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ABSTRACT

&

Deliberative Curriculum Theory As Applied
To Science Education

PRS-

Notburga Jung

This paper combines a compendious exegesis of‘Joseph

J. Schwab's writings on curricular deliberation with an exemplification

of deliberative enquiry. The latter entails an exploratory study of a
current .curricular aim in science education, that of scientific }
literacy. The general argument made is that delibérative enquiry, as a ) (/Q\Nﬂ

framework ‘for curficqlar deliberation,'is particularly appropriate to

the resolution of complex educational problems such as those centering

-

om the aim of scientific literacy in public education. '

- ,

‘A number of formulations of thié science education aim are

examined in terms of historical development, conceptual  elements and.

/ .
school practice. - Three science’ education goals are shown to be

. » M . N ' . . ha
important to the aim of scientific literacy. These are the goals ;

focusing on science concept science skills, and science~society

issues.

LS
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.m’\ll be followed by a fuller development of the basic argument that I

CHAPTER I

INTRODUCTION A

¥

¢ .

Statementﬁ'of the Basic Argument

1 propose in this thesis to combine a compendious exegesis of
° ¢

Joseph J. Schwab's writings on curricular deliberation with an

exemplification of Schwabian deliberative enquiry. ' The latter will .

entail an examination of one current science education goal, that of

scientific literacy, by drawing extensively on the phases:of Schwabian

s
-

deliberative enquiry, * 7

s The starting point will be a review of Schwab's major

]

contributions to the curriculum field in regard to curricular

_doliﬁefation, by focusing on his work as embodied in a series of four

'

determinedly related papers published over the past fifteen years, This

~

put forth in this thesis, The argument consists of the following

- ¢

propositions:

K]

(a) dgib}erative enquiry as described by Scht'vab, is a framework for

© curricular deliberation that is appropriate to the resolution of VW

complex educational problems; .
(b) the sciénce education goal of scientific literacy 1is a complex
educational problem; . - V .

(c) thé use of Schwabian deliberative enquiry in curriculum planning S

N .
will point the way:to possible solutions for this complex *

s

educational problem,



r

A New Approach to Educativnal Problem-Solving

Schwab elaborateg The Practical over a period of some fifteen

years.! The Practical describes a framework of enquiry for

investigating the concrete nature of curricular problems, understanding

-
. them an’providing possible solutions in local situations, while using

"the \natural language of the practical which is deliberative exchange

and consideration among severdl persons.'2 J

Each of the terms in this definition will undergo fsomewhat

) '
extensive analysis as the fundamental elements in the general argﬁegnt

. .
are teased out and examined in derail. As a start, a closer look at the

concept of 'curriculum' might be in order. Schwab's conception of the

term 'curriculum' can perhaps be better appreciated in juxtaposition to

a selective variety of other current conceptions. Webster's New

Collegiate- Dictionary provides us with a definition that is as good as

any designed for abbreviated convenience: "the courses of study offered

by an educational institution".3 S&he;g:?erlnursory definitions would

~

differ only mildly from Webster's by adding the condition of scheduling
o »

the course work in some manner. -

Reid is more generous in his description of curriculum: "a set of
activities involving ﬁeacher, leanger and materials, and 'th;t these
activities are provided thro;gh permanent institutions".4 Barrow goes
further when offering hig definition of curriculum: "everything that is
taught [in schools] whether consciously or otherwise and whether

—_ e
clearly advertised and timetabled or not".5

Whereas Reid's description of, the term 'curriculum' might be’

AN

H -

placed at one end of a continuum designed to expose the nature of the
A}

t

o

e A et

L e i
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term ’cufriculum', Schwab's description would 1likely fall at the

r it

opposite end. Reid's. brief outline of curricular deﬁiy&s contrasts

noticeably with Sc?ﬁab'd&xichnEss of inclusive detail: .
Curriculum is what is successfully conveyed to differing
degrees to different students, by committed teachexs’

_~~481ing appropriate materials and actions, of legitimated
bodies of knowledge, skill, taste and propensity to act ,
and react, which are chosen for instruction afrer
serious reflection and coffmunal decision by

' ‘representatives of those involved in the teaching of «a
. specified group of students who are known to théﬁ

-
decisionmakers.6

’

This is 4n keéping with Schwab's plea for the recoghition of the
importance that teachihg and learning details have within the total
learning situation, when trying to promote curricular changes.

- . “

\

A Preview of The Practical

The‘}irst of the four papers referred to above is entitled "The
Practical: A Language for Curriculum".b It examines two redlms of
human“hctivit; - the realm of the theoretic and the realm offihe
practical.. The former is pharacterized as seeking waréénted knowledge,
as 1in theorizing from reseérch work, wﬂichlactTVity serves, at least in

part, as authorization or justification of such knowledge. The latter

realm of human activity seeks a defensible decision because a -highly
specific or concrete and usually unique situation requires that some

speciffc action be taken. . The paper offers guidelines for a fruitful

enguiry (styled deliberative enquiry) into the concrete éituation that

N

gives rise to a. felt préblem so that the felt problem is transformed

3

into an understandable problem. .

- ' N
L4
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The second of these papers is entitled "The Practical: Arts of
Bclectic".8 It continues the enquiry process by describing routes to

~ -
possible solutions (multipl®d and alternative) of the problem as

’

“formulated b he initial stages of enquiry. These routes depict an

S

interplay fof three majo} elements in the deliberative enquiry process:

(1) the four commonplaces of any edugational situation, i.e., student,

<
»

teacher, subject matter and milieu, (2) theories drawn from all
appropriate disciplines, e.g., psychology, sociology, subject matter of
the specific course among others, and (3) the problem-as‘—formulated.

The third paper, entitled: "The Practical 3:1/Translation into

Curriculum", concerns itself with guidelines to the placing of subject

matter’ fnto a specific curticular context while continuing to respect
3, *
adequately and equally, the three commonplaces just Qtioned.‘) + The

Vgeneration and consideration of subject matter alternatives forms a

major part of this phase. The fourth paper is entitled "The Practical
: ' =

4: Something for Curriculum Professors To Do".l0 It explores the role
of curriculum specialists within the deliberative"enquiry framework,

.examines the group dynamics in such a process and suggests a way in

- -— -

which curriculum specialists may acquire-their expertise. Each paper‘is
designed to "exemplify arts of the practical insofar as tlijs 4is
possible in expository prose' and to demonstrate the "elastic boundaries

characteristic of practical problems" of which ecurricular problems

constitutZ/ one species.ll s '

1

A reworking of Schwab's arguments for deliberative enquiry in
curricular matters would seem to 1ogica11y‘prece~de any attempt at

N

exemplif‘iéatibn.' In essence Schwab’ recommended that, instead of solving-

P




~N

. . _ .
curricular problems by the imposition of a right theory, another
starting,point be used. What was required, he maintained, were:

New pr’incipl‘és which will generate # ngw view of the
character and. variety of {curricular] problems. Tt
requires new meth\ods, appropriate to the budget of
problems, 12

The - term 'princdple' is the key to an understanding of Schwab's
3 '

position, He argues that there will be "a renewed capacity to

contribu.t§ to” the quality of American education, only if curriculum

energies” are guided by toncepgjons and ideas that direct these genergies

to perceptions of and inquiries into curricular subject matters that

“

center on the practical and problematic situations requiring

4
decisions.13 He contrasted sueh perceptions and inquiries with those

that are guided by principles directing us to warranted knowledge. The

overture to this major and new curriculum perspective was the series of

v .
papers by Schwab between 196aand 1983, briefly described above. Schwab

. argued that the clrricular problems, both numerous and seemingly
. “a

intractable, that vwere evident to curriculum workers, were essentially
practical problems, that 1is, problems having their roots in the
concrete, the particulars of school and classrpoom situations. Choices

must be made by teachers; action must be taken, but ought not to be the

~

sole focus of the curriculum plaﬁner's attentien, Instead, a new
language n‘uust lbe used, a language that 1is able to take sufficient
account of .the particulars of a school or classroom situation and the
inevitable complexities they entail, while being flexible enough to
cpnvéy athd transla?the benefits of appropriate theoretical discipl_ines

into the classroom situation.



The starting point of ‘Schwab's The Practical is the premise that

3
a successful and fruitful pargnership of practice and theory are,

necessary in education. Practical considerations in education are the

~

J%tual, Qgg alive, the concrete, the changeable, the unpredic{able in
everyday teaching and learning. Theoretic congiderations are marked by
systems of thought, generalizability, encapsulation and predictability.

Just ad™Bwth the practical and the theoretic will fundamentally continue

to .be characterized by the \above attributes, they both will remain
fundamentally incongruous. But acceptance of this inevitability is only

the launching pad for '"the methods by which [mutual acgommodation’s)
- A

might be achieved".l4 »
This new curricular language would be used in a process that

£
Schwab termed deliberative enquiry.l5 5@15 curricd?ar proceps would
include caréful and thorough dfscussion and consideration of factors

-
-

= S
in a problematic "situation, as viewed through the lenses of teacher,

! 4
learner,’ subject matter and milieu.

.
A Science Education Problem: The Goal of Scientific Literacy

One of the major consequences of the recent American and

Canadian national studies of education is the posing of a mnational
: ~

problem in science education. ‘These studiés highlight the substantial

' scjence curricula implemented

, ¢
in the 1960's‘and‘ear1ydl970's; and the present state of publiclschool

gap between the aims or goals of the 'new

science education as provided by the respective state .and provinéial

N

public school systems. Because these science curricula (i.e.,.BSCS,
. -, ,

PSSC, CHEM study and others) constitute the most recent and major

1




s

changes in North American high school science curricula, widespread
’ »

attention in science education literature has been focused on the

reasons for such a gap between science education desjderata and current

- . - v
student performances in high school science courses. . ’ .
Sl N

‘ Initially, it was believed that these science curricula w:):‘ld. )
,‘be the route of 'science for all‘l‘. Sadly, they have px/'oved to be
science for only some of the college-oriented high school students. The
remainir;g*?\igh school graduates, efther college-bound or not, have been
designated, by and large, as scientffic {1_1iterz;tes. An enc;'uiry into
the scientifi¢ literacy problem, proposed as an exemplification bfo
Schwabian)deliberative enquiry within the confines of this thesis, may
shed some light on these disparities. The enquiry .wil‘l include soﬁe of
the major infiuénces in the historical and conceptuz;l dévgalopment ’of
this dic.hotomous and problematic si;t:'uaticm in science gducatiop,

a

followed by its location within educational contexts and possible '

Overview of Chapters - .

approaches to its resolution.

C‘ The- style of the thesis 1is discursive. This 1s intentional:.

in ordefto}hﬂp the general picture properly it is _absolutely

necessary to work through a number of basic points in detail and f’r* f;

B . \r;
different’angles. There are no quick and easy curricular resolutions

1 %
when faced with a problém area as essentially complicated as the goal: of

JE— a

- sc;'ientific literacy in science education.. . .. '

Chapters. Z—through 4 concern themselves with a description of

> ‘ . - .
M
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)
AN I

the Schwabian approach to curricular chéngés, an approach that begins

+with the-

acceptance that problem situations are open-ended and
the search for solutions should not be closed off by
adherence to fixed views 'or the appropriateness of ends
or means,

and ends with the

recognition of the fact that practical problems can be
solved only in [tested] action.l6

This description will subsequently be used as a‘framgwork for
deliberating about the state of and possibilities for science eéucation
in connection with the térm 'scientific literacy'.

The remaininénchapteré concern themselves direcE]y,with lhis
ongoing problem area in science education, namely the 'p{?bl@ﬂl area

v

centering on the goal of scientific literacy, which was brieﬂy
]
[ 4

intraduced above; As will be ‘discussed in chapter 6, the very term -

'scientific literacy' tends to defy clarity, and particalarly so among

educators who use it with the most assurance. However some attempt at

- '

clarity would seem to be necessary and this 'within the total framework
of the'educational complex.ﬁ<%he concept of scientific literacy will be

probed with the intent of teasing out elements that deserve considered

reflection” before answers to curricular questions can be productively

- f

attempted, In ‘addition, some concepiual positions taken by science
educationists will be examined in the light of these analytical pfobeé.
It is hoped that this will ‘serve to underline the desirability of

. [
regulaf.and substantial ties between the deliberative process and the

external.realities of science education.

1 it e Tw s . 4 Akl el

o ewx



Chapter 5 concentrates on an exposition of the multiple and

~——"—con§§sted historical concepts of scientific literacy that have arisen
\ .

over the years and are re-surfacing in the wake of the national studies
N 4

referred to above. Problem situations tend to have historical
precursors that have collectively effected the ;volption of the existing
difficulties. If ameliorative or normagive change is to be gradual (as
advocated by Schwab) and acceptable, a bettér ‘understandiﬁg—‘of the
reasons for change is neeqded. One avenue to such an understanding is
the willingness to examine historiéal ;ransitions and processes. There

N P

‘is no longstanding experience in the teaching(AZ;ea of scientific
literacy and these contested concepts havg not been tested by the fires
of experience. This makes all the more reason fér what is hoped yillvbe
a reasoned balancing of the various and competing historical, social,

political, and educational factors which are all part of the scientific

-

literacy probleﬁ.

Hs

Chapters 7 and 8 will work through the respecti&é tasks of

problem formulation and directions for solution formulation,. drawing on

Schwab's framework of deliberative  enquiry. In connection wifh the
. tasks of these two chapters, L1 do not pretend to be suggesking
" water-tight alternatives which are logicélly closed and transcend all

pgevious'formulationé. Rather, the intention is, by.clarifying some of -

i

the key difficulties, to suggest the diréctions in which intellectual -

work ought to be moving and to 1llustrate some of these 41deas-in what is‘

-
I

essentially an exploratory study. It is this last phrase that must be

v

kept in mind by the reader when taking note of assertions that reseﬁble

conclusions about curricular problems and solutions concerning



sgientific literacy. Nonetheless, this writer wéuld hope that the ideas
- L] y - .
explored in the following chapters would stand. in some form as a

contribution to the continuing debate surrounding the goal of scientific
| , : /
literacy, in public education and formulae' for curricular changes.
o )

Some Orient ing Terms

.
o

The reader now has a cursory overview 'of the chapter contents

and sequence. An equally. fundamental role for any , introduction is to
provide the reader with some framework of orienting terms that can then
be used to steer a course throuygh these chapters., Such orienting terms

can also be used to cull from each chapter, igeas, arguments and examples

[N

that can be linked to the underlying theme of Schwabian deliberative
enquiry. One 'set of orienting terms 15 derived from the Schwabian
phases of deliberative enquiry. These terms are particularly discussed

in chapter 3: problem perception, problem formulation, solution

>

formulation, rehearsdl of solutions, and reflectien.
. -A-second set of orienting terms is useful in underscoring the

dichotomous tendencies of curriculum matters, The design of most

+ .

cirricula "is based on theoretical considerations that emi)hasize the

W

subject matter or the learner, Curricular content is then linked t{o.the

nature of the subject matter and its methodology or "to the nature of the.
- *

N

o<
learner -in psychological, sociological or philgsophical terms. Theories

may certainly guide the ﬁractice of curriculum design and 1mp1§mentation
but they are not éhough.\ The limitations of any such theory .when looked

at from the stance of -teacher or learner are serious and even crippling.

Yet, the. practical elements. entailed in every curricular change have

10



-

;
PR -

c

8

traditionally, consistently and effectively been ignored "or downplayed
in curricul‘uxe planning. Schwab's insistence that these practical

elements be given a status in curricilum planning commensurate with the
[

!
i

status given the theoretical'h eleme‘nts is a rela-tively new perspective in -

. ( - L

the curriculum field. -Consequently, in this thesis, the terms
. - .

practical and- theoretical will serve as reminders of this insistence

~
4

within the framework of deliberative enquiry.'

