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WELCOME TO THE sC:I

[

NCE AKD TECENQLOGY BOUCATION CCHIEAENCE

Dr., Juan A. Beornnet, Jr.
Director, CEER

On  behalf of the Caribbean Division of the American
Lssociation for the Advancement of Science, I welcome 2all of you

to the Science and Technology Education Conferenca. This
conference is being held as part of the second annual meeting of
the Caribbean Division. I extend a personal invitation to all of

You who are not yet members of the Division to do so today, and
also to attend our business meeting at 4:00 p.m.

I alsc would like to thank our CO-SpOonsors: the Puerto
Rican Science Teachers Association, El1 Ateneo Puertorriqueno, and
the Center for Energy and Envircnment Research of the University
of Puerto Rico.

The theme of this conference is very appropriate and
relevant, since it addresses the crisis in Science and Technology
Education. It is well recognized that we are living in a
"Technological Era™. This new era 1is based on the very fast
development of new knowledge, especially in electronics and
biogenetics; so it could be referred to as the "Information
Revolution", Not only are developments occurring very fast, but
the information or technical knowledge is disseminated very fast,
and the adoption for commercial and world-wide use occurs very
rapidly. Consegquently, countries must maintain and develop their
scientific and technological know-how at a very rapid pace, in
order to be able to compete and develop their own ecocnomies.

Various studies relating to the problems of education in the
United States have been produced in the last few years. The
Education System has been blamed as one of the principal causes
¢f why America is losing its ability to compete in the world
market and the slow growth of productimity .

Among these reports are: “A Nation at Risk" by the Natiocnal
Commission on Excellence in Education in 1983; and "Educating
Americans for the Twenty-First Century": a plan of action for

improving Mathematics, Science, and Technology Education for all
American Elementary and Secondary Students, 50 that their
achievement is the best in the world by 1885. It was prepared by
the Naticnal Science Board Commission on Precollege Education in
Mathematics, Science, and Technology in 1983, "What works:
Research about Teaching and Learning" by the U.S. Department of
Education in 1986; and "A Nation Prepared: Teachers for the 21st

Century". The report of the "Task Force on Teaching as a
Profession" by the Carnegie Forum on Education and the Economy,
and others. Each one of these reports was Prepared for a

specific purpose or task, and has some recommendations on how to
improve Science and Technology Education.




The American Association for the Advancement of Science is
carrying out Project 2001---Educating for a Changing Future,
Since July 1985. This project locks at what is going on, and
what others have recommended to improve it; but its minor goal is
to take a fresh look at Science =®ducation: what needs to be
learned, how can that best be taught, and how to convert these
findings into practical and functioning education programs. It
is probably the most ambitious of all the procjects mentioned.

Fuerto Rico has recognized the importance of educating its
pecple and is beginning to take some steps to develop its own
scientific and technical infrastructure. A new industrial
incentive tax was adopted in January. The governor appointed a
Science and Technology Commission to advise him and the
Commonwealth. The Educational Reform Commission has been working
during the last two years. It is the main purpose of this
Seminar to bring out the science teachers’ vision and develop a
set of recommendations related to Science and Technology
Education to be submitted to the Commoenwealth Educational Reform
Commission.

As you can appreciate from the program, a very remarkable
group of scholars from public and private educational systems has

been invited to participate. Discussions on Science and
Technology Education trends in the United States and Puerto Rico
will be presented. In addition, three panels will also discuss

different science and technelogy programs and views. Also ample
participation from all attendees is expected.

We look forward to a very interesting and rewarding
intellectual experience, and 1lock forward to the conference
recommendations.

Thank you.
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Cwr scheol is unzable o Tucent with the
TEEources he needs to devel Ha iem: ctential, The
tycical disadvantaged talented 1 ' uerto Rico will
usrally be placed in a nomogeneous Group and his needs and
interests may not always be met. Under existing conditions the
teacher will have little time to devote to the talented
ycungster.

The problem becomes rore serious when the home situation
contributes little to satist ‘ying the educational needs of this

tyre of student, Many times the parents fail to recognize the

zoTéential in the youngster and, even 1if they do, are unable to
pr:vide additioral resources or the lezrnin atmosphere where
this c¢child would develon. The eccnomic s:tatus of the family will

sc*atlmes regquire that he work a<ter schocl or during the summer,
lezving him little time for enriching his school activities.

As a result ¢cf this ombination of factors and
Clrcumstances, talented ycungsters may become frustrated with
schoel and lose their motivation., The lack of stimulating
programs and of challenging interactions with peers will cause
them to lese interest. Thus, a ycungster who could have become a
preductive member of the society and a potential leader wastes

his time and his taler-.

To be akble to develop our human rescurces to tha maximum, it
is imperative that we prcvide special preograms that identify
these students and rescue them :n time to bring their academic
rctential to full realization.

The Sumrmer Srisncs Stusant Procram

In 187%, as a response to the above problems, and confronted
v1th the shortage of scientific and technical perscnnel on the
island, the Center fer =nercy and Envircnmental Research {CEER)
i*";:lememzef4 the Summﬂr SEidhee Sowpdent Program (SSSP). The CEER
ich was estazblished in 19 € 1s &t 9present a research
stitution within the Universi ity 2f Puerto Rico.
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supplement student training with such educaticnal resources
28 Llibrary fagilirie laboratery euperiences, audiovisual
:aterlals, field wor eminars, lectures, and industrial-
site visics;

crovide students with an opportunity to interact with peers
at the same level of competence so as to stimulate academic
challenge;

provide students with ecouns lirg and orientaticn which will

=
iead to self-development; and,

Yrepare science research projects sulitable for science fair
compeciticn.
Farticipants in the pProgram are selected among students who:

nave shown aptitude and talent Toward sclence and
mathematics;

nave a minimum average of 3.50 in science and mathematics in
their high school dJunior Vear;

are recommended by their rescec-ive schools for ovistanding

academic performance;

satisfactorily pass the dizgncestic tests in  sciesnce andg

mathematics prepared in  coordinaticn with participating
i

Teachers and administered by
come from & low-income family.

