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Observing that scierce cannot solve all of the problems of the worlad,
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of thé gemeral public to accept superstitions, the author argues that
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objectives of science education. He discusses knowledge objectives
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. I. Introduction .
© ' ' . ; :
~ - Changing worild events, and conditions of 1ife on thi§‘plan§t, s
‘P‘ ‘ . . *
5:3‘ reveal that science educators must take a new look at the  generai
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(=) burposes (objectives) of scienge education, and that ﬁew'penspectives

. : . ’
for teaching science be débeloped. Changes take blace so/rapidiy
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that one.of the crucial iSsues 1n scciety today is to determine;

how man may become *more in. tune with a _sefence~-dohinated and a

. . ) . \ . . . ¢ . J .
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) science- condltloned world. 'In other words, "Man must léarn to
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, come to terms with nature,. to live with it, to understand it, and -~
H . . .

&
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- = to contrgl it." (Kpusc p. 20) '
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'Few of us would deny that a revolution has occured’in science
-~ .
N\ . . :

¢ N ' ’ - B
educati }-d&ring the past twenty years--some elements o6f the - -

- » e *

. . * . . ’

‘revolution very positive and good, other elements quite negative.

for scientific literacy if participants in that society are to
N . ; . *
%. . _ . i .
make maximum contributions, an d the need for speciali § ts~~gcientists
AN . et Vo : . _
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A\ and engineers. . Sffopts to meet these negds, resulted in the. .
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Q g development of new. curriculum materials in all sciences, the . .
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identification of more precise objectives of education and sckence
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education,, and'in expanding research in learning "theory. The
~ . . . . ! »
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eontributions of Ausubel, Brumer, Gagne, Piagét and Skiﬁﬁer.have
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‘ .
had considerable influence on the present direction 'of science
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- education, partigularly: in;édentifying the .science content of’
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gredtest worth to students at various age levels; in providing -

‘models for stating objectives ‘and in revealing hom‘learning takes
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Regardless of the efforts that have been made in the past.two
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decades to identify objectives, and content, .we enter the Hast L
qudrter of this-ceéntury with many unanswered queStions,‘unsblved .
v ’ o = ) * - 2 d . ‘ A

problems, and'unﬁesolvéa,iSSQéQ,“‘ﬁike the political issues in .
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society today, issues in scieﬁce*éducatibn_appear to be fragmented,

.
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vague, unclear and so complex that it is difficuit to really get

- » . *
. : \ ‘
“a good grasp on them. '
& " v Y ) - - i " - .
* ° ‘> ¢ * > . - ¢ °
Education in general, and science edﬁcatxon in particular, has,
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. been supjéqfed to severe criticism by the lay publig, and by
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specialists in various fields. ' For example, individuals. with
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some’ expertise in phildsophical analysis have been critical of
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the man§ ambiguities that exist 'in tﬁe,términology in science, education.

»
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Martin (5 ), has analwéed the logical structure of such terms as

[ 4 _ ’ - T
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1 . .

(a) scientific inquiry, (b) explanafioqd.Lc) deﬁinition; and (d)
. ‘ . \, .
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observation and clearly revezls ‘the ‘confusion that prevails in

. N ’ « 4 .
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terﬁipology in common usage in the field. Philosoph§ of science

. Vi ' s,
and/or philosophical anaiysis properly applied would assﬁét ,‘-Q‘E

science educators in their thinking'about scienc&, how they ¥iew

the cyprriculun and how they%employ other educational practices.
. . ) . N ¥
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°;DL)ring the next 35-2¢f miﬁhtes_l want to explore with you some
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"of the crucial issues related to the objectives of science education.

. . * ~4 { . . ’ ¢ ‘ : l-.//

To set the stage for such a présentation it will be helpful, '
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fdb'me at -least, to brjefly review and discuss (1) some'of'thgp'
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limifations oFf sciencl, and (2) the general aims of education today.
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Hopefully, this backé&ound material will relate sblidly with
. 4 - - .
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issues pertinent to e objectives of science éducation and should
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give some indicatiorfj of the direction scienceé education should
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take in the future.
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1'11 give it a try.
II.. Some limitatio
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Science and teghnology, together, have played an extremely *
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" has greatly enlarged the

".need for,s¥Perstition and the ;ifé of
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~
. ~h-
e .7 .
- . -
. . o . .

important role in the evolutionary development ii”estern cudture.,
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Throﬁgh the years science  has provided man the means of rgsolving
\ . “ A y

