge between cultures with 
different languages, there is a potential application for this new 
and powerful technology. 
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Microcomputers, to some degree, arc already extending the 
reach of MT, bringing it within the capabilities of the small in
vestor and even of the single individual working independently. 
The microcomputer is used both as a word processor for text that 
is being translated on a larger computer and as the host itself of 
the MT system. The low cost and ready accessibility of the micro
computer, combined with the savings to be effected through the 
use of machine translation, hold promise for quantum increases in 
communication across language barriers. 

T'be Present Status of Macbine Translation 

The concept of machine translation actually dates back more 
than half a century (Zarechnak, 1979). Two fairly detailed pro
cesses were proposed simultaneously in France and the Soviet 
Union in 1933, but they were far ahead of the technology of the 
time. For the two decades following the invention of the digi
tal computer in 1946, scientists tried a multitude of approaches 
in their search to automate the principles of translation, while 
suggesting that computers would soon be capable of translation 
without any need for human intervention. The linguistic assump
tions that fueled this effort have since been proven to be somewhat 
simplistic. As research progressed, the real complexity of language
became mre apparent; the problem was that at that time linguis
tic formulations, programming techniques, and computers were 
not yet equal to the task. Still, the need and the interest remained, 
and isolated initiatives, including commercial ones, continued to 
be pursued.
 

Improvements in programming techniques were gradually 
matched by increased knowledge of the syntactic and semantic 
riles that are involved in the analysis of natural language. By the 
1970s, computers had acquired the speed and efficiency that made 
it possible 'o handle the enormous and deeply coded dictionaries 
that are needed for machine translation. Miniaturization in turn, 
brought personalization and made it possible for the linguist to 
be his own programmer. Word processing provided the routine 
availability of text in machine-readable form. 

The advent of word processing was a watershed for production
machine translation. Not only did it facilitate input, it provided
the translator with an efficient tool for postediting. The impor
tance of having fully automatic high-quality (FAHQ) output was 
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no longer as great, and the translator was now incorporated into 
the process. By 1980, systems were in place at a number of sites 
around the world. In 1983, Ian Piggott reported at the annual 
Aslib meeting in London that 400,000 pages had been run in pro
duction environments over the preceeding 12 months (Piggott, 
1935:98), corresponding to the output of approximately 230 full
time translators working in the traditional mode. Four systems 
(ALPS, Logos, Weidner, and Smart) were by then available in 
bureau service, and one of these, Weidner, was being offered on 
microcomputers. Logos was on the Wang OIA/140. Since then, 
a new system, Textus, has been developed by the inventor of 
Systran, and is available on an IBM PC. 

TI-IE EXPERIENCE OF SPANAM AND ENGSPAN* 

Milestones 

The Pan American Health Organization (PAHO), regional of
fice for the Americas of the World Health Organization (WHO), 
entered the machine translation picture in 1976, just at the thresh
old of the linguistics and technological advances that were to make 
MT a more feasible concept. Since that date, PAHO has devel
oped two in-house mainframe systems using its own resources. 
The first system to be undertaken was SPANAM, which has been 
translating from Spanish into English since early 1980 (sample 
output is shown in Figure 26.1). ENGSPAN, which tranlates from 
English into Spanish, was developed with partial support from the 
U.S. Agency for International Development (AID) and became 
operational in 1984. (Sample output is shown in Figure 26.2.) 

SPANAM began to provide machine translation to internal 
users at PAHO in 1980, shortly after a network of Wang word pro
cessors was introduced at its headquarters in Washington, D.C. 
Since that time, word processing documents, usually produced in 
the secretariat for other purposes, have been submitted from the 
Wang to the IBM mainframe, where the translation algorithm is 
run against the system's large dictionaries, which are stored on 
permanently mounted disks. After the translation program has 

*SPANAM and ENGSPAN are trademarks of the Pan American Health 

Organization. 
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L.A EsFRAIEGIA DEL ILRAD 

Las dos enrern( lde. mencionadas son causadas por 

par, siLos que son lransiniLidos por insectos. La mosca 
tsLe'.6 lransmiLo los Lripancscmas y la toileriosis es 

Lransinitida por las garrapatas. En afnbos casos las 
c,
relac inec entro parsitos, hu(sp(.des y veclores son 

complejas y sutiles, y por tanto la inLervenci6n es 
difici., Adem~s, (-n ambos cass, oLros animales salhajes y 
domesticos sirven tambin como hut.spedes de los par~sitos, 

croandco asi reservas de infecc"i6n prActicamunLe 

inaccE.sibles a las medidas de control. 

TiE SrRArFEGY OF LLRAD
 

The twc- dis-.ases menLioned are caused 
 by paras ites that
 

are LransmiLted by insects, 
 the tsetse fly Lransmits the
 
lrypanos.o, . and lhei]Vriosis is transmited by the Licks.
 

In both cases Lhe relations between parasites, hosts and
 

vcLors are complex and subtle, and acccrdingly lh, 
intervention is difficult. In addition, in bolh 
cases, 

other wild and domeslic animal s serve as well as hosts of 
the parasites, creating thus reservoirs of infection 

practically inaccessible to the measures of conLrol. 

FIGURE 26.1 Sample translation by SPANAM. 
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Among the 20 known virus diseases of the potato, the two 
 OK
 
that signifj canlly affect produc tion- potato virus Y and 
poLato leaf roll virus 
-have received the most attention at
 
,'IP. Good resistance to virtually all major viruses is now NO 
available and 
in the process of incorporation into national
 

breeding oopulaLions . 

CIP researchers are also screening qermplas;i for OK 
resislance to the insect vec tors that transmit viral 
diseases. The principal vectors are the green peach aphid OK 
and the potato aphid; others include leafhoppers, -af OK 
miners, potato Luberworm moths, and weevils. On certain OK TU 
hybrid potato plants, CIP researchers have noted glandular 
foliar hairs with sticky tips that trap insects -nainly 
aphids, but also flea beetles and mites- reducing epidemic 

infestations. 

Entre las 20 enfermedades conocidas viricas de 
la papa,
 
los dos qu,- significalivamenLe afectan la 
produc(i6n- virus
 
Y de papa y virus de enrollamienLo de la hoja -han recibido
 
]a mayorla de atenc i6n en E- CIP. La resistencia buena 
a virLualmenLe Lodos virus principales es ahora disponible 
y en el proceso ue incorporaci6n en pobiaciones n tionales 
de mejoramiento. 

Los investigadores del CIP tambi -n estAn examinando el 
germoplasma para resistencia a los insec tos ve tores que 
transmten enfermedades viricas. 
 Los vectores principales
 
son el hfido verde del dur'azno y e- Afido de papa, los 
otros incluyen saltarillas, minadores de hojas, polillas de 
papa, y gorgojos. En ciert1 s plantas de papa hibrida, 
invesLigadores del CIP han notado pelos foliculares 
glandulares con punlas pegajosas que atrapan insectos
principalmente Afidos, pero tanbi~n pulgillas y Acaros 
reduciendo infestaciones epidl.micas.
 

FIGURE 26.2 Sample translation by ENGSPAN. 
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run, the resulting document is returned to the Wang for postedit

ing on the word processing screen (Figure 26.3). SPANAM has 

always been what Lawson (1982) would call a "try-anything" type 

of system: the vocabulary and syntax of the input are entirely 

free, and the text is not pre-edited at any point. As of the end 

of September 1985, it had produced a total of 2.5 million words 

(about 8,500 pages) for more than 90 requesting units under some 

830 separate work orders. The service is provided to offices and 

programs not only at the headquarters in Washington but also in 

the field and to WHO in Geneva. 
ENGPSAN, the counterpart system, became fully operational 

in August 1985. It operates in the same mode and has already pro

duced more than a half-million words of Spanish text, most of it for 

publication. It is linguistically more sophisticated than SPANAM 
in a number of respects: its English analysis uses an augmented 

transition network (ATN) to parse the entire sentence based on 

175 types of syntactic and semantic information; idiomatic expres

sions are highly context-sensitive; and special rules for Spanish, 
based on an additional 101 criteria, operate at the synthesis stage 
to generate structures that do not exist in English-for example, 
certain uses of the subjunctive. 

Over the next year, the plan is to prov;de SPANAM with a 
parser for Spanish similar to ENGSPAN'3 parser for English, as 
well as with many of the other features that have been developed 

for the newer system over the last two years. 

Cost Effectiveness 

Even though SPANAM is slated to undergo improvement, 
its practical efficiency has already been demonstrated repeatedly. 
One of its early applications, carried out over two months starting 
in January 1981, showed how much money could be saved. The 
task called for the translation of 101,296 words of Spanish-language 

contributions to PAHO's large biennial budget document, which 
by regulation must be published in both languages. This was felt 
to be a particularly appropriate application since much of the 
retyping and proofreading that have traditionally been involved 
could be reduced or eliminated with MT. Also, the transfer of nu

merics would be guaranteed to be accurate. The results exceeded 
expectations. 



275 

Postedit ing[
 

n-srreen
 

Wang~ 
IBM 4341 

SPANAF 
ENGSPAN Side-By-Sidefor Up~atig 

l 
[ 

a 
rf 

FS-1--- Programs -

FIGURE 26.3 The PAHO Machine Translation System, 1980. 

It turned out that SPANAM cost 61 percent less than contract 
translation for the same number of words at the then prevailing 
rate of $55 per thousand words (Table 26.1). There was a mon
etary savings of $5,078.48. In terms of time, a job that would 
traditionally have taken 66 days was accomplished in 36, for a 
savings of 45 percent. This calculation takes into account all fac
tors of overhead for both modes, including a hypothetical cost for 
machine time, for which in fact there is no charge at PAHO. 

The effectiveness of SPANAM, and now ENGSPAN, can also 
be measured in terms of daily output per posteditor. The overall 
figure for both systems averages between 6,000 and 6,500 words 
in an eight-hour day. On one occasion, it was possible to postedit 
11,376 words of SPANAM output in eight hours. It should be kept 
in mind that this is finished, machine-readable text that does not 
have to be recopied. These figures compare with the traditional 
standard in the United Nations agencies of 2,000 words a day per 
translator, to which must be added the cost of transcription. At 
the latter rates, translation would remain a luxury for the elite. 

http:5,078.48
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TABLE 26.1 Example of Cost Savings with SPANAM 

Amount 
in US $ Staff-days 

TRADITIONAL PROCEDURES: 
Contract translation at $55 
per 1000 words; Processing; 
Cross-checking; Keying of 
translation; Proofreading, 
adjustments: $8,296.18 65.75 

SPANAM: 
Postediting cf 101,296 words; 
Supervision; Submission, 
Retrieval, formatting of text; 
Proofreading, adjustments; 
Machine-time:* $3,217.70 36.25 

SAVINGS ACHIEVED: $5,078.48 29.50 

*A hypothetical figure, since PAHO does not have a job 
accounting system for charging the use of the computer. 

It has been our experience that the contract translators, who 
earn twice as much at human translation as at postediting MT,
will in most cases prefer to do a machine translation. Since the 
contractors have the option of going either route, and since it is 
in their interest to make as much money as they can, it must be 
assumed that at the very minimum they are able to work at least 
twice as fast using the machine output. They have also commented 
that they prefer to use machine translation because they feel more 
rested at the end of the day. 

The Working Environment 

The posteditors of SPANAM and ENGSPAN are also respon
sible for enhancing the system dictionaries. They are trained iat 
applying the codes that are required in order to activate appropri
ate decisions by the parser and to trigger special, context-sensitive 
equivalents in the target. As they postedit, they follow a side
by-side printout that shows the source language on the left, the 
target on the right, and a series of diagnostic flags that appear in 
the center column between the two texts. These flags will indi
cate, among other things, words that were not found in the source 
dictionary, sentences that are longer than 70 words, and, in the 
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case of ENGSPAN, the status of the English analysis. The last 

will show whether there was a complete parse, a partial parse, or 

no parse-in which case there will still be a translation, but it 

will be based on only a phrase-by-phrase analysis rather than on 

the actions taken by the ATN parser. The output will also have 

an indication of translational equivalents that are found in the 

specialized microglossaries and of terms that appear in PAHO's 

own database of standardized terms (WHOTERM), or of terms 

that carry a high rating for "reliability." 
All this information demonstrates to the translators ways in 

which the glosses and the coding in the dictionaries can be im

proved. As they work along at the screen, they use the hard copy 

to mark all the changes that they will be making in the dictionaries 

later. The benefit of working in this way is that abi the contextual 

cues are fresh in the translator's mind at the moment the notes are 

made. This saves much time later on in deciding how the entries 

should be coded. The translator also jots down problems related 

to the translation algorithm itself, and these are communicated to 

the computational linguists, who are usually able to correct them 

promptly. 
As of September 1985, the SPANAM dictionary had a total of 

61,252 source entries (94 percent base forms, 6 percent full forms), 

and ENGSPAN had 45,185. The relatively large size of these 

dictionaries means that more than 99 percent of the words from 

a randomly selected text in any of our health-related fields will 

find a match (about 99.85 percent for SPANAM and 99.53 percent 

for ENGSPAN). Under these circumstances, all the analysis and 

synthesis that the system is capable of will be performed. Smaller 

dictionaries would give many more "not-found" words, and this 

would mean that the analysis could easily break down. 

Our experience has shown that the combination of production, 

terminology retrieval, dictionary and program maintenance, and 

advanced development makes for a highly effective environment 

in which each function supports-and actually potentiates-the 

others. 
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FUTURE PROSPECTS FOR 
SPANAM AND ENGSPAN 

The future of machine translation at PAHO is unfolding inthree major directions: (1) the porting of ENGSPAN, and eventu
ally SPANAM, to other mainframe sites, especially where it can 
serve the community of Third World nations; (2) the development
of additional language pairs; and (3) the adaptation of the different 
systems to the microcomputer environment. 

The mainframe version is soon to begin operation on the com
puters of the U.S. Agency for International Development, whereit will process texts that are submitted either at headquarters in
Washington or, via telecommunication, from field offices around
the world. Similarly, field offices of PAHO, and perhaps national
ministries of health, will soon be linked in a network through which
the MT systems can be used. At a later date, it will be important
to locate ENGSPAN and SPANAM at computer centers that serve
the sister organizations of the United Nations system. And finally,
serious inquiries are already being received from other areas of
the public sector and from the private sector, where there is also 
interest in obtaining these systems.

For additional language pairs, the first priority is English intoPortuguese, an official language of PAHO. With the English analy
sis ana Spanish synthesis that have been developed for ENGSPAN,
 
we already have about three-fourths of the system in place, and

ENGPORT, as we now 
call it, could become a reality, with onlya small investment, in less than 18 months. Another combination

that would be relatively easy to develop is English into Haitian

Creole. 
 WHO is committed to publishing more information invernacular languages. The application of MT to such an effort 
could help to boost both literacy and employment among people
whose mother tongue does not have a strong written tradition. 

The third direction that lies ahead is adaptation to a microcomputer. Some of the factors involved in this step are discussed 
in the next section. 

Machine Translation and Microcomputers 

It is certainly inevitable that machine translation will migrate increasingly to the microcomputer environment. Already,
the micromputer is a word processor at both the input and the 
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output end of MT. To some extent, it also provides access to lexi
cal databases, both the translator's own and large ones for which 
the microcomputer can serve as an on-line terminal. The latter 
technology-being exploited for example with SUSANNAH, a mi
crocomputer environment that has been developed for translators 
by the University of Saarbrucken-is bound to be maximized as 
telecommunication networking expands and as windowing tech
nology becomes more widely available. 

What is of interest now is the microcomputer as host to the 
MT system itself. All the major commercial vendors are moving 
in this direction, and one of them, Weidner, has had a microcom
puter product on the market since late 1983. From the beginning, 
Weidner ran on a minicomputer, and Logos has been running on a 
minicomputer and a Wang OIS/140 for nearly two years. Another 
minicomputer product is METAL, developed at the University of 
Texas and launched by Siemans in 1984. Textus, the only system 
so far to make its initial debut on a microcomputer, has been on 
the market for a short time. 

There is no doubt that it is now technically feasible to port a 
major MT system to a microcomputer. However, there are limita
tions. The processing of translation is slower by several orders of 
magnitude. Certain complex operations may have to be sacrificed. 
For example, Textus does not have the powerful routines for the 
handling of idioms that are characteristic of its mainframe prede
cessor, Systran. Parsing, depending on the technology used, may 
take up large amounts of CPU and siow down a system consider
ably. In order to fit withiD the strict confines of space allowed, the 
programs may have to employ extensive overlays. Another con
sideration is that the programming languages which offer the best 
utilization of microcomputer capabilities-for example "C"-are 
not the ones used originally to write the mainframe versions. In 
the case of PL/1, the language in which SPANAM and ENGSPAN 
are written, the compiler for the microcomputer has dispensed 
with some of the functions that are heavily used in our systems. 
Workarounds are possible, but in the long run it may be better 
eventua!ly to rewrite the code to maximize the features offered by 
a language specifically geared to the microcomputer. 

As far as the dictionaries are concerned, the latest hard and 
not-so-hard disks are now capable of providing up to about 30 MB 
of on-line access. This space is barely adequate for dictionaries 
such as ENGSPAN's with 40,000 entries or more, and a dictionary 
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that is much smaller will limit the overall power of any MT system. 
The disk must be of a medium that is easily updatab!.. It is 
possible-indeed more than likely-that disk capacity will increase 
substantially in the very near future. The main problem is to find 
a fast and efficient way to perform the dictionary lookup, which 
with ENGSPAN may occur as many as five times for a single word. 

If a microcomputer is being used for production, it cannot 
be used at the same time for postediting. Thus, if any degree of 
intensive production is envisioned, it may be necessary to choose 
between running the jobs at night or having one unit devoted 
solely to the translation program itself. In either case, it may be 
desirable to have several additional units networked for purposes 
of postediting. 

On the positive side, the microcomputer is excellent for usier
friendly on-line updating of the MT dictionaries. Weidner has 
devised interactive facilities for a microcomputer, and Logos has 
a sophisticated on-line program that runs on a minicomputer. 
Atamiri, a new system yet to be fully developed, is programmed 
to update dictionaries interactively in several languages at the 
same time. 

The foregoing considerations all seem insignificant, however, 
they become extremely relevant when they are weighed against 
the heretofore undreamed-of advantage of having a microcomputer 
MT system available at a minute fraction of mainframe cost for 
use in small operations or by single individuals. 

CONCLUSION 

There is no doubt that machine translation has a major contri
bution to make in bridging the isolation gap between cultures with 
different languages. In the Americas, for example, there is need to 
greatly accelerate the exchange of experience between the coun
tries that speak Spanish and Portuguese, on the one hand, and 
those that speak English, especially in the Caribbean. Throughout 
the world there is knowledge to be exchanged, and this exchange 
has been held back by the slowness and high cost of traditional 
human translation. 

In the time that it takes for word processing to become the 
universal mode for the capture of human language, machine trans
lation systems will become even more cleve: than they are today. 
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We will truly see the dissolving of language barriers and the world
wide exchange of information that has been the dream of so many. 
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Microcomputei Simulation:
 
Economies in Curricula Choice
 

ANITA NAZARETH 

"NTRODUCTION 

The Economies in Curricula Choice (ECC) model is available 
in two forms and is designed to serve two functions: (1) as a tool 
for illustration to demonstrate the relative cost implications of 
each subject in a set curriculum; and (2) as a simulation model 
that requires specific data concerning a curriculum of the user's 
choice (Heyneman, 1985). Four examples of the EEC model's use 
for finding relative costs are available. Appendix 27.1 shows the 
data generated by EEC for Malaysia. 

The objectives of the ECC model are both political and ped
agogical. The political aim is to generate a new attitude toward 
curriculum choices among decision makers in developing countries. 
That is, the atmosphere currently surrounding this issue is tense. 
Developing countries understandably feel defensive when choosing 
what they want their children to learn, and they are rightfully sus
picious of the efforts of development assistance agencies to have 
them economize. External efforts in this regard are often inter
preted as ethnocentric, z though development assistance agencies 
might have an ulterior motive of perpetuating inferior education. 
Th' political objective of this project is to allow officials from 
developing countries to visualize the sacrifices being made within 
their own education systems as a result of curriculum breadth. 
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It will allow them to see, through the use of graphics, the order 
of magnitude of these sacrifices. Through the judicious use of 
these computer-aided illustrations, officials from developing coun
tries might, for the first time, be expected to raise the issue of 
curriculum costs at home. 

The pedagogical objective is to test the possiblity of using 
computers as a tool for illustration. At present, the Economic 
Development Institute (EDI) is assessing the circumstances under 
which computer-aided instruction is optimal. The most common 
use of computers in EDI training is to facilitate analysis-cost 
models, planning models, and decision models. EDI uses illustra
tion as opposed to analysis in its teaching, ,'ong with slide-tape 
units, the common overhead projector, or simply written material. 

The mcdel is currently set up on Lotus 1-2-3 for use on the 
IBM 3270, a microcomputer commonly in use throughout EDI. 
The next stage is to develop the same model with its series of 
graphic illustrations on "Jazz," an integrated package now avail
able for use on the Macintosh. 

The analysis of the differences in using these two microcom
puter models is critical. This is because the instructions for uti
lizing a Macintosh are basically visual. If this is truly the case, 
then officials unfamiliar with microcomputer use should be able 
to manipulate variables in the model utilizing visual instructions 
more quickly than if they were using the IBM coded instructions. 
At some point, we would like to test and analyze the potential 
difference by actually measuring the response effect of Lotus and 
Jazz with the same target group. 

USES OF THE ECC MODEL 

The model allows the user to study various alternative scenar
ios created on the basis of a set curriculum. It provides a means 
to visualize or analyze the curriculum's cost, piece by piece-the 
annual per student cost for each subject and for each unit period of 
a subject; the excess or cost wastages due to employing specialized 
teachers versus teacher equivalents; and, for the more ambitious, 
the marginal costs of increasing the niumber of periods offered per 
week for each subject. 

The key concept on which this model is based is relative cost. 
Actual cost data are difficult to obtain and, if not treated with 
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caution they can be misleading. They are difficult to obtain be
cause of the "traditions" of educational architecture that build 
programs by levels of education and by size of student cohorts 
rather than by subject matter. Since subjects are not tradition
ally considered substitutable, subject costs are rarely identifiable. 
The data used for these illustrative purposes had to bc located by 
subject specialists from long and undifferentiated lists of equip
ment. It is hoped that the concept of relative costs will give the 
planner better leverage for comparison among different categories 
of subjects, e.g., academic non-science, science, vocational, and 
extra-curricular subjects. 

Relative cost data obtained in this manner could be used in 
evaluating the entire program and justifying expenditure. How.
ever, such information must be coupled with information regarding 
program objectives and program output. Attainment of objectives 
and consistency of that output with student and manpower needs 
are other factors that must be considered (Thomas, 1975). 

POSSIBLE USERS 

National Curriculum Plnnners 

Imagine that a policy is suggested to "divrsify" the curricu
him in order (among other reasons) to meet the need to produce 
graduates with certain skills. The ECC model can help pia:ners 
study various combinations and see overall implications with re
spect to capital and recurrent costs. 

Questions one can analyze include: 

* 	 What if we increase the number of science or technical 
workshop subjects? 

* 	 What if we reduce the proportion of laboratory sessions 
within the science subjects? 

• 	What if we include some extra-curricular activities such as 
music, art, and physical education?
 

c What if we emphasize language subjects?
 
* 	 What if we include more teaching periods on civics and 

good citizenship? 

How would each of these alternatives affect costs and hence, 
how would each affect the national education budget allocation for 
a school offering such a curriculum? 
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School Architects 

Even when the subject matter in a curriculum is fixed, the 
model enables the user to study variations in costs based on dif
ferent utilization options. Questions that czn be asked include: 

" 	 How many classrooms, laboratories, and special rooms are 
needed to run the program optimally? 

" 	 How many more class periods can be conducted in each 
facility to ircrease its use and minimize downtime? 

* How would per-subject costs vary if some facilities were 
shared among subjects? 

* 	 What is the optimal school population needed to justify 
the proposed curriculum? 

Teacher Trainers 

In 	 the section of the ECC model entitled "Teachers," the 
teacher equivalents needed to conduct each subject are calculated 
based on the weekly teaching loads.* If the curriculum selected is 
a national curriculum for, as an example, secondary comprehen
sive schools, then graduates of teacher training colleges could be 
trained to teach optimal combinLtions of subjects instead of spe
cializing in only one. This obviously could reduce recurrent costs 
and potentially alleviate the specialized-subject teacher shortage 
common in developing countries. 

School Administrators 

From the cost information derived from the ECC model, ad
ministrators would be able to more clearly differentiate items on 
school budgets, including salary and nonsalary expenses. For ex
ample, the model could provide information about the economic 
implications of: 

* 	 Employing teachers who can teach subject combiiations 
instead of employing subject specialists
 

" Cutting down on the use of consumable materials
 

* Teacher "equivalents" mean teachers in the statistical sense where teach
ers 	 are quantified in fractions, 1/10 of a teacher, 1/3 of a teacher, and so 
on. 
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* 	 Delaying the replacement of deteriorated furniture and 
equipment. 

World Bank Staff 

At the pre-appraiaal stage of a project, education project offi
cers can use the ECC model to run alternative scenarios. They can 
study costs relative to school size (enrollment); facilities required; 
construction, furniture and equipment for each facility; teacher 
salaries; and non-teacher recurrent costs. From these figures the 
number of schools that can be built with a fixed biidget can be 
calculated or total costs can be computed if the number of schools 
required is predetermined. 

CONCLUSION 

The ECC model can be used by various levels of personnel 
in the planning hierarchy, depending on the type of available 
information and data and on the user's ability to operate Lotus 
1-2-3 package. The model has a customized menu that may allow 
users who are not familiar with Lotus to utilize various sections and 
enter or change data in "non-protected" cells. However, whether 
it can be taught to non-Lotus users is as yet untested, and we 
suspect that many pedagogical problems remain. 
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APPENDIX 27.1
 
CASE STUDY OF RELATIVE COST IMPLICATION
 

OF A CURRICULUM (MALAYSIA)
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GRAPH I 
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GRAPH 2 
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GRAPH 3 

Facilities Use Factor 
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GRAPH 4 

Minimum Costs per Student 
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GRAPH 5 

Minimum costs per Student 
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GRAPH 6 

Capital and Recurrent Costs per Year 
(in US $) 
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A Software Exchange System 
for the Americas 

WILLIAM L. HUGHES 

This paper presents a preliminary proposal for setting up a 
software exchange system for the Americas based on the discus
sions held at the symposium. It suggests the organizational and 
operational decisions that need to be made and outlines alterna
tives that should be considered. 

PRINCIPLES OF OPERATION 

The Software Center of the Americas (SCOTA) should have 
a well-defined purpose: to make its software resources available 
to anyone in the Western Hemisphere, essentially at cost of op
erational overhead. It would make resources equally available to 
commercial, nonprofit, and governmental organizLtions, as well as 
to individuals. There should be no screening of beneficiaries as long 
as they pay the small overhead fee. For those developing countries 
with rigid foreign exchange prohibitions, some type of voluntary 
fund or grant (perhaps from one of the private foundations) could 
be established so that a reasonable amount of accommodation may 
be provided. 

The word "software" ultimately should be taken to include 
both computer programs and educational video and audio tapes, 
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since a major fraction of the center's effort would be related to edu
cation. The video and audio tape software should be accompanied 
by a considerable amount of reading ii-tter. 

Software sources should be essentialiy voluntary, since SCCTA 
simply will not have sufficient funds to buy software (except for 
one possibility mentioned below). Users would be expected to con.
tribute to the software pool when they have something worthwhile 
to give. If some individual, company, or funding; agency is willing 
to pay for the development of software to contribute to SCOTA, it 
would, of course, be accepted. The shaiing of software cannot be 
made a requirement because it can not be enforced, but once the 
useru understand how the group works, they will n;.ke significant 
contributions. 

The principle media of exchange of computer programs, at 
least initially, will be either through floppy disks or hard copies. 
As there are nearly on? hundred floppy disk operating systems, it 
would make sense for the center to accept hard copies only on 8 
1/2" x 11" sheets, or floppy disc copies only in MSDOS or CP/M. 
It will also have to accommodtle the Brazilians if they have a 
DOS ,ftheir own. With these restrictions, the copyi'ig equipment 
requirement for the center is minimal initially-a duplicating ma
chine and a dual disk-drive microcomputer. Ultimately, of course, 
the center will have to be equipped with conversion capabilities. 
This is not very difficult because most machines can convert data 
files to ASCII files, to be transferred by a modem to another 
system that can read ASCII files. The fabrication of more elabo
rate conversion systems is a good project for electrical engineering 
students. 

ORGANIZATIONAL MATTERS 

Location 

On- of the first questions to be answered is, Where should 
SCOTA be located? In this matter, I think we need to be extremely 
practical. First, it must be somewhere where mail is reliable and 
fast. This is not to discount the possibilities of transmission of 
soitware by satellite, because I think SCOTA would ultimately be 
doing that, but the primary gathering and distribution systems 
will be by mail for P.long time to come. Second, it must be some
where where the government has a history of stability. Otherwise, 
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the temptation to politicife, and ccitrol the operation would be 
irrcsistible, resulting in censorship problems and other operational 
disruptions. Third, it should not be in the United States because 
in order to be recognized as a Latin American ceniter, it must be 
located in the region. Fourth, the language of the country should 
be Spanish simply because that will be the native tongue of at 
least half of the users. This does not imply that all of the software 
should be in Spanish. It simply means that SCOTA headquarters 
should be located in a country with the same primary language 
as the majority of its users. Several countries, including Brazil 
and Belize, should not be considered precisely because of their 
languages. 

In my view, SCOTA should probably be in Mexico City. If 
Mexico clearly does not want the center and if Interciencia is will
ing to be the coordinator, Caracas is a possible alternative. Mexico 
has strong industrial ties to the northern countries and would be in 
a good position to solicit support. If it is in Mexico City, then the 
question is, Under whose auspices should it be? Possible sponsors 
include the National University (UNAM), Metropolitan University 
(UAEM), c~r the Mexican Academy of Engineering (ANIAC). 

Scope 

What should be the scope of the software to be exchanged in 
SCOTA? A rough grouping of software categories that could be 
extremely useful, particularly to developing countries, follows: 

" 	 Software developed to enhance primary education in the 
language, cultural, and quantitative skills. Computer, 
video, and audio software are vitall) imDortant here. In 
addition, software to teach language and cultural skills 
must originate in the cultures that will use it. That fact 
was stressed at the symposium, and this is probably the 
single most important area of endeavor for SCOTA. 

" Software developed for various subjects in secondary ed
ucation. Since desired cultural patterns should be well 
established, it would be possible to make use of a much 
wider variety of software sources. 

" 	 Software devloped for pos>-:;econdary education of all 
types-university, technical training, and so on. Software 
could be from anywhere. 
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the temptation to politicize and control the operation would be 
irresistible, resulting in censorship problems and other operational
disruptions. Third, it should not be in the United States because 
in order to be recognized as a Latin American center, it must be 
located in the region. Fourth, the language of the country should 
be Spanish simply because that will be the native tongue of at 
least half of the users. This does not imply that all of the software 
should be in Spanish. It simply means that SCOTA headquarters
should be located in a country with the primary languagesame 
as tbe majority of its users. Several countries, including Brazil 
and Belize, should not be considered precisely because of their 
languages. 

In my view, SCOTA should probably be in Mexico City. If 
Mexico clearly does not want the center and if Interciencia is will
ing to be the coordinator, Caracas is a possible alternative. Mexico 
has strong industrial ties to the northern countries and would be in 
a good position to solicit support. If it is in Mexico City, then the 
question is, Under whose auspices should it be? Possible sponsors
include the National University (UNAM), Metropolitan University
(UAEM), or the Mexican Academy of Engineering (ANIAC). 

Scope 

What should be the scope of the software to be exchanged in 
SCOTA? A rough grouping of software categories that could be 
extremely useful, particularly to developing countries, follows: 

" 	 Software developed to enhance primary education in the 
language, cultural, and quantitative skills. Computer,
video, and audio software are vitally important here. In 
addition, software to teach language and cultural skills 
must originate in the cultures that will ise it. That fact 
was stressed at the symposium, and this is probably the 
single most important area of endeavor for SCOTA. 

" Software developed for various subjects in secondary ed
ucation. Since desired cultural patterns should be well 
established, it would be possible to make use of a much 
wider variety of software sources. 

" Software developed for post-secondary education of all 
types-university, technical training, and so on. Software 
could be from anywhere. 
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minimize its usefulness. If SCOTA is to be effective, there must 
be some initial source(s) of funding to (1) set it up, (2) establish a 
basic library, and (3) make itself sufficiently known that it begins 
to attract users.
 

To obtain sufficient funds (which will not be an inconsequential 
task), a governing body (board of directors) must be established 
consisting primarily of Central and South American representa
tives but. also a few from the United States and Canada. A small 
committee ied by a Latin American should then prepare a prelim
inary conceptual proposal and visit a variety of U.S., Canadian, 
and Central and South American funding organizations to seek a 
number of small cooperative effort grants to get started. Perhaps 
the U.S. Agency for International Development could also con
tribute. Organizations such as the Ford Foundation and those oil 
company foundations whose sponsoring companies conduct busi
ness in Central and South America could be approached. 

Perhaps a sum on the order of a half-million dollars could be 
raised. This amount coulil pay for the establishment of a central 
staff consisting of a young, eager, and a modestly paid director 
and some support staff; the purchase of a computer, a duplicat
ing machine, desks, and chairs; and overhead expenses-salaries, 
postage, and telephone-for three or four years. Perhaps the di
rector might be a half-time university professor devoting the other 
half of his time to this project. In addition, perhaps the facility 
in which the operation is housed (two or three rooms initially) 
could be provided by the host university or other organization free 
of charge. Ultimately, the center must be self-supporting, either 
through levying nominal charges for its services, through the es
tablishment of ongoing grants, or through some combination of 
both. 

Outreach 

Making itself known to those for whom it is established will 
not be a problem for the center. The simple issuance of a one
page bulletin describing the center (to be posted in libraries and 
at educational, industrial, and governmental locations) should be 
sufficient. All .hat needs to be written is that software in the 
appropriate categories is available for nominal fees and that users 
are encouraged to share their software as well. In addition, an 
annual listing of what is available along with quarterly updatings 
should be available in the libraries of all institutions where the 
bulletin is posted. 
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A Proposed Latin American Society 
for Computers in Education 

ACADEMIA NACIONAL DE INGENIERA 

One of the principal recommendations emanating from the 
Symposium on Microcomputers in Education called for the cre
ation of an agency that will implement the general conclusions 
of the group. Pursuant to that recommendation, it was proposed 
that a Latin American Society for Microprocessing in Education 
be created whose principal objective is described below. 

OBJECTIVE 

The objective of the society, as we see it, will be to promote 
the exchange of information, ideas, and experience in the appli
cation of computers in education in Latin America by means of a 
bulletin, a database accessible through a computer network, and 
periodic meetings encompassing all countries of Latin America. 
Although the society would focus on the countries of Latin Amer
ica, in view of prevailing opinion in the Latin American countries 
and in view of the opinions expressed by the participants at the 
symposium in Cuernavaca, membership would not be limited to 
Central and South America. People from other countries with 
similar problems, even if non-Spanish-speaking, would be admit
ted as individual members. In addition, it would be reasonable to 
admit countries such as Spain and Puerto Rico as well as certain 
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Spanish-speaking groups in the United States, for example those 
in California and Texas. These latter groups could be of great
benefit to the society through their close contact with sources of 
technology and information. 

INSTRUMENTS 

To achieve our stated objective, it is proposed that we estab
lish a number of instruments to facilitate information exchange and 
feedback. First, a quarterly bulletin should be established, to be 
circulated among individuals in Latin America who are interested 
in the subject of computc.rs in education. The bulletin will publish 
a list of persons interested in microcompuber use in education, 
along with their interests, addresses, and telephone numbers in or
der to facilitate direct exchange between individuals with common 
interests. Articles of various types will be published: some giving
details of achievements by groups belonging to the society, articles 
on various aspects of computers in education, reviews of software, 
descriptions of software available for exchange, program listings
with instructions, reviews of computer hardware for use in educa
tion, news from participating and other countries of meetings and 
events in the field, and other information of interest. 

To ensure that the bulletin will be available as quickly as pos
sible, an initial editorial committee will be established, made up of 
members from the committee elected at the symposium aAong with 
Mexicans prominent in this area, several of whom participated in 
the symposium.. Among the first materials to be published in 
the bulletin will be the list of participants at the Cuernavaca 
symposium, the conclusions of the three working groups at the 
symposium, and summaries of the papers presented at the sympo
sium. Afterward, the bulletin will publish news obtained from or 
submitted by members concerning progress in their countries, the 
by-laws approved for the society, lists of new members, and the 
materials mentioned above. 

Second, periodic meetings should be held in various Latin 
American countries for the purpose of ensuring that the individuals 
who are working in the area of microcomputers in education are 
known to each other and that they have the (pportunity to discuss 
topics of common interest, as well as to exchange information, 
programs, and experiences. In particular, the first annual meeting
could, among other things, serve to formally establish the society, 
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approve its by-laws, and establish a program of work for the first 
officers elected. For this purpose, it would be necessary to make 
an intensive effort prior to this meeting to have all the elements in 
place, ready to launch the society. 

Third, chapters of the society should be established in all 
those. countries where there are people interested in the society's 
activities. Some of the members of these chapters will act as cor
respondents for the bulletin as well aL for its editorial committee. 
They will also form part of the local organizing committee for 
meetings held in the country. Fourth, the society should have at 
its disposal a computer network connecting the different groups 
in Latin America that are working in the area of computers in 
education. The network would greatly facilitate communication 
in this vast geographical region and would permit the ready ex
change of programs and other educational materials. Lastly, a 
database would be connected to the network and be available for 
storage and ready access of information on methodologies, mate
rials developed by the different groups in Latin America, and on 
individuals interested in the field, as well as other information that 
requires regular updating. 

ORGANIZATION 

It is proposed that the Latin American Society for Computers 
in Education have a permanent secretariat with its headquarters 
initially located in Mexico until the society is fully stabilized. Once 
this has been achieved, a more suitable site can be selected for its 
permanent headquarters. The reason for choosing Mexico as the 
initial headquarters site include, first, that that was where the idea 
was born, and second, that two of the committee members elected 
to implement the recommendations of the Symposium on Micro
computers in Education (including its president) live in Mexico. It 
is proposed that the committee elected in Cuernavaca be charged 
with initiating the activities of the society by writing to all the 
participants in the Cuernavaca symposium, encouraging them to 
form chapters in their countries, and making contact with people 
in countries that were not represented in Cuernavaca so that chap
ters are established in those countries as well. Each chapter will 
send data to the permanent secretariat on the people they wish 
to include in the society so that a directory of ihese names, to be 
published in the bulletin, can be generated. Membership will be 
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regulated by a set of by-laws that will be proposed by the commit
tee members to the chapters established in the different countries. 
These by-laws, in addition to regulating membership, will stipu
late how the society is to be organized, how it will operate, how 
its leaders are to be elected, as well as other details. 

FINANCING 
Ultimately, the society should be financed by the individ

ual contributions of its members; by contributions from private,
academic, or governmental institutions in the participating coun
tries; and by contributions from international institutions such 
as the Organization of American States. However, during its ini
tial launching it is proposed that lhe activities of the society be 
financed with contributions from interested Mexican institutions 
(to be arranged by the National Academy of Engineering of Mex
ico) and by similar institutions and organizations in other member 
countries. These contributions will serve to defray the operating 
expenses of the permanent secretariat as well as the cost of ter
minal connections in the network, integration of the database, 
and preparation, publication, and distribution of the bulletin, for 
the extent of the period in which finarcing is limited. Additional 
expenditures that need to be covered are trips to the bulletin's 
editorial committee meetings and other committee meetings. It 
will also be necessary to obtain financing for the attendance of 
representatives of the society's chapters at the inaugural meeting. 
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Conclusions and Recommendations 
REPORT OF THE WORKING GROUPS 

In separate sessions, each of the three working groups-
Teacher Training, Pre-University Education, and University and 
Professional Education-prepared a report of their conclusions 
and recommendations. Many of the recommendations made by 
the working groups that were basically policy-oriented proved to 
be similar. All three groups stressed that developing countries 
that take an early and active role in the information rcvolution 
will narrow the gap between themselves and the industrialized 
countries. They noted that because information technology does 
not require a large and expensive infrastucture, trained individuals 
in dee,,loping countries can make contributions on the same level 
of expertise as their counterparts in developed countries. This 
training, however, depends on the introduction of microcomputers 
into education at an early level and the continuing use of this 
technology in education at all levels. 

The participants agreed that information technology makes a 
useful contribution to the cducation process. The third working 
group suggested that students must go beyond programming to 
be able to use the computer as an extension of their capacity to 
think and to solve problems. The computer can then enhance 
educational productivity in teaching students to be creative, to 
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think critically, to make valid decisions, and to explain and present 
their ideas. 

Participants in each cautioned the microgroup that since 

computer 
must be introduced early in the educational process,
the software used must be appropriate for the particular culture 
of the country. A widely shared experience of cultural problems
with imported software, even when it had been translated, led 
the participants to recommend strongly that educators in each 
country develop software appropriate for their needs or, at least, 
review and modify software developed elsewhere. The group on 
pre-university education underlined the importance of this review 
particularly when software is to be used by noncritical students 
in the elementary grades. The participants who teach technical 
subjects to high school and university students were more con
cerned that software be reviewed ensureto that the sequence of 
instruction is compatible with the syllabus being followed by the 
class. 

All the participants supported the recommendation that it is 
important for each country to take part in the development of mi
crocomputers whether by building hardware and writing software, 
or by modifying imported technology. They added, however, that 
although each country should have a significant degree of auton
omy in the process of introducing microcomputers into education, 
the process of sharing information that extends across national 
borders is benericial in that it provides guidance and permits co
operation among programmers and users with common interests. 
Because educational material should be relevant to the cultural
 
and intellectual 
context of each country or region, however, it is 
essential that even these shared programs be tailored to reflect 
local priorities. 

A number of recommendations were addressed to government 
officials charged with setting policy. The participants agreed that 
the general public must be made aware of information technology 
so as to share in its benefits. Local school and community leaders 
must be given enough training to become informed consumers, so 
that hardware and software selection can reflect community needs. 
Teachers, as the front line in spreading the use of computers to 
the next generation, must be given training so that they will 
understand the technology and be comfortable with it. They 
should see information technology as a valuable resource that 
they can command. To ensure that this attitude prevails, teacher 
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training institutions must make computer training an integral part 
of the curriculum, and continuing education in this technology 
must be provided for teachers currently working in the schools. 
The group agreed that the more widely information technology is 
spread to the people of a country, the more that country will be 
able to control the technology ard guide its own economic and 
social development. 

Inherent in the nature of information is the attribute that 
sharing information does not diminish, but rather increases the 
amount available to each individual. All the working groups rec
ognized the value of cooperation to this end and emphasized the 
need for mechanisms to enhance communication t all levels. They 
suggested holding frequent conferences and publishing newsletters 
or magazines to diffuse microcomputer technology. These might 
be organized for teachers at various levels and in various regions, 
for researchers, for programmers, and for administrators. Tech
nology centers within countries and regions could enable technical 
personnel to cooperate and might provide a place for novice com
puter users to try new software and find assistance with technical 
problems. It wa.i strongly recommended that a standing commit
tee be elected from among the participants at the symposium to 
investigate methods of improving international exchange of ed
ucational applications of microcomputers. The committee was 
asked to explore the development of an international newsletter 
or journal and to initiate planning for an annual conference on 
microcomputer applications in education and training. 