The program is divided into a seven-week summer session and

ral follow-up meestings Curing the regular academic vyear.
Jghout this process the student is exposed to an intensive
gnie JAnspeuction in science, mathematics, and research
cds. A cne-day seminar by an exnpert in techpnical writing and
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the participating students have successiclly
Or are currently pursuing university degrees 1in
1 :

echnology, and re

tudents who bksgan their science reszarch project
with the SSDP have won zrizes in the science fa'rs soongored
annually by the Department of Education. In fact, some 285P
students were partic: mating in the Interrnational and

Engineering Fair held in Puerts Rieo in May of 1%&7.

Pt e Dhoioak Swroe
It is expected that the 1988 version of the S552 will cover
at least 7 regions with abrut 210 participant students (Ficure
2). If projection b is censicered, then the number of studants
will reach 27¢0. To these profecticns one has tc add an averzge
of three audit students for each region. The total number of
be more than 230 in the first case a-~d arcound 300
case.

A more ambiticus goal iz to intervens with all the varlzrlas
devicted in Figure 1 that irniuvernce gtudent achievement. c ‘ar,
f the prcgram has been directed to th improvement of
own ability :ir science and mart} : £ 18
in the near future the program will intervene with

€Ty




Table |

. Year : Uon;ber Educational Region
Students

187¢9 &0 Koyoguez- San Juan

1281 30 Son Juan
= lesz 30 Son Juan

1883 30 San Juan

18 B4 30 Son Juan

19 ES SO San Juan
= 1986 SO ‘ayoguez, Ponce,San Juan

1987 150 Arecibo,chuus,MoyogGez.

Ponce, San Juan

1888 a) 210 Are cibo,Bayorno'n, Coguas,Humococ

- Maoyaguez, Ponce, San Juan
b) 270 Arecibo,BayomonI, Boyamond,

Ca rolino,Coguas,Humccuo,Hoyoqii.
Ponce, Son Juan




of Students

Number

260 -

210}

180

150

120

SO

60

30+

AN

! | ! ! ! ! i i 1

979 1s81 {982 1963 t964 I9B5 1986 I1s87 1SG8

Yeor

Figure 2
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nod e a 2lity of physical facilities, the
CIZE will seek the collaboration of other inebdibubions 4o
establish Centers for Scientifie I“vestigations (C5E) . The
ccZectives of the CSIs are twofold. First, they will provide the
ressarch environment for the students entering the program during
toe summer, and, second, they will be the places where tne
students can continue their research projects during the regular
academic vyear. The objective is to have one CSI in every
educational region in which the program is carried out.

The CSI can ke used alsoc as a treining facility for
teachers, The establishment of one CSI :in every educaticnal
reclon will allow the implementation of training programs for =11
science and mathematics teachers at a rezional level. These
t:a;ning Trogramn can Ppe carried out by the participating
Leachers and academic directors within +-he S55F, scientific and
rrofessional perscnnel from the CEER, the University of Puerto
Rics, the Department of Education, and industcry.

Conzlusion

The S$S5872 1is one of several rrograms directed at the
improvement of s=udent skills in science, mathematics, anda
research metheds. The program, which began in 1979 with only 30
students, has evclved into one that includes 150 students and
covers five educaticnal regicns. It is expected that by 1988 the
prcgram will have more than 250 students and cover the seven
educational regicns in  which the Department o©I Education
¢rcanizes the public school system.

The SSSP has bpeen a response to the problems posed by a
modern and demarnding society to an underbudseted school system.
‘e results of the preocaram have been posizive in terms of the
nuxbers c¢f students pursuing university degrees in science and
relzted fields

The £557 will enter a new dimension by evelopin a
curriculum and by crezting the Centers for Cc1en-1fic
rvestigaticns, -T 1s expected that these zTwo innovations wilil
gr.nance student learning abilities. The zchievement of these
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The success cf the First year alone is evidenced by an over
93% retention rate, admissicn of -A.U.S.A. participants at majcr
universities both in Puerte Rico and on the mainland, and a 100%
college-going rate for S participating high school seniors.

The Summer Institu-e and Summer Science and Math Camo
The Puertc Rico Communit Foundation awarded the ASVET

$64,000 for the Summer comoonent of Project C.A.U.S.A. Students
Hartlﬁlpaue in a 511—(6)—week half-day Summer Institute in which

they are offered rini-courses in biclogy and chemistry and full
college coursewcrk in mathemat 1c;, to prepare them for collece.
Beginning with the Summer Institute, it is expected that every
Sth grader en_er;ng C.A.U.5.A. will complete the equivalent of
ocne year of colleg coursewocrk i &ll science fields and math

(including com;hter science) during their four-year
carticipation.

Through a $1(%,000 grant frow the Commonwealth Department of
Education, supplemented by over $86,000 from the Puerto Rico
Department of Labor and the Cffice of the Governcr for student
stipends, the precject will cffer 120 C.A.U.S5.A. alternates a
Summer Science and Ma;h Camip, ringing the total number of
students to 300. The six-(6)-week Surmer Camp will offer a full

day of enrichment activities in science, math, guidance
counseling, and English to <theose talented students whom th
Academic Academy is unable tc¢ serve,

THE MODEL

Through Project C.A. .A. the AGMEF has developed =&
successful model for ig eﬂtl;y’nc talented youth and moving them
into the science pipeline. The three keys to this success have
been the strong support, lea'ershio and commitment of a higher
education institurion to wark with the school system to 1mp40ve
science and math educaticn, the strict collzboration achieves
with this system, and the iong terrm, comprehensive nature of this
effeort . It is a replicable rodel that ceuld well mrove egually
successful for Hispanics on the mainland,
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I would like to use this occasion to make four points:

(1) students are not learning science, even the science we think
thney are; (2) the only way to learn scientific concepts is to
struggle with them; (3) so many topics are taught that there is
no time for such struggle; and (4) The RARAS’ Project 2061 intends
to help reduce the overlcad of topics by specifying what is most
important to learn.