. . . ‘ - . s>
many of his pressing problems. Krusch says "it has all.%ht
A ;
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banished the need for superstition and the bdind. acceptance: of
. . " , - .'
‘J * L]
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dogma, it has taught man that the.Universe is ordered and has
-

that ordef, it has;, with technology,

‘-

revealed ‘the elements of

shown man how to improve his physical conditions of life, and °

. - .
Al
dimensions ‘of man's world through travel
and communication." We have every reason to believe *that science
- R s DA
f . . .7
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.wWill ‘continue to serve man 1n liberating his mind and _spirit.
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He further reminds us fha; though science
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éxtreme‘hardship, both .
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has removed ‘the,,
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superstition dnd hardship pergist- in the lives of a large bPercentage
o . - ':"‘_'. 4

earth, Tor others, science "has’; in
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the obiect of thg same mystical

* . h

S of fhe inhabitants of this

- '

. their minds and emotions become

reverence that the priesthood of an earlier era enjoyéd--it_is
* . : .
. ¢
belieyed to be the source of.all wisdom and truth to which accéss

. * ~
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is so difficult, the*rights of initiation so arduous, that access

s . . < - -

| . 'must be denied except to a few of tHe elect.”
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Meqdelsohn(alluded to the-same ‘thing in hig 1975 NSTA
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Convention SUNOGO Science Seminar wher he suggested that "(1) the ‘
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’

. érfbgance of Tontemporary science must be replaced with modestyy - -
- g '

)
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(2) accessibility is a m@st for science--allow.peoble in, demystify

K v . .

. LY

the knowledge we're dealing with, using 1éngpage,9ndef§tood b&-
. o 3 .

the general public, £3) science must be reconstucted- to be' non-

violent, non-coercive and non-maiipulative, and X4) science myst

- Ll
N .

.. . 'be in haifij;/with nature. - , . . . °

. L 4
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*. '-.0One may conclude, that the increased emphasis of science
: . ‘
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- ' teaching since the turnlof the centuny hqé ptoduged only minimal

o I . . '

v . S
changes in the public's acceptance bf superstftions ang un-founded

. . . .. ¢ - .
\ P -

beliefs on a-large segmént of sgciety:: Ih fact there is evidence
P ~ o <4
. - . - ) N ‘ . i b 4 'l,--
that a pseudo-science®- has emerged, complete with a systematic *
: ) Y ~‘ v ..‘.' )
"body of propositions; practices and attitudes that give the appearance

"of being frue science. The continued popularity of Astrolog&, and
.t . ’ .

-~

. -
-
-

the many and vaq}ed T.V. commercials with their un-éeiehtifie - -
. - .' : . . . .‘ .
claims reveal the gullability of the general public. LIt may well

be that students studying science, in many instances, have not been

given the opportunity to master the art of hypotheses testing by

- .
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/) ) ' food supply to.feed the ever-indreasing world poguiatibn--"
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refutation as well as by confirmation to give the: depth of ynder-

. b
4 . .
. .

standing needed for decision-making in a modern world.

.. . . . ) -
_ [ j ’ - z i . r/e R ‘ .
There appears to be &some evidence, at least, that /science students,

/ , - - ’ _ ." s

have fiot understood, acceptéd.or appreciated the bafi\y limitations

.

of science. It seéms to me that éréater*efforfs fhould be made

'inrbqntenf selection and in EPQ iq§ntifieation bf iject;ves to

@ ‘e
.

reveal'to the student that

. ’

- ' . - ] -
(1) The fields of scif?ce cannot guarartee to produce any

.l

»

. .
o ) - . 4 -

- special désirgd result:; Such as- providihg an adequate ,

»
.s 7 \ ¢

Or water, .or, health. Some things, are finite, There

.
’

. < :
-are, some things that science tas we know 4t) cannot do or: -

.. . . \ . '

4 . . . .t
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. ever hope to do. °

<
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’ - . . » - \j. " o . . . . -
(2) 801enqe,‘1n ltgglf, becauge 8f its intrinsic nature, .

- 3
-

cannot'imake.moral judgme ts.h”ﬁhly.man can do that.

- *
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"It appears to me that greatkr attention must be givep-in science
- - .3, . .
. » ; - . .1 * ) - "
teaghing to the important limifations of scienge. One possible

way to incorporate this in a Acience program would be to-modify - ‘

proceedures used in hypothgsis testing. The issye could then be °
. . . < 2t k4 ) .
stated as: . 4 . ’ a ’
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voo 7 ISSUE 1. Shall hypothesis' generation and testing be based

* -
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" on.the confirmation approach, the refutation approach « =

- \ - —

-
€ . g , L .
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"or'a combination of various:appyproaches? - o,
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IIT Importadj?-of the General  Aims (objectives) of Education

- - : ‘. - » A
) .