Occasionally, the“e will appear a subﬂ-set of orienting terms

3

that this writer has found to be especially useful in aaparticular

———

" chapter. Such terms will serve a quite local function and yet will be

~ .

related to the larger gnd more pervasive Schwabian orienting terms.

One such instance occg»’i's in chapter 7. A sub—set_o(@ori,;'entihg terms, is
drawn from Dewey's explication of the pfoblem&tic s;l}t:uation and its

-

relation to education and experience: the indetermir)ate situation and

“the determinate situation, settled elements and unsetéled elements.17 .-

’ ﬁ ’
[
4
.

Concluding Remarks v

It might be .&Eimel‘};‘ to, indTEate my_ reasons for’ valuing The

Practical. Some of 'them ére based on the intellectually afapealing/

VR

deliberation prOCesses outlined by The Practical. Oth'ers‘ af/e'

-

influenced by my years in high school tea&:hing and concomitant_

~

. experience in pedagogi.cal_ andl_curricular prbblems. Let me begin with

‘ =~ » 7
the premise that there are existing educational problems still not

«
t

’ resolved. and that the future will hold mofe, and add the premise that

concrete problems. need concrete solutions. - Deliberation is an

’

"intellectually appealing and ‘stimulating approach to problem-solving.

<

. N .Y

—— » . . . »

11 .

&



~ . .
It/provides a forum for the sharing of information and warranted points
'éf view frgm all involved parties and disciplines.f‘ Such a forum should |
// also be able to delineate the interdependence of all disciplines and

‘ . _
/- educational activities connected to the learning -processes of human

beings. The .internal educative™ nature of deliberation is another

consequence not to be passed over lightly: the deliberative interchange
v . . _ - h‘
among education practitioners, education theorists, education

—

researchers, and subject matter specialists in such a forum .may well

’

help to promote better undefstandir'f'g of each other's concerns,

methodologies and values. This may facilitate ‘future curriculum

N

planning.
Lastly, deliberation avoids the need to j.pst:ify curricular
choices or decisions based on either inductive or deductive

methodologies because it offers a viable and optional rationale.

B

Deliberation will ' also ‘e'nsure a continuous process of evaluation of

curricﬁla'r choices, permitting close supervision .of implemented

solutions and the monitoring of their intended effectiveness and/or

unintended consequences.

N
"o $

r

In summary then, I propose in this thesis to explore the
appropriateness of Schwabian deliberative ehquiry to the investigation

of one ‘prevalent and problepatic’ science education goal. The

transla'tic‘m of this goal into specific curricula is beyond the scope of * '

this thesis and not bart' of the intention of this thesis. However,

suggestions as to the direction of movement from problem, to solution

will form part of the total exploration of this problematic' scieﬁce'

s

e



i

’ . ’
education goal. ~These suggestions should be viewed as preliminary to
any projected curriculum desién. . . ; ) vuimb

The foundaé%g; of a deliberative enquiry rationale precédes its

- fppliéation. The explication of such a rationale constitutes the

>

structure of the next several chapters. ’ '

p
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CHAPTER 2

THE PRACTICAL: A PRESENTATION OF PRINCIPAL

-

\AND SUPPORTING ARGUMENTS

Josegph: .J.é.Schwab, in the first of four major

I d

suggestions for the rescuing of the curriculum field from stagnation,

apers embodying

decline, and ineffectuality, presents a thesis concernjng curriculum
planning that is consistently referred to in the subseqdent papers.

\ ’ '
Briefly stated, the central argument.is as follows: a renascence of

———_
the \curriculum ‘field is possible if the energies of -the curriculum

-

specialists and their colleagues are concentrated on three heretofore

v

neglected 'modes of operation', which Schwab entitles ‘the practical,
)

-

N
the quasi-practical and the eclectic.

J
My intention in this chapter is twofold: to examine reasons for

the argument that has just been stated, and to examine the nature,

emphases and applicability of each of the three proposed curricular

—

modes of operation.

.
\

Even though I will be drawing on Schwab as the principal source
of the arguments presented in this chapter, there will also be some
reference to the work of other important writers in the curriculum

field- T

.Supporting Arguments

It meed hardly be said that an argument in'which a renascence is

v » Ll
.

projected presumes some considerable difficulties with the status quo.

- 4
R
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\
One of the arguments that Schwab presents in the diagnosis of the

“curriculum field as moribund, combines historical and methodological

evidence:

The field of curriculum is moribund. It is u,nable by

its present methods and principles, to continue its work J
and contribute significantly to the advancement of
education.! : :

By the time Schyab wrote these two sentences in 1969, there had already
accumulated substantial amounts of evideqce, resulting from the
cu,rricutlar ‘renovations and innovations of the 1950's and' 1960's, that
continued reliance on traditional o‘.r a’ccepted "methods at.1d principles"

(rules of procedure or investigation and their essential rationale)

would likely perpetuate the equally traditional records of curricular
failures and stagnation in the related academic field of curriculum.

Curricular failure can be dgscribed from a number of

’

perspectives. One perspective directs our attention to the role of the

teacher in the classroom implementation of any curriculum. Has the

4
t

teacher - been- willing to or able to' grasp; accept and implement the
intentibns of the curriculum designer? If not, a curriculum has failed.

It remains a secondary issue whether the curriculum designer or the

2

teacher is at fault; 'of course, both may be at fault just as easily. .
A second perspective must be included as an example, mainly

because of its prevalence. GCurricular content, i.e., subject matter,
*

- ‘ Al

from the traditional disciplines (such as history, mathematics, the
‘ ' *

sciences) may foeus heavily on the irnquiry. or p.rocess styles

characteristic of the mature research patterns of these various

disciplines without sufficient regard for psychological, emotive and

15
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cognitive developmental faators of the eleméntary and high school

7 -
learner.

The possibilities for curricular failure are numerous and
varied. This became pag&ieularly evident when even the 'best' of

circumstances failed tb,qmoduce large-scale changes in curricular
R [

A
PR

. planning strategies, teaching strategies and subject matter content.2
However, in developing the argument that leads to the..statement that
"the field of curriculum is moribund", Schwab used evidence located

within the curriculum field itself (as opposed to evidence of curricular

failures). 1t is not my intention to fully unpack this subsidiary
. . . . :

argument. Nonetheless, a summary of the evidence may be helpful.

N
Y\

Briefly, Schwab's evidence inciudes the following: (1) the

1

absence of contributions from curriculum specialists in most of the then

current school curricula (e.g., the science curricula developed since

-

the early 1960's), (2) the concern with theory development about

curricylum planning and curricular changes, (3) the appearance of

increasing numbers of writings dbout curricula in the form of-:

"histories, anthologies, commentaries, and criticisms", and (4)

continuing resféfements of work by others (e.g., Tyler, John Dewey,
behéyioral objectives).3 The details of this subsidiary argument are
fully ‘disclosed in the first of Schwab's four papers on The Practical.

»

In essenceé, Schwab argues that this situation will not be bettered by

A * \
the formulation of yet another new curriculum. "The curriculum field is
moribund" because its current methods and ‘principles no longer serve to

- ' AN .

advanct the field of education.4 Rather, what 1s required is a

carefully considered examination of the practices and principles common

16
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to curyiculum planners and relied’uPon‘by their colleagues in‘the
academic and teaching areas of education to solve curricular problems.
Having concluded tha& there is enough histo¥ical and archival
evidence ok educ;tional stagnation i; the curriculum fgéld, Schwab goes
on tB present a major argument that foéuses on the essential doctrine or

principlé in curriculum work that requires re-—-examination: the
- r

"reliance on theory" which he describes and decries as "inveterate,

»

unexamined, and mistaken".5

5

The Theoretic Mode: A Supporting Argument

The "inveterate, unexamined, and mistaken reliance on gpeory" is
highlighted as the principle that i; @t the heart of the problems in the
field of curriculum. Howevér, "reliance on theory" 1is a working
principle that has been considered as standard by curriculum planners
and has essentially been transformed hy them into a presupposition that
consequently shapes the sources of Problems, goals, subject matter and
teaéhing strategies. The inveteracy of this principle could explain in

.

part .the unexamined nature gf such a dependency on and recourse to the
theoretic as inspiration for, guidance for, and explanation of decisions
in curricular plaphing..Resort to precedence is likely a commonpléce of

decision making at all levels of human activit&, including the field of
curriculun. *
Even in the absence of any "crises of principle in curriculum”,

a cogent and appealing argument can be made calling for the

<
reconsideration or' re~evaluation of standard curriculum planning.

—- practices that are grounded in theory, and advocating the essay of a

’ A }‘r
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new' curriculum planning vehicle grounded in the particularities of

specific educationdl situations while ‘still prepared to incorporate
appropriate and examined theory.® It is just such an argument that

~\

B aill be advanced here. Whereas the p‘roper or accepted development of
theories entagidm-#Me abstraction of regularitie; out of the
irregularities, specifics and particularities of any studied case, and
entails stringent control of the limits or scope of the case (and t;may
well enc'ourage the flowering of a number of competing interpretation’s

-

t emanating from th:‘,e._:same case), the opposite is true in the
implementation of any curriculum. The particularities are all too
evident (there are no two students or two cliassrooms or two schools
flike), the learning situation is affected by an evér widening set of

+ influences (psychological, sociological, political, economic, etc.) and
some single decision must be taken moment-by-moment if some act of
Kearning is to follow.

Integral to an \;knderstanding of the difficulties resulting from
an unexamined }el ance on_{ theory is an appreciation of the nature of

\/) theoretical co;\st uctions. These are usually viewed as: the ultimate

i

outcome of researL“ and are commonly termed 'knowledge'., The nature of

such knowledge (or theories) has characteristics thét make fo;

curricular difficulties when theory is directed too closely to practice:

its universality, its partiali\ty. Universal statements or

generalizations are convenient shorthand, constructians that represent

interpretations of relatively éomplicated sets of %ata. In abstracting
these statements from the poql, of collected evidence, the

particularities a,rlld ‘divergencies of the evidence are left behind and

I
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ultimately 1o§t. Because of this, such univex‘\'al statements cannot be

- unilate(ally applied to some set of specific particu%aritiEs
(individuals, time, space, etc.) without running the \‘/e\ry real risk of

Q"”" inappropriateness or mis-match. A learning theory that empha;:izes the
joys and retention powers of 'learning-by-doing' may be inappropriate

for students who dg not require an emphasis on the concrete for

sustainéd and effectivé learning, or who are prelssed for time in the

\

school program, or who are motivationally or emotionally unsuited for

‘1% hands-¢n methods of learning. Schwab reminds us that
theory by its very nature, does not and canp take
X account of all the matters which are gfTrucial to
‘*“" questions of what, who and how to teach.7? ,

8 It ts these particularities of "what, who and how to teach” that form
v ) v .

the essence of curricula, particuﬁlar_ities that c¢an best bé described as

’

N AT . .
) > Mmultitudinous ahd multifaceted. Neither one of these modifiers is
a N\
: 4 easily assmilated to universalities in any direct manner, This is not ,

a feature of theoretical constructs peculiar' only to those often
* "
t associated with %the field of edu%ion, such as the disciplines of

L ' psychology, sociology and thilosophy. It is a feature of theoretical
‘constructs four)d/ip any and every discipline (scientific, historical,

économic, etc,) that is concerned primarily with the 'discovery' of

—— N
knowledsge. Whether or not the 'discovery' process is modeled after

scientific on%s, the desired outcome is some abstracted formulation °

% jintended to represent general- knowledge. The difficulties associated

!

ro with the pragmatic concerns of "what, w%, and how to teach" cannot be *

assuaged by a 'dose of theoretical constructs. Because of this, it is

s ]

mistaken to use theory .%stulates drawr} from psychology, sociology,

-

5
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philosophy, etc. "as principles from which to 'deduce' tight aims and
procedures for schools and classrooms".8

Should anyone, nonetheless, persist.in trying to apply
theoretical formulations directly to ‘thé problems associated with
schooling and educational imstitutions, it i; wise to be aware of the

- e

partiality of theories, no magter the issuing discipline. The result is
the inadequacy of theory ip any direct translation to practice. The
partiality or incompleteness of theory has two sources: (1) the very
separateness of each discipline, each with its respBctive subject
matter,and (2) the many compéting principles of methodology and theory

formation. Schwab refers to the fact-that none of the various schools

5,
0y

of thought in, for example, the discin{ines of psychology and socioloegy,
saéisfactorily accounts for all things psfchological or sociological.
(As an instance of this difficulty: among sociological positions, the
structural functionalists fail to account for the distorting influences
of power and economics in societal pattérns, as e;posed by the radicals;
neither éf these schools of thought, however, addresses the pervééive
patterns of behaviorql interactions émong individual members of
society). A curriculum grounded in one theoty will likely be inadequate

to the very complex demands of and conéiderations within any specific

A »

learning situation.

’

It is well to be reminded of the‘inabilitf of a;y thegry to
address all matters'invglved in schools and schooling. A specifig‘
learning situation may well call for contributioﬁs from philo;ophy'
(e.g., the nature-of knowledge and education), sociology (e.g., human

_interactions and the role or value of idstiigfﬁacs devised and sustained

(%
!
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or Ehanged by the members bf'society), and psychology (e.g., cognitive

and emotive devélopment in the individual student). No single

discipiine or theory can éatiéfy the multiple demands. of a learning

[PV,

It is then these characteristits of theoretical construets that .

Schwab would have us keep actively in mind when planning curricula. 1

have so far tri%F to delineate, some problematic consequences of an
unexamined reliance on,theory. Schwab does noE, by any means, suggest
that theories be’ avoided in curricular planning. On the contr;?y, he
places .theory-use in a particular framework that encourages considered
and analytical use of theoretical contributions. | ’

¢

The Practical Mode ( C

Schwab provfdes an edifice of evidence and arguments that the
field of education will continue to stagnate so long as the "inveterate,
unexamined, and mistaken reliance on theory".cbnginhes in the .curriculum

fieTB. This traditional and theoretic mode of operation; Schwab

4

maintains, must be replaced by three more productive modes of operation,

and it is the first of these, the bracticai, that 1 am now prepared -to

.

consider, : . .

.
»

The practical'mgge as proposed by Schwab, is radically different

LN ~ «

from the theoretic mode in subject matter, outcome, problem source and

methodology. Each of ﬁhese aspects will bé takeh ié turn with the

. o
intentien of clarifying the marked differences in each case., _

-

Schwab considers the subject  matter of the practiéai to be the

particularities or specific circumstances ‘of an actual sijuation with

~

—— Y- L]
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all of its attendant actor, environmental and time elements, The actual

.combinations of actor, environment and time will result in complexities

of unlimited variation. It is precisely some such set of 'C(;mplex
. Ve .
elemerits that can, be found in any classroom at any level of schooling.

4

And it is precisely such sets of complex elements that generate the
learning and behavioural problems ;ncounterqd in every classroom at
-every level of schooling. It is generally these learning and behavioural
problems that curricula are inten'ded and designed toc resolve, Tl-\e
practi|call mode' * of operation focuses on .the actual sets of complox‘

) ; . .
elements; it attempts to reach an understanding of the actual social and

learning interrelationships by taking into account the teacher and

learned and the social, institutional, physical .and m

within the schooling milieu, It is this collection & particularities

) . ; o
student actors, the intrinsic Ws of the subject matter to be

that must be first accurately perceived and then understood as Best as

possible. * The totality of perceptions may. include patterns or

regularities emanating from cdomparative or longifudinal investigations,
Y s

But this tot‘ality is incomplete if the evidence that does not fit well
B /
into patterns or regularities is ignored or overlooked. ’D?e totality of

perceptions must include both kinds of evidemece. It must be remembered

’ -

that the intent of the exercise is as complete _as possible an
understandiﬁg of an actualvsituatidon, one that. is "indefinitely

susceptible to circumstance".9 ¢

[aY

For the sake of an interded comparison with thé practical mode,

some important elements of the theoretic mode will be reviewed briefly.