1. First of all, research shows clearly that college students
who have had a lot of science courses misunderstand even the
basic idezs: inertiza, natursl cselecticn, electric current,
light, dténs, photosynthesis, and sc on. Seccond, few
educators really believe this ressarch. Belief 1in such

disturbing findings requires perscnal experience. I learned
it myself when investigating what college students remembered
gix months after completing a course in introductory
chemistry. When asked what percentage by weight iron was irn
iron cxide (Fe®), most of them could find the atomic weights
in a table and perform the appropriate addition and division.
But when asked the analogous question about cream for a
mixture of 150 o of coffee and 30 g oI cream, mest of them
cot wrong answers. The aligorithm for chemical elements,
which they had learned to apply without understanding, had nc
relevance for them to coffee and cream.

But stories about other teachers’ STudents are not any mnore
convincing than the research. Apparently the only way to learn
the truth of it is to see it in one’s own good students. I have
therefore been given to practicing wnat 1 have come to see as a
rather cruel exercise on my sclence-sducation graduate students,
wlo are inservice teachers. I ask a teacher what she believes

L2
it
®
t1

her studsnts have learned best from h , and then direct her to
sit and listen to her students talk about that topic---not test
them in the wusual way, but -ust te listen +o them talk freely
about it. Invariazbly these teachers nave come back surprised and
disappoinced If you are couragecus, Try it yourself.
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8ot Bote; ks only for filling
in details for an = already understands the
idezas Sctudents dgn erstand the ideas. As
Manuel Gémez said thi waves go right over the

3. Why doesn’t telling work? The children do not come to us as
blank pages. They already have ideas, explanations, and
thecries about how the world works. Wnat we tell them is
often inconsistent with what they already think and they
cannot change without a struggle. Their optiocns are (a) to
reject what we tell them as nonsense; (b) to store the
information as something to be used in answering guestions in
school, but not in the rest of the world; (c) to struggle for
an accommodation betwsen their old ideas and cur new idesas-—--
which often takes the form of expressing their own ideas with
Our new vocabulary: (d) to give up their old ideas and adopt
Cur own. But this conversion will take place only if wha: we
say 1s intelligible to them, is tenable, and explzains their
perceptions more satisfactorily to them than their previous
ideas, This takes time, and it reguires that the teacher
iisten to the students’ ideas and assist in the struggle.
Merely discounting their ideas and restating the correct
ideas is not much helg,

sten? The press of time

there are others. There are
ons, which have been tailored
generaticns to allow students to answer correctly without
understanding or believing a word ¢f their answers. And students
have learned the game. They know what helps them to pass
examinations like that, ard it is usuzlly memorizing the words.
They will be puzzled by and resist the teacher’s probing and
trying to change their own ideas. One of the requisites for open
discussion of students’ ideas is a classroom climate in which
they feel it is safe to be wrong. (I noticed this morning that
the measure on which students in the program described by Dr.
Gfmez showed the least irrrovement was on their participation in
class discussicn,)
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3T any change will tzke couraze as well as an interest in really
ISR A koo wWay students think. But change will surely be
imzossible withour reducing the number of t pics taught. S One
¢Z the teachers consulting to Project 2061 pleaded, "It vou do
nothing else in thisg project, please tell me what it 18 thEr 1
can step teaching. ™

4. My fourth peint, finally, is how Prcject 2061 will eventually
be able to help. Project 2061 proposes to develop an
intellectual framework necessary for a fundamental ana
continuing restructuring of science and technelogy education
in our schools. It is tre first large~scale attempt in many
years to undertake a sear hing examination of what science ig
most worth learning and whar knowledge of technelogy is most
Lecessary for people to have 1in our socilety. Phase 1,
currently funded by the Carnegie Corporation of New York and
the Andrew Mellon Foundation, is to answer the question,
"What should everyone hnave learned about science,
mathematics, and technology by the time he or she gets out of

high school?2® Phase II, still only in the planning stage,
will ask, "Given the Phase 1 reccmmendations, what kind of
learning experiences should students have?® And, eventually,

Phase ITI will ask, "Given the Phase IT recommendations, how
can we get schools to provide those experiences?"”

The substance under consideration in Phase I is broadly defined
TC cover understanding how the world works, including the wsorle
¢Z nature and the world Created Dby human beings, insights
concerning the sciences as ways of knowing, skills that are
useful in acquiring scientific knowledge, and knowledge of the
iimits and risks of science and technology, and of their impacts
¢ society. Project 2061 is meore concerned with ideas that cut
&Cross the disciplines than with the boundaries that separate the
discipliines. It is not confined to drawing only on particular

schoeol science disciplines (namely, mathematics, rhysics,
chemistry, biclogy, and the earth sciences), but instead cuts
acress all science and eéngineering fields. The eventual sorting
oI content intc curriculurm---the courses, topics, and crade
levels~---may turn out very different from the present
configuration.
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Early next year, we nope to publish the Phase T report, which
will also explain the reasoning bpehind the conclusions, and
outline plans for Phase ITI.

But Project 2061 will begin to have an impact only years into the
future. It 1s alsc impertant to pursue reform on a different
scale today. What I nheard this morning was both discouraging and
encouraging. Discouraging, because of how difficult the problems
arpear to be. But encouraging, too, because ©f the enthusiasm
an insight of such educators &as Manusl Gémez and Ronald
2lackburn, who seem to me to be very much on the right track.
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Zut, a3 menticned before, sometimes vyou think computers are
making your life miserable., his i85 =8 whens

A) You try to renocvate your driver’s license and they tell
Yyou that you have tco Lay a ticket issued for speeding
when vou know you didn’t get 1t or that you have to ray
a ticket which ycu already pald and for which vou have z
receipt, but the infcrmation hzs not been entered in the
computer.

B) ¥hen you want to réy & pill but are told that ¥you can’t
dc it because the electricity is out and the computer is
not woerking,

C} When traffic lights controlled by computers specify a
cruise velocity of ¢&(Q mph te guarantee the correc-
traffic flow.

D} When vyour computerized refrigsrazter starts Lo sigral
that its door is Cpenh even though you Ccan see it is well
closed.

E} UWhen employees of tha PRErtd Fico Teigphons Company tell
you that a direcss ralea telechone czll was done from
your phone at a time vou were our o= vacation. Yet,
they insgist +that Lhey are corrsgt onecause the CompuUner
says so.

F} When you need tao repglr yoor ar Dut c¢annot find =&
mechanic who underscands its compliex electronics.,

University of Puertp Rico=Mayagiiers Camnucs

Tnere are three vers imporTant p

i i S Firmsh,
xse T : emT of
@ig0 very difficult to keer SRS doet g iy
i1t is almest impossible te fig 2 og fal
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rs to keep up
ke

s ca
~“Iis ravid develcoment. Among these we can mention =k

¥anaging cur budget in an efficient way S0 that we can
csntinue tos impreove iaboratory facilities with available
I inEaneing Decause, 1in general, we dz no:t have money
assigned for laboratcory 1mMprovemeant.

recruiting talented graduates ana sending them to study
T @ guereral degree at prestigicus schools in the
United States.
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7. Reguesting the use of compu BES &y 2LlL O BOY prodrams.
Enet we will be g5ing in the near Sgeews:

We h
C K&e [
others, so

nTure wnich we know wi
G in a very oood positicn
we may be able to provide thne excellent

e
by our modern world. 2Among these measures
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technology

fide" acti

cf profession

arts, and technciogy
Technolcgy has enthroned itself e cur lives, and it seems

2P s ]l Bonddinue astermining cur destiny inaxnorably.

The most significant oroduct of techrnology in this century
is the electroni CoOmpITEr, i !

THiS Laserament, capable of
processing data and producing information act Epeeds never dreama3d
oL by our predecessors, nas impacted c¢ur 1lives in all its
aspects: education, health, communicetions, production of goods

- - ;

and services, research, space

The advancement of “echnology in the field of electronic
mputers is unprecedented Computers can process data and solve
cblems thousands of times faster than was possible in the
40’s and 5C’'s, at a fraction cf the ¢

92

=30
[Nolia C)

In Jjust four decades computer techne
vacuur tube electromechanical machines t X
with miniaturized components capable perating at billionths
©f a seccnd speed. These technologi Zvances walked hand in
hand with price and processing time reductions in the crder of
magnitude o‘ go%.

nnot explain o

Due to time consia ann t
gt n cur lives have bLe

technelogy or oproducts wh
considerable.

Considering modern tachnolc cgy’s ultra dynamic
ExXpecCt products whose impzact on society will be greater than the
elettrénic computers,

This <unprecedented develcpment cresarts a challenge te¢
technolegical dUC&thH: "to survive, technol ogical education
has to grow, develop and keer up with technsi gical advances".

F¢ Ewl=dlt rhig chailenge, techncological education must be
as dynamic as technology its=if; upaating Its resources {physic al
fagi ldtdes., SRSultY) wcuzzieoule, etc.), as often as growth ir
vechnology dictaces,




we  should
soClety towards

ot
3
(!
v
+
p
|_J.
ot
-
|
e
O
Hy

5

[f technology’s influence in our _.ives and future is so
prominent, and considering that it’s the aboropr’a e wvehicle to
ebtain the preservation and advancement of know edge, then we
woncer why technological educaticn is noct given tu importance it
deserves.

Te cnnologlca1 education 1is fizhting to receive the
reczgniticon it has long deserved but noco chbtzined.
The refusal ¢f our traditional society te change its
autltuaes towards technological educatic is an important factor
hgn:

in the lack of recognition in this resgect.

Our society considers technolocy
ecucation. For examp ehan s
expressing himself i

as a second-class
2ly hear a parent

"Wmll, I would 1like m; Son te e & professionzl, for
example, a doctor, lawyer, engineer, <C., but if he can’t, then
iet him take a technieal course and g x."
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From this ex“re551cu, which is gommon in our soecliety, we can
decucs that there is rrejudic Ce against considering technologlcal
studies as a first-class educaticzn.

ne  Must make our scciety conscious that ctechnological
eGucation 1is not and sheould st De considered second-class.

i“he Internatiosal Technelegy Education Association (ITER)
has ©been working &%  &n internationzl leve To cbtain this
dsserved recogniticn.®

orking hand in hand wi+h v Teehmg logy BOESETYSR aviscry
Ccu:cil {TEAC), ;hb iTEL Chendinates .eng articuliates efforts
towards this objective. TERC was foundsd with the objective of
providing the HECESSG~} inputs to technsiogical education-—--about
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new and more stringent federazal fisecal pyliciss,
* Rkccelerated cechnologica” develcpmentc.
= C*ow1ng cerpiexity of current social preblems and lack o
adeguate institutions to confront them.
* The growing importance of infcrmation end information
Systems as an element in theée process of change, both

economic and social.

* The globalization UL eebmnomia, firancial, and
technological processes.

* Changes in the composition of population age grcocups and
the gradual aging of the ropulaztion,

* Proliferaticn of post-secondary institutions.

itution, had to be

211 these elements, external to ou- imetd
i Gfferings or when

s
and were considered when revising existing
developing new ones.

A methodology was developed by the Zcade emic Dean, Dr. René
L. Labarca, and his two Drlncvba* assistants in the area of
Science and Technology, Professor Recber-o Be oaao, Pcs*st;n* Dean
for Science and Technology, and Professz> Jonhrn 1y Villamil, Head
¢f the Science and fgchnolesy Institute (departmen: ;

Es a part of the process of eveluating existing or new
¢cfferings they davisad a series of Ticns that needed to be
answered so as to Cive proper considera‘ion tCe the external and
internal factors.

L

When evaluating the external ervircnment the following were
considsared:

* Is there & need for such = rrogram pased con the existing
Or projected ccnditicns of tre WITK market?
Wiar are the skills exprected ty grospective employers?
what laws c¢r regulations do e€xist that affect the career
o]
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CuUTS1Gs rescurces which

Tacilities, eguipment,

ccmmon aims in acadsmi
point  further our institution has
ultrasound. Boeth prograns use, thanks
fecilities of the Cncological Hospital a*
“adical Center. The possibility of using such
described «can be adapted to research
research geared to the soluticn of
the ceommunity we serve. This will
esults of research projects and will
f cioser ties between the institution
experience has been very positive. It has

nzroduce

A new perspectives in our institution and
acsisted in the orderly transition of our ccllege
ity
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where these decisions are made by an increasingl
numnber of more and more nighly trained technocrats. T
literate and culturad o ' '
1)

c
teachers, scientists, personnel frem Scate 0OF1

r"(‘jO}_.m
TR SRR S

nemic well-being---cur way of

: entists and engineers. Gary
table with science and technology as
ore jo involve science znd technolo"y And, finally,

SCAElLiLlca7ly literate citizenry to vote and rake
Cn matters relating to energy, science, technology,
d the environment---the alternative is =a naticnsa

il 1n the
zlatic £

an understanding and 2

Qn.-

aucation, we sponscred a cen t ea
"The Mathematics and Science Education Crisis——--
Causes, and Pgssible (Cures.™ The conferen

and College of Education personnel,

The conference par tic*pants ecided that we are facing a long-

st andil
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ing problem which will regu

the situation may deteriorare i

sclutions will be reguired because
a

this

e long-range sclutions, that
€ near term, that a range of
¢Z the nature of the problem,
Zita

in itself will =zdg icnal challienges, that a

i
ion will recuire the large and diverse
r of actors, znd that a lasting solution
e found without invoiv &l vrocess.

Let me briefly tell you aboutr the creanization for which I work.
= work for Oak Ridge Zssociared Universities, which is =
consortium of 49 major universities in the scutheastern U.S,,
including the University of Puerto Rico. we are also a
centractor To the U.S. Department of Energy. The Center for
Znergy and Envircnment Ressarch, whick is head ed by Dr. Bonnet,
i&s clese ties with the Lepartrent. 50 we at QOak Ridge
SEEDGidted Universicies TEES linkages with the U.S. Dspartment of




Znergy, the University cf Puerto Rico, and the Center for LOSrgy
and Environment Research.

The Department of Energy is a mission-oriented agency with =&

number of national laboratories which conduct  research. The
Department employs 60-65,000 people at these national
laboratories; many of them are scientists and engineers. The

Department spends some $8 billion dollars anhnually on scientific
research and develcpment at these natioral laboratories, in
private industry, and at universities, The Department of Enerqgy
cannot carry out its mission of ressarch and development without
properly trained scientists, engineers, and technicians at all
degree levelg, Manpower supply and demand are thus of
considerable interest to the Department. The Department has
traditionally worked closely with university and college faculty
and students. However, individual naticnal laboratories have
always interacted closely with local and regional elementary and
secondary schools. The challenge for the Department is how to
involve the national laboratory scientists and engineers most
effectively in programs to enhance elementary and secondary
school teaching. A number of different programs have Dbeen
developed and are now ongoing. Let me briefly describe some of
these to give an idea about the breadth and variety.

* Summer Research Participation. High School teachers,
selected locally and nationally, are appointed to work in a
professional scientific and engineering environment during the
summer. Designed to increase the teacher’s awareness and
understanding of current science and technology and to promote
the transfer of this knowledge to the classroom.

* Science Bow]l. Teams of students compete in tournament
style, answering questions on a broad range of science,
mathematics, and computer science topics. Designed to recognize

local students with special interests and aptitudes in science
and mathematics.

* Summer Freghman Chemistry Course. High school juniors and
seniors attend a six-week course on a state college campus taught
by a high school teacher. Participants receive a modest stipend
and academic credit for the course.

* Ingrodugtion to Particle Phvsjics. Junior high school
teachers work with staff scientists at a national laboratory to
develop a five-part science unit of classroom activities; area
teachers attend summer workshops to become familiar with the kit
and then introduce the materialsg into the classroom.

* Summer Honors Workshops at Nationzl Taboratories.
Cutstanding high school Juniors and seniors are chosen by
governors from each state and two territories to participate in
an intense, two-week workshop in a specific technical area.
Activities include classroom instructicn, hands-on research

42
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2z for the haif-dayvy field
22 g-on appreoach tc topics
SR r relationships, stream
= Ccntests, career days, eguipment loans, etc. Many varﬁed
tivities are onj““nﬁ at national laboratories to encourage ana
om ote the interactions of precollege educators with

ssional researchers, as well ag to share the resources of
e-of-the-art egquipment snd facilities with poth students and
ners.
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to shift focus, now, and telil you about an exciting
we have recently begun. Several years agoc, we became
ed in linking the scientific and enq1nee; ing rescurces in
daﬂ/Knuyv¢lie area to the local and regional elementary
choc¢u. The specific question we asked was: How can
TV, na”stry, and national laboratory scientists and
collaborate with elementary and high school teachers to
cience and mathematics education? We developed a model,
pased in large part on our experience with university
¢ge faculty and presented this model to a group of
and school administrators. We asked them to identify
t they thought could be met by the local science and
1 establishments. They then determined that the
model would meet the needs they had identified. The
S lence Foundation provided funding for tnree years, and
onfident that the Departmant of Energy will support the
am in subsecuent vears.
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we call the program STRIVE, which stands for Science Teachers
Research Involvement in Vital Educaticn. Cne of this program’s
mest exciting aspects is that it is a collaborative effort and
invelves the following organizations:

National Science Foundation Regional High Schools
Department ¢of Energy The University of Tennessee
Cak Ridge Naticnal Laboratory Lopcal dndustries

Cak Ridge Associated Universities American Women in Science
State of Tennescsae Sigma Xi, QCak Ridge Chapter
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Fegearch warticinating: “articipete &s collzhorators in
CRUCing research. A se; L8t acts as a menicr to the
teacher and cuides the the research. The teacher
vecones ar egual and comtribut- rember on & research team.
Research wvositions are 2 1lal at a Department of Ernergy
laboratory---the 0ak Ridge Nat Laboratory, the University of
Tennessee a= KﬁCXVllle, and several industrial laboratcries. One
of the enlightenlng discoveries for us was the fear that teachers
have of not being able tgo perform the research or of not being
accepted by the scientists as a peer. As it turned ocut, this was
not a prchlem. Ut this perception did pPrevent scme teachers

from applying to the program,

SubSact Rotdes Inhzncement: Advanced lectures for teachers in
their teaching areszas. Teachers are brougnt urp to date and
exposed to state-of-the-art science.

Developmant of Tezching Moguleg: A series of workshops to
eXr.0ore innovative €aching methods, to design laboratory
expariments and demonstrations, and to investigate ways of
incorporating new ideas into the curriculum.

The summer program lasts eight we eks Teachers rece1ve graduate
Credit in their discipline and conti inuing education credit. They
receive a stipend of $200 per week, and travel and housing
allowances. We also provide funds to develop teaching materials.

In order to sustain and nurture the linkages teachers established
ith YoSioie nt*sts during the summer ard o expose a
teachers and students to modern science, we

e program with the fecllowing elements:

Forun, a2 Scientist Lecture Program, and we

a Saturday Science

eéncourage Networking.

Seturday Science Forum: A series of multi-media lectures held on
Saturday mornings covering broad redagogic, science, technology,
el policy Lgstsag, Lach forum is presented by & distinguished
eduCator cr scientist and is targeted for both teachers and their
students. Torics frzm the 1986~87 series included:




Fran
TErGR atellite Survey)
Moiecoul and Mescns,
xaview Instrurents ano
MELhads
Soi=somtige el from governmsnt,
university, 1d pri visit schoels ¢
Dresent lectures and 1 : Y s S, Or TO meet with
Students and <teachers tc assise wilh research projects. yol
brochure listing available speakers and topics is published
annually for istribution to regicnal school systems; lecturs
€ests are fully funded.
Networking: Science and mathematics teachers develop ongoing
linkages to the participating research facility and to the
n

scientists and technicians on staff. These ties provide 1o
Lerm resources for former participants, developing a professiocn
partnership.

By the end of this summer, 45 teachers will have participated in

the summer program. They in turn will provide some of the
knowledge they cained to other teachers. Over 400 teachers and
students attended last year’s Saturday Science Forum. Two of the

participating teachers have been hired as consultants by the Oak
Ridge National Lzboratory; a third has submitted = proposal to
the State of Tennessee to solicit support for mathematics a
science presentations at professional conferences and meetincs,
This year, we expect to support c¢ver 150 scientist lectures at
high schools.

oid

Several audio-visual teaching e&ids and resource materials were
oroduced from the academic~year worl s during E&TRIVE’g fire+
vear. To agive you an idea of the range of products, let me
describe & few of the projects:

=
0
e 4
O
o]

Super Jdeas Norehook. Descriptions of ideas for classroonm
activities, including field trips, Expertmenys, thinklins
exercises, etc,

=lide Shows. Two slide sheows produced by the teachers, one
on "Hecw to Prepare a Science Fair Project," and one con the "Study

of Rocks and Minerazils,

Photes from <he Electrsn Microscana, Set of color prints
taken of a variety of subjects as seen under the electron
TmlCcroscope.




2agher’s Rocoures bLecklar £ pamphlet listing rescurces

h Techrnigian -4t Woek;" & narrated,
real-life duties of an actual

Vident ape, "L keszearc
lor wvidectape depictin
searcher at the national

'
4

it been a successful program? We believe so, and the
edback we get from teachers and the laboratory mentors supports
LS. Have we had an impact? I believe the teachers who have
articipated will return to the classroom enriched and with their
tteries recharged. Ultimately, their students will benefit
om their teachers’ vigor and enthusiasm,

D fu
193]
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And where dc we go from here? I think there 1s general agreement
that we cannot continue business as usual. Yes, we need high-
level assistance from Washington in the form of policy and dollar
support. But equally requisite to solving the current dilemma is
the local/regional area. At this level, we can generate concrete
action to enhance science and mathematics education where it
begins---in the precollege classroom. One of the ways of
encouraging the creation of such initiatives is to form a group
of interested and dedicated citizens, including teachers, whe can
identify needs and 1local resources and then assist in matching
the two. We have formed such a group-—--called PRISM, which
stands for Partners for Resources and Initiatives in Science and
Mathematics---to assist us in identifying needs, opportunities,
and resources. Together, we will explore ways of meeting needs
through local and regional resources.

You here in the Caribbean have taken similar steps with the
formation of groups such as the Puertoc Rico Resource Center for
Science and Engineering. Local programs such as this will give
rise to the professiocnal partnerships we at ORAU have found to be
the driving force behind progress in education. Together, we can
improve the system and make a difference!
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ARLY ADCLESCENT shubenst

Children in the ¢ge randge of ten to fourteen (often called
"early adolescents") are goirgo through a period of rapid chancge,
Physically, Lhey are developing at a rate faster than at any
other time in their lives with the exception of the first three
vears of life. Often their rate of physical development does not
match their rate of emoticnal and scocial developmert leading to
tremendous concerns about how they are perceived by others,

This phvsical develo
Dody breadth and depth,

arked by increases in heigh:z,
, heart size, zand muscular

strength. Betause body row : ften faster than muscuiar
aeve;opment, pocr coordination can result. Indivicdual growth
patterns, however, are not simultaneous acceording to age level.

Hence, some thirteen-year-ol may be very tall and well
developed while cther classmates stil] retain much more child-
iike characteristics. Thie cecrncern over "will I ever grow up"

feccmes a maior preoccupation for many cnildren of this age.

As adolescents develop, they identify less with the autherity

=

¢ their parents and teachers and more strongly with the
pressures of their peer group. This 1is the root of the ternm
"adolescent rebellion. It is truly an indication that the child
isg oeveloplng a level of morai maturity allow1ng the child te
recognize that in life there are a variety of alternatives.
Fence, decision-making becomess &:fficult. They are less likely
Lo accept teacher or parenta® directives without guestion.
Though they have difficulty making up their minds, they do not
want others to do it for ther. Thus, they see their peers as an
important and non-authoritzrizr aid in making decisicns, ang
their dependence increas: ingly shifts from that of their parents
L Lhat ©F thsiy Trigrse,

Much of what we know abous the cognitive and reasonira skills
of adclescents comes from the w-ork of Jean Piaget. According to
Piaget, individuals progress through four stages of cognitive
ceve$00ment. Each Stage is characterized by specific patterns of
reasoning tha individuals zt that stage are able to apply te
problem-solving situarions.

Adolescents span two of these developmental stages, the

concrete operational stage and the formal cperational stage. I-
the concrete operational st age one’s thinking 1is related tc
concrete objects. Students zt thlS age need the opportunity to
see and feel real objects (maﬁlpulatlves) Math and science are

both especially apD*oprlate subject fields for providing
adolescent children with the opportunity to learn by means of
real objects.

Some adolescsants may be 1in the formal operaticnal stage.
These students are able to think in terms of abstract ideas and
concepts. They have the abiliry to epply probabilistic and
proporticnal reessoning to their rroplem sclving, to consider alil
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Ihe SYPiEsr soiwnmes o ner in a2 middle eor djunicr hizn

y
SIS

sghopl 1 2ie in biclogy in college
some advancod scileond zyond the AB degree. His
coemmitmant in teazchs at the middle and Jjuni
scnocl level, and he nhas faac nc educaticnal preparati
tcaching early adoleccents. (p.11)

The National Science Teachers Association has cleariv
recogalzed this oproeblem 1in  the Fecommended Standards fror
¥iddle/Junior High Sciencs Teachers when they state:

The methods course desicned for middle/junior higt
school teachers should emphasize science curriculus
development, appropriate  instructional strateglies anc
materiais, technigues for evaluation of pupils and programs,
and the application of recent research in the psvchology anc
SoCiology of the early adolescent as it relates to science
instruct ion, (Nationzl Science Teachers Assoclation, 1983,
r.66)

Clearly, successful science programs for students in tfﬁ

early years recognize the personal transitions through whi
these students are passing between the ages c¢f ten and IOurteP
Teachers who work with students at this age not only

based science background which helps students to see t
interrelatedness of science, technology, and society, but thes
teachers are also aware of the unigue social and psychologicsal
burdens which early adolescent children carry, and they are able
0 design their instruction is such = way as to help these
children develop into responsible adults
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THE FUTURE OF SCIENCE EDUCZATION FOR EARLY ADQLESCENTS

Given tTne theme of <this conference as well as my own

concerns, 1 would be remiss in no tzking a few moment e
consider what might be an appropriate future for the science
education of early adolescents. While astrology and crystal-ball

gazing run counter to my empirical training, I believe that I car
cffer some EKLrap"1“TIOHS which might best be perceived as hopes
rather than predictions.

The year 1is 1987. A twelve-year-cld early adolescent
student was born in 1875. That student will be 25 at tha
Decwnnlng ¢f the Zlst century. Essentially ALL of that student’s
e working life will be spent in the next century, and,

bresent trends continue, that student will retire somewhere
round the year 2040, It would be ludicrous to believe that we
uld possikly know what infermation that student will need to
£sess TC be a productive citizen of the year 2040, A SEorEy
at I heard recently graphically illustrates this point.
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A professor of medicine at the University of Southern
California had taken his students throucgh all of the texts »=
knew in medicine during their four-year course. At graduation he

52




ldies an Once
The Industrial
She Agriculture
Lhe dominant force i: industry and
cI goods was primary. Y cenzuries afrer
by AUt oo = VA i o 2 1s no longer
sroa in €9 crmation. wWhat
T 3 informaticr
Daniel Boorstin (1%80) writes

-t 18 & cliché of cur time tha- whar this nation needs is
an "informed citizenrv." .. sugyest, rather, that what wz
need—---y [ freé = i a o DCRARIE
' i ocallalinaso
expect
NNCT RBE

elf.

If we thirk of =a Coentinuum, we Can better understand Dr.
Bocrstin’s concerns. 2% one end o< tne continuum ars DATA. Data
&re unprocessed---they merely ewmist, These are the sensory
inputs bombarding us. Data which are rrocessed zre INFORMATION.
For example, the words that I ftorm (data) are baing interpreted
Zy You as hepefully intelliecibis thoughbs (information, .
However, as fmdormass on lncreases, it pooonids increasingly
important for pecsple to be able beie Ter mezningfvl Informetnicr
Zrem irrelevant inf L a Ty ke use of
Hedningful darsg B e s magE ERTE
vserul than sit i1s broader in
meaning, But knowleda luate n terms of wvalues
and attitudes tco form WISDOM Henc Sur continuum contains as
one end DATR, next INFORMATION, folleowad by FKNOWLEDGE, and, at
the far end, wWISDOM.

AL one time in history, "to know® meant to have informaticn
in one’s memory. AT that time, the culture was passed from the
elders to the youngsters by means of cr2l history. Now there is
far too much information for anycne to know by memory. In fact,
libraries have difficulty maintzining even a smeall fraction of
the world’s informaticen. Hence, "to know" has changed meaning.
in today’'s society, "to know" mears to have agoess Lo the
informaticnal process. Thus, scheools f the futwre will fooug
less on the transmitrance o< Nfermetion apd more On the
csvelecpment ¢f ‘nforma-ion GECERs shills.

What does <his mean for the scierce Leasher of the fuours”
Ferhaps more sc than any other field; zhe information of scienge
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judgments. "Scientific Literacy" as well as "Computer Literacy"
is becoming essential in our era. Life in our "information
society”™ will be more intelligible andgd rewarding to those with a
sound acaderic preparation.

Let me now review what we are doing at the University of
Puerto Rico to respond to these societal requirements. As soon
as 1 was appointed President of the University System, I
established a Scientific Research Advisory Committee to advise me

personally. The Committee recommended, and I adopted for the
first time in the University’s history, a scientific research
pelicy for our academic system. The policy 1is designed to

promote research throughout the University through sound planning
and management, as well as special individual and institutional
incentives.

The two oldest Research Centers at the University, the
Agricultural Experiment Station, founded in 1915, and the Center
for Energy and Environment Research (CEER), established in 1957,
have been strengthened, and both are working in close cooperation
with appropriate Commonwealth agencies. CEER 1s successfully
completing its transition from a totally dependent federal agency
contractor to a University of Puerto Rico-based institution
responding to our island’s problems and needs.

We have , established a very successful Small Business
Development Center at three of our units. This Center provides
training, and business plan development, among other things, to
Puerto Rican entrepreneurs.

Also a new Research and Development Center has recently been
established at the Mayaquez Campus of UPR. We foresee that this
hew Center will be the base for the possible establishment of a
Research Park on University property at Mayagquez. In January we
established a University/Industry Research Center with the
pharmaceutical and chemical industries. The Center is headed by
2 Board of Directors representing industries, foundations, and
university representatives which I preside. At the School of
Medicine we have established an active center to develop
protocols related to AIDS research.

In addition, we have strengthened our relations with federal
agencies, such as the National Science Foundation, the National
Aeronautical and Space Administration, National Institutes of
Health, the Department of Energy, the Department of Education,
and others. These linkages are resulting in new programs, such
as the Experimental Program to Stimulate Competitive Research,
widely known as EPSCOR.

The EPSCOR program is aimed at the development of
competitive research in Puerto Rico, and 1is supported with
partial funding from the ©National Science Foundation. It
represents an integral part of the local commitment to develop
the intellectual resources which are needed to stay ahead in
today’s fast-changing technological marketplace. Eleven primary
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Our lest annual meetinz was reld on Juns & to 1i, Ll8gb, &t
La Zarguerz, Puerto Rico. “he trheme of the meeting was "Marine
Industries: Promising Futurs to 2.d and New Ventures",

Two serminars fer hich sch-o-1 science teachers on water
rescurces and their wuse wsre csponsored by the Division in
cocperaticon with the Depariment of Education and the Science
Yeachers Association. BEacn seminar was attended by about 45
Leachergs, In additicn, & s=minar on water resources management
w&s Neld in cocperaticn with the Fuerto Rico Chemist Association.
Twe hundred chemists attencded thie activity

The Division speocnscred the varticivation of our
secretary/treasurer, Mrs. iucy Gzspar, to attend a confsrences,
"Forum-8&---3Science Curriculum=---25A8", &t Arlington, Virginia.

Division organized and r-sted ranel on potable ater
lith Belzx San

lng inm February in Chicago, Illinois,

the Divi I tienr with the JARS Oifigs of
Oprertunities in Science and the Zssociation of Puerto Ricans in
Science and Engineering (h¥=5E), sponscored a workshop, "Hispanics
in Science and Engineering: rPasT, Present, and Future."

In publications the Jiwvisicsn co-sponscred a pamphlet on
"Small Business and Tcxic Wastes Regulations." It is also in the
process c¢i initiating a ' cf publications in cooperation
with the University Editorizl Bsarg. The first publication will
be on Advancement in Energy zng Environment Sciences by Dr. Juan
&. Zonnet, Jr. Dr. Juan 3 Scnzélez 1is z2lso preparing the
proceedings of last vear’'s senminir on "Marine Industries"”, and

E%
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