Traditionally the airms of:education (Co%enigs, Rousseaus, R

. s ’ . . r\ .-b .

- ’

Pestalozzi, ngbarfﬁand Froebé%--aé examples) placed major .emphasis

4 , . -
¢ . )
. > .

on "preservation of natural goodness, and viﬁtue,'aﬁd the form of

4

society which is in harmony W1th.them90) The relative impertance of - -

. . [}

. the attitudinal or affective domain,_aé vidwed by these philosophers

«

. . . . . - ‘- N - . . . .
1s quite evident. . . N
’ : . ’ i e
. ) ¢ ’ a“ ¢ .
Dewey expanded on this condept and introduced many new dimensions
. /—-'

.
— ..

Iy . . ! ° ,\.
in his writings on educational Rhilosophy. ,While he never 'stated
. i - =L ) P . F

} . I

specific aims of education, as such, he did allude to them-on
' " - .-) v . M {. .. ) . . .
numerous occasions:  "The aim of education is to be—feound in the |

~

.

3 M . ) . ~' . -
process itself, and not as a final goal to be reached. Education ..
B 3 M . . . b
a .

‘proceeds by constantly remak:{ng expérience, and £t is qhis re-

~ .
<

construction which congtitites its value and accomplishes its aim..
. : ‘

» g
- R %

. . : ’ ' : . . | . s
* Hence education means the enterprise of -supplying the conditions

‘- e 2
. - ta

-

which insure growth, or a&quacy'of life, irrespective of‘aée.
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The primary root of all -educational aCf’ﬁ"—i‘;Y‘ is.in the “énstinctive, ~ -
2 T e YL e
) impulsive attitudes -and activi@&es of fhe‘ohilda-Snd“notﬂig;tﬁe‘“ oLl
. '.',_ - - - . .“'.\ ) .\"‘ O‘N“u_ '-.

L presentation and application of extéfhai-marefial.?_(Eb&fS'AerwoodJ

e .. . e
. . ' -~
xS

p. 866<69)i. i S

-

. In 1918 the Commissidn o.ﬁ'tfﬁé"Reorgqhiza‘tion of Se_condérfy""f.’-': o

P . Bducation propdbsed .2’ set- of sé'v'eri-éapdipalA opjebfivesw.(hea_l_‘_c}_),_ :
. " 'command of fundamenrtal processes, worthy home -membership; vacatiochal e
o s ' S I IR -
competence; effedétive citizenship, worthy .use of leisure;- and -y
, . L] - " ) “. ' . . . .. .‘ N
ethical, character) of education. Twenty years later (1838) the t
) . . , . ' ». . e : . \
- Educationdl Policies Commissiqn developed objectives of education T
. . * . ¥
. g N hd * LS » .
. under four major headings: self realization, human relationships,
) . . » A . .
. o . ) .« . ~ sy R . . ’ ’
econdmic efficiency and @ivic responsibility. . T
3 } ., . ) E , ) ,l.
Ea‘ch eneration seeks to further idertify and define the .
. . A ' N - . .-
. Iy . : ! .' I[ . ':.‘ . * N \
major aims of education--autHots change, words are reorganized )
. - - L .
» ‘ . ‘ . . . N .
' and regrouped,  but the general meaning remains much the same. 4 .
. . . o " . . e
. 'u . (] ' a,‘ -
/ ‘Changing "ﬁ;onditions in society are reflected. in any statement’ )
- 'l.’ . . - N . .
3 L e
.) : . . . N . N
of aims of education--its pProblems, its pressures, and its needs
» -%Y . - . - ®
. . i .
at that immediate time. Piaget (p. 231) seems, tQ‘ have captut*gd o~ .
- o 5 - e .
the needs of society in his statement on the aims of edycation .
Q ) ¢ . . 4 . N . '
. ‘ ) 3 ~ . ) s .




"adjust to,fand live 5@,,a modern complex world. The key to echieving; :
) A v ' . .7 \ e

-

: : T R .
which. are stated in ‘¢lear'and concise terms as follows:

- ‘ PN
y ,o . . . .
- ¢ .o . -, \

s

The goals of ,educition are: « « . to.create men who are
: ‘ ' ~ ' L

~ L

. ‘ '~~
capable of qbing ngy.things, net simp of‘repeating what

- 'o “.‘, P
bt a .. 4
. \u' I'd
other generations have done--men who are creative, inventive;
. 2
. i . “y ‘
and discoverers. The sedond goal of education is to form

- .
» . . - v v

- .

‘@hich-can be critical, can verify, and not accept

. . everjthing they are offered. . . So.we need pupils who are

~

©

aétive. . who learn early to tell what is verifiable and
~J L] k . .

Fl A . . . . . 1 . L]
i - N

not ‘what fs silply the first ifea to come to them. - . (6. 'p 231)
/ v s .

-~ - . .
1) . A . ¢ L

. - P Y .
* |3 o . . . .

I'm surejfwe are in whole or. partial agreement with Piaget's

. ‘ b s J ~ T - ' . . \
: . B ,.° : [y .L‘ ) .’;,'l . » -,

statement of Jaims for thHé need to develop creativéwand scientifioelly

o » * e

- . .'; N\

llterate 1ne:v1duals ‘equipped w1th fhe tools necessary to perform

LN ) Lt L .- s 3 >
satlsfacto «1 in theidec151on-mek1ng process, if they, are to C

.

R . v ' ‘ [
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such godlf lies i?.the'pnoper‘selection of Qghtent’and in eelecting ’

. R
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approprigte tedching strategies. One may question. %hether curpent'

A *

-

v ) L v el « 4 ’ o ‘0'
science purriculum materials, as used in the normal classroom, K
& v 7 .
achigvef the goals of educatloh-sugg sted by Piaget/ Much work
" -\" s . o A rl

. .
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'remaln. to be done 1n thls area“*f v . .k
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In final analysis, the objectives'of sdience-eddcatipn‘must
"y et e o .
-_— ' . '- -

grow out of, and be responsive 't the accepted societal goé}é of o
- L4 ’ ) . [ 8, \ *, .

s . 4

I . .. ’ o
& L oote S Do ) C o
education. Chapges. in society oécur rapidly and irregylarly, NI
s * v, <t < . . ¢ ro, T
d ' , : s ’ . : . . 1 / . , '-“ 14
. . ok s 4 e v e L, ie L o o a ~
giving education little"lead time to adjust to, and meet, the -
. v . . , ‘. l" - I. -
" ) . l " 4. . s T 2
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requiremerks’ of new, situations. Specialists from variaus. areas of "o
. -" ( . . ;E . ,\ , ) . ' . ) o. . - ' |
- . . ‘ v . '\‘ . . B .' . - RO
. studyr-sociologis¢s,‘histgrians, psychologists and philosophers IR
) S T e ’ . L L e
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. must joln:profe531qnal educators in idefitifying and defining the
. 3 ) t 7 -
o A B P , e ‘ ~ e
R T . ‘ - P ;. e '
major goals, of leducatioen. ,They. would contribute by.providing a
° ’ 1e N v [y - . v,
. . . ' o, - v -
N A i ‘ o ‘ P ‘: o
, o degrgg.of.authgfity and inspiration’in,a{pepiod,oﬁ rapid social o .i}
] - .-. . '. . . . . - N \ ] . . N
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change- and segientific advancement., S Lo, :
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"IV TheiObjectlves-of Science Education. et
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A Just as_the aims:of education have changed and have beeh in - AR
. '. .’\ N '. ) D . v ' .. " . , * . . T _ ‘0
. y @ state of ,ferment ‘threughoiit th history of American education, o
. : .'\ . " c’ * ) ) T . ‘ A ('.. . ‘. ’ . L A ' .
.V Y so have the objectives of scienée- education since becoming. a .
v T, =TT o »
w P - . .4 ) . . ¢

. . - ., ; ’ . -
." " part of tﬁé school cugriculum. During thé past two decades the
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: e A . .
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. . * . 4 T . - v
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.

-, .major concerns hdve cehtewed around (1) structure and Fohcepfbal

b ) .. 1. - . ' ’ ’ .' { . .l‘. ' " ' ) - a
' .Schemes of sciepté deemed of value to students, and (2) the'.
' " : N P \ . A ’ , ,
- / » \ J . ) l L ./r
* Processes of science,which studenfs ‘were to unde¢rstahd and use in | .-
v . . . ' 3 ‘ v,

o solving evetyday problems. ‘Debates involving educational theorists -
. . s ' . - ‘.”‘ ) 11 ‘ .
: . : Vo
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have developed over‘’the relative place and importance of structure, )
N Ty . ) . * . -
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and, process an the-sa;ence curriculum resultlgg in rethlnklng ~ﬂ !

toge _t :_: . . , . * * . . . s w ) ) /\
(4 * ’
. the traditional bbjectives of science gducation--scientific"’ .o
e e T e \ . { . .
) \ v LT oot N \ '

knowledge, underetandlngs, .sk%1ls, and behav1oral modlfxcatlons.
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cﬁ.} Objecxlves related to‘knowledge T 4 . S \'.
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,Traditionally, thegacqﬁfSigion of knowledge, has been_considered

* :. . . ) ' . . ~ . ‘-‘ . T .
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Pioﬁositionaimknowledge is important in any study of science
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but to be effective it mpst‘§atisfy eath of four prescribed conditions.
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All §oo‘frequen%ly, in aqquir;né'knoﬁiedge.stpdeﬁf% are ndI,required
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X'to justify why they believe p. Teachers &t satisfied with the first
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ISSUE 2. -Shall the central purpose of science education
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’ﬂg‘Amotﬁgr major, debate has developed as to whether dMmphasis in

science~teaching should be on structure and conceptual schemes T
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’ *“ - Shylman and Tamic in a Chapter on Research ¢n Teaching in

The Natural- Sciences (p. 1105) found in the Second Handbook on
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TeachiAg suggest thét-coptpoversigs in stating objectives in

science education be grouped into two levels of disagreemeht-
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with respect to subject’hatteﬁ{ ~tHe normative (what students \
- . . -
ought to know); and the cognitive ( what learnings can best- be
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) A. Normative level objectives. - .
Objectives at this level aftempt to identify the specific
, . . . : - . . .
“\\;\;‘$. scfénce_doméin that students should learn and ungerstand;-the
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essentials. They attempt to brifig about satisfactory answers to
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" "age 01d" questions: What is’ science?. WEat‘is the role of the
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scientist? What scientific knewledge is most beneficial to the
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student? ' How curriculum makers, and classroom teachers answer

these questions will determine the nature of. the objectives, 3‘
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N subjett matter emphasis, and teaching stfategies\used. There are

many issues and sub-issues tHat may be identified at this leyel .-
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* - 'with-the center of focus on how students can come to know and
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understand the matural world, as viewed by science'and at the same
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Is this what science %ducation and science teaching is, or should
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B. Objectivg\é at the cognitive Mevel.
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Objectives ‘at_the cognitive level attempt to identify k? wledge.

in science that is learnable, transferable, and of basic value to
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the learner. The debate among educhtional theorists focuses on
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ecifically on what is
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transfereq ‘in the lea"r'ning pr,ocess:(Shhlmanland Tamir, p. i],07): o

the piace and importance of.transfer.and.sp

" For example Bruner stresses latefal transfer of broad’pringiples
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of science from topic to topic, and from field.to field.
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believes that the transfer of the knowledge getting proceéss of* . .
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greater importance than the acquisition of knowledge. Gagne
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Ausubel supports the thesis that
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A major issue regarding the relative importance of objectives
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at the normative level and cognitive level may be stated as: »
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Issue 3. Shall theé major objectives in science education be

‘centered dround’ knowing--#he identification of a body of knowledge
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to be learned per ssec or the .modes of knowing science.that are
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both useful and permanent? " . . T : !
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Another .major area of debate in science education today relates
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and §tujents? Tﬁe'%brk.of Tyler (1950), Bloom f1é58)~énd Mager (1982)

on writigg of objectives éas influenced committees preparing hew
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,learn%ﬁ." As you know, to ebcomplféﬁ this task he'has suggested
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these/ steps: B ’ ' ' -
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1. Identlfy terminal behav1or by name--ev1dence learner has
7 achieved objective. . . - o
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! 2. Define the desired behavior--condition under whi¢h behavzor
) /_ ‘ will occur ]
’ / 3. Specify cplteria of :acceptable pepfofmance.
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Py This programmed ihstruction approach has influénced educational
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progré%s at ¢he loeaﬁ districn level, and in.pbograme proposed by
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. oF Based education has, pbecome the "battle cry" of education today. - .
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1nqrd1nate emnount of time wrltlng behav1oral objectlves ‘Wwhich to-
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dafe, at leasT do not have ample research ev1denEe to support. A
1 2SR /

. -'. » $ I e

7 - el . "‘ ) “A)
\ - critical quesLlon is: w111 the creat:ve, 1nnovdt1ve teacher be *

-

)

N .
7 b

restricted by behayioral_gbjectives with a high degree of specificity,
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behavi%rally;witﬁ specifit’ perforfances, conditions,and criteria
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for-judging performance, or Should they be stated more generally.
- 4 . - .
o‘ s Q\.‘ * L]

. with fewepr restrictions on':the teacher and student?
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