°

The theoretic mode of curriculum planning operatgs under guidelines that

‘ D
* Y
- X
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d{ffer‘markedly from the proposed practical mode. _The subject matter of

¢

. the theoretic mode is the set of universals constructed from ,careful

. .
analyses of a circumscribed range of data. The focus of. attention "in

investigations and analyses of data is the accumulation of evidence to

support  perceived \regularities'. It is hoped that these regularities

»

would, in turn, be useful in ar‘ri’ving at a deeper understanding ¢f that
part of the known world under investigation, Knowledge, then,__if;_ the
finalioutcome of the theoretic mode, knowledge thg\t. represents the
underlying principles of the discipiines that rely on the theoretic mode

and that is “constant from instance to instance” and "impervious "to

changing circumstance”.l0 - It can, of course, be added that the

methodologies associated with the theoi:et‘ic mode -tend to follow some

+

variation of inductive or hypothetico-deductive guidelines of
investigation as determined by the - community of scholars ‘within ‘éach ,
-

)

discipline. But ' common to all of these methods ié their

control by a principle. The pripciplé of a theoretic

enquiry determines the general shape of its problem, the

kind of ddta to seek, and how to interpret these data to-

a,conclusion,ll -
U N 0 y . .

In contrast, the practical mode,. as proposed by Schwab, does not

t

attempt to produce knowlédge. Rather, its outcome ‘is in the form of -

t

1

. ' .
decisions that ,requiré eventual ‘actions in order to suppont their

v

e-f,fectivenessr. " As can easily be seen, the  methods  appropriate to

s .

decision-making are qa.lso quite different, Some form of .deliberation

(i.e., careful and full consideration) amenable to the requirements of' a

specific situation, would be ‘chosen,in'cbnt‘raét to some form of
.. s .

scientific metKodology normally qssociated with knowledge-producing

disciplines. '~ The practical oparates in the abseﬁce_of any guiding'

»

“ -
[}
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principle 'and must wait upon the problem to emerge during the active
search for data.- .The problem will start

to emerge only as we examine the situation which seems

to be wrong and begin to look, necessarily at random,
* for what is the matter. The problem slowly emerges,

then, as we search for data, and conversely, the search

for data is only gradually given direction by the slow
* formation of the problem.12

- a

" This last consider;tion points to important differences between
the prac%ical.and theoretic modes of operation. Th;se two modes locate
their initial’ problems in different SOufges. The theoretic mode looks
for gaps within the existing body of knowledge. These 'blank spaces' or
“states of mind"’may or may not bF,amengble to investigat{on and if
investigatea, the resulting cénclusions may or may not lend themselves
to appiication in the practicalities of everyday affairs.l3 It is this
last, namely, everyday affairs th;t serves as the source of problems for
the practical ‘mode. Malaise, friction, qu breakdowns among the
particularities éf daily activities may well be perceived as problems
that iﬁterfere with theroptimal functioning of these game activities,
‘The classroom as well as educational_ institutions of every sort are
replete wfthuinstances of malaise, friction, frustration apd
confrontation thaé may, well be amenable to cor}e£tion or removal if
investigated fin.an apﬁrOpriate manner., The practical, tpen,

\ - ==

‘ -
conctentrates the efforts of deliberation on the problematics as located

with actual school settings. . This js intended to be in contrast to the-

use ‘of theories of learning, pefsonéli;y, etcy, as the starting point
wherein the problematic is a theoretical one andw conformity of the
practical to the theoretical is desired. Such a task is by no means an

»

easy one. - Leaving aside ‘for the moment any consideration of

LT Y
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"methodological problems inherent to the appropriate investigative

sciences, the mattenps of uniqueness and changeableness need .to be faced:

The field—s4tuation in which the action takes place is
urique. No attempt to replicate it can succeed. And
the uniqueness of the situation is not nominal, but
significant.l4 '

According to Stenhouse, uniqueness is not a miner irritant, not a
commonplace safely ignored.

To make matters worge, the pre-deliberation field situation will
tend not to be the post-deliberation field situation in which change is

to be impleménted. Fox emphasizes the changeable character of the
-~ ¥
practical problem~situation when he writes (unintentionally mixing

metaphors) that "the concrete practical situation is an_amorphous one"',
not‘only because the characteristics may vary and that in degrees, but
also the very "location of the problem may shift several times,
sometimes even after we have begun to look for solutions to it".1l5
Atfempts to locate the field si}na;ion in a slower moving and

more generalizable total context have been considered. One such

s
attempt .derives its stimulus and direction from historical contexts.

Reid, 1in -considering "ways in which explorations of history can be
. k)

beneficial to d‘péhctically*based conception’ of curriculum change"”
L ) L]

suggested that, among others, history can'"provide understandings of the

- .

unique contexts within which action has to be taken".16 Reid stresses

the value. of undérstahding traditions, accomplishments, the community

.past: 'rhetorical ground from which arguments about needed change can

»

proceed".17 Schwab wiE;: maintain that it 1§ the practical mode rather

than the theoretic, tha s appropriate in such instances.

25,
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Interim Summary

~
A summary of the drguments presented so far would serve as a
convenient remindeY Qf the ground covered, The field of curriculum is
. . -
moribund™ as evidenced by continuing curricular failures coupled with

an inability or unwillingness on the part of curriculum specialists to

pursue the solution of curricdlar problems withit specific learning

&

situati(bns. The cause of this decline is to bé found within the
theoretic mode of curriculum planning characteristic of current

i
curric&lum methodology. The theoretic mode is dinappropriate to the

soluti?n of curricular problems due to it%"wery natureq i.e., due to

its ijperent subject matter (universals) and outcome (knowledge) Ythat '

*

are Hoth founded upon methodologies (controlléd by some clear
iaves igative principle) desi%neé té fill gaps in some body of knowledge
(the|/ source of theoretic problems). Curricular problems call. for a
rad%cally different mode of operation (the practical mode) whose subject
matier,(the specifics of learning siguations) and outcome (decision

leadihg to action) are linked by deliberation about the actual state ‘of

affdirs in a learning situation. ,

/

’TH&'Quasi-practical % . £ - .\

. . If the 'practical mode is to sgpye as the language of curriculum
planning and as the framework for effecgive'ﬂecision-making, its sphere

~

of opétation is a limited one. By this I mean thdat, 1if the
*

[ed

particularities of an educational situation are to be fully investigated

by the deliberative ffamework available to the practicai mode as
® . <

L}

envisioned by Schwab, the scope or size of the educational sftuation -

p) i ' .
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must be limited and localized.. The complexitiesjassociated with all of
the factors (the commonplaces of~ teacher, student, subject matter,

milieu) involved in the teaching or learning of one subject in one

school are gufficient to occupy the investigative attention of

- [§

- Ui
curriculum planners for some time,

-

-

It may well be the wiser approach to limit the scope of such
investigations and deliberatioms to relatively, small and localized
situvations, S‘uch a limited scope might be “possible in the case of
independen.t or private scﬁools, each of which is .relatively autonomous,
However, the actual interdependencies and connections as found within a
single public school system, no.t to mention th;)se betw;een public school

.

systems, substantially reduce the<effectiveness of a curriculum that

fails to make adequate provision for elements of heterogeneity in its
deliberation. What ‘might be the sources of such interdependencies and

connections that give rise to elements of heterogeneity? We can begin

with the more obvious ingrgdients“’ Of " teacher and student populations .

showing considerable internal diversity (i.e., within any given

institution) as well as comparative diversity (i.e., between

institutions), What might be some manifestations of diversity? In

matters educational, it is easy to mention the academic backgrounds and

Apr'bfessfic;.ﬁal experiences of teaching staff, the, scholastic and social

¢

p:éparation of the students, and the respective value systems adhered to
by the individuals in each population. We can add to this basic list of
elements of heterogeneity other evidence of diversity encountered in

school systems: spécial programs, competitions,. 'feeder' scﬁools,



- . -
teacher transfers, school reputations, school ratings across a' school

R »
board.

-
-
-

- Schwab proposed the quasi-practical mode with' this in mind. The
quasi-practical concerns the need for common policy, relations among
parts, and the influencé of one part by another. In essénce, the
quasi-practical mode yould incorporate all of the practical mode and add
two qualifiers dggjigned to fit the practical mode into a farger'éqale of
curriculum planning. One qualifier would concern the process of
decision-making: variations among the teachers, students, milieux), éﬁd
subject matte; content should be ident}fied as carefully as possible and

the effects of curricular decisions should be rehearsed imaginatively so

‘ -—

as to include the previously identified variations, 'cherishing
diversity" all the while. Of the two qualifiers, this is quite possibly

‘ -
the more difficult both in investigatjve skills and demands on the

imaginations of cu}ricuiz; planners. The qualifications and range\of
experienée of teachers, the academic, emotive, character and interest
‘devélopments of students, the school and community cultural and value
'patterns (and likely a ‘hosg of other factors including economic and
. political elements) proﬁiae ‘a panoply of variations that only increase
in number and variety whenever.the scope of investigétion is increased.
. However, diversity cannot be respected unless it is first‘acknowlégged
and identified. And curricula cannot be sucgessfully implemented unless
the;; planning stages have inkl&hed an active respecg.for the
diversities of the eventual learning situations.

The second qualifier would concern the actual formulation of the

curricular decisions. The more remote the curriculum planners are from
< - - N B

S
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. the planmed-for class}oom (as would likely be the case in planning’for a
school system as opposed to planning for a single classroo;' or one
subject in a specific school), the less should their eventual decisions
be formulat€d as directives. This is because the larger scope of the
curriculum planning cannot realistically include as detailed a
éonsideration of the curricular problem as in a more'iimited scope;
there must be some allowance for 4 delegation of decision-making powers.
That is, the ultimate curricular decision/ glust be left in the hands of
thosg'at the teaching level. Curricula that consist ;f a series of
directives or order;, or that are frankly teacher-proof, ignore in one

stroke both the role of the teacher and the unavoidable diversities in

actual learning situations. Such then is the rationale for and brief
< .

) description of the quasi-practical.

The Eclectic Mode

&

The eclectic mode rounds out thé trio of “interactive modes of

L] N —

operation in curriculum planning proposed by Schwab:

[This] third mode of operation commended to curriculum ~
the eclectic - recogniz the usefulness of theory to
curriculum decision, taKes account of certain weaknesges
of theory as ground “for decision, "and provides some
degree of repair of these weaknesses.18

s

The eclectic mode acknowledges the ways in which theoretical

considerations can be of use in curricular deciéion-making. The

pragmatic value of the use of theory is two-fold and each aspect
. -~ _

répresents a device of conveénience for the curriculum planner. First,

each theory constitutes a body of knowledge presented in some -limited

number of assiduously developed postulates. Access to theories- is then
. . \
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a considerably shortened"route;to“knowledge that has alread;\)een
thoroughly and painstakingly constructed and supported by groups of
scholars. Secondly, theories Eevelop terms and distinctons which can be
employed in develqping emphases, developing contfasts and simila;ities
and in general, serving as Key linguistic and conceptual. devices for
communication among 511 those involved in curriculum planning. .
However, there is a price to pay for such convenience and
acéessibility. Sufficient notice is to be taken of the partialities of

-~

each theory; otherwise, the resulting concegtual distortions and
misunderstandings will be refiecﬁed in inappropriate curricular
decisions. Reference can be made to those diséiplines in which a nﬁmber
of theories compete for attention (such as the varied-theoriés within "
the respective soc;al and behavioural sciences), and to the content of
these competing tRheories. The discipline of sociology with its
.competing theories of functioﬁal structq;alism, radicalism, and symbolic
interactionism is as profitable an example as any other. What will be
noted is the unequal treatment giJén by each theory to crucial aspects

of the entire field of study. Where one sociologﬂgél theory dwells on

. the structures of society as if they were independent of the minds ‘and

oy ;ndividuals who constructed them, a second emphﬁsizes the deterministic
role of_economic power, and a third, the fundamentdl and often hidden

role of the individual's constructs regarding the self and the

. environment. ‘Each 'explains'\the functioning of society, and each ’

explains it differently or with different emphases. S d

. -



The partiality of'theories is also reflected in the separateness
of subject matters as studied by each disciplime. Even though the
general subject matter of both psychology anJ sociology 1s the human
being, each discipline emphasizes only one (and a differing) set of
characteristics about the totality of human beings in its scope of
study. A curriculum grounded in the theories of only one discipline
necessarily neglects the contributions of the other disciplines and
provides a partial and, in that.sense, distorted view of the learning
situation. It is possible then to foresee how this would be even more
so the case when a single thﬁpry is chosen to provide the guiding
principles for curriculum design. The tradition of a priori grounding
of curriculum planning in a single theory or disciﬁline may well be one
of the major causes of failures in curriculum implementation and, in
consequence, a major cause of a serious decline in the tasks proper to

the field of curriculum.

[

By overtly recognizing '"the usefulness of theory to curriculum
A -

———

decisions" while also taking "account of certain weaknesses of theory",
the eclectic mode is proposed by Schwab as a vehicle for theory use in

curricular decisions because it also "provides some degree of repair of

-

these weaknesses'.l19

Knitter_agrees with Schwab that deliberagion compensates for the
partial nature and incompleteness of any one theory used Ey curriculum
specialists 'in proposing new curricuila or modifying (reforming)
existing ones,20 Adherence to any one theory is accompanied by
‘adherence to a limited, paradigm—detérmined set of principles,

-

principlgs which direct the scope of ipyestiggtion, the interpretation

@2
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éf} data and the ‘possible range of conclusions. The different
behaviodural sciences function under the direction of different
paradigms, and even within each®branch of the behavioural sciences there
are usually different sub-paradigms (giving rise to differeqt schools of
thoughts. Because the conditions or constraints of scientific inquiry
require the sébaration Of‘i field of study, e.g., human behaviour, into
smaller and less complicated units of study, the resultant conclusions
and theories will réflect only the concerns of that smaller unit of
study. If specialists, interested in the application of these
conclusions, view these as definitive for .all of the larger areas of
study, then confusion, mis—di}ected solutions and frustrating results
can only be the cdnsequences.

Deliberators are faced with decisions about theory

applicability and usefulness in specific educational settings, decisions

that are informed by an acknowledged undersgtanding of the 'borrowed',

~ N

nature of the&ry—use as well as the incomplete and fragmented view of

each\theoretical subject may encourage curricular decisions that enhance
3

rather than disrupt’ teaching énd learning. It becomes' evident that

Schwab's strong case for the eclectic uses of theories in curriculum

deliberation is specifically because of objections to uninformed

W
reliance on-a single theory:

A curriculum grounded in but one or a few [theories] is
indefensible; contributions from all are required.21

Even though this pluralistic alternative is -"unsystematic, uneasy,...
and uncertain", the possible "unions and connections which can be
effected in an eclectic" approach compensate—iwell for the incompleteness

and partiality of each theory taken seBhrately.ZZ
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The central argument has now been cwpleted. The practical

mode, while basic to a re-ordering of princip\les in the field of
curriculum, is effectively extended ~by the quasi-practical mode, and
both can ~be connected to accumulated bodies of knowledge through the
eclectic mode. Séhwab's view 1s that this restructured framework for
curriculum plann‘ing should permit curri.culum specialists to resume the
tasks ’associated with curriculum planning (tasks spegific to the field
of curriculum) and thereby stimulate advances in the field of edu~cation

as well as a renascence in the field of curriculum. ~

Summary of the Central Argument and Supporting Argumentsg Ty

The central- argument in Schwab's thesis is as follows: a
’

renascence of the curriculum field is possible if the energies of the

. curriculum specialists andvtheir colleagues are concentrated on three

neglected 'modes of operation', €ntitled the practical, the
qugsi-practical and the eclectic.
The “supporting arguments fall into two categories. The first

category emphasizes the difficulties within_ or prdblemat‘ics of the

.
Ea

curriculum field and contains two argumentssy~ (a) the avoidance of
A

curricullum plapning activities by curriculum specialists is evidence of

“"crises of principle” in the curriculum field, and (b) the theoretic

mode t':radi_tional in curriculum planning is inappropriate tovthis ‘task.
The se’c;)nd category describes the potent\ial\s of three modes of

curriculunf planning that are projected as an alternative to the

theoretical mode : (a) the appropfiateness of the practical mode to the

solution of curricular problems, (b) the usefulness of the quasi-
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practical mode as an extension of the practical mode, and (c) the

usefulness of the eclectic mode within t@é/rationale of the practical

mode.

IS

In the next chapter we will be taking a closer look at Schwabian

deliberative enquiry as process, The broad outlines of this process
-4

will be described as envisioned by Schwab. This is done with two
purposes in mind: (1) to provide a fuller exposition of the Schwabian
deliberative enquiry style, and (2) to provide a prelude to the later

application of the deliberative ‘enquiry framework to a specific and

current curricular problem in science education.

[+
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CHAPTER 3 =~ .

DELIBERATIVE ENQUIRY: ARTS OF THE PRACTICAL

AND ARTS OF THE ECLECTIC

5

- —

Focus of Chapter

©

The focus of attention in this chapter is the deliberative
process 1itself, as proposed by Schwab. Two varieties of deliberative
arts will be described and discussed. They are entitled by Schwab:
arts of the practical and arts of eclectic, and are designed to
encompass both the theoretical and practiéal components of c¢urricular
deliberation. Schwab's use of the Lerm 'arts' in referring to these twg

aspects of the deliberative process, emphasizes the fact that the arts

~ of the practical and arts of eclectic cannot be reduced to generally

applicable rules of procedure. Rather, they are viewed as a framework

of interrelated phases in which the curricular enquiry takes place and

."in each instance of their appl&cation, they must be modified and

adjusted to the case in hand".l! This modification, adjuétment, and

mutual accomodation is the artistic element.

s

Schwab is also concerned that proposed curricula be defensible.

_m B
Deliberation about public policy may easily entail a proposal that is

expeéted to be defensible. What might constitute such a defense? The

deliberative process, as essential to the practicay mode of curricular
deliberation, would contain explanations and justification of decisions

taken. In this way, defensible curricula can be developed by using

3
.

essential features of the deliberative process itself. '

35
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Even though 1 will be drawing principally on Schwab's work, 1

will also be turning to several other valuable sources contfributing to

the curricular field.

Defensible Curricular Deliberations .

Schwab reminds us that "a defensible curriculum must be one ¢

wliich somehow takes account of all sub-subjects which pertain to man. "2

Since one grand education theory is not fpreseeable,-and since ’—N\\\ .
educational problems exist in the here fnd now, often pleading for ¢
Yy

solution, some pragmatic solution must be sought, even if the solution

cannot be certain or easy to implement. \

Defensible curricular "changes require defensible and practical

curricular deliberations:’ Gauthier cogently argues in favor of

A

deliberation when public policy must be formulated aﬁd enacted.
Deliberation, in his view, is the best approach when decisions must be
made concerning things in our power to do but about which there is no
exactmkndwledge. Deliberation is wvalued by Gauthier because it both
"offers an explanation of the (chosen) action" and ?a justification of

the action".3 The explanation and justification together provide a
3 ' :

defensible rationale for the chosen action. Deliberation cg; provide an

v -

accounting of terms and reasgzs that . leads to an_understanding of
decisions taken and that substantiates the soundness oE&.worthiness of

the reasons underlying those decisions.

‘ Schwab offers an approach to curriculum deliberation that

n ———

K]

requires a studied analysis of practical advantages f?d disadvantages
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to all curricular elements of “any proposed change. The Practical can
then be understood as a proposal for deliberation. The arts of ti1e‘/’

practical become the collective arts of group discussion about public
policy matters, discussion that is neither inductive nor deductive in

nature but rather eclectic or deliberative, determining relevant facts

and desiderata, genérating multiple -solutions, suggesting possible

S

consequences fpf each solution and ultimately deciding on a single'\ but
flexible tourse of action, given ptevailipg and-'local circumstances. He

notes that concrete curricular cases invariably involye an array of

~

\
principles (in turn connected to different theoties) and may even

°

evidence characteristics not found in, any existing principles or
theories. This has prompted him to write:

The ‘[arts of the practical] are arts which supplement

theory, which do for practice -and the charting of

practice what theory cannot do. The eclectic arts are ,

- arts by which we ready theory for practical use. They

are arts by which we discover and take practical account

of distortions and limited perspective which a theory‘

imposes on its subject.4 .. "

But this very general statemnt of the role of each of these categories

of arts is not enough. We can now procede‘to a fuller description of

the arts of the practical and the arts of ec¢lectic.

“ - - —-—

Arts of the Practical

’
'If one were to list the phases of the.pi‘acticél arts, the list might
. kS N

‘\have the following appearance: (1) perception, (2) problemation, (3) ¢
problem-cheosing, (4) solution-formulation, (5) rehearsing, (6)

solution-choosing, (7) reflection. Each of these deliberative phases

’
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requires some description in order to be understood and appreciated

3

- f) -
within the, larger gnquiry process. A
l. perception: taking note of the range of the

particularities or details of a given situation within

which a perceived problem is located and lzoking at

these detaiis from as many different perspectives as
possible ("irrelevant scanning...through a succession of
lenses")‘i" ﬁ/ .

As an interim measure and solely for the sake of illustration, it might
be instructive 't; locaz; -the practical arts within the context- of «d
limited educational situation, thaF' faéing the Feplacement teachert.
Replacement teachers often experience a general sense of malaise among
studén£s~short1y after announci;g the assignment that the permanent (but
now absent) teacher left for the class of stﬁdents. This malaise often
precedeé;komé display of dﬁsrupti&e behaviour by a m%po?ity of
students. A; part of the arts of perception, a succession of lenses for
scanning this giguation might elicit. que$tions similaslto these:

- What atmosphere tends to prevail in school: traditio6nally

disciplined? teacher-centered? student-centered? some

<

permutation of these?

“-

» — Has the teacher been introduced to tlhe school's extra-curricular

L

and tutorial activities for the-day (which often take place during
class time)?
-~ What is the socio-economic status of the school community? '

~ What is the pattern of reception by students of replacement‘

~
\

teachers?
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— Does the school administration share actively in the replacement

tedcher's responsfbilities?

1

The application of such é'succeﬁgion of lenses antecedes any attempt at

F)

ptoblemation.

LJ

2. problemation: ascribing of possible meénings to the above

details, and their arrangements into‘possible problem propositions
or formulations. id suggests that these processes of what he
terms practiéal r;tjlniné, are best found "wheré group member; are
- in sufficiently prolonged contact to be able to enéage in
the [problem] discovery process":6
Let us retﬁ?n to the instance of the replacement teacher and pursue it a
bit further. Normally, repeated expoéu;e to a single school population
is‘necessary before céhstructive meanings can be attached to perceived
details of a given classroom situation. If the replacement teacher
becomes defensive when students prefer to ignore the assignment during

class time, only one collective meahing has been given by the teacher to

the care—free or 'disrup;f;e' behaviour of the students - that of
A “ .
a .

disrespect for or even indirect attack on the teacher's professional

. . ) 1
status. This may be the actual case, but it is by no means a certainty

as a first and only possible meaning. It is counterproductive to

impose*a meaning on such a situation. Premature formulatiop of the

— . *

problem tends to prevent the discovery and ascription of meanings tHat
N \

would in time evolve out of the proﬁlem situation. -

3. problem-choosing: involves tﬁe gauging of a variety of problem
, o B

propositions and the selecting of one to carry further.
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A variety of problem propositions could present themselwes in the
replacement teacher's situation: it is the last period of the school
day and the attention span of the students has been exhausted; past

experience tells the student that the assignment will not be corrected

by the regular teacher; the permanent teacher has not, as a rule,

required seat work from these students, i.e., seat work 1is always

’

optional as long as the assignment is ready by the next class; a mistake

has been made and an inappropriate assignment left for the class; group

decision to test the replacement teacher's limits; test scheduled for
;" * -
these students and review questioris are now impossible because of the

- ’

regular teacher's absence. 'These are all possible problem
propositions. Some questioning of students in the class should help to

eliminate some of the problem propositions; and, in general, a testing

of problem formulations by gathering of facts is called for.

C:// 4. solution-formulation: the production of various solutions related
T 1 - 7 -

to the chosen problem.
Solution-formulations are to be as extensive and imaginative as possible
o> V4 ” +

alwayé keeping in mind the need to implement them in a practical sgftihg

s L

N involving pedagogical materials énd\ﬁevices, teachers, students and

total milieu. This is by no means an easy taski The temptation to
“interject -a theoretic and favoured solution is always present along with
“the desire far early closure just to get on with the j;bs of teaching
. _‘—and learning; “ Some discussion with students coupled witﬁ tﬁe
réplacement teacher 8 past experiences, may point to a limited range of

temporary solutions. Discussion with the pe:manent teacher, other

teaching staff:and'the administration'will.likely provide a larger.range

40
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of solutions that might be implemented within the given school context.
Four tentative solutions come to mind in our example: students are
given maximum choice to ‘do homev:'ork, socialize, use the likrary, etc.;
students must choose some form of individual désk work; students must
do some form of desk work but may do so in cooperative groups; students

- " L] - . | ‘

must leave assigned work with the replacement teacher.

5. rehearsing: * imaginary paths are traced between the varying
solutions and their effects or consequences. Solution formulations

have value insofar as the potential effects of implementation are

desired and are of educational importance. Familiarity with the
PR .

educational context, as the result of information issuing from the

preceding phases of the deliberation,.would facilitate a more realistic

’

tracing of such imaginary paths. Schwab would find Stenhouse's |
. : A

a

"educational imagination" useful: "the capacity to visualize with
verisimilitude imaginary classtooms and to pre-test ideas in them in

one's mind".7 Some rehearsal of classroom consequences is normal before

any attempted implementation of any solution. - The replacement teacher

.

is still faced with an imaginary testing of the proposed solutio‘ns,
trying them out x'ai?:hin "the boundaries o# past experiénce ‘and presermrt

school context. ) N A

6. . solution-choosing: involves the gauging of multiple solution

formulations and the selecting of one to implement on a trial basis. -

The solution formulation would be appraised or judged against the

~

e_lements of the educational context that came to 1light through the’

deliberative process. &
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It ié péssiblg that one of the solution formulationsl meshes particularly
well with the total school context and the replacement teacher's
pedagogical repertoire. This then belcomes a good candidate for
élaséroom'trial. For example;, many student—centered schools would find

individual, isolated desk work onerous and would encourage cooperative
work during class time, leaving it up to the replacement teacher to

regulate the level of vocal cooperation. /(
- k]
A

7.° reflection: involves the considered and collective judgements

closing, at least temporarily, each phase of the above arts of the

[

i l. \
practica -

If anything is clear, it is that different people will approach the

* ® .
same aurricular situation in different ways, i.e., through the

perspectives of subject matter, learner, ‘teacher or milieu. It is
essential then that there be a reflective examination of gach of these
different appr'foache§. Relativism and po'l‘arity are 'eaS)‘r' temptati'ons and
must be acti\'lelyA d{scouraged. The valu'e of-this m(\)de of enquiry lies in
the systematic discripination of an extengive‘and adequate variety of
alternatives at .each phase of deliberation. Understanding and vélging
the functional nature of the formulation of alternatives at all levels

4 .
of curricular discussion will permit the participants to explore more

_profitably the parameters of curriculum decision-makipg and preclude the

ASN

R )
pitfalls of polarity and relativism.

\ These init_ial descriptions of thg phases of the arts of the

practical will be ‘complemented, in succeeding cHapters, by further

L

discussion and utilization in the working through of the science

education problem of scientific literacy. We can now turn our attention

»
+
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to some beneficial and serviceable. extensions to these phases of
" Schwabian deliberative enquiry.

° .

Suggested Extensions

As an extension of the delibergtive process as proposed by
Schwab, Roby would want to add to Schwab's phases of practical artrs, the
"arts of reflexive criticism" and the "arts of review and revision". ‘
The former set of arts suggested by ’Roby would include self-analysis
regarding the "preconception of what (the deliberators) thigpk the

situation should be and what solutions they would prefer becaise of

-

their own previous experience'" in order to mitigate somewhat the emotive

o~

elements of the same preconceptions.8 The concern 1is  that
preconceptioﬁs regarding-.problgm— and solution-formulations may serve to
‘retard progre:-ss th;'ough the phases of deliberative ehquiry.

The example of the replacement teacher's difficulties can be
used again, in this ins‘tance to indicate the value of Roby's suggestion.
The teacher's previous experiences are charged with varying levels of

comnitment, personality, preferences and other emotive elements. A

.

willingness to expose these .elements opens up the possibilities of
forging connections with other unique sets of previous experiences. A
practical 1angwuage of classro‘om expe;'ien‘c:é"s:. is not 8asy to initiate} ’
resor‘t to theoreticai\fo.rmulationsh tends to be preferred a;ld is ’safer

for the teacher. ,

i

A second and quite different example may be more applicable to a

‘ o

deliberative. context. An educational researcher investigating the

effectiVeqé,ss of teaching, using the Flanders interaction analysis

~

A 4 <
, ¢

x‘(
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instrument, has a prior commitment to the usefulness of this instrument;
it is not the instrument that is being investigated but the
effectiveness of the chosen teaching eplsode, strategies or event.
Nonetheless, the vallidity and reliability of the instrument should be
defensible, in terms of both teaching be}{aviour and learning by
students, and not only in terms of observer traini;lg and deductions from
psychology theory. Commitment to this form of educational r>esearch
entails not only an intellectual justification but also an emotive
support system. Both would seem to be major aspects of the researcher's
total stance. Roby would look for a willingness to expose these thought
processes and emotive suppor't:s to a critical examination. Self-analysis
is not viewed by anyone as an easy process. Probing questions from
fellow dgliberators should expedite the prc;po‘sed self-analzbis.
Perhaps, spec‘,ific analysis schem;ta' will be developed over time, unique
to each group of deliberators. Roby's concert seen;s to be that t}}e ‘.
emotive elements implicated in every research stance may camoJflage the
research 'pre:conceptions. Unless the latter are reasonably clear to the

-

deliberating group, real - progress in deliberation is undermined.

~

The second set of arts suggested by Roby as an extension of ﬁme

i [y
practical, is designed as a continuous system of solution-evaluat{ or

D"backtracking. The purpose is

-~
A

to discover whether the attempted solution 1s working, -
to rectify errors in its formulation and execution ’
revealed through further experience of problem
situations, and to connect the efforts to solve the
formulated problem in the situation with other problems
in the situation.9

a
——

It would seem that such a system for encouraging re-evaluation of

decisions taken and back\;racking among the phases of. the practical is
} 1\\_

]
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well within the gpirit of Schwab's deliberative enquiry. Such é fluid
fﬁctor gserves to provide cohesiveness and reasonable progression among
the process steps. &he temporary nature of the judgements closing each
phase of the arts of the practical is acknowledged openlyband

consistently.

-

%

Roby's suggestions for extending the arts of the practical by
including these additional phases seem to be particularly pf%mising
since they enpphasize two of the more revelatory and serviceable
cﬁaracteristics of deliberative enquiry, that of introspection and

backtracking.

Interim Summary

The highlighted process phases of the pracical as discussed so

far might be collapsed as follows: (1) perception of . problematic
situation, (2) problem formulations, (3) solution formulationms, (&)
reflexive criticism, and (5) continuous backtracking.

A closer look will now be taken at the proposed phases of the
arts..of eclectic within the deiiberative process. The arts of gclectiq
are phases concerngd with the considered use of examined theory within
the deliberative framework of the practical mode of curriculum planning.

T

Arts of Eclectic

Arts of eclectic .include a pair of somewhat distinctive and
open—ended phases of discussion: (1) revelation and (2) reconciliation.

As was done with the phases of thq arts of the practical, theéé two -

AN © N
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phases will be described and located within the deliberative enquiry

framework. f
1. revelation involves (a) the identification of terms in theories

and their relationships in each theory; and (b) the use of these

theoretical terms and their relationships to point out the areas of

incompleteness or partiality in theories from the various appropriate
disciplines or schools of thought, with a view to avoiding 'tunnel

vision' and early closure of the deliberative process. As was already
8
indicated in Chapter 2, difficulties arise in the world of education

when attempts are made to apply theories in an uncritical manner to the

particularities of a specific educational setting. Schwab would:caution

<
deliberators about forcing the mold of any theory onto the unmoldable

character of the specific, the particular. More demanding, but
ultimately more productive for education, is the critical evaluation of

the. theory's adaptability and suitability to the particulars of the

L d

educational instance.
Idegtification of terms and their- theory-bound relationships,
the disclosure of incompleteness and partiality of each discipline and

.alert probing of theory—derive{d contributions should expose all theories

L

to the same basic questions of validity and relevancy to educational

¢

particularities. If one is alert to the presuppositional framework,

specific methodologies and principles of each discipline, one is in a

.

better position to realize both the powers and limitations of the

RN

theories which we use to help resolve educational proBlems. Informed
selection, adjustment or combination; as discu{,/ed undér ar,,fs of
R . _ ) ]

reconciliation, is the more'helpful stance in deliberation.

\
-

)
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Knitter has argued clearly and-effectively about’ the need to

"focus on the use and status of theory" in curricular deliberation and

that *

a critical pluralism and associated artb of‘gclectlc are
‘essential to curricular deliberation. A pluralistic or
eclectic use of theory is essential to deliberation in
the sense that deliberation is enriched by examination
of problematic situations from a variety of -
perspectives.l10

UOn the one hand, it is the nature of theories thattoach has been

developed ‘from a discrete unit of the“iving or non-living world, a unit

that ‘has lent itself to some form of investigation as to, structure

)

and/or function. On the other hand, it is tempting to interpret the
partiality of tjﬂ‘jmeory as a totality, as an explanation of the total

subject matter investigateds .

Our most specialized, most codified, knowledgdiij_///(
knowledge of parts of situations, not of wholes;

and yet

ve have a tendency to confuse our limited descrlption of
goods with good on the whole.ll, N

Only when the principles or theories are viewed in fulr‘power can they
. \ -
also be viewed in their partiality: -

Principles do have a palpable effect (on ql1
procedures) and...along with ,the selectiveness of
perceptiop that makes for a principle's power goes a set
of limitations involving facets of problems,; that will be

, » slighted or altogether overlooked.l2 b

3

Following on this, Knitter advocates the

»

sirability of b§;oming more

- aware of the emphases, as emphases, of the views we ude,
of the conditions of their operationalijation, and of
some of the idportant problems and igsues which are |,
underplayed by different views.13 )



\ +

Expertise is to be valued, but the valuation can lead to inattentiveness
to the proper limitations of the expertise. Knitter reminds us that

the subjective feeling of security which derives,*from
our firm control of a relevant, but na¥row, pié;e of

knowledge can be delusive.l4
4
¢

Tunnel vision, i.e., the wviewing of a ."narrow plece of knowledge" as
sufficient for decisions in comg}ex educational matters, can be’avo}ded
when there is an understandin% of.the nature of theory. One aspect gf
the natare of theory is its ﬁar}iality. Even though this aspect o}
partiality has been more fully described in a previous chapter, it is in
the "arts of‘eclectic, that we are reminded of its place in the framework

p——

of deliberative enquiry.

A clarification of the degree or type of i;c;mpleteness and
partiality associéted with the—~selected tﬁeories could be done by
‘indicating the postulates cha; structure each theory and then
identifying thehmegnings'of the terms forming these postulates and tﬁeir

8
interrelatedness. “Competing theories from a single discipline ﬁay be

selected %or such an analysis and clarification or,conversely, certain

particularly appfobriaie theories from different discipline%yma;\ﬁe
selected and examined. In either event (or some other combination of

.gelection processeé), similarities and differences in terms and meanings

.
A

may be noted:

“This briqgs us to the second pﬂase in the arts of eclectic, that
of -reqonciliation. Reconciliation 1Avolves informed selection from,
adjustmeﬁt of, or combination of theories, with a view to reconciliation

with the particularities of the educational situation under enquiry. “

This follows the open and polyfocal consideration of ‘as many "disciplines

»
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and schools of thought as possible, relevant to the .proposed educational

problem and solution. .

Three considerations should be kept in mind in this phase of
reconciliation. The first is that whatever internal weakﬁessask

deficiencies or problematics exist inherent to the théory itself (such

,as those based on methodology, validity, reliability, conceptual clarity

and 1pgic) may certainly be questioned but cannot be remedied, 1if
remedies are desired or required, by devices characteristic of the
eclectic mode. The second consideration is that the etlectic mode wquld
be applicable only to those theordes selected as appropriatexto
educational gnd specifically curricular matters insofar as they share
some degree of incompleteness and partiality, which are, in that sense,
external weaknesses. The third consideration ¥& the improbability that

s

the 'repair' can ever be so effected that the initial incompleteness and
o~
1

partiality -qf_these selected theories will be completely obliterated or

that some grand unification éf a collection of incomplete and partial
theories will result in a truly‘complete and whole theory éppropriéte
to all things educational. If Eh;§g three considerations are k;pt in
mind, a clearer understanding will be possible of Schwab's proposed
vehicle for the 'repair of the weaknesses of theory'.

When reference 1is made to contributions of theories in
deliberative enquiry, there aré two assumptions upon which the
participants in the deliberative process tend to agree. Firstly, the

theories may well come from disciplines that are only tangentially

directed to educational matters as fhey exist in the world of schqoling.

" The discipline of psychology can serve\@f\j;;epresentative example here.

¥ [
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In psychological research, the more common human educational settings

are notoriously difficult and frustrating to study for any researcher.

»

1f psychology research journals are referred to, certain clear
LY 7 )

tendencies will be noted: researchers will. report findings derived
3

from the more manageable settings of animal learning experiments, case
J

histories of thoge who are' ill or impaired, and the ‘controlled,
observer-designed studies of healthy hu&an subjects whose behaviour has
been directed to accord with the design of the study. What will be
difficult gp find are studies that tell us about the learning situation
within the cqmplexities of scﬁoolﬂng.‘

\
A second assumption must be included here: the results of

-

research (referred to above) can be validly extrapolated to the variety

- (S

"of normal settings for human learning. It would be well, however, to
keep firmly in mind the constraints of such extrapolations, constraints
that are directly linked to the paradigms of research in psychology.

1f theories from behavioural sciences are to have ‘any place in
the deliberative process regarding educational matters, these two
)

assumptions would“seem to be ngcessary, since there is no equivalent

\
o ‘

theory (or théories) derived from education Jitself: But {s this to be
. - L]

an uncritical acceptance, an unquestioned interjection of 'borrowed'

theory into educational matters? Schwab would insist on a disclosure

and.examinatiOp of the discipline's presuppositions and prigciples

underlying its methodology and®theory structure. It is in the fﬁght of

B 4
such an understanding of a theory's inner workings fhéi its

v

contributions to education can be critically ﬁssessed.

Rl
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The process of identification and clarification in the
revelation phase  of the arts of eclectic can provide substantial
support for decisions regarding the appropriateness of specific theories
in curricular planning. Decisions about the ‘appropriateness of a serial
usage of cheories‘(i.e., two or more competing theories located in one
discipline) or a conjoint usage of theories (i.e., two or more’ theories
selected from different disciplines) can then be made with a minimum of
violence done to either the theory or the p‘ra'cticalities of the
.curricular problens.

. ~

Thr?e possiple types of outcome c}f deljberation using the arts
of reclectic can then be envisioned. One type of outcome could result
fron an informed s;lection from or adjustment of a single theor); that
i; considered most _a_EEropriate to the solution of an.educational.
problem. A secondq type of outcc;me could result from ‘é'l serial or
conjoint usage of theories, usage that shows; .jlnformed selection from,

4

adjustment of, or combination of multiple theories. These fwo types of

deliberation outcomes e‘ffectivelykresult in a single 'best' solution
based on considered judgement. A third tyi:evof outcome would result in
a set of solutions; all of which share the char'actgristics of being
informed a‘n‘d ‘approprigte alternatives, awaiting only deliberative
evaluation subsequent to implementation in order "to reach a 'bést

'

¢hoice' decision. -

4 N ) .

. Concluding Remarks

This, in cursory outl-'ine, is the flexible format that Schwab's

deliberative enquiry calls for when using the arts of: the practical
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integrated with the arts ‘of eclectic. The description of the arts. of
eclectic can also serve as a summary of some of Schwab's concerns about
the unexamined use of theories in curricular deliberation and his

recognition of the valuable role'of informed, polyfocal theory-use. ’

Underlying the discussions about delibefﬁtive .enquiry are two

A — - ————
a« principles that are crucial to a fuller understanding of deliberafive

[

enquiry as useful to the resolution of curricular. problems. These twd

principles focus on the nature of curricular problems and will be the
%

main concern,of the_next chapter.
- . ©

A second issue in the next chapter is a consideration of an

.

appropriate format for deliberative enqudiry, i.e, group vs.

single—-person deliberation. *

-«
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CHAPTER 4

PRELUDE TO DELIBERATIVE ENQUIRY: THE NATURE OF

CURRICULAR PﬁOBLEHS AND SINGLE PERSON DELIBERATION

5

"There rémain‘two principles linked to Schwabian deliberative
enquiry that 1 would like to highlight in this chapter. These are

principies that have already been alluded to in previous chapters and

- that will help to guide the work of the later chapters. They emanate

from the nature of curricular problems when visualized as - (1)

essentially contested concepts, and (2) uncertain practical problems.
The discussion of these principles will serve to forecast some of the
concerns and focus' of the deliberative enqu'iry that follows.

In addition, a recommendation regarding institutional

consultation will be discussed as a prelude to the exposition of the

scientific literacy problem. . o

g

Curricular Problems as Essentially Contested Concepts

"Some ... failure is inherent in the character of p.racticaI‘
problems. They are never solved completely or once and for all."l
This is an assumption made by Schwab and others, and one in which this

writer concurs. Curricular problems are essentially contested c:oncepts.&'

‘Debates and arguments continue endlessly. 'Because of this, skill,.

vigilance, fortitude and probity are the accoutrements of//bublic policy

deliberators. ' o

\

Knitter brings to 1light the perspective of curricular problems

as essentially contested- concepts when he points out the legitimacy of
A

o
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- argumentation and deliberation resulting from the presentation of
multiple and contested concepts.2 Argument or debate is then seen as
enabling an exposition of the innumerable factors that are inherent to

these 'enduring problems', enduring because of the continuously changing

variables that provide the context in which these ‘'enduring problems'

must be studied and debated.3 A brief 1listing of some of these .

variables would serve as an indication of the complexity of the context
of any significant eduqational problem: econohic, moral, political,
community, religious, technological, séféﬁfific, personnel, precedent.

Aiming for a "modus vivendi...which offers a reasonable balance of the

various competing factors which are part of the problem” (and part of
the solution) is, éccording to Knitter, the best approach.4 Each of
the competing approaches might, understandably, lay claim to ratipnality
as well as philosophical and scientific justification. To presume that
any of .the protagonists woyld QilLingly admit to egocentricity,
insular%ty, prewgture solutidn-closure, or moribundiéy‘in thdught'and
habit, would be somewhat naive.. The will is not enough, no matter the
good intentions, to provoke detachment from habits and thougﬁt-patterﬁs
of lohé;standing. Not only, then, will there be competing positions but
i;.is'essential that there be contestatioﬁt Short of some
'provocation', the protagonists stand .little chance of voluntary

accommodation. Contestation is a vitaf, healthy and essential aspect of

¢

deliberation. \ R

Perhaps all of education's curricular problems should be viewed '

as 'enduring problems', which seems to place an approp*iate emphasis on

the practica& impossibility of solQing once and for all curricular

-
©
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problems. On the other hand, when a decision 15 what is wanted in
curricular matters, some closure of deliberative enquiry is justified,

even if this closure is merely tentative. 'Because such a curriculum

decision involves theoretical as well as practical considerétions, there
must be a recognition of the limited truth, trustworthiness, and

warrantability of such decisions. Only long-term experience with

'

decisions in action can provide any evidence of the effect of such

decisions as well as acceptance of the essential limitations of such

-

decisions.

It must be emphasized that clogsure of deliberative enqﬁiry in

curricular matters serves its purpose best when avowedly tentative.

1z

Roby makes this even clearer when he writes that the

requiremént that curricular deliberation in schools be
ongoing and continuous may seem extraordinarily
burdensome. The reverse, however, is the truth,. It.is
the stop-start again character of impeded deliberation
‘which is- the most bgrdensome.5 .

A
7
Reinforcing Roby's position is the view, discussed above, of curricular

problems as essentially contested concepts. Once it is accepted that

et

curricular problems, no matter how ably discussed and resolved, will
"never be solved completely or once and for all”, proper consideration
can be‘'given to a deliberati&egframework‘facilitiating ongoing

readjustment and modification of the origiﬂally tentative solutions.6

- -
3 - - —
— ¢+

N

) .
Curricular Problems As Uncertain Practical Problems

There aré important connections that can be made between the perspective

. ¢

of curricular, problems as essentially contested cohcepts.and the

-

perspective of curricular problems as uncertain public policy problems.
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The one can be seen as focu'sing on the nature of tt{e \c;n\xiidu‘lar
solutions (no absolute, definite, once—and-for—-all-time solutions) and
the other on‘the justification of those same solutions (with their
fallible and disputable sources of arguments). Curricular problems are
enduring problems which can only be dealt with by a series of ongoing
and temporary solutions, due to a, "variety of competing and variable
factors” which make any other approach unrealistic and unworkable in t"he
short or long term. At the same time, it is of value to understand the
typé of explanation and justification that supports the formulation of
such ongoing_ and temporary solutions. While Knitter kel‘ps us to gain a
bel;ter understanding of currﬁicular problems as enduring problems, Reid
points to the uncertainty that {nevitably surrounds the bases fo'r
decisions about curricular problems.

-

Reid's contributions to-this perspective afe both interesting

%

and wvaluable, pért'icularly in helping to differentiate wuncertain
practical problems with their prudential and‘ mQral characteristics from
procedural problems which are amenable to solution by research or
computational methq,dologiesﬂ When curricular problems fall into the
former category (and admitting that solutions ar;a relgtive to
circumstances) only practice coupled with good to superior powers of
practical reasoning and‘ a willingness to accept solutions that are
pdssibly temporary or even frankly 'tx?ial', will give the participants a
chance to‘succeed. ﬂ

Al Public policy problems, as viewed by Reid, fall intg' two general

categories, those ariéiqg from ga;;s i knowledge and those involving

-

decisions about action. The former are labeled. 'theoretic' and ‘wi;ll be

’
: Y

—ee
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;pproaéhed through the paradigmf~determined methodologies of those
disciplines whosé‘orien;ation is towards the filling of gaps in general
knowledge. The latter category of problems is labeled ‘practical’
following the convention that joins the resolytion of problems to an
action-qrieﬁted decision.  However, Reid discriminates between two
possible routes leading to the resolut{Qn of practical public policy,
problems: the procedural and the uncertain. The procedural foute can
be identified by its deductive methodologies and its use of oBBectives
as guidelines. The uncertain roﬁte has recourbke to neigher of these

4
techniques. Instead, it relies on a context-centeréd approach (vs.

[«%4
goal~ or methodology-centered). The basic schema of public policy
problems that has just been introduced canm be presented as follows:

(brief supplemenﬁary statements accompany each level in the schema and

should lead to rough discrimination of the same)

.
- 4

PROBLEMS o

malaise q%g to knowledge gaps
or indecisions about aEtion,

, PRACTICAL THEORETIC
;ctl n-oriented - knowledge-oriented 7
PROCEHﬁEZZp UNCERTAIN
"objectives/methods. uncertainty about action;
deduced from goals highly\bonditional ’
PRUDENTIAL . MORAL ,
single-agent—-centered. gfoup—centered

(wants, needs, etc.)
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It will have been noticed that the category of 'uncertain' public policy 7 .

problems is subdivided by Reid into 'brudential and ‘'moral' sub-

categories., Curricular problems, tending to be group-cent‘ered, would
J

fall under the 'moral' category with all of its social and value-laden
ramifications. Value-laden dec'isions for action (e.g., curricular
decisions) must‘first and foremost respect the individuals who are
directly affected. Reid maintains that insistence upon the cends of
educaﬁ:ion as immutable (and as if they were equivalent to procedural

goals) preventg contemplation of the learning/teaching processes as

-

replete with uncertain probléms. ]
w N
Philosophical terms linked to human-nature and educatiom, can

help us to be aware of the 'uncertain' nature of curricular problems:

In cases where decisions have to be accepted that
intimately affect the way of life for whole communities,
it seems highly unlikely that any scientific approach
could reflect the complex and varied conception of human
nature,8 i

=

Curricular decisions, then, since they ‘may‘ well "affect the way of life

for whole communities” ouglit not to be simplified through procedural

techniques; the goals of education cannot be made\:\ to resemble the role
of procedural goals. .

’Reid goes on, to indicate some features that 'he argues are
characteristic of uncert‘ain practical problems, of wfuich he takes
curricular probiéms to ize a subclass. A first characteristic_concern;
the formulations’that typify solutions to uncertain practical problems:
"the solutions are couchéﬁ_ in action terms, i.e., it is propos;d that
”

. L
such and such be done. In addltion, the action is designed to occur

within a reasonably short period of time (months to a few years). This

58 ! -
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characteristic places uncertain practical problems well within Reid's
schema of public policy problems, under the practical level of problems;

it does not, however, differentiate uncertain and procedural problems.

Nonetheless, this classification level focuses on the action-oriented

nature of all practical problems. Reid's argument, at this point, is

then one of emphasis. Unless and until c.urr_icular problems are

considered by, curricular planners as action-oriented, entailing a clear

o

, .
commitment to both stance and action following from this stance,

problems will remain unsolved or poorly solved. This by no means

excludes either a search for practice-grounded knowledge (while

accepting the constraints of a 'lived' wsituation as opposed to a

contrived or laboratory situation) or the need to select from within the
cornucopia of theory-grounded knowledge, those propositions and
guidelines most appropriate to the. curricular problem. The theoretic,

then, can participate in the practical, but does not contain the

question that needs to~be answered. ~

.t/"

This first characteristic does nqt help to differentiate
- . r~

uncertain and procedural problems. Reid proposes a second

‘characteristic that sheds light on the need for a distinctiom, at this

level of 'publiec polic‘xr problem~schema. It is expressed i.n terms that
focus on the nature of the problem. Decisions about the nature of the

problem and the choice of solution must be reached. With uncertain

practical problems, the sources of arguments, reasons, justifications

for such decisions are not self-evident. Nor‘are there ipfallible or
pre-determined criteria foi priority or precedence when selecting from a

roster of arguments. 6 Do psychological arguments carry more welght than

D
b
2> -
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sociological arguments when studying local curricular problems'that

inevitably'find teacher and student in the same conflict-ridden arena?

Do either one of these disciplines offer more valyable, arguments than.

~ ¢

philosophy? Choices must be made. What remains uncertain is the best
r"

N . J
basis for such choices,

Schwab recognizes that the reduction of curriculum probleps to
grocedural ones is an almost overwhelming impulse, an impulse based on
certain traditions of_rgt%o, izatio ethodology and goal-setting, no
matter the hiitory of failed ougcomes using comparable methods.
Continuing from this’ point ,d Wick remlnds us that ;atlonalitv is not to
be exhausted by scientific formulae and technology:

While the concept of the technically practical is not
very problematic, neither is it, very interesting, for
'its scope is too limited to help us with our serious
practical problems. At the same time, because it is not
very problematic,and because it has a direct affinity
with theoretic knowledge, it has tended -to become the

. paradigm far all thinking about: infelligence in action.
To be 'rational' in any other way than by acquiring &
knowledge or applying it in.seeking clearly defined but
arbitrary goals has seemed impossible.9

Curricular problems exceed the limited scope associated with procedural
problems, For the same reason, curricular decision-making processes
cannot be deductive. No single partial priqciﬁle (as located within a
sinéle theory) can be applied to a variegated practica; problem. And
even when two or more principles are appropriate,'their acceptabilitycis
premised on the possibility of extracting the bits and pieces that

actually help in ppoblem:}esolutioanrom each principlé. At the same
w '

time, there may even be aspects of the pgoblem angxsoiution that do not
fall within the sphere of 'any existing principle.

L

- .

B
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A third. characteristic of uncertain practical problems, as
suggested -by Reid, is linked with this feature of uncerta y regarding
the choice of argument. The specific curricular problem is well

located within a school setting enmeshed in a multitude of tea‘sherm

student—~, parent-, and administrator players, all of whom arrived at the .

! .
present situation in some sort of historical sequence of events and

personalities. In short, we can neither’ starte afresh nor prod)ce a

laboratory-type model. The historical tensions, suécesses and faildres

are all part of the present problem, and there can be no effective

,control of variables. ' ' ‘Q

As Westbury & &ilkqf regind us in the intrp'du‘ction to the 1980

anf’hology of Schwab's major’contributions to curriculum deliberatjion,

©
A

curriculum is brought to bear not on ideal or abstract
representations,but on the real thing, on the concreté
cdse in all of its completeness, and wigh all its
differences from other concrete casés, on a 1(rge body
of fact concerning which the theoretic abstractibn is
silent.10 -

h '
They taution us "to suspect distinctions and separatiogs awhich remove
. . »

the process of thinking from the exf:erience in which they: originated."”ll

Wick, likewise, focuses on the uniqueness of curricular problem*

r

situations when he W tes that, )

- e Jt ‘will not help much to think of our task as one making

warranted assertions that such andosmh is normally the
case.l2 [my itahcs]

1
. -
&

The theoretical abstract1on to a 'normal' case removes the educational
. » . . .

sitqa,g;ior; from itsor\inhere;ntly mulﬁifacetec} and unique context. :‘Any

a

discussion "ofl, cu;riculaf.problems that fails to acknowledge the total

context or to take it ‘deliberately and producti'vely_under consideration,

H s .
. . . . . -
.

- g -
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"be ‘faced and judgements“will have to be made a;ld justified. '

] .4

jeopardizes the applicability of any proffered solution and undermines
@

the discussion process. .

- The next characteristic can be seen as either permeating all

’

others or standing apart. It ‘might be most simply written as the

existence of conflicting aims and values. At all stages of disﬁcussion.
some aims and values of the participants will be noticeably conflicting
or at least in c({mpet:ition. Which aims and values are to be awarded
preced.ence? Which aims and values are to be deeff®d the more

worthwhile, the mor® appropriate? There is no technique for the

homogenizing of aims and values. The meed for judgements will have to

4

A

A last characteristic may, by now, be somewhat self-evident::
5 , .

the solutions are not predictable. The in situ outcome cannot be

fl

foreseen, nor fore-ordained. There are no guaranteés. This is in sharp
‘ : '

contrast with Reid's depiction of third level procedural problems which

are quite simply problems that lend themselves to a behavioural aor

>

instructional objectives pattern of solutio'ns. Easily observable

[}

behvioural patterns deduced from agreed-upon 'goals are the link between

procedural, problem and solution. There is no such empirical link

N

‘between uncertain problems and tentative solutions. The major link in

-~ [N
the latter type of public policy prablems in education {5 the classroom

téacher, but not as programmer (more of. this aspect later)_-
» ‘
~ So, where are we in our anderstanding of the type of public

policy problem Schyab's The Practical is proposed to°geal with?- These

problems need action-oriented soiutions and are grounded in the matrix

of unique school situations. Moreover, solutions are necessarily

[

4
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tentative since justification is based on adjudication of varying and

[y

competing arguments, goals and values, and implementation is mediated

through teachers of varying skills and temperament, all within an

. ever—changing classroom context.

Group and Single Deliberation )

There has already developed a small but intriguing set of papers
exenplifying deliberative enquiry in vary‘ilng dimensions and'
modifications. Fox offers an illuminating deliberation example in the
form of a'transcript of one practical protocol.l3 Even thouéh there is
a limfted number of part‘icipants in t)t‘me protocol-instance, it is ’

4

certainly helpful to see an aspect of deliberat“ion-in—a,ction under the
chairing skills of a curriculum specialist. Roby demonstrates how,K a
one-person delibex;atic;n is able to.‘ make an acceptable apd reasoned
contribution to an ;_xceedingly problematic land vexing local community
college sit:}ration.llt Pereira and Roby take this instancé one step
further 'by. showing ways in which the skills and attitudes peculiar to
delib\erativé enq_uiry might be effectively practiced by educatignists who
have one foot in the aca.demic world and the other in the worzgld of the
N .

local school and classroom.l5

A number of cogent reasons can be put forth for the need of a
deliberating group (vs. individual). .Shulman suggests that one‘ such
reason is the role the, group plays in "enlisting general comn?itment to
chahges agreed upon", and to stimulate ma‘ximum“‘staff Qevelopment.lﬁ B\;‘t

he does go ¢h to argue the possibility of individuals thinking

eclecticélly under proper circumstances. Shulman's argument supporting

—
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eclectic thinking coupled with the example of Roby's single-person
deliberation have encouraged me to choose single-person deliberation

concerning the problem of scientific literacy.

In what is to be hoped will not be a futile comprlomise between
the desirable and the'actual, I will call upon e&iucatic‘a‘nal researchers,
in the form of their public and professional writings to present
problem—formulati'ons and solution—formulations, I will attempt to act
as e)‘c‘posito‘r in such a gathering gf specia]&%’\:s, all the while
respecting the integrative and screening role of the {éﬁucational
commonplaces of teacher, student, content, and milieus

It is also well to be reminded that there is no discquion

,

pattern that can be pre—determin‘ed for the discussions in Sc}uwabian
- .
deliberative enquiry. Its spiraling arrangement of pro‘g{emr

formulation, golution-formulation and continuous interacting feedback
kS

must be, in practice, ra;d—om, free of procedural and theoretic

constrain%s, "and always responsive to the appreciationé of the practical

and local education situation.

Under‘these circumstances, 1 have welcomed ‘advice from those

—
i

more experienced in deliberative matters. The lack of fixed
methodological direction and the difficulties of a 'different'

justification (i.e., in contrast to the accepted procedural or theoretic
N .

justifications elaborated since the beginning of’ the century) may

produce some discomfort in deliberators. Westbury responds to this

potential discomfort by offering advice to curricular deliberators.17

5 N ~

They would be wise, he feels,‘ to have ; number of well-honed skills and

PP e
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attitudes that combine flexibility with commitments. Westbury
advocates the following for deliberators:

1. awareness of and familiarity with theoretical interpretations of

A\

education and its accompanying structures and resources plus

willingness and ability to practice the Schwabian arts of the

eclectic; :
. . .
2. knowledge of specific teacher, student, subject matter and milieu

o
! s
.

interplays; ‘
3. awareness of subject matter totalities available to schools;
4, familiarity with arts of the practical;

5. value commitments of deliberation must be apparent if only because

.o .
education is essentially a normative -cencept.

-

If Westbury is being read cbrrectly, he is advocating lots of practice
in Schwabian deliberative enquiry. Good deliberators are ﬁﬁ;;éd through
Y . -

occasions of practice. Perhaps one outcome of the exemplification to

° .
1

come will be to show the need for such deliberation about any number of

current curricular’ problems; there is no scarcity of curricular tensions

in present-day publicreducation.

~

Roby also offers some advice to deliberaters. He suggests that

@

certain reflective- habits are useful to‘deliberation and that others

impede the deliberative. process.. Habits,-whethe; viewed as behaviour

patterns or dispositiofs to action are invariable elements of the

14

deliberators' modus operandi.

Some of the habits deleterious to deliberation may be summarized

i

below: (a) the 'rush' to a soletion, three type-examples of which are

_”_—_—i 0 .
the pet solution, the global solution, the problem as

i
-

% ¢
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the—a'bsence—of-rthe—solution; «(b) ‘'erisis consciousness', which

[y

sacrifices ¥1évéﬁé’;’z‘ g appealingl- and available pet or global
s(olution;' (c) two-alterhatives thiﬁking, as in the ”‘either .;. OT ees
format; (d) inability of deliberators td share deliberation; " (e)
absence of backtracking, i.e., linear or ve;'tical thinking patterns
only; (f) avoidance of educational tommonplaces; (g) absence of self-

criticism.18 In the single-person deliberation to come, it should be

possible to notice And limit habits a), b), c),.' and f); evidence of this
\
¢ ;

will be couched{ in the exemplification of deliberative processes in

succeeding chaptefrs. Habits d) and g) would seem better linked to

active group de iberatluion. And this writer hopes to exemplify

backt'racking-, at 1l asf in ways that l)end themselves to expository prose.
Eisner agrees tWat Schwab doesn't ease the pain of currim::lum

decision-making.19 ° 1Instead, he probably aggravates it, and Schwab,

A 3 '

7

conscientiously, does seem to admit to that eventuality. If procedura]

securitly an'd ready'concéptual acc;eptability are what 1s wanted,

- 13

deliberative enquiry is to be eshewed. So’'much the worse for educators,
’ 1 — ' .
would be Schwab's view. If practical usefulness and acceptability are

what is wanted, however, deliberative é-.nquiry just might provbide't‘n'em.

4 o

—_ Schwab admitted to the "onerous and complex! nature of the
.//

practical but saw no other enquiry framework and style that would meet
the demands peculiar to educational realities face-to-face with

edUCationaﬂﬁroblems.ZO By using the framework of the practical, the

¢

enduring problems of interplay between theory and ﬁqractice in education-

e e
ch. .

might benefit from a fresh approa

e
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Concluding Rematks -

Willingness to practice the Schwabian arts of revelation and
arts of reconciliation may well be the best way to pose ang anéwer
certain questions accompanying curricular deliberation. For example,
questions regard‘ing the role of procedural structures and objectives in
curricular matters have been raised before by others and will likely

¢ .
continue to be raised by gducatiot;alnprofessionals. Such questié‘ﬁs,
receiving admittedly brief discursive treatment in this chapter, need
the forum of active ’del-iberative enquiry for anything approaching
adequate responses. They have been \raised here for two reasons: 1) to

bring them to light as existing problem areas in any curric\:_g‘ul‘ar

deliberation, and 2) to indicate ways in which deliberative enquiry can

~ provide an app;opriate forum for responses.

In like manner, concerns- about vdlue-free discussion rhetoric

rieed to be addresse€d. The arts of revelation, if adequately practiced,

L

would expose and clarify existing values and biases, which can make

communication a clearer and more productive task.
Lastly, this writer is in full agreement with Schwab and Shulman
that’del.iberative enquiry likely works best in a group or committee

style, and is a more appealing and ultimately prodgctive format than
3
4

single-person deliberation,.2l Notwithstanding, there might well be

instances of single-person 'deliberation' that contribute to a. more

'generélized deliberative exchange, by using expository prose forms

instead of the gfve and take of active anhd local group discussions. It

is in this spirit of investigation and trial that the remaining chapters

of this thesis are presented. Schwab's deliberative enquiry framework

4, .

«
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presents a challenge that .can only be ultimately validated if attemptéd:
and practiced. ‘And just as deliberative enquiry respects the
particularities of 1local situatioqs, so should it be -able to work with
local and individual skills, aptitudes and predilections., There is no
idealized delibérative enquiry; tﬂere afe bnly separate and 'sincere
attempts at deliberative enquiry.

« _In the next chapter, I Ha;e followed Reid's invitation to place
curricular problems within their appropriate historical contexts before
.proceding - to decisions about the nature of the problem. Thé chapter
will review the historical context of the curriculaf problem that is to
be the focus of an exemplification of°de{i§er$tive enquiry. As
}ﬂtroduced in ag earlier chapter, a major and current problem area in
science education is the goéT‘of scientific literacy. The remaining
chapters will'contaiﬁ my efforts to fea;h a better -understanding of the
historical development of this goal, its nature, and its place within

science curricéula and school settings, all the while locating these

discussions within the framework of Schwabian deliﬁgrative enquiry.

AN
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CHAPTER 5
SCIENTIFIC LITERACY: THE HISTORICAL DEVELOPMENT

OF A CONCEPT AND A PROBLEM

Focus of Chapter

-

" This chapter will confine itself to the historical development

of a collection of éoncepts generally referred to under one title as

sciantific literacy. These concepts—~will be traced from their

beginnings in science education literature uto their éurrént status in
the contfeptual paraphernalia of the science education professional.

Even though the phrase 'scientific literacy' first appeared as a

v

political slogan, it _soon became translated into an edycatibnal slogan

within the domain of sc:ien,cej edpcation. As a slogan, scientifiec
’ . ’ t
literacy had a confusing, troubled and precarious existence in the

1960's and 1970's. Nonetheless, there were a few leaders in the field

<
of science education who tried to make the trané’ig:@on of 'scientific

LY

literacy' from education slogan to education goal. The efforts of

threé” of these educators (Karplus, Kiopfer, Roberts) will be presented

o~
as each, in his own way, made curricular proposals that incorporated his

L] -

concept of a scientific literacy goal.
By- the' 1980's, more thought had been given to the place of a
scientific literacy goal within a public philosophy of education. At

the same time, spokesmen from. some of the 'applied' careers (such as

engineering) wére voicing concerns about the lack of public schooling .

c'iirect,e'd td#vards these applied careers. These philosophical and career

. .
concerns, upled with re-emergent palitical concerns, are presently

’
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contributing to a view of scientific literacy as a universal and

essential goal in public education.

As a form of desired 'literacy' emerging from public school
[S Y
science éducation, scientific literacy has had a variegated existence in

13

the dialogues of science educators and curriculum planners. At first
glance it would seem possible and perhaps desirable to concentrate on

the present in our-study of this concept in science education, and leave

’

the past to those with other aims in mind. It will soon become clear,

[y
’
< ¢

however, that the past is not that distant, includes many of the same
contextual -elements as does the present, and shows evidence of some.of
the same science educators and curriculum specialists at work. The

. ) ‘ ;
gonnective elements and {nfluences are too numerous and important to be

severed or ignored with impunity, A richer appreciation of the

evolutionary factors that have led to the scientific literacy goal as a

Q

current problem can come from a respect and inclusion of its past.

Problem situations tend to have antecedents or precursors, and

" their development can usually be traced histérically. _As Reid has

argued * throughout many of his writings, the existence of curricula

v

’ (hovgever viewed as acceptable) entails some sort of historical process

to help explain their existence.l That process undoubtedly involved
teachers, students, content, and milieu to some degree or other;

-therefore, Reid argues that, "before devising schemes to make things
- rd

different, we might papée to ask how they got to be the way th'ey are”,2

Reid's intention is to provide a basis for understanding those “forces

tending “to preserve the status quo as well as rﬁaking those making for_'
. | —— Lo P
and "a recognition that change involves the abandonment of

change"

.’
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practices as well as their adoption”.3 Since the stabilizing forces
have resulted in the continuation g@f whatever presently exists in the

highly complex systems of curricula, they would certainly warrant some

™

historical treatment. .
¢ N

The particular problem 'situation that will be exaqined in this
paper has taken some 30 years to develop. In more general terms it
concerns the.value place of science programs in the lariger curricula of
‘elementary and high schools. More specifically, it concerns the goal
of gcientific literacy by the end of a typical post-WWII, 6 12-year

elementary and high school education (or schooling) in North America.

-
.

#
What do€¢s this goal entail? Why is it of great concern now in
-educational circles?  This cLaptey,yill.try to answer these questions

within their connnections. to an historical process.

£
A

7 . .

National Crisis and Public Support:* Scientific, Literacy as Slogan

The term 'scientific literacy' cahme into usage in writings

concerning education sometime .before it was transformed into a goal or
d . o
aim of the science components of the curriculum in pfe—university

schooling. Roberts has traced the phrase to a 1958 paper written by
Hurd ¢ for‘Educatidnal Leadership and titled "Science Literacy: The

Meaning for American Schools”.4 ,ﬁy 1960, both Alan Waterman (the

Difector of the Nationﬁl Science Fo;ndation) and Frederick Titzpatrick ‘g
(the Head of the Department of Teaching of‘Science at Teachers Collgge,
Columbéa) felt.comfortable enough with this phrase to“uﬁe it as if its
meaning were readily apparent to their respective readers. They likely

assumed a shared general consensus. Waterman had authored a 10-year
¥ 2 . .

.
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summary of National Science Fouyndation activities and urged, in the name
of the NSF, "that the level of scientifi¢ literacy as a part of the

general public be markedly raised" [italics mine).3 Waterman felt that

é

U.S. citizens ought to share "at least a general knowledge and

R d

understanding of the nature of science and its implications for the
national defence and welfare".6 As spokesperson for' NSF, he wroﬁe that
"progress in science depenés to a considerable extent on public
understanding and support'.7 These themes of 'national defence and
welfare' and 'public .su'pport' are probably only natural considering “the
preceding decade's preoccup'at'ion with the political and scientific
ramifications resulting from the use of atomic power, as well as the
USSR's fi:rst place positior; by 1957 in_the race for space supremacy.
Thirty years later, the same themes are resurfacing in certain

o

influential and vocal quarters of the educational professions.

Fitzpatrick, as editor of Policies for Science Education in

1960, voiced the concerns 'of the Science Manpower Project at Teachers
College, Columbia, that the public "be favorable to the scilentific
enterprise, including both academic and industrial programs".8 In
order to be fayorable, the public should be able to "appreciate the
general nature of scientific e‘ndearvor and its po.tential contributions to
a better way of lifg".,9 This ‘'appreciation' would be a consequence of
pr:per‘ educét;:r: tl;rough .the nation's school systems. The the;nes c;f
'public support' through taxes and 'sympathetic acqt;iescen'ce' to (or

approbation of) industrial, governmental and academic scientific/

“ .
technqlogical refearch and development programs were openly stress?d.

v . .



. \‘
Roberts credits Fitzpatrick's use of the phrase 'scientific

literacy' in its transformation into an educational slogan, as 4
y

rallying symbol for an educational ideology".l0 This is, of course; a

far cry from an understanding of the specific meaning(s) associated with
¥

~ .

th%s phrase. Additionally, and more pertinent to this paper, neither
Hurdj Waterman or Fitzpatrick offered specific guidelineF for the
translation of 'scientific literacy' into teaching or learning
behaviors. We ;an see, -however, the assocdation of ﬁeed for
'scientific literacy' with national crises of defence and economic/

industrial welfare.

’,

Did the general public offer itd support ™o the governmental

industrial and academic scientific and technological research, and

o

development programs? All indications are that the citizenry did so en

masse and, willingly, even before ény innovative science school programsQ

had been implemented. NASA and its space program received enthusiastic
public support; media records and’ﬁ.s.'cong%essional allocations leave

no doubt about this. . Nuclear power stations proliferated fv the U.S.
\ . )'

-

" and were eaéerly exported to acceﬁtable and friendly countries. The

chemical industries, drug companies and medical technology companies

experienced tremendous growth. Technologies, whether' diwected to

!

agriculture, air traﬂsﬁdrtation, ground transportation, energy supplies,

’ ' i\
construction, or office equipment, all grew vigorously in the 1950's and

. 1960's, i.e., before 'scientific literacy' was translatéd into science

curriculum terms, no matter the meanings of the term.ll
Historicallyl then, if the existence of scientific literacy is

to be seen in terms of public support for.science and technology in the

73 . b Ael
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- . nation's economy, defence and general welfare, there seems to e more

than enough evide.nce for its existence prior to the science curriculum
inneyations of the 1960's (BSCS, CHEMS, PSSC, etc.), particularly s:inc'e
it was the adult,population who supplied ‘the financial and moral
support.l2 How then did concerns for scientific literacy persist and

-~

.vigorously resurface a generation later among eWtional leaders?”
Al 5

W

Educational Research: Scientific Literacy as Educational Goal

RS

The ‘transformation of 'scientific literacy' as slogan into
'scientific lit::icy' as educational ideology and education research
concept was gradual and multi-faceted.l3 Beginning -with 1960, the use
of the term 'scienti‘fic litgi‘acy' in an ideological or philosophical

sense was found more and more frequently" in writings from within the

education community. QWell-recognized education journals ranging from
o .

Teachers College Record through Science Education and Theory into
Practice carrtied articles\addressing 'scientific literacy' as an overéll
goal fo‘r.science education.lé ivnitiallyy, mear;ing and interpretation
wete primarily assumed rather ‘than enunciated. Wfthin a’ few years,
however, choices of meaning were acknowledged by education writers,
though without the constraints of c‘urriculum-specific’: recommendations.
Some empirical research was begun but often was confined to content
analysis of popular media (e.g., vocabulary 'and science concepts in
newspapex:s). These excursions into research prepared the ground, not

a " -
only for further research, but more sjmportantly at’ this stage, for some

2

‘ commitment to concept formulation. This ensured a start to the removal

of 'scientific literacy' from the realm’of assumed and shared meaning to
Y
74




LAY

Gy . ) ¢ \
. .
\
\\
* o . \\
& th realm of concept delineation. There followed a voluminous
N »
ﬂ . ! 2N
outpouring of models, referents, agsessments of students, asSsessments of

teaclferss and schools, examination of curricula and their. ‘g()als and
v . . .

clehce course case studies, all related to fscientific literacy'.l3
The mounting analyses of scientific literacy show po signs of
a%teme‘nt,_ particularly since both the U.S. and Canada have recently

, i . y
—'. ‘ produced national studies each of which has concludéd that there is a

’
N ~

crisis.in science education and that sciéntific literacy is an essential

. 13
\ .
+ goal for scienre education. '

. Does this mean that we are closer tosa conse'nSp's about the place

N . .

e‘t“*«Khifng for scientific literacy inm school curricula?- ° Have
4 ~

‘eddcatiolr professionals, reached any agreements about the meaning of .

.

scientific literacy or its implementation in elementary and high school’

A 1

,settings? In short, is there a better- and more useful sense of the
. - ! - . .
\ - . ° N 2

problem surrounding the slogan agd now aim of scieﬁtific literac‘:'y\?',

€ N

R Perhaps it is tlme to let some of the more prominent Norts

a
[ - W -

>

“ .American educatlon professionals speak for >t:hemsplves on this- issue,

since they ar-e the.;,\pnes"responsible For sUpporting it as a continuing-

. < 1
. 14

ﬁpro‘;)len.: in §oie ce education. LRoberts considers that there are
r n ’ ‘ *
- _ . . N -
cur,r_e’ntly two clegrly differehtiated doncepts of stientific literacy ®n

v .

. the ré’levaht literaturq, oke by Robe‘rt: Karpl‘us, the other chamﬁi.one\d, by
) 4 v .
Leopo_l_d Klopfer. Both developed theJ-F\ concepts of scdentific 1iteracy

. ¥ ®

4
. w Vet ?

poli,ti‘cal concerns “a_ntf curricular inn'ovations. Each has zbeen “and
AN . ) ‘ h
continues to he a deader in the field of education: Harplus, for his

. . develobpmental .work‘ in the S.tienc&e Curriculum Improvement Study (SCIS)

-

K| .
and’ {ts curricular expressions NMthin the context of the 1960's w1th its

o



elementary schoofs; and Klopfer, as editor of Science Education and

~ " s -
) e .
a N@;dﬁr&ucatlonal researcher.

Karplus calls 'scientific literacy' a “functional understanding
9" .
of science concepts”, with “functional” meaning "to be able to use

information obtained by others, -to benefit from the reading of textbooks

)
.

and other .references” thanks to a “conceptual structure and a'means of

communication that enables him to interpret the information as though he
. ,

had obtained it himself."lq‘ This would seem to be quite a demanding
goal for any science program regardless of the interpretation of the

degree of understanding, communication, etc. He'adds that this "sﬁguld

’

be the principal objective of the elementary school science program” in

\

.order to ensure “"the increase of science -literacy in the school and

adult populations”.l7 \ .
pop L . 4?*

W Karplus' intent wAs to concentrate the curricular efforts toward

a learning of the basic concepts of science and am" understanding of the

N -

nature of science. . Any other learning connotations of the term:
: k!

'scientific literacy; were deliberately éxcluded. The stipulation that
th}s objective be fulfilled within the elementary school setting &ould

serve to-indicate Kgfplus' concern that all students be exposed to the

v

same science program and have a chance to develop similar levels of

. scientific literacy; since definitive tracking or streaming of Students

LY

" doesn't usuiify begirt until the junior or senior high school years.,
. ' ¥t - N

s

Klopfer sees the problem in ‘a different light, different  in’

three ways: 1) %choofing level (2) férget student population (3)

-
Y

content:emphases.- He woild wait until high school before introducing a

stroné curriculum program ‘dedicated to the productiqﬁ.pf scientifilally

-




o >

'

literate students. He would direct this program to most but not all of
the high school student  population, namely to the some 90% or so who
have not beenh streamed into a pre-professional séience program, (He

either assumes that the 10% who are in a science stream won't need the

type of science education provided to the 90%, or will receive it anyway

<

in the science stream courses; it is not clear which® he really
assumes, ) As far as content is concerned, the curriculum of the 90%
would concern itself with science-technology-society interaction,
values/ethicsg, and science iﬁquiry processeé: This curriculum-for-the-
907 would contradt‘aith the curriculum-for-the-10% in a number of ways.
The latter would‘lmve a curric&lum that emphasizes major scieﬁtific
facts, principles and concepts, the organizatioq of scientific
%nowledge, development of seience skilis and intellectual processes,
such as understapding the nature of scientific enquiry. All in all, a

very different curriculum for the 10% is encouraged.

Roberts prefers what he seeé as a more balanced science
cufrigulum for‘a{l students. Stated briéfly, thisaxalanced science
curriéulum\wouid use 'scientific literacy' as an ideal aim incorporating
gli of‘the emphases that Klopfér wants to separate, while at the saa;
time providing. for particular preferences relev@ht to other‘ student,

school or .community education goals.l8 The emphases would represent

categorizatioris of scientific literacy components while leaving the

AY

treatment (i,e., in percentage of time, emphases, etc.) up to the local

\
schools. " ) > . R

»
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Interim Summary '

Ve &
[

So far, I have attempted to trace the transformation of the

phrase 'scientific literacy' from its politically-centered origins as a

patriotic slogan to its present acceptance as a desirable goal in

science education. In addition, the views of three educators who have

e

written extensively on various a%gects of the scientific literacy goal

were presented. Their interpretations of scientific literacy both as a

&

generél education goal and a goal specific to certain science curricula

L]

were compared.

Would these three positions, as represented by Karplus, Klopfer
and Robertg,,fairly represent the dimensions aqd parameters of the
curricular problem in respect to scientific 1iferacy? Let 'us see if a

more diagonal or tangéntial approach to the problem is at all helpful-

a variety of scanning that might brhqh.Fn light the wider reaches of

this curricular problem,

v

Some Additionaf‘VieWS: A 1970's Focu\ on Students, Teachers and Texts

" N Butts in his helpful article on U.S. science‘education,_brings

e

to light evidence that by 1970, i.e., less than a decade after

implementatign  of the reformed science curricula of the 1960's (BSCS,
CHEMS, PSSC, 9tc.) in impressively large numbers of U.S, classrooms, the
number ;R, udents enralled ine such courses was decreasing year by
year.19 Despite the largesse of federal fJnding that had initially

made the sciemce curricula reforms-possible, that continued to provide

for the dévelopment of more 'new.' science furricula, and that provided

ey

;""\\\ fifiancial support for inservice teacher programs (e.g. summer

&




1nstitutéé), the anticipated large-scale high school enrollment in the
new 'alphabet' courses never materialized. ,By 1977, only §.9Z of high
school students were enrolled in chemistry courses (EEEE new and
traditionalz and 3.1% in physics courses (also both new and
traditional).20  'These percentages were part of a general decline in
enrollment in all science classes from 59% in 1960-61 to 48%. in 1976~
7\7:21 It was taken for granted that the majority of students,'either
enrolled in more traditional science courses or no science courses at
all were not being exposed to the "intellectual content of contemporary
science disciplines".zz )

A ‘'second concern emerged in the late 1970's -- based on a
reported decline in student achievemenL in. science as measured by

national achievement test scores and by The National Assessment of

Educatiaonal Progress,23 These results were interpreted as inddcating a

) €
decline in scientific literacy in the general high school Student
population, with greater declines evidenced in scores made by female
students and minority students. However, there was no apparent decline

in the scores of science-stream students who were planning on science

cdreers. 24 N '

.

State graduation requirements also seemed to be implicated as a

- - £

causative factor in the perceived decline in student interest in high

school science courses and/or their performance on science achievement

9

tests,25 In 75% of U.S. school districts, only one year of science was

required in grades 9-12.26 - . < Ao

. ‘ Wy
The Nationali Science Foundation (NSF) studies in¢q§tigating the
i R A T

L. Vo
status and needs of pre-college science ‘purricula, ‘showed some

.
e
.t(’ ‘ [ 4

. 3
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disturbing classroom situations that tended to coincide with the above
¢
sludent enrollment, achievement and interest statistics,27 In

.

elementary classrooms, science was often taught by teachers whose

¥

were in non-science areas, from texts unmatched to student interests,
L]

and with a minimum of observational experiences.28

At ¥®he high school level, there appeared to be two "distinct

-

levels of science teaching as“presentéﬂ by the- NSF studies. The first

two years offered general science and biology courses, often taught by

“

teachers whose competencies were in other discipline§*and whose
N s

priorities tended to be ones of student socialization and classroom

S

management rather than the teaching of science. Textbooks whose focus

was the more traditional one of solid factual foundation helped to ease

the teaching-strategies strain (given ‘the often limited science

.

background of most teachers assigned to the entry-level science courses)

‘but did little to provide for laboratory or field lessons.

The senior hiéﬁ school level offered more demanding and

stimuléting science options, usually taught by well-qualdified teachers

¥

and 1incorporating respectable amounts of laboratory experientes..
» t

However, as has already been noted, a markedly small percentage of

Y

students were actually enrolled in these. courses (primarily cheﬁistrf

and physics) with no other science courses available for -the nen-

s

science stream students.

o

Studies of all kinds continue to demongkrate that the classroom

v %

teacher is usually the single most important factor in student leérning

. b4
when-compd&ed to other external factors in "the school setting such as

80

training, interests, skills and administration-determined priorities'




"1éarning'materials, classroom environment, felléw students, the school
L 3

community.29 Hewever, the relative number of qualified science
0

teachers has been &ecreasing in the U.S. since 1970, while the amount of
teacher time spent in -teaching science has increased from 11.7% (1961)
to 13.1% (1976).30 This, coupled with the drastic reduction of NSF
‘funding for science in-service insti;utes, workshoés and courses, has N

L
tage of teachers at elementary and junior

resulted in a noticeable
high sg&pol levels who fggl themselves adequate in the teaching ?f
science. ' As evidenéed by the NSF studiés, classroom performance and”®
effectiveness tend to be equally inadequate.

\It should not be ;urprising that the move from 'scientific
literacy' as philaosophical goal of science educétion to 'sciemtific
1iter§cy' as curricular expression and student achievement, is a -
'precarious one. St&dent perceptions, interests and attitudes, teaching
comp%%encies and strategieé, and textbook ﬁsefulness all play varying
roles'in'determin;ng the appropriatengss and acceptability of any
curriculum,’ These commoﬁplaées\of educational situptioné cannot be.

ignored or shunted aside. Even swhen they are actively’pénd equally .

considered (as Schwab would have us do), curricular cﬁénges still tend

rid

to be fraught with difficulties, Changes- - in the direction of

scientific literacy seem not to be an exception to this general rule.
r

' b

By the 1980's, -some additional perspectives about scientific
literacy as a science education goal, were being made known, It will
‘be. useful in rounding out the historical setting of this goal to review

. , ! N, N
these perspectives. . ; -
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Technology and Engineering: A 1980's Need for Scientific Literacy

instead of locating the problem in textbooks, student interest;
or teacher preparedness, Risi approaches the scientific literacy problem
as an offshoot of neglected education in tgchnology.3l He considers
that technology education can encourage laéeral thinking and creativity
more easilf than carx'sciencg education. He views the latter as
preoccupied witﬁ linear and procedural concerns in contrast to
technology's lateral thinking and creativity. In addition, science is
presented as remote from human needs, where;s technology could eaéily be
presenfed as filling human needs, drawing upén the sciences for

3 ~

contribution, but extending far beyond them to speak to direct human

»

needs. He views technology, not as the handmaiden. of science (the more
) :
traditipnal stance), but rather as the leader in innovation, spurring on

curiosity; observation and crefcive thinking becauée it is ﬁ;ecificéﬂly
linked to practical and human;centered problem-solving.

George shares Risi's perspective but would spell out the place
of ‘engineering.32 Georée argues that: because engineers and
technolggists were ﬁdt consulted in.- the 1960's when the 'scié;xtific
community was mandated to restructure the science chrricula, science has

been taught as if technological applications were second-rate 'gcience!

and not worthy of serious pre-college study. The non-science stream

by

. ' LI '
gtudent has suffered the most as a conseguence. The general science

courses that this student would normally take have received» the least

14

_consideration by scienge‘curriculum planners, have the least prestige of

R
L
v 16

’ . hS
all high school science courses,_and -rarely include technological or -

-

enéineering applications even though most of the students enrolled in -

. . ' 82
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these courses will go on to pursue careers or jobs connected in some way
.

. with techrology. But even the sclence stream stgdents are neglected.

]
. George deplores the fact that science career orientation, other.than to

pure sclences, is missing from pre-college courses. Most of these
students will not pursue careers as 'pure' science researchers. Yet

c.>ther career possi?ilieties, such as engineering are,' for all practical
purp;)ses, often totally unrepreéented. H’is 'p'os'ition then would
emphaéize realis;ic‘ca{‘eer or job\pos-sibilitie.s,' thereby encouraging
students "to obtain the required level of scientific literacy. He
maintains that the present la?:k of a basic.and substantial mi'nimum
proficiency «in science, and mathematics is handicapping countless numbers
of potential technologists and enginéers.‘

While these career concerns are certainly important in the

totality of public education, they might be viewed as part of the

pragmatic end of the educational goals spectrum. = At the other end of .

o

the spectrum of public education goals would ‘be the philosophical

@ .

concerns about the nature of educational goals,
R el . -

3

A Search for Philosophi'cal Perspectives

Philosophical perspectives are often contained in statements

about the aims, goals and purposes of education, Suggestions for

‘des{réble- student leéarning can find expression in the behavioural

language .of educational objectives as well as in the prescripi:ive
language of educational philosophy. Three basic emphases can be

noticed as characteristic of the ﬁu;poses of education in general and of

science education in particular: psychological (e.g., personal and

“

So
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career neéds), sociological (e.g.,. societal concerns), and academic
(e.g., preparation for further study). These émphases may be seen in
the form of 'goal clusté:s', learning objectives and even attitudinal
studies. All of them point to a st;engthening of the position of
scientific litgracy in the roster of educational goals and purposes.
What ought to be the scienéé education goals of public education? Some
attempts have been made to answer this questiog. .
‘Harms an& Yager chose to begin' their quest by lbcating
’philosophicai perspectives in the field éf education throhgh a
literature search for science education goals.33 Articles and
publications ;ddressed to goals’or rationales in science education were .
culled from the a;ailable literature. Pfojecﬁ Synthesis, the nake of
the project headed by Hd{;s,and Yager, eventually devised four clusters
of écience education goals having identifiable learning out comes
relevant to the individual, society, academic ‘preparation and cafeer
choices. (Thrge: of the four sets .of leqrning outcomes speak to
scientific literacy concerns as_ identified by Karplus and Klopfer: the
self and career choices when Karplus writes of the "functional -
understanding of science concepts?; andtsociéty and career choices when
Klopfer writes of science-technology-society interaction.) Takiﬂg.
these learning outcomes as "desired states," it was then a relatively

straight forward matter, for them to compare the '"desired states" with

-

the "actual states" found in the studies by Helgeson ggkgl., Weiss and

- Harms & Yager? 1f the biology education section is taken as an- example

1

of the Project Synthesis approach; location of scientific literacy is

clearer.34 As might be expected, the "actual states" were nopicéably

-
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(and undesirably) different from the '"desired states". Since three of
their four goal c¢lusters contain primarily scientific literacy
desiderata, one can only conclude that much corrective curricular work
needs to be done if "actual states" are to come closer to“qbg "desired
L
states". Hurd, who authored the report of the bioiogy focus group
within Project Synthesis (with contrigvtions from Roger Bybee, Jane
Kahle and Robert Yager), explains the rationale used in developing the’
"desired states": "The overarching rationale of the desired biology
program is the use of biological knowledge to enhance the understanding
of oneself and to benefit the quality of 1life and living for human
beings".35 As to why this shift away from the 1960's 'new' biology
courses orgaﬁiged around the structure and logic of biology as a
discipline, Hurd agiEEEQQ th%t
the validity of the ['desired'] model rests upon 1) the
present character of the science enterprise; Z)i)ﬂm ‘

.,current emphasis on scholarship within biolog¥cal

disciplines; 3) biology/social-based issues that exist

and are likely to persist througlout several decades

into the future; 4) personal needs relevant to biology

that are evident in contemporary culture; 5) public

reactions to conventional educational goals and
practices.36

Evén though'academic preparation seems to be still highly-Qalded, the
'stud!ﬁt—perceived pe;ébnal, social and cafeer needs play a large role in
the validation process. The focus of the problem in science ed;cation
for Hurd centers on the stated discrepancies betweén perceived personal,
career and societal needs and present biology'education. i
The philosophical perspéctive'developed by James and’Smith algo
. supports the goal of scieﬁéific literacy:

in this technological age, successful participation as
citizens and consumers increases the importance of

:Dg. N | '. ‘ .. &‘85 4



47

-education,

>

sclentific lfteracy. If some reasonable measure of
this general education goal is to be accomplished, means

for reducing the alienation from science should be
found. 37

) N
They had become-aware of data in the education literature that reported

increases in general disinterest in sci , with disinterest
e
progressing through the K-12 years of schoolinhg. They constructed a

l4-item questionnaire designed to elicit attitudes about science-

-

influenced jobs and. careers. A dramatic drop was noted between the 6th
and 7th grades in favorable attitudes toward science. They presented a

number of suggestions ,as to why, particularly since they found a

-

strongly positive attitude in grades 4-6. They suggested that

curriculgr and/or pedagogical events occurring at the 7th grade level

are the potential key,
‘ 1

o

INTERIM SUMMARY L.

.

Considerable territory has "been covered so far 1in this'

'examinagion of the historjcal development of the science educétion aim

or goal of scientific literacy. I located its origin in the late

"1950's as a rallying phrase in the science education literature and in

its links to the ‘perceived political and scientific crises of the early

1960's. . These politdical considerations both as education slogan and as

i -

. - . 3
al crisis, bhave continued as ‘undertones into the 1980's, In

een, however, i.e., from the late 1960's through the 1970's, science

nat
be

educatorsyhave come to value the scientificlliteracy goal as justifiable

and even necessary on grounds other than political ones, and ‘to insist
. { .

upon its inclusion in the collection of goals characteristic of science

rd

«
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In so doing, much effort has been put into developing relevant

teaching and ‘i.earning objectives. There are, of course, the expected
concerns :about teaching and leart;ing objectives that focus on concepts
and skills derived more or less directly from core science disciplines
(physics, chemistry, biology). These objectives that are discipline-
centered, continue to provide a sense of stability to the subject matter
of science education. However, two additional concerns graduafly

become more noticeable in the science education field, one containing a

'resurrected' focus out the pre-1960's, public science education, and

the second, containing a ngw emphasis in science education.

This 'resurrected' Tocus may bfe/ stated succintly as a need for
public science education goals that include adequatg introductions to
applied scienc;e fields and related tecﬁnological fields, introduction
now generally absent from science curricula; this is a major concern of
educators having an interest in the technological or applied fields
v
(sué«h as engineering and industrial chemistry). Even though post-WWII
Ceach'ing _objectives have fluctuated dramaticéll;’ in respect to this
fbcus, its resurgence is an indication of societal pressures for
adequate high school ’career preparation for the non-science stream .
studentsﬁ, i.e., the majority of students, ’At the same time,\this

concern about science education of the majority of -students has also

become a concern of science educators who have concluded that the °

majority of students need and 'deserve a be.ttei' education in the- core

sciences. Karplus and Klopfer have beer at _ the forefront in these
< L . :
efforts for some time now. , Such career introductions are seen by these

— / .
) . | . ‘ ]

87 ,




+

i1

s

educators as preparing the ground for career choices leading to the

o

applied sciences and technological fields.

The new focus would have students formally study science-society
interactions and their consequences. This new focus car;ieslwith it
moral implications (e.g., the ‘'goodness' of nature conservatiop vs. its
exploitat%on). It also has sociological implicatioms that includeféhe-
development of skills and the transmission of knowledge useful in the
making of political decisions regarding science—relatedvsocietal issues,
This new focus, although having fewer historical 9recedenté in science

teaching and learning objectives, is enthusiast{cally advocated by a

< N

number of science educators. . o

Emerging then, in the 1980's from among the kor political ,
features of the historical development of scientific literacy as an

educational goal are two important themes: scientific literacy as a i
2 r
universal goal, a gogl for the masses of students who do not chdose to

ip‘

follow the seience stream route to high school- graduation, and

scientific literacy as a moral goal, a goal that would encourage the
’ o

learning of constr#ctive decision-making about everyday matters that are
science—-based. Because the two themes are characteristic of the 1980's

concerns of scignce educators, I will develop each. in the sur;ceeding

t, »
-

paragraphs.. . . e

. Many educationists (especially Yager) have concentruated their
‘ . ' G
efforts on the inclusion of a science-society perspect@ in high S‘EhO'éii' ’
€ S *

science "education, a perspective that carries with it sociological and
. p . , $
moral elements, This perspective of sclente education as a moral goal:

will .also be developed through the contributions of science educators to

'
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science education literature. Still ethers (particularly Kiopferi) have

N

been instrumental in moving the gcientific literacy goal from‘a position

r

of one-goal-among-malnys in science education te the position of a
universal science education need on t;he’ high school level. My
int@ntion in reviewing some uof these efforts is to establish a basis for
the theme of universality in science, education, a ti\er;\emsually linked
to the scientific literacy goