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I. INTRODUCTION

During the past two decades, an unprecedented amount of -activity
has taken place in the development of new approaches to the teaching of
pre-college science and mathematics. The United States has been the

iator of much of that activity and by doing so has set new standards’
for other countries to emulate, either by adapting course materials |
developed in the United States or by initiating 1ndi°enous course im- -
provement projects. American scientists and educators have played an
1mportant 1nternational role in enabling other countries,-particularly
the less developed nations, to benefit from the work of American;course
improvement projects by-helpingféroups located in foreignbuniversities
and ministries of education to experiment with the new approaches to the
teaching of science and mathematics and to adapt them to 1oca1 conditions.

However, 1n recent years American contributions in. this area have
dwindled. Some of the curriculum centers established in the less developed
countries with the help of American financlal support and expertise have
become isolated both from science educators in the United States and from
.educational 1nnovations throughout the rest of the world. There is-a need
'to re~establish communication links with these centers and to set up mech—
'anisms for future ‘collaborative efforts to improve science and mathematics
education.

This paper will attempt to provide a rationale.for}the‘ISlC'tolunder—'
take this task Sy_(1) reviening the progressrthat has;been;madeuin~the’im-‘
provement of science and mathematics education.in the Unitedlstates:during
the pastrtwo decades, (2) assessing the impact of previous efﬁortsltolim—
prove the teaching.of science and mathematics in less developed coUntries,
and (3) outlining some options.which the ISTC might pursue in future_program-

ming.



II..A REVIEW OF DEVELOPMEMNTS IN SCIENCE AND

MATHEMATICS EDUCATION IN THE UNITED STATES

' The school currlculum reform movement in the United- States 1s
usually ddted as beginning w1th the launching of Sputnik and the fundlng.'
of the Phy51ca1 Science §tudy Qommittee (PSSC) by the National Science
Foundation in 1957. .Although negotiations concerning possihle federal
financing of curriculum work im physics had preceded Sputnik,‘there can.
be little doubt that public embarassment over the Russianhiaunching'of
the wo:;d's,first space probe stimulated prompt action and madeiﬁunding
easie; to~obtaint

- An important mathematics curriculum project, the University of
Illirois Committee on School‘Mathematics (UICsSM) initiated its‘wotkeorior
to the PSSC progect. The UICSM began work on a small scale with local
funding to improve the mathematics taught in Illinois high schools ‘in
19513 its first ont81de funding was obtalned from the Carneg}e'Eoundation
in 1956.

The UICSM and PSSC projects were important not only in that they 5
set‘out to make radical changes in the curriculum of the schools but
:also because they establlshed a new developmental model for innovatlon.
Prior to the creatlon of these projects, the curriculum 1n,the public
‘sch001S'was chafacterized by'a high degree of uniformity, maintained by
"the economlcs of textbook production aud sales whlch discouraged any devia-
]tlon from the status quo. When a new textbook'was‘introduced by a'pub—
ﬁllsher, one could be sure that tha basic approach and organization of |
the subject matter would mirror that of those books that had been success—~
fully ma;keted in the past. Federal. fluancing for curriculum made it

possible for the new projects to experiment with innovative teachiug.



approaches and new ways of organizing course content,

The developmental model of course construction initiated'hy the new
course improvement projects differed significantly from the P:?éé§$<'v
traditionally used by publishers to produce a’new textbook N InSEééa”

‘ of relylno on the "‘talents of an indlvidual authox or a few co-authors;
the developmental curriculum progects enlisted the aid of a groupkof ‘
research scholars and teachers to develop prellminary drafts of new l
course materials. These materials were then "trial—taught" in several
classrooms to reveal the.strengths and weaknesses of the proposed in-.
structional sequences and learning act1v1ties. During these trials, the’
authors of the draft: materials could frequently be found 1n the experi—
mental classrooms; either teachlng the class or observing small groups of
students so as to obtain 1heir reactions to the-lessons. Feedback from
such trial classes was then used to improve the course materials, often
several cycles of classroom trials and revision were carried out before

the new course materials were put into their final form.

The National Survey and Assessment of Instructlonal.Materials con—l

ducted by the EPIE Instltute in 1976 analyzed the beneflts that’result
ifrom such an "P&D" model of course development'
R&D—based materials are (not) necessarily the "best" or  the "rlght"
materials for every classroom, but...they are more~1ike1y t0'per-
form as promised when used as directed with an appropriated student
population. By R&D—based materials, we refer to materlals built
- upon an empirical data base,: as ooposed to. conventional w1sdom,‘
~ and developed through continuous feedback loops that inSure that

“;once—obtalned data ‘hold. steady over tlme. A tradltlonally

”‘developed materlal uses llttle more than conventlonnl wisdon,



that;is,:usuallv the manuscript is written by a publishing company's

editor,pnho~oftenfis aiformer teacher, and it receivesiasy"input"

critical;rEadingspbythose mho are listedlas authorsvand sugges-
tiangurfbm's;iéé_féﬁgegencacivgs and production\staff members

(EPIE Institute, 1977, p. 22).

';A traditional’model of textbook development was in generaliuseﬁ
throughout the world prior to the curriculum reform movenent.pifhefshort—
comings of such an approach were especially serious in the developing
, countries, where the textbooks in common use frequently were authored by

2
expatrxates who had little or no understanding of the local culture.'
Although some publishing companies had made efforts to commission the
writing of textbooks by indigenous authors, too often the contrihutions
of’ these local authors were limited to tne critique of editorial revisions
of books formerly written by expatriates. 'This'situation was further "
complicated in some countries vhere the local authors were government
officials in a position to’influence textbook adoptions.

In the following paoes, some of the major course improvement projects
which comprised the past two decades of science and mathematics curric-"’
ulum reform in the United States will be reviewed. It is important to
note that the curriculum reform movement was not 11mited to the United
‘ States.' Parallel developments occurred in a number of countries and
 some important cross—fertilization of ideas took.place, particularly be--
tween educators in England and the United States. .However; because
American contributions to the improvement-of,science and mathematics
education in‘developing countries'haveioccurredfprimarilyfas an outgrowth
of curriculum projects 1n1tiated in the United States, a review of the

principal American prOJects is most appropriate to the purposes of this

report.
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‘As it will not be possible to review all past projects in this
paper, readers desiring further 1nformation may wish to consult sources
such as Goodlad s review (1966) of the early projects Grobman's (1970)
'analysis of the course development process utilized by these projects,
or the short project summaries~pubiishedvperiodically by the National,
Science Foundation (1974, 1976). 1In addition, the recent repoxt of the
National Research Council‘suPanel on School Science (1979) provides-a :
comprehensive review of the"current state;of pre-college science and
mathematics teaching in the United States.

Science Course Tmprovement Efforts

: The first generation of federally-financed science curricuium de~-
velopment projects in the United States focused on improving the pre-
‘college education of students who intended to pursue careers ln science
and.engineeringn“ The initial empha515<was'to develop radically new
Acourses for the three main sciences taught in: high school._ physics,
,chemistry, and biology. In each case, an attempt'was made to bring the i
course content up to da e with the currently available knowledge in |
science. Even more important the scientists guiding the development of
-the new courses decided to abandon the traditional practice of us1ng
laboratory experiments to verify principles already learned from lectures
or the textbook. Instead, laboratory 1nvestigations were to: be- used’to
1ntroduce students to.new concepts.. Laboratory act1v1ties were’designed
to encourage students to think 1nductive1y so as to develop a personal
,understanding of each new concept. The 1ntent of the,neW‘cpurses was thus
tothelp students to'begin to think scientifically-as weii as to*proﬁide
tnem with an introduction to the scientific discipline concerned.‘

The new PSSC physics course abandoned the nineteenth century topics



around which high school phy51cs ‘had prevxously been or?anized Instead
PSSC physics followed a sequence that emphasized the alternative concep;‘
tual‘models that could be used to explain the behavior of matter. Con-
siderable effort went into the design of laboratory experiments and J
. slwple apparatus, aS»well as a teacher's guide, films, and books on
special‘topics. Interest in the new course spread.throughoutithe worldj.
and’twenty;four translations of the textbook’and laboratory guide Vé;§~
made for use in other countries. | | o *

Two high school chemistry projects were supported by the National
Science Foundation. The first, called the Chemical Bond Approach (CBA),
resulted in'the development of a course that was highly theoretical and .
may‘not'have been very suitable for the average student. Perhaps for
this reason, the CBAvchemistry course was never‘widely adopted. Wbrk
on an alternative NSF-supported high school chemistry course was begun '
in 1960 by ‘the Chemical Education Material Study (CHEM Study) Like the
PSSC physics course, CHEM Study chemistry introduces new concepts through
laboratory work. The text and class discus51ons are deslgned to help
students to tie together ideas introduced in the laboratory by means of
the kinetic theory’and atomic—molecular bonding relationships. The
CHEM Study textbook was Widely adopted by school systems in the United

fStates and ‘was translated or adapted for use 1n over twentv foreign |
1)countries;“/ﬁr : | | | |

- The Biological ScJences Curriculum Study (BSCS) produced three -
different alternative courses for high. school biology, usually Pnown as

| the green, yellow, and blue versions. Green version BSCS biology
:empha31zes the biological community, the yellow version stresses cellular

biology, and the blue version focuses on biochemistry and molecular



biology. 1In all of these BSCS courses, students are expected to spend a
considerable amount of time performing laboratory investigations. Mater-_
lals based on the BSCS biology programs are now in use in over sixty
countries.

Following the development of these new courses for the three major '
disciplines in the high school science curriculum, it became obvious
to curriculum planners that a need existed to improve the teaching of
science at tha Junior high school level, so as to help students acquire
some basic experimental and mathematical skills and to.instill a positive
attitude toward scientific inquiry. One of the first efforts at this -
level resulted in the development of the Introductory PhySical Science
(IPS) course. In this ninth grade course, students examine the propertie
.of matter and assemble empirical ev1dence that leads them to the develop—
ment of an atomic-molecular model of matter. -' o |

The second course designed to replace the general science courses
formerly taught at the eighth or ninth grade,leuel is anrearth.science
course developed by the Earth Science Curriculum Project.(ESCP) This
1nterdisciplinary course incorporates topics from geology, meteorology,c
oceanography, and astronomy.- Interest in the teaching of earth science
has 1ncreased in recent years due to worldaWide concern about the deple—
4tion of fossil fuel reserves and other non-renewable natural resources.

~During the mid-1960's, NSF funding resulted in the creation of
.three'major elementary'school science projects: Science, A Process
Approach poasored hy ‘the American Association for the Advancement of
Science (AAAS). the Science Curriculum Improvement Study (SCIS), and the
lElementary Science Stud/ (ESS). The AAAS elementary science program 1s

structured to encourage children to practice fourteen processes oE



sc1ence," systematically definad by means of an elaborate hierarchj of
oehav1oral obJectives. The SCIS program stresses a predetermined con-
ceptualvframework vhich children are expacted to acquire as they ei;"k
amine natural phenomena, manipulate equipment, and record data; tihe

 ESS program consists of a series'of self-contained sclence units;'each

of. these units is designed to encourage children to exanine'a~set:ot
related phenomena, make careful observations, formulate their own hypoth—z
.eses,- and carry out exper:.ments ‘to test their hypoLheses. )

,All‘of these elementary science programs have been widelyladapted
for«useﬁin other countries. The AAAS materials were adapted for use in
Argentina and Chile;.SClS materials served as a catalyst for the develop~"
ment ot similar prograns_in Israel, Brazil, and the Philippines; and
ESS stimulated the'development'of the African Primary Science‘Program;

In the late 1960's and 1970's, science curriculum development
projects funded by the federal government turned toward the development
of multidisc1plinary materials which included an emphasis on the inter-~
relationships between science“and society. This trend has. been mirrored
worldwide in the series of conferences and reports sponsored by UNESCO
‘on the teaching of integrated science (uwesco, 1971, 1973 1974 1977).

Work 1n1tiated by the Harvard Project Physics group in 1964 resulted
in the develnpment of a high school physics course intended not only for

ithose students plannlng sc1entif1c careers, but-also for those who plan
to.empha51ze college studles in the,humanitiesiand social sciences and
for those who may not intend to go to'colleée. The new course introduces
students to a variety of phxsics topics, including some of the more
recent developments; but also stressesfthe humanistichbackground ot the

physical sciences, how physics has contributedito‘modernftechnology, and



the social significance of some scientific advances,

At the junior high school level the. Intermediate Science Curriculum.
Study (ISCS) developed a three-year sequence of science courses designed
to allow.the pace, level of;instruction to;he adjusted to the interests
, andtabilities of individual:students. The seventh and eighth.grade
ISCS-naterials are based primarily on physical science themes such as’
energy, measurement, operational deflnitions, the comp051tion of matter,
and model-building. In the ninth grade course, the student is encouraged’
to integrate the experience and knowledge gained in the previous tvo
" years So as to'investigate a diverse set of problems'of.practical-and
scientific significance; on topics ranging.frOm geology and weather’to
genetlcs and environmental pollution. |

The ﬁSCS Human Sciences Program is another multidisciplinary pro-
gram for the intermediate level. This program is being developed with -

a special concern for the interests and developmental characteristics

of eleven tec thlrteen year—-old adolescents.. Content for the Human Sciences
course is being drawn from the biological social and behavioral sciences:
Learning activities are desmgned to encourage students to seek answers

to questlons such as, "Why do things change”" and "Why do living things
act as they do?" '

Because the United States is not currently suffering from a shortage
of trained scientists and engineers, there is now less public concern
about the training of future scientists than there'was at the time of
Sputnik. Jore stress is now being placed on the need to 1mprove tne
scientiflc literacy of the general public, in order to help all people
to‘deal more 1nte111gently with the- scientific and technological issues

that affect their everyday lives. This task will-probably,be the focus
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of most efforts to improve science education in the United States during
the next decade.

Efforts to Improve Mathematics Instruction

The mathematics curriculum reform effort in the United ‘s:;ités
differed from the efforts to develop new courses in the‘uarious sclence
disclplines in that most mathematics course 1mprovement prOJects spanned
several years of the K to 12 mathematics curriculum. In American schools,
most students take machematics from kindergarten through at 1east the
: second year of high school. Because the development of a mathematics
) course for any one year depends heavily upon those skills and. concepts
alreadydmastered by students, changes in course content ‘usually neces- .
sitate a reconceptualization of the scope and sequence of the mathe~
matics:curriculum ektending over:several years.

',As mentionedAearlier;,the{matnematlcs reform movementkﬁegan4with .
the éork of the Universit&.ofklllinois Committee on School.Mathematics;
lhe'first efforts of the UICSM project resulted dn the develooment of
mathematics course materials for grades 9 to 12.. This course sequence'
covered elementary algebra at the ninth grade; plane,bcoordinate; and X
SOlld geonetry at the tenth grade; advanced algebra, 1nc1uding mathe~»;ﬁ
matical lnductlon and sequences, at the eleventh grade, and the study of
k’functions, including trlgonometry, polynomial functions), and,complex
yinumbers at the twelfth grade. '

Following the developnent of this program, the UICSM enbarked on
the development of a two-year junior high school course for underachlev—
ing students in grades seven and eight, particularly those characterized

s»"educationally disadVantaged." The intent was to give such students

special.attention at'the junior high school level‘SO,as to prepare them



..//’
for a regular ninth-grade algehragcourse; ’lhe UlCSH also developed a
new two—year sequence of cou.Jes in vector geometry for grades 10 ‘to 12.

Like most of the other mathematics curriculum projects, the UILCSM
developars attempted to present mathematics as a consistent, unified
discipline. Howeuer, instead of presenting new mathematical ideas as,
abstract generalizations, the UICSM'program materials attemot to 1ead
students to discover important.mathematical principles for themselves.
UICSM teachers are encouraged to delay thexformal'verbalization'of new
. concepts until students have had amplebopportunities to‘become thoroughly
. faniliar with a new idea byktesting a number of specific‘examples. The
UICSM materials thus share a common pedagogy with many of the science
course improvement prOJects but different from the other two major -
mathématics textbook writing projects (SMSG andzUMMaP). |

_ The School Mathegatics:Study Group (éMSGj is prohably the hestv
knOﬁn:of the "nev mathematics" curriculum improvement programs, Be-
ginning work in 1958 with National Sclence Foundation support the SMSG
developed sample textbooks for grades K to. 12 designed with. the intent of
providing a model for commercial publlshers to emulate.

The School Mathenatlcs Study Group . did not espouse ‘any particular
theory concerning the way in which children acquire mathematical concepts,
but instead chose to base the organlzation of the new course materials
upon the IOgical structure of mathematics. In the SMSGYelementary
school urogram, childrén were encouraged at an early age to verbalize
abstract mathematical concepts involving the language of set theory and
the properties of numerical operations, Although students did manipulate
numbers, the primary objective of the SMSG materials was to develop an

awareness of the<£ormal conceptual structures of mathematics, not to
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helppcnildren to become "friendly with numbers."

The S¥SG tektbooks developes for the juniox high school years were
designed to provide students with an intuitive foundation for high school
algebra and geometry. The seventh and eignth grade texts discuss the
concept of a number eystem, examine geometrical relationships, emphaslze
the structure of arithmetic from an algebraic viewpoint, and pronide an
introduction to measurement and elementary statistics; Again,.as in
the elementary program, a premium is placed on the use of precise math-.

' ematical deflnltlons and vocabulary, and the development of an apprecia-
tionffor the rigor of mathematical primciples.

The SMSG texts developed for grades 9 through 12 represented a con-
éidegahle upgradlng of the content and approach'of traditional high
school"mathematics courSes. For example, the SMSG'ninthlérade,algebra'
course incorporates an emphasis on number theory as well:asﬁalgebraic equa-
tions; The tenth grade éeoﬁetry course incluéeé material on-solid'
geometry and analytic geometry as nell aé plane geometry, and the eleventh
grade course encompasses trigonometry, vectors, logarithms mathematical
inductlon, and complex numbers, The twelfth grade SMSG course includes
the study of elementary functions, and an introduction to matrix algebra
and the calculus. The high school SMSG courses were thus similer to .
the initial'science course improvementnefforts in that tﬁey-gave cabable
high school students an opportunity to?be challengedalntellectually to
the limits of their ability;

The University of Maryland Mathematics Project (U 'aP) was a
;thirﬂ textbook development project. With support from the Carnegie Cor-
poration, this project developed mathematics materials for grades seven

and eight, plus an experinental course in mathematics for elementary
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school teachers The | Junior high school school materials place great
emphasis on number svstems and the elements of mathematical logic,
and‘are based on an elaborate hierarchical structure of learning db-
JectIVeS;A

Two important'mathematics course improvement progects did not .-
' attempt.to write textbooks: the Madison Progect and tne University of
Illinois Arithmetic Project. The Madison’ Progect produced'a variety of
supplementary mathematics materials for grades 2 to ? that were not
~intended to replace the existing curriculum in the schools.» Instead

-the intent was to improve the existing curriculum by introducing students

.to some of the’ fundamental ideas of algebra and coordinate geometry,,f

ideas of logic, and problems relating mathematical ideas to some;of;;f}

their applications in physical science. Learning by discovery and the

use of "hands-on" materials were characteristics of the hadison Progect

approach. PrOJect personnel Placed a considerable emphaSis on'the

importance of‘teacheretraining‘activities.f

The University of Illinois Arithmetic Progect also placed‘an

learning activities for use in elementary school classrooms. Ih ;Arith-‘

metic Progect course materials do not emphaSize mathematical rigor rlb

the learning of the precise formal definitions, but instead providh o

novel learnino tasks and networks of problems by which‘significant mathe~

,matical ideas are, introduced to children. An extensivevseries of%films
'were developed by the Arithmetic Progect for teacher training purposes.;

| In recent years, several prOJects have been funded to- investigate t‘

the feaSibility of prOViding computer—based or computer-aSSisted mathe-

matics instruction*in elementary schools;, The results obtained w_enu
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usxng these programs with swall groups of children are intriguing because
of the opportunity the computer provides to accommodate the needs of
1nd1v1dual students. However, the costs 1nvolved in 1mplementing such
programs throuOhout a school system have thus far been prohibltive in
the United States and would certainly rule out the use of such an

approach in the less developed countries in the near future.

Lessous Learned through-Eiperience with. the New Curricula .
fIhere can be no question that’thé;curriculum-reform‘movement‘of the
" past two decades has had a significant effect on the schools,—Doth. those

in the United States and abroad. The State of School Science (NRC,

. 1979) notes that in 1976 over half of the grade 10 to 12'science teachers.
in the United States were using one ox more of the federally-funded |
science curriculum project materials. 'At the Junior high school level
(grades 7 to. 9), 33 percent of the science teachers were using fede ally—:
funded materials, for elementary‘school teachers, the figure was approxi-
mate1y524ipercent.

“The utilization figures for federally-funded'mathematic$3“”'

, materials are considerably lower.f 11 percent for grades 7 to 12;and’less

fthan 10 pexcent for the elenentary grades. These low usa figures are

- Dartly a result of the fact that many of the federally—funded mathematics
jcourse materlals were developed with the 1ntention of providing models '
:for commercial textbook publlshers to emulate.t As a result; some teachers
fmaybnot have assoclated a textbook they were us1ng w1th the materials of
va‘speciflc federallynfunded project on wh*ch it was basad. |

However, it is generally agread that the 1mpact of the mathematics

,course improvement efforts was greatest at the secondary school leveld

especially in grades 9 to 12, After examiningzcurrent teaching practlces,



the 1975 report of the National Advisory Cozmittee on Mathematical
Education (NACOME) concluded that the most significant changes in
mathematics course content and methodology had affected primarily a
small sample of the most capable secondary mathematics students. At
the elementary school level the NACOHE report concluded that the
1mpact of the "new nath" movement was largely cosmetic. Although the
toplcs covered in some elementary school mathematics textbooks were
broadened to 1nc1ude some new emphases,‘very few teachers allocated
much time to the teaching of anything other than the computational
skills with which they were most comfortable.

The lack of"- enthuaiasm on the part of elementary school teacherst
’for the "new mathematics was largelyvdue to the formal and. abstractft
approach to mathematics utilized by most of the elementary mathematics
textbook development projects. The attempt to present mathematics as
1t is concelved and structured by academic mathematicians resulted in
an abstract approach which 1nc1uded a considerable emphasxs on formal
deflnitions and the 1ntroduction of some . of the language of sets as
‘early‘as‘grade one.

Related to thls problem was the 11mited role played by experienced
classroom teachers in most of the elementary school mathematlcs text-
book'development progects, and the'lack of attention‘generally given to
cognitive studies of the deﬁelopment of mathematicalvabilities in young
children. The result was.that many of‘the projects produced materials
that most elementary school teachers dld not underst nd nor . Judge to b°
appropriatepiorpuseiwith.young'chlldren. lhe response of most teachers

-‘was 'to ignore the proposed innovations. -
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’:Han§:coanitive psycholoéists, scientists, and educators are now
stressing that the aim of mathematics instruction snOuld be to help
chlldren leatn to solve mathematical ptoblems thac are meaninOful to
them and to recoonize a mathematical concept in a real-world oituation.
The? empha51ze that children can best learn mathematics by using it as
a tool with which to explore the world, and they deplOre'anyttendency
to force_premature~abstractions._

IajRobertvDavis,‘thefformer director of.the Madison Prbject; has'ex-
.amined this issue at some length in an article in the Journal.of

Children's Mathematical Behavior. He concludes:

The highly-converaent teaching of (say) finite fields to

3rd graders leaves us puzzled. There seems to be no exploration,:

and we normally regard exploration as the essential core of "doing
~@jmathematics.: This highly—convergent, highly-directed study of |
:fsophisticated subjects for which there is no.clear need seems to |
nfbe based on the notion that mathematics is‘a:very large collection

| of facts and concepts,bsuch as a knowledge of what flelds are.A

_Although we have seen this 1nterpretation of mathematilcs before;
kiit has never had a very compelling appeal...a body of inert concepts

' does not constitute the main essence . of mathematlcs as a thing you

'idoéﬂ

From our value system, the "new formalism seems incompre-‘
fhen51b1e; and potentially harmful. If one accepts the principle
;of not teachino a topic unless that topic gives the student a new

'3ab111ty to do omething that he could not do before,..then what

fvaluable new ability does a 51x—year—old get when he learns the "

word "set"? We propose further study of this question but our



.,present answer is:'gnone that‘We can'identify, nnd certainly not

one that isfcentral and‘necessary for the process of counting.

”vnbﬁfar from'giving children,a'greater ability to solve problems

'thatainterest’them, the‘introduction of the language of "sats"

serves to create a whole array of new problems, puzzling to

ybchildren (and teachers), but not of interest to thcm, problems

that do not bring with them commensurate additional power (Davis,?

¥1972;fp.»33);

»Thus one result of the mathematics curriculum reform movement has’
been a debate and reconceptualization of the way in which young'children
should be taught. mathematics. However, hindsight suggests another
lesson that can be learned from the past two decades of effort' most
course development proJects 1n science as well as mathematics suffered o
from a lack of a systematic approach to program implementation in the
schools. In many cases, it appears that government funding agencies.
hayg-assumed that imaginative and educationally efoFCiYEIGQQrse materials.
thld_speak for themselves, so that little or noxgovernmentfsnpport‘
would be necessary for their implementation.

However, experience has shown that the educational effectiveness of

an 1nnovat1ve program does not prov1de any:guarantee that itiwill be

programuis to be implemented in the way in which it was conceived;g
The report of the National Research Council's Panel on School
Science stresses that the experience gained during the past two decedes

demonstratesﬁthat,evenvthe besttcurriculum'will not:be utilized effectively
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unless‘adeQuate‘attention‘is paid to the following issues:

1i;* Teachers must be provxded opportunities and incentives to
acquire the comprehensive training necessary for the successful utiliza-
tion. of tne new materials and techniques.

ilpzr Principals should be provided opportunities to gain an under~
.'standino of the new programs, for they are key agents for educational
change or for maintainino the status 3__

3.' New course materials should be introduced in a fashion that
encourages the honest exchange of views between teachers and the exponents
of curricular 1nnovations.

4;. Mechanisms of 1on°—term materials support umst be established
© S0 that teachers can obtain the instructional materials and apparatus
needed for the new courses. |

5. Resource personnel should be made available to pravide continued
expert adv1ce and moral support to teachers and prlncipals when prdblems

arise (NRC, 1979, p- 43)

The need to deal w1th these issues 1s not uni'ue’to the United

States._ Problems involving these issues have occured in countries Hf

d7throughout the world and will be examined in morb dEtall in the next

fj;section of this report.,:
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III. An Assessment of Previous Efforts to Improve Science

and Mathematics Education in Less Developed Countries,

The efforts to reform the mathematics and science curriculum in the

United States sparked a considerable amount of similar activity overseas

" in both the 1ndustria1ized countries and in the 1ess developed nati'fs.

The" governments and funding agencies which initiated such efforts'inﬁtheb
developing countries placed a high priority on improving the teaching of,
science and mathematics for several reasons;

1. A good preparation in the fundamentals of:scieneégéﬁﬁ_mathematics
is essential for those students who intend to;pursue,specialiaed university.i
studies{in,science and‘technology;
| "?{ii Basic 11teracy, numeracy, and an understanding of the scientific
approach to problem-solving are increasingly coming to be considered as
a part of the "knowledge for lrvinO" to which- every human being is entitled.
Many of the new science and mathematics programs are designed to develop
rational tninking skills which are needed by all adult citizens. :,

' 3; Science education can play a role in helping to solve certain
_problems of less developed countries such as the improvement of nutri~

tion and sanitation and the adoption of more effective agri'ultural prac—

tices. The magor diseases that afflict people 1n the 1ess developed

countries are not exotic, many could be cured through more 9ffective public

health education efforts._l

The first of these rationales-the training of future scientists and
engineers——tas the factor that motlvated most of tne early efforts to
1mprove science and mathematics 1nstruction 1n the 1ess developed countrles

as. well as 1n the industrialized natlons. For this reason most of the

L



early international education projects fundad by technlcal assistance
aeencies werekfocused at the college~preparatory, secondary level. Row-
ever, 1n‘ﬁore recent years, attention has been focused on the second and
third rationales, with the result that more ef orts are now being directed
toﬁardkthe 1¢prp§é$ent.of science and mathematics,education(at the
primarﬁ[and’intermediate,levels.

ﬁdtn‘through 1ocal government funding and with assistance from
international organizations, bilateral aid agencies, andnpriuate toUndaf
tions,;a considerable variety of projects have been undertaken~in the

’ . ol

area of science and mathematlcs education.- The most comprehensive

description of these projects exists in the eighth, ninth, and tenth

Reports of the Intermational Clearinghouse on Science and Mathematics

Curricular Developments (Lockard, 1972, 1975, 1977). Robert Hayburyfs

report, Technical Assistance and Innovation in Science Education (1975),

contains case studies of five Ford Foundation projects, together with a
critical appraisal of the factors that influenced their impact. A UVESCO»

publication Innovation in Science Education--Worldwide, wrltten by Albert .

Baez (1976) former Director of UNESCO's Div1sion of Science Teachin
~conta1ns an. analysis of past experience and present trends in science
education, with special emphasis on the projects assisted by UNESCO. A

more recent short review of worldw1de trends in science curriculum devélop-

ment_can,be found in Nadma Sabar's article in Scienca Education (197?).
'Innovative efforts in science and mathenatics in -the less developed
:countries typically have involved one or more ‘of the following elements:
(a) development of new course materials, (b) teacher education efforts,
(c)wthe de sign and productlon of instructional materials and equlpment

(d) the use of educatlonal technolooy. In the follow1ng section, an efforc
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will be made to review some important projects in each of these cate-
gories so as to determine the lessons that have been learned and to
identify the problems that remain to be solved.

The Development oE New Course Haterials

'fDirect translations ‘of course materials devéloped in the U S

-
e T e

Many of the science and mathematics course materials developed by the
large curriculum projects in the United States were translated into other
languages for useiin foreign countries,~inc1uding a number of the less
developed countries. National Science Eoundation'records indicate that
PSSC thSICS was translated into 24 1an°uages and CHEM Study 1nto at
least 20. It is not surpr151ng that this should have happened since
most of ‘the pressure leading to the creation of science and mathematics
.cou:_rse improvement proj ects in the less developed countries came from

‘ local scientists. 'These local scientists.and the funding agencies which.
supported many of the projects were attracted to the materials developed
in the United States because their content mas modern; they placed an

emphasis on the study of key principles and'concepts;insteadnof the rote

memorization of disjointed facts, and they att npted to engage students

1n some of the processes of scientific problem—solv1nv and inquiry. -Un-
doubtedly, the fact that some 1eading American scientists had participated
1n the development of these course materials was also a factor.

However, the effort to transplant course‘materials designed to fit
the culture and conditions which exist 1n American schools into the very
different cultures and school Env1ronnents which erist in less develoned
: countrieskresulted in many problens. For example, the early efforts of

:the Science Education Improvement Projact (SFIP) in India con51sted of

summer institutes for teachers which made exten31Ve use of curriculum



materials developed in the United States nhich hacd been reprinted in
Indla by USIS. Although the SEIPasummer‘institutes probably were
successful in acquainting Indian,teachers with some newfteachinéfap—
proaches and undoubtedly improved their knowledge of science, the .
teachers were frustrated when they returned to their classrooms'because
the rigid local syllabus andfenternal'examination structure deterred
them from implementing most of.what they had learned in the summexr
institutés. Im addition, a lack of funds for the purchase of laboratory_'
equipment and supplies made it very difficult for them to utilize the
inquiry approach advocated during the summer 1nst1tutes (NSF Liaison
Staff,_1974).

‘It has been a concern in the United States that some of the projects
in the first generation'course inprovenent efforts produced-materials
that’' were challenging to the most capable students, but not very dppro~
‘priate for use w1th average students or w1th students who were educationally
disadvantaged. The narrow target population of some of the materials,
especially 1n the areas of mathemat.cs and- the physical sciences, has ’
sometimes caused problems when direct translations of U S materials were
”made*fornuseiin,less developed countries.
‘fnaﬁéGéf, the Science Lycée Project in Turkey supﬁorted ByithelFord
;.Foundation encountered a different type of mismatch wher an attempt was.
Zimade to introduce the Introductory Phy51cal Sc1ence (IPS) materials into
jhthe Science Lycee curriculum at the ninth grade level. Maybury (1975)
;ireports that tne faculty of the iycee felt that the IPS materials ware
f"really not very_challeng1ng~to;the children we have at the Science
Lycée-{(and)iinaooropriate for the bright children at our school" (p. 131).

The IPS materials were eventually adopted for use in the Science Lycee
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and were moderately successful. However, when an attempt was made to
expand theiuse of the IPS course into nine other government lycees, the
performance of students on achievement tests was only half that of
students;at the Science Lycée.

Thus it can be seen that the- problem of creating course materials
that are. approprlate to the local situation can be a difficult taSk
‘evenvwithin a given country. To aid in this task, Maybury pxoposes
fivepcriteria that should be considered before attempting an educational
innofation:

1. An innovation should fulfil the value—orientation of those
employing ic so that, when adopted 1t effects that change towards the
"better which they de51re.

12; Especially in science education, an innovation should pass the
sctutiny,of the scientific community in respect to the accuracy and
tecenci’of its scientific content as well as the logical coherence offits
deﬁei§pﬁent of topics. | |

3, An 1nnovation should possess pedagogical validity, not only
utilizing effective techniques but also gearino them to the pupil level
'for which the 1nnovation is intended, |

| \Qg, An innovation should slip readily into the school system without
clashing v1olent1y with constralnts of a legal or cultural kind.

:5. ‘The costs associated with adopting an innovation should fall :
»}»witnin an’ acceptable range, so that the system can Yafford” the 1nnova—
tion (p | 152) . | |

Direct translations of American materials fot use in.the less
E developed countries have usually been Justlfied on the ba51s of the first

two criteria, without con51der1ng the'last two. The 1osue of whether
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therq.s. course matevials satisfy tha third criterion‘concerning pedagog~
icalhvalidity and appropriate level continues to generate considerable
discussion, both in the less developed nations and within the United States.
Yet; even after racognizing the problems inherent in attemptine
to make use of direct translations of course materials outside of the'
cultural context in which they were developed there are sevnral good
reasons why the adaptation of course materials developed in the indus- |
trialized nations is often preferable to purely local curriculum develop-
ment efforts. First, the creation of totally nev_course materials |
through a research and development process is a costly venturet NSF
investment in theldevelopment of the PSSQ Physics course amounted to
over five million dollars and the three BSCS biology courses.cost l0£4
million (NSF 1975, p. 171). Few of the less developed countries could
ox should try to replicate such an 1nvestment. Second, the recruité .
ment of‘the professmonal scientists who worked onfthe major curriculum
prOJects was a difficult task in the United States, and would be impossible
in most less developed countries. Third once a government commits itself
to educational reform it is usually 1mportant that results be produced
quickly; The most efficient way to produce quick results in curriculum
development is to build on the successful efforts that have already been
made in other countries.' However; 1t is essential that any borrowed
materials be thoroughly adapted to fit 1ocal conditions, and used only

insofar as they meet local needs.

Local adaptations. Hulda Grobman, ineher:diSCussion of the target
audiences for which the U.S. course 1mprovenent materials were intended
notes that early in 1ts history the BSCS pro;ect established a policy ;

of mot authorizing direct translations of 1ts materials into other
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languages, although it did give permission for adaptations to overseas
countries and offered assistance to such adaptation ef forts; In.the
case of biology, the issue was not only that of designing materials to
fit the~local culture, but also that of making the course content

) relevant to the local flora and fauna and to the subtleties of the local
ecological 51tuation. Grobman (1970) gives the following example':

.According to the BSCS, animal specimens discussed should be those |

that are indig=nous to the country, not those in an imported book .

In requiring adaptation rather than permitting translation, the

BSCS is trying to av01d the 51tuation reported by a visitor to " |

Hong Kong, vhere students in a biology claSS'were following the ;'

laboratory directions in a British book for the dissection of an

earthworm, as preparation for the British Universlty examinations;
ibut the students were dissecting local earthworms.. The students

.laboratory Teports describing their dissections conformed with

the information in the laboratory manual,'even though the earth-

worms they were dissecting did not, (p. 136)-

‘Local mores also affect the teaching of biology. Thus 1n India the
dissection of animals in biology classes would cause problem3° the
discussion of evolntion or of genetic differences among‘racesidoes not;

| Itfmight be argued that course materials in some other disciplines

" However,

such as mathematics or physics might be more "culture-free.
experience in a number of countries has shown that American materials,
_even,when their content is reasonably appropriate, will not be received

,as enthu31ast1cally as materials that are produced by a well—planned

local effortn
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5 The’SCience Education Center at the UniverSity of the Pnilippines
(UPsEC) was established as a result of one such local course development
effort.qilts initial task was to adaptkthe;BoCS,course materials developed
in the.United States to the needs of schools in the Philippines. It is
unlikely that the pride in local achievement or the commitment of thel
government to the project would have been as great if a direct, transla-
tion of the BSCS materials had been attempted. The original proJect
funded by the Ford Foundation and UNICEF was so successful that the
Philippine government provided sufficient funding in 1969 to” establish
UPSEC on a permanent basis so that it could continue to develop science
and mathematics materials for schools in the Philippines.

| Optimal results seem to be achieved when a curriculum development
project in a less developed country utilizes the best programs already
developed in other cOuntries as resources to design new course materials
that fit the local situation. However, it is essential that such matexr-~
_ials then be subJect to repeated cycles of reviSion based on the results
of trial—teaching in the local schools.- Experience has shown that the
most effective way of creating such feedback loops is for the curriculum
developers to involve themselves in the classroom trials of the experi-
mental materials.

he’African Primary Science Program isba good example of a project
which functioned in this way.t The pro;ect s basic purpose was to intro-
duce modern methods and materials for teaching science into the primary
rschools of Lnglieh—speaking tropical Africa. Its specific obJectives were:

'>:» 1. To develop a range of materials using the local environment

and]covering a wid diversity of science topics.
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irfiZ‘ To ass 1st witn ‘the establ*shnent of a network of locally-
mannedfand;controlled‘science“centers;vherejcontinuingwdevelopment might
tagéfﬁiaEé;

ﬂﬁk3v To encourage the formation of .an - Afrlcan organization able A

to provide interested cOuntries Wlth assistance 1n the area of science -

education and to conduct various internationai education activities.v

The APSP had a number of unique characteristics as a curriculum
progect.' First, personnel in the various science centers established v
by the program adopted a truly experimental approach to the development

I

of science units for primary schools. Although frequent use was made of

:Fcontained in materials previously developed 1n the U S. and
_England (especially the Elementary Science Study and Nuffield Junior
Science Teaching Project), the main emohasis of the APSP's work was not
on the adaptation of materials-developed for use in}industrialized
countries. Instead‘lankeffort was made to develop learnino activities
that were nodern with respect to content and approach but geared to the

realities of the 1ocal African situation. Ideas for 1earn1ng activities'.

were selected that would be relatively easy to teach in simple v111age

schools, using materials that could be found locally.. Instructional
'units were not written in final form until the activities had been .

successfully taught to children 1n typical v111age primary school class—

/rooms.f Local primary school“teachers were encouraged to participate 1n

'thls trlal’tcaChinS Process. ;N*f i

1S°cond tha APSP focused on the deve]opnent of the chlld ratner

than structurrns the program around the"discipline of science. APSP

sciencepﬂctivities wvere, de51gned to help children to develop cognitive.

Vand manipulative skills 'as tell as curiosityrbper51stence,'self-reliance,
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and‘aiféépéétﬂéar"sciéﬁcific'féasb&ina}'

‘hThird the APSPlprOJect was unique in that it was a Pan-African
program mhlch involved science educators 1n fourteen different African
countries.’ Experimental versions of materials developed by the APS?
wvere trial—tauOht in several African countrles simultaneously and flnal
versions of the teacher s guides were usually prepared at 1nternat10nalv

workshops that were held periodically 1n various participating;countrles.

h An Afrlcan-directed organization, the Science Educatlon Program
for Africa (SEPA), was founded to carrf on the work of the APSP project.
SEPA receives funds for its basic operatino expenses: from participating
African governments, and obtainS'progect funding from a variety of
agencies; including both USAID and Unesco.(Dyasi, l978)5_;;

Teacher Education'Efforts

The development of new course materials‘in science and mathematlcsk

has placed new demands upon the education of teachers. Although in
the early years of the curriculum reforn novement, some developers may
have cherlshed hopes that theirAmaterlals were so well structured as to
be "teacher—proof " experlence has shown that unless teachers are given
: adequate training 1n theyuse of new. materials, very little happens when
they are 1ntroduced into the classroon evcept the substitutlon of one ‘
vtextbook for another., | S : = |

”’Because‘teachers tend to teach as they were tauOht any signiflcant
,fchange in the curriculum. requires a teacher—tralnlno effort speciflcally
directed toward the implementation of tnatvchanoe. Science and mathe-
matics course 1mprovement pro;ects have generally 1ncorporated one or
more of the following types of innovations. (a) new sclentlfic content

(b) new approaches to the teachlng of sclence, and (c) new Linds of
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1nstructiona1 raterials and apparatus.c

‘The‘new courses have several types of new content that is unfamiliar
to most teachers. New concepts are usually emphasized ‘as well as a
nore modern treatment of traditional topics. Many of the new '1nte4‘
grated science cohrses have a breadth of coverage that extends well_'
beyond the bounds of the discipline—centered'academic backgrounds of
most science teachers. There is also an emphasis in many of rhe new{
courses on societal concerns such as the degradation of the environment
and the depletion of natural resources value-laden areas which mosti |
science teachers are 1ll-prepared to discuss with their students.u‘

;The new approaches to teaching utilized in the new courses,place
‘even heavier demands on the edncation of teachers. The mOstvrecently
developed courses emphasize that teaching shonld be geared to the
_cognitive development of the child. This_requires'a shift‘in‘the role'pf'-
of the teacher from the old authoritarian role of one who 1mparts knowl—‘
edge to a‘new role as a‘facilitator of learning. The new role renuires‘
that teachers become adept.at teaching children tozohserve,rmeasure,.and
predict to manipulate ‘apparatus; and to construct and 1nterpret charts
and graphs. Meny of the new courses alsovinclude some affective ob-r
jectives which many teachers have not prev1ously considered to- be im— ,
portant. B |

Most of the new sclence conrses incorporate an emphasis on - "hands-

learning through the use of a variety of 1nstructional materials _;
‘and apparatus. If new materials and apparatus are to be provided to
pteachers it is important that they be taught - how to assemble, use,‘-
iadJust and repair this apparatus so as to maximize its cost—effectiveness.

' In cases where teachers are expected to 1mprovise apparatus from local
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materials, 1t is espec1ally important that teachers know how to construct

and use?such 1mprov1sed apparatus.

VkThevexperience gained from teacher education efforts in the past——
both;infthe;United States and abroad——has indicated that too much emphasis
has been placed on purely subject-matter trainin despite the enpha51s .
| in most of the new proorans on the adoption ‘of new. teachino approaches.
This may reflect an assumption that if a teacher is taught the subJect

matter of a course, and is told to use discu551on or inquiry methods ‘he

"willjdolso. However, evaluation studies have prov1ded‘clear evidence
that this approach is not usually effective (Grobman, 1970, P. 164),

. Lf changes in teaching methods are required, then teacher-traininov
pPrograms must focus on the new merhods. Perhaps the best strategy for

providing this training is to actually give teachers an opportunity to

work w1th the materials they w111 1ater be u51ng in theiftclassrooms. {

Such activities were a basic feature of the SUmmer inservice
training institutes for secondary school sclence teachers sponsored by
'the Brazilian Foundation for Science Education Development (FUVBEC), which
was ; foundad by Isaias Raw In these 1nstitutes, teachers performed and
'discussed some of the basic experiments in the new FUVBEC courses,
observed classes being taught w1th the materials, and taught selected
:portions of the new materials either to demonstration classes or - to
other teachers‘participatingbin the program. More recently, FUNBEC has
'turned to the training of leaders to staff a national network of six
;centers for the inservice training of scrence teachers (CoCI)

Curriculun reform projects often begin w1th an emphasis on 1nservice
feducation as .a means to secure rapid 1mplementation of the progren in

existing classrooms., As time goes on,‘and“the,new;programibecomes
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adopted as part oE the regular curriculum of the schools, it becomes

necessary to upgrade the pre-service education of new teachers. How—

ever, theﬁreform of pre—serVice teacher education can proveﬁto be onef
of the most thorny problems confronting curriculum innovators, since:h
tutors in- teacher—training colleges often view curriculum reforms as
a‘challenge to their special areas of expertise.

One institution that has been especially effective in the improve-
ment of pre—service teacher education.is the Science Education Center
.at the UniverSity of the Philippines (UPSEC) As mentioned earlier,fi

this center grew out of early ef orts to adapt the BSCb materials for

use in the‘Philippines. Although the initial emphasis of its activities
was on curriculum development, it later began to focus on the improve-
ment‘of science teacher education;

A scholarship program funded by UNICEF ‘and’ the Philippine National

Science Development Board brings forth teacher educators'to the center

each year. These science educators, who*come from thirteen teacher

education institutions located throughout the;Philippines, are enrolled
in an 18-month program desioned to improve the suhject area hackground

of the participants, expose them to. new developments in science education,
train them in new teaching and evaluation techniques, and help them to
develop new approaches to thekeducation‘of teachexs. Teacher educators

' who hcve completed this program take back to their teacher—training
,‘institutions the basic equipment needed to conduct nre-serVice traininp
progrums for teachers. Five of the thirteen teachers colleoeS'partici—
pating in this program have been designated as Regional Science Teaching
Centers, and work closely with UPSVC in the dissemination of new ,

curriculum materials (Garciafkoque,;1974).
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Tne Desion ard Production of Instructional Haterials aad Equipment

The findings of cognitive psychologiste concerninsbthe importance

$ .

of concrete erperiences in the developnent of abstract reasoning have
supported the intuition of the early curriculum reforners who made
"‘ands-on activities a central feature oE their new courses. Whereasr
in the past schools may have attempted to economize by conducting many ;
experiments as teacher demonstrations; today most educators realize the

shortcomings of such an approach., AQix

Problems associated with.imported apparatus. Prov1ding schools wirh

an adequate supply of equipment and materials for the teaching of science
and mathematics has posed a serious problem for most of the 1ess developed
c0untries. The disadvantages of importino educational supplies and’ |
apparatus from industrialized countries are well—known to anyone who .

has worked in the schools of a developing country.. First, such imported

items are extremely expenSive, due both to shipping costs and to the
relatively high cost of 1abor in industrialiaed countries.‘ Aside from
the expense to. the purchaser,‘the importation of equipment also requires
foreign exchange. Once a piece of apparatus has been obtained, often
after a delay of many months, one still faces the difficulty of obtaining
the expendable supplier necessary to operate the appartus over a period
of several years. If a piece of apparatus breaks there is a similar
problem of obtaining spare parts and if factory repairs are required
shipping costs may be prohibitive.

‘:In addition, there is undoubtedly an unhealthy psvchological effect
" on teachers and students if items of basic educntional equipment that
could well be manufactured locally are always imported from the indus-

trialized nations. If every time a class 'is called upon to do a scientific
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experimeut, they must work with apparatus imported from Europe or the
United States, students are llkely to get the 1dea that scientific'
endeavors are solely the prov1nce of the 1ndustr1alized nations.u;w

There is also a danger, especially at the. elementary school level

that the "standard" science equipment 1nported from the naJor commercial
suppliers may not be designed to fit the needs of the local curriculum.’
Earlier ‘it was stressed that developing countries need to mount their
ownvcurriculum development efforts to produce textbooks and‘instructional
materials that adapted to local needs and conditions. This course
development process should also'include'the design of laboratory activities.
' and the apparatus needed to perform these activities. A requirement'
to use the standard apparatus found in the catalogs of comnercial equip-

ment suppliers would compromise the effectiveness of the course develop~

mentﬁprocess considerably.
LA Many of the new science course developnent progects in the United

States did de51gn new types of apparatus for student investigations. This

was done partly to reduce equ1pment costs so as. to encourage the adoption
of the new proorams 1n school systems with limited budgets. The Physical
Science otudy Committee for example, pioneered in the development of
1nexpen51ve but functional designs for studentvapparatus that could be
constructed from wood, chipboard, and mass—produced hardware items such
as doorbells and roller skate wheels. Such equipment'was;much less ex-
pensive to produce than the traditional designs which had been -manufactured
to close tolcrances from nachined brasq nnd polishad mahobany.

*The Introductory Physical:Science (IPS) project continuedithiS'
approach 1n the development of a series of chemistry experiments for

Junior high chools that could be performet with the use of a simple
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pegboard stand, to which broom cllus could be bolted to mount test-tubes,

alcomol 1anps, and other pleces of apparatus. At tnc elementary scnool

|

level the Elementary Science Study used a 'i'

.ilar approac“;to develop

de51gns for simple equipment that could be constructed from 1nerpensive
matexials.
Althouon the new apparatus desmgns were originally developed

primarily to reduce costs, the use of unsophisticated apparatus has f

resulted 1n some imoortant pedagogical benefits as‘well ‘ If students
inka 1ntroductory science course are required to use‘complicated-looa—
1ng pieces of apparatus, replete with knurled Lnobs and vernier scales;
they are 1ikely to be Intimidated and may revert to a cookbook Styleiof
doiné experiments. The use of Simpler apparatus, constructed from" ”
easily recognizable materials;-is more 1ike1y-to encouraoe studentsh;

to strike out on. their own, experimenting'with mak1ng 1mpromptu adgust-

ments to discover "What happens 1f...?"-'The confidence gamned from such

successful encounters 1s an 1mportant outcone’of elenentary ;nd secondary
school sclence education, althouvh not something that is usually'measured
bygachievement tests.

‘The use of simple apparatus manufacturedffrom;faniliar;paterials[
is especially important in rural areas where there nay be a tendency
) children to attribute magival causes to scientiflc phenonena. If‘such
'fchildren are to develop a sense of "fate—control" and a capacity for
making rational decisions concerning the adoption of improved health
practices or agricultural technology, they need to begin working with
simple‘concrete problem-solving materials early in elementary school,

so as to develop a capacity for detecting cause and effect relationships.
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Improvised science apparatus. Several international development

assistance agencies have supported the development of publications to
help teachers construct simple science apparatus from common materials
that can be found locallv. Probably the best Lnoun of these publications'
is the UNESCO Source Book for Science Teachin° (1973), vhich describes
the construction of hundreds of pieces of apparatus for teaching science,
with emphasis on the primary and early secondary levels.

The science units developed by the African Primary SciencekProgram '
include many suggestions for equipment that can be improvised hy teachers
from materials that might be obtained in a local market. Another .
source of ideas is the series of three books on improvised science equip-
ment published by the University of Maryland Science Teaching Center f
(Melton, 1972). The three volumes in this series (on biology, chemistry,

and physics) include a variety of designs for Simple science equipment

collected from projects throughout the world.

However, it is one thing for a science teacher to construct a iew;'
items of . improvised apparatus in order to present a demonstrﬁfion forx&:
his class;'it is a task several orders of magnitude 1arger to construct'
enough apparatus to enable an entire class to perform science activities
throughout the school year.’ It is unrealistic, particularly at the
secondary school level, to expect that many-science teachers will be ahle
to find sufficient timelor materials to perform such a task. Even the
‘ simplest kinds of materials cost some money‘and take time to gather and
assemble ‘; .

B Some countries have set up arrangements to supplement materials
’ {

obtained locally with a limited se]ection of Simple science apparatus :

obtained through UNICLF The Papua \ew Guinea Primary SCience Project



is a good example of such a project.' UNICEF supplied this project with
sixteen types of simple apparatus for children and about tweaty additional
kinds of materials foriteacher demonstrations. The children'sfmaterials
sUPPIied included items such as alcohol burners, beakers, rubber tuhinofi?
maonets, magnifiers, and flashlight bulbs, materials for the teacher ~i?‘
1nc1uded test tubes, a thermometer, rand chemzcals. The remainder'of Lhek
materials needed for the science program are‘common domestic items such
as torch batteries. mirrors, razor blades, candles,tand balloons that ih;
can be obtained locallyfu

With the a331stance of UNESCO UNICEF has now produced a guide11<

of standard science teachino equipment such as_that used in the Papua

New Guinea project.v The 1tems on this listvfcalled the EVE 1ist are
stocked at the UNICEF warehouses in Copenhagen and supplied to prOJects
in developing countries at a low cost made po551b1e by bulk purchases

(UNICEF, 1973).

The use of cottage industry. Another mechanism to increase the

supply of ‘science apparatus and materials in schools is the development
‘of a 1oca1 cottage industry to construct 51mp1e science.apparatus: Thls
fhas been done in several countrles by the African Primary Science Program
fd(nou the Science Education Progran for Africa) in order to provide
‘teachers with kits of the simple science apparatusfspecified in the
various APSP units. At the APSP centers iananzania and Uganda, unskilled
primary school graduates were hired and trainedlto construct simple
apparatus such as bead microscopes and kits of materials for the APSP,.

units. These kits were then supplied to the teachers who attended;in?=

service training institutes.
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, lt,hasaalso‘been_possible in some countries to work with pre-
serViceitencher”training‘institutions so as to provide the new graduates'
of these colleges with science kits. One wav in.which this can- be done
is to set up a workshop at the teacher-training coJlege and provide
student teachers with the tools, materials, .and time to construct their
own kits of apparatus during their residence at the college. An ‘added
benefit of such an'arrangement is that teachers are equipped with the
skills necessary to repair or replace their equipment when it gets
broken. Obviously, such an arrangement is most.suitable for the ele-
mentary school level since the necessary apparatus can frequently be

‘constructed from wood, uSing simple hand tools.

The use of plastics. The use of plastics for the local construc—

tion of apparatus is also fea51b1e. In many developing countries,

small plastics factories are in operation for the'manufacture of donestic
itens such as basins and bottles, In Tanzania, it was possible to hane
such‘a factory design a mold to’manufacture geometrical attribute shapes.
A set of these shapes can be used in a variety of'ways to teach classifi~
cation skills to elementary school children.:‘ |

A variety of plastic molding techniques have been used by’ recent
"science course development projects. In the United States, the Science
"CurriculUm Improvement Study has denonstrated the.practicality of using
_ yacuum—forming techniques to manufacture simple science apparatus for
’elementary schools. Injection~formed plastic‘apparatus is used in the
physical_scicnce coursas developed by the Intermediate Science Curriculum
' Study. 1f suitable precision molds and dies can be obtained there is

'_no reason why local plastics 1ndustr1es cannot manufacture 51milar

| apparatus for use in the developing’ countries.]



jLarg -scale equipnent prOcuction center.m'nfnuwmer of countries have

set up large-scale natlonal science equipment nanufacturing operations
One of the earliest such efforts was the Science Equlpment Workshop
established at the Rangoon Arts and Science University with the help

of. Soren Hakaasson, a UNESCO advisor, who has helped to set up maay of
the apparatus production schemes in South East Asia. The.productiOn :
unit in Burma began producing physics and chemistry equipnent in 1965
for 450 state ngh Schools. By 1972, production had increased to a
level of 40, 000 u.s. dollars worth of equipment per year CWarren &

Lowe, 1975, P- 20).

Attempts have been made to establish facilities to develo”'or

produce school science equipment in many other countries, especially

in South East Asia. In a few cOuntries such as Sri Lanka, the model
established 1n Burma is used where the production of science equipment
occurs at the government facility itself.r In other countries, particularly
those with ‘an established tradition of small—scale manufacturing, the
_gQVernment‘science_equipment center develops equipment designs, produces
and testsupilot models to ensure their suitability for use in the schools,
and attempts to encourage private manufacturers to undertake the mass:
production of the perfected designs. This is the approach used in the
project being undertaken by the National'Council for Educational Research
‘and Training (NCERT) in India to‘supply kits of sciencerapparatus to the
primary and secondary schools.\ At the primary level,'the‘NCERT workshops
produced prototype kits, UNICEF then supported the mass production of
these kits by local industry. As of 1975, 20,000 WCERT primary scleace
kits had been produced. However, this was a small fraction of the total

need, since there are 500,000 primary schools in India.



Malaysia provides a very succtssiul evarple of how the local
production of school science apparatus can be manag~d - The Curriculum
Developnent Center in huala Lumpur develops new prototype equipment-
deSigns, and helps local manufactu’ers with the development of new
manufacturing techniques. It has been estimated that Halaysia nou
manufactures more then half of its secondary school science apparatus
requirements. .

The Center 'at Kuala Lumour has been assisted in its work by the i?iVV
Regional Center for Education in Science and Mathematics (RECSAMJ in
Penang, Malaysia. RECSAH was established by the South East ASian.Hin-Lf
istries of Education Organization (SEAMEO). and serves Thailand Halaysia,
.the Philippines, Indonesia, Singapore Laos, and Khmer.k In addition to
sponsoring conferences and teacher—training activities; personnelgat
the’RECSAM center have developed some prototype‘designs:for-science
apparatus.

In Thailand, the Institute for the Promotion of Teaching Scienceiu
and Technology (IPST) was established in 1971 With UNDP funding to ;1;
develop course materials and apparatus for secondary school biology,“
'chemistry, and physics, as well as a courre in inteorated science for
theelower secondary level. Production runs,of as many as three hundred
pieces of prototype apparatus were manufactured at this center in order
to supply equipment to the trial schools and teacher~training colleges,
- The large-scale production of school.science'eouipment for schoolslinc
' Thailand is to be undertakea by the Yurt Sabha Compeny, whicn is ‘a
‘commercial enterprise of the Teachers Association of Thailand., IPST

ipersonnel w11l aSSist with the developnent of large-scale production

designs (Sapianchai & Aylward 1977)



;iThefeducational system in the Philippines has not found a satis-
facf@;&"soiution‘toithe problem of supplying scienca apparatus and
supplies to the schools,~particularly at the primary and intermediate
levels. | As described earlier, the UniverSitv of tne Pnilippines
Science Education Center (UPSEC) has been very active in curriculum
development and in assistina the teacher—trainino colleges with the
dissemination ‘of the- materials produced at the Center. However, it
was assumed that the manufacture of materials and apparatus could be
left to local industry. Unfortumately, private manufacturers hawe not
shown nuch interest in the educational market,~perhaps because there
is very little certainty that schools will be provided Wlth sufficient
lfunds to purchase science equipment, even if it is produced economically.
A UVESCO-UVDP study was commissioned in 1972 to. examine the proolems of
supplying science equipnent to Philippine schools.r-It recommended ‘that
.a pilot production unit be established to demonstrate to local industry
the feasibility ofllocal production,_but no action has yet been taken .
on thiSvrecommendation.

In Latin America, the: most successful and largest-scale effort
for the local production of science apparatus has been at the Brazilian
Foundation for Science Education Development (FUNBEC) ; Originally known
as IBECC, FUNBEC was established by Isaias Raw in 1952 to assemble
science kits for high school students. These kits were marketed directly
to students through commercial.channels, and students who purchased the
| kits also reccived a monthly science magazine. The science kits were so

Jwel’:received that in 1954 the Sao Paulo State educational authorities and

t'the Brazilian Federal Ministry of Education requested that IBECC begin ;

supplyinq science equipment to the schools.. By 1960 IBECC had supplied
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science equipment to over 2000 Bra21lian secondar/ schools.

Although IBECC eventually eupanded its role to include the develop—
ment of a wide variety of science currriculum materials for the schools,
the emphasis on prov1dino an alternative mechanism for teaching some'
students directly through small science kits has remained. Isaias Raw
described his rationale for this approach in a report written in 1960:

| To achieve quick results and not to abandon the present

kgeneration of students completply, ‘we: decided to work direCtly

‘kwith them. This approach has the advantage of avoiding all the
i‘school problems.; The method employed is again laboratory experi— B
;iments. Students are supplied at cost price, thh small 1aboratory
_k‘iFsr

These kits are not ‘used as toys but to conduct experiments
fand help good students to develop a scientific mind' to enable them

;to conduct experiments and reach conclu51ons by themselves, the ;1

ipurchaser of the klt is supplied with a free monthly journal that

}contains erperiments Gﬂaybury, 1975 p. 27) s

?In recent years, FUNBEC has been responszble for the design of a
series of fifty pocket~book 51ze science kits which are marketed on
newstands throughout Brazzl..'Each kit contain the biography of a great
scientist as well as an experiment illustratino his work, which can

be performed w1th the help of the simple materials and instruction book

,prov1ded in the kit. In addition, there are three volumes of a‘text fkj

Lwhlch can be obtained separately“ The entire set of materialfylswftﬂ 5

‘1maginat1ve and de51oned to appeal to young scientists on 1ts own merits.

This FUNBEC commercial venture 1s one of the‘few 1nst1tution—based

equipment production units that has actually shown a'proflt. In both



the less developed nations and the industrialized countries the viability
of both public and private production units whose sole purpose is to
manufacture equipment‘andrmaterials for use‘by schools is questionable
unless careful advance planning is done.‘ Large capital investments in
sophisticated manufacturing equipment cannot be Justified unless the
estimated production volume is large enouah to pay for the tooling costs.
The estimated production volume unfortunately cannot be based on: educa— :Q
tional.gggdg, instead it must be based on a pragmatic assessment of |

the school system s‘gagts, which must in turn be based upon‘the funds

that can be made available by’ the government.

However, given sound planning, a publicly-owned manufacturing unit
theoretically can produce school science equipment and materials at a‘V
lower cost to the government than would be possible relying totally on’
the private sector. In most countries, privately—manufactured educa—ﬂﬁ
tional materials and equipment are relatively expensive, not only because
of the need for a reasonable profit margian but also because considerable
capital must be tied up in shelf inventories of stocked items, due to
the highly variable and difficult to predict,school market demands.vl;ji
‘Publicly-ow1ed production units whose sole purpose is to nanufacture
items for use by éovernment schools should be able to scale their ~i12g
;fproduction precisely to a predetermined demand vand thus produceuapparatus
at a lower cost to the government.e

| ’In many countries, total self-sufficiency in the manufacture of
:’scionce apparatus may not be cost-effective. Fowever,,past erperience
:findicates that considerable savings can be accomplished even in small

.’countries by setting up local 1nstructiona1 naterials proceSSing centers

that can use local labor to assemble apparatus from some local materials



and some importedlparts Usually the necessary imported parts can be
purchased in bulk fron the original manufacturers much more. cheaply than
the prices charged by the traditional distributors of school 1aboratory
equipment. Items commonly used for purposes other than education, such
as. automobile battery chargers hosoital glassware, and many hardware
items can be obtained more cheaply than items designed solely for use
in schools. Such modifications as are necessary can often be performed
efficiently by local production units with a ‘modest amount of power

wood~working and sheet-metal forming tools.

The Use of Educational Technology

Distant teaching systems., For a number of years educators have

been 1ooking for ways 'y which modern technology might be used either to
improve the quality of education in less developed countries or to
increase its cost effectiveness; One of the approaches that has received
considerable publicity has been the use of public media such as television
and radio for "teaching at a distance.",n,‘ B

| The educational potential of televiSion broadcauting has been demon-
strated on a large scale in the United States by the programs developed
vby the Children's Television Workshop and by the Open University courses
-developed in England. However the expenses involved in the development
lof quality television proaramming, as well as the costs of transmitting
j%and receiving equipment make television impractical for use as an- educa—
l'tional medium in most of the 1ess developed countries.-;pif |

i The use of radio for educational programming is considerably lessh
?cxpensive.h'Radio receiversvare comparatively inEVpenSive and can be oper-

iated on batteries in rural areas where mains electricity isaunavailable
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TheVStanford'Radio;Hathematics'Project in Micaragua has demonstrated the
feasibility ofﬂusingfradio programming to improve the computational skills
of children in the primary grades. AlthonOh the development of the series
of daily radio broadcasts in Nicaragua was quite costlj, evaluation of the
progect revealed that student repetition rates had been sufficiently
reduced to offset the program development costs (Searle Friend & Suppes,
1976)

The Radio'Mathematics lessons were designed to eucourage the active
' participation of students; using simple materials such as seedsaubottle
tops, and stoneslj- During the broadcasts, . students were required to.res-
pond at an average rate of five responses per minute; these responses
could be oral, written, or: invo]ve physical movement; As a result
'program evaluators found that students participating in the radio lessons
were more actively.involved in the learning process than those in tradi;
tional Nicaraouan classrooms (Suppes, Searle, § Friend 1978)

However,‘distant teaching does have some inherent limitations and is
undoubtedly more suited to the development of simple skills than to the
teaching of more complex conceptual material.; The experience of the rf_
Open University in England suggests that to be fully effective,‘one-way
”media presentations need to be Supplemented with opportunities for face-
’rto-face teaching. It is also important to recognize the difficulty oE
1ttailoring distant teachino programs to the culture and world view of the
listening audience. The extensive feedback syStem that is necessary to

perform this task can make the development of programs quite expensive,

f'r Other educational media. « In addition to educational broadcasting,

jmadern technology Jhasg’ provided teachers wmth aularge variety of dev1cesf,



which have a potential for enhancing classroom instruction. "Multi-media
instruction"’covers a wide variety of instructional techniques, including
the usevof video-taped television programe; computer—based instruction,
motion‘pictures,,audio tape recordings, ovethead projection transparencies,.
and‘35 mm filmstrips and slides.
All of these techniques can be educationally effective, but theirA
use in a given situation must be carefully weighed in terms of local
conditions and other competing needs. Clearly, some educational'technoloei
gles are more appropriate than'othersfor use in the less developed countries.
'However because sophisticated educational technology is glamourous,.'
it is often purchased by schools for the sake of prestive rather than
utility. Warren and Lowe describe a case of a Vietnamese educational
official with such an orientation"
In a recent. conference the Vietnamese delegate oﬁficially reported
his country’ 5 difficulties in terms such as "How can we get an
overhead projector easily?" "How can we buy a video recorder without
E,’tax?"' Meanwhile the morning s newspaper (which ‘the conference
V.delegates had Just read) carried pathetic pictures of children taking
‘home~made desks along to sit on the beach’near Quang Tri Formal
:reports at international conferences often do not show the truth,
riand this 1n no way helps donors to hit the right 1eve1 of internad‘
}{tional aid. The USAID program has supplied Vietnam with one hundred
i?mov1e projectors,‘ the Overseas Technical Agency of Japan has given
video-tape recorders to set up an audio~v1su11 center. Yet in f

most Vietnamese schools there is no electricity, only a few of the

largest schools have a- laboratory, and there‘ ’e_no repair facilities

"encept in the central workshop in. Saigon (Warren Lowe 1975, p 31)
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| In genernl} the souhisticated hardware that is available for use
in schools is not matched by educational software of comparable quality.
Albert Baez, former Director of UNESCO's Division of Science Teaching,
recommends that ninistries of education in less developed countries
concentrate on the development of software which can be used with rela-'

tively ineipenSive equipment such as 35 mm slide—~tape programs. Such

software is not difficult to produce with modest. resources: and can provide

cons;derable visual enrichment (Baez 1976, p. 177)
In 1972, UNESCO held a neeting'ou new trends in the utilization of

educational techrology for science education_in.Hontevideo, Uruguay. At

H

this meeting, Isaias Raw, director of the FUNBEC center in Brazll, expressed

a concern about the possible misuse of educational technology and cautioned

the less developed countries not to place too high a priority on the
acquisition of sophisticated equipment:’

In analyzing the use of educational'teehnology!in'science.

education, a distinction is made between education’and passive aquisi-

tion of information. The role sought for educational technology in
in science education is that of providing active learning and
‘ individualized instruction, so as to cope with different learning

Sstyles, learning rates, and varieties of interest... ... This is a

'goal barely touched upon by the major stream of educationa”htechnology

?which is often conceived merely as a 1arge-scale replacement oE the

;lecture;

'“'As most 'schools in the less deveToped world are dev01d oF eve1

fthe simplest slide projectors, the priority there should be not for
tthe teacher-aiding tools but for low-cost laboratory equipment and

other materials for student use. The 1essjwealthyicountries could
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gpﬁt?méfé efforts in designing sets of multi-media units combining
_Cp?iﬁtedimatter, shott £ilms, slida;,‘and'low5cOSt;;aboratory kits

(Baez, 1976, p. 163).
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HIV.?Programming,Recoamendations for the Institute

" for Scieatific and Technological Cooperatioa
]

The Need for ISTC Programming in the Area of Science and Mathematics
Education

A.recent paper prepared by the Committee on the Teaching of Science
of the International Council of Scientific Unions (ICSU) stresses the need
to include mechanisms to 1mprove the eEfectiveness and quality of science
and mathematics education in the less developed countries as a part of any
plans to'utilize science and technolo gy for development. AlthOugh pre-
pared for the United‘Nations Conference on Science and Technology for
Development (U\ICSTD), this report prov:Ldes a clear rationale supporting
the inclusion oE programs to improve science and mathematics education as.
one component of XSTC's activities:

It is our opinion that the healthy growth of science and

technology in any country depends critically on the availability

’of technically and scientifically trained manpower and thatﬁithf
:the responsibility of the indigenous educationalgsystem‘to;providéf
~such manpower.,

Furthermore we would maintainbthat:the successful e’xploitat:.l.:c'i‘rﬁtwi
and assimilation of scientific and technical developments can only
proceed with the support of an interested and informed public.. The
responsibility for fostering this interest and for ensuring that

Vlthe public is properly informed rests clearly with the educational
ilsystem oE the country concerned Any policy that fails to recog;?h
f;nize the importance of these two factors ,can, at best, produce only

‘short term improvements' at worst the country concerned could exper-f
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icnce serious failures in technological development.
| Long term sustained growth ‘can be assured only if.the money
invested in science and technology is .matched by the proviSion of
funds for complementary educational programmes directed both to the
preparation of sclentists and technologists and to the improvement
in scientific literacy of the population as a whole (ICSU 1978 p. 5).
{gIn particular, the ICSU rejport indicates that the following kinds .
of efforts are needed ”

In order to promote self-reliance and understanding there needs
to be a massive reappraisal of the content of existing courses, at |
school and at the university, if they are to reflect the needs of

‘vthe developing countries.

; It is also accepted that there is a need to change attitudes and
‘ithis requirés the development of new teaching techniques. For this.
f.there must be substantial assistance for ‘the provision and support

of teacher-trainino and teacher re—training. ;‘;'.i

There is also a considerable need for the development and

production of low-cost 1ocally—produced equipment and teaching aids.

joA number of developing countries are working on*this,dljft

lfurther support is necessary (ICSU 1978 p. 10)

. Many American scientists and educators have been involved in thewpast
:in efforts to improve science and.mathematics education in the less devel—
oped countries. However,_much~of this assistance has been?ad;hgg and’
dependent upon chance encounters between individuals. The»lack.ofVIUnﬁ-
term coordinated efforts to prov1de assistance and main.sin contact with

science education centers overseas has caused personnel in education projects

initiated Wlth U S assistance to become isolated from new developments
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in science and mathenatics education and from collzaguas in the United
States"who'might ba able to assist them. The reconmendations in the fol—
lowina pages will suggest ways by which thls situation might be chanOed

Science and Math.matics Curriculum Development

Only a few countries in the world possess sufficient tesources -
1ncluding both money and the necessary trained scientific manpower -; to "
createutotally new curriculum materials for.all educational levels.4 ForA R
this reason, mauny developing countries have taken the shortcut of adaptin°
course materials developﬂelsewhere. This_process is mqst successful when
thevmost‘suitable elements are selected from a vafiety of project materials,
so as to synthesiae a new course that best fits local needs‘and conditions -
(Blua, 1979). |

The United States is iu a position to be of considerable assistance
V in these efforts; since it occupies a. position of leadership in science and’
mathematics curriculum development. ISTC efforts in tnis area should EOcus
primarily on helping science teachino centers in the less developad
countries with.the identification, adaptation, and synthesis of course
materials so as to meet local needs and on improving local capacities for
vlscience and mathematics curriculum development.

However it will be difficult for the ISTC to be effective in
"improving science and mathematics education in less developed countries
:‘{if its mandate requires it to be strictly problem—centered, since
| education is a specifically national concetn and solutions to educational
problems must be designed to fit local institutions and conditions.
Although there are some reOional oroanizations such as the Science’

Bducation Prognam for Africa (SEPA) and the Regional Center for Education A

in Science and Hathematics in Malaysia (RECSAM), that .have achieved o
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dcgree of coo;eration between - groups of countries, in'nany other instances
this type of regional cooperation will not be p0551b1e. IE ISTC is. to
be maximally effective it will need to undertake pilot program efforts in
specific countries: It should then be possible to share the benefits‘of'w
: such'pilot porjects with educators in other countries through the“&euel;
opment of institutional netvorks.
vIu oany less developed countries? science an@ mathematics education

specielists experience a feeling of isolation due tova?lack of colleagues
with:wﬁoo'they can communicate on a profeSSionalpleuell* This situation
has.worsened in recent years due to cutbacks in funding‘for international
curriculum development activities by the major foundations and technical
assxstance agencies.

| A related problem is the difficulty which many educators in smalli
countries experience in keeping abreast with recent educational develop-
ments in the West, since professional putlications ere ekpensive and.
’difficult to obtain in many countries. ISTC support for the establishment
of a communication network and international resource center for science
and mathematics education would help tn alleViate t}cse problems.

Recommendation 1. Accept proposals from,curriculum developmentx,

ceoters in the less developed countries to‘supply U.s. scientists aodb
educators to work collaboratively with local personnel on the developuent
and implementation of new science and mathematics course materials.k fhe
1lob3ective of such efforts would be to share new developments 1n science
fland mnthematics education and to ioprove local curriculum development
wlcapabilltles.

Recommendation 2. Support the establishment of science and mathematics

-education centers at universities in the United States with a focus on

the training of LDC educators from a particular geographical region. These



centers”could:be nodeled on the program established at the University of
Wisconsin by M1lton Pella to train scieace educators E:om the Arab countries
of the Middle East, Consideration snould be given to the establishment of’
training .grants and postdoctoral fellowships aS'well as academic degree"
programs,

Recommendation 3. Establish internship proorams at curriculum

development ceaters in the United States such as’ the Lawrence Hall of
Science and the Biological Sciences Curriculum,Study (BSCS) Such pro-
grams could operate independently as one-year internships or be set ‘up

as summer programs to complement the university training of students from

less developed countries in U,S. institutions.

Recommendation 4. Sponsor internship programs for LDC.science7and'
mathematics educators at established national curriculum development”
centers in the less developed countries or in congunction with regional |
;institutions such as SEPA and RECSAM. Such 1nternships would facilitate

the development of linkages to encourage cooperation between developing

countries in the area. of science and_mathematics education.

Recommendation 5. Encouraée the development of networking arrange-
ments that will encourage scleatists and educators from the less developed
countries who are engaged in science and mathematics curriculum develop-
ment work to share experiences and materials,as well as plan new ap—
proaches. This function could best be achieved by a small ISTC education
"staff which could identify groups of people with common intere°ts, organize
‘neetings to discuss common problems, and present progress reports on naw
‘projects. Some of these meetings might be held at science education

ceanters in the developing countries, so as to enable participants to visit

successful projects in the host country.
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Recommandation 6. Establish a science and mathematics education

resource center that would help keep educators in the less developed
countries up to date on recent developmehtsand research in science and
mathematics education. ‘The staff of such a center could‘respond to
1nqu1r1es from developing countries with a brief analy51s of pro;ects
currently underway, plus suggestions regarding key 1nd1viduals and
institutions that might be able to provide additional assistance. Al- .
though such a center could be located‘at a university, some important
advantages might result if the center were_to be located at the ISTC
office. This would enable ISTC personnel to be at the center of the
proposed communication network rather than at its periphery. 3y '
mazimizing feedback from” the field such a center would help to ensure
that ISTC programming would remainjrealistic and relevant to actual}needs
in the less developed countrie;;‘ |

.Teacher Education

Although the 1arge~sca1e implementation of programs in the less

develaoped countries must ultimately be carried out by 1ocal'personne1

. there is a need to learn more about how'sc1ence and mathematics education
programu that have been found to be effective on a trial ba51s w1th small'
egroups of teachers and students can be implemented effectively by large

- numbers of teachers. Studies of effective implementation strategie;iand

" research into the processes involved are both needed..
The development of neh approaches to the pre-service andfiﬁ$§ér01¢e
vcducation of science and nathematics teachers is es sentiul 1f course
"improuenent programs are to result‘in‘Substantive changes in the'wayu
ifstudents are. taught. In order to plan‘such new approaches to teacher

training,vit will be important to collect better bnseline data about the
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current state of science and mathematics teaching in the countries

concerned.

- Recommendation 7. Support the development and documentation of
effective models for the improvement of pre-service and'inkservice
teacher education in science and mathematics.

Recommendation 8. Support the development of new materials for

the education of science and mathematics teachers which might be used t¢
introduce teechers to new apprbaches to science and mathematics instruc-
tionr Some excellent teacher education materials have alreadx,been
developed by several projectsfin the United States, such antheuISCS
Individuali;ed.Teacher Preparation Program modules (ISCS, 1975) and
the Science.Teaching and the Developmant of Reasoning units developed
at the Lawrence hall of Science (Karplus et al, 1977).

Recommendation 9. Initiate studies to document current practices

and ‘problems in pre-univer51ty science and mathematics education in the
less-developed countries 1n a given geoaraphical region. Such studies

could be modeled on the Case Studies in Science Fducation completed by

Stake and Easley (1978) to assess the situation in American schools for
the National Science Foundation. Such studies could provide informatior
on the hind of science and mathematics education that is actually

occurring ir the elementary and secondary schools as well as the teache:

training colleges of a given region and would provide a basis for

'deSigning future teacher-trainino and course development programs.k

lHubert Dyasi of the Sclence qucation Program for Airica has alceady

made a proposal to ISTC to carry out such a study for Sub-Saharan

Africa,



,fihe Production of Low-cost Apparatus‘anddTeaching Materials

| ”dlheicommonwealth Secretariat'has'sponsored three~conferences in
'recent years to discuss alternative approaches to. the local design and :
;production of school science equipment Ihree regional seminars have it
been held in Nassau Bahamas in l976' Dar es Salaam, Tanzania in 1977"
and Papua New Guinea in 1979. The reports of the firSc two conferences‘
;have been published by the Commonwealth Secretariat (1977a, l977b), as }
well as a report which describes in detail four existing materials
production centers which are now functioning in the less developed
countries (Apea & Lowe l979)

These reports indicate that local science equiument»production centers
can be a Viable and potentially useful element in a country's deVelopment.:
effort | Because the United States ‘has conSiderable expertise in the i
design and production of low—cost science apparatus, this is an. appropriate
‘area to. provide collaborative assistance to the less’ developed countries

through the ISTC

Recommendation lO Provide funding for studies to dem‘nstrate the

.feasibility of establishing centers for the local manufacture of;kcience
iﬂinstructional materials and apparatus in countries where such institutions
'kdo not presently eiist Such feaSibility studies should include small—
Lscale efforts based at teacher-training colleges and technical schools
Eas well as large-scale manufacturing operations that serve an entire :

fcountry

',SReconmendation 11l. Establish through Volunteer in Technical ASSis-

[tance (VITA) or a Similar organization,va‘network of volunteer technical

'consultants who can communicate directly with personnel in overseas'fj,

science equipment production centers to prQVide asSistance with the
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design of low-cost apparatus and manufaeturina techniques. VITA is

already operating such a volunteer consultant sexrvice in the area of

appropriate.technology.

Recommendation 12. Provide short—term consultants from the United

States to work collaboratively with personnel at existing centers for
the local production of science equipment in the. less developed countries
‘to perfect apparatus.designs and manufacturing techniques,3

Educational Technology and Out-of—School Learning_

One focus of . ISTC programming in the area of educational technology
_should be to proVide support for the demonstration of cost-effective uses
of distant learning systems, with an emphasis on the use of radio and
includin° both in~school and out-of—school applications In additionm,
support is needed for the development of local capacities in the less~v'w
wdeveloped countries for the production of quality software for low—costﬂ"
,media techniques, such as tape—slide presentations or filmstrips. fA B

ISTC could also help to alleviate the paucity ‘of children [ books
'and magazines about science and technology that are available to school
~children in the less developed countries.. Most children have virtually
nokaccess to children s literature other than textbooks. A recent .
World Bank paper on education in India describes a study of a group

of school teacher applicants'h of the group questioned 0

n1yﬂ57 could
think of a children s magazine and none could name a. publisher of
children’s literature (Heyneman, 1978 p. 14) ' ISTC could help to
remedy this situation by supoortino the derelopnent of a series of ifn.
children_s-books or a magazine for young people focusedron topicshhﬁfi
‘frelated to science and technoloay Such publications could include i

information on applications of science and technoloay that are approp—
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riate to the local SLtuation, descriptions of the work of local scien-
tists and tecnnologists and fictional stories about young people who
are able to ‘solve practical problens through the use of science and -

technology;

'Recommendation 13. Pund pilot-progects to encourage governmente
xn.nhe 1ess .developed countries to experiment with distant learning
approaches such as the Stanford Radio Mathematics program, and provide B
collaborative as91stance to help develop effective prooram sequences.,n‘

Con51deration should be ngen to the development of pro°rams for use o

. ‘ . ,

out of school as well as in school and.to the development of 1nformat1ve

programs ‘about science and technology as well as mathematics.

Recommendation 14. Provide support for programs to improve local
'capacities to develop quality software for use w1th low~cost media
techniques, such as tape—slide or filmstrips. Topics which might recnive_
special empha31s include descriptions of 1ocal applications of science
and technology, scientific explanations of traditional technologies ‘and
biographies of local scientists and technologists..,w'tfa:‘o.”"ﬁ .

Recommendation 15. Support the development of a series;ofkchildren s

'books or a magazine for’ young people in the less developed;countries with'
an empha51s on science and technology. Such publications should be ‘

,written by local scientists and educators, and could include explanations

' of scientific phenomena and local~applications of technology as well as
;stories about children and adults’who are acting in problem-solving roles.
iﬁSeveral small books of this type have already been published as'a part
Tpof the Science Library Series of the African Primary Science Program;

aThe nany "how to do it" booklets published in the Unlted States for 4-H
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SeC§ﬁdafyfséh9bl“$tg§épts;;»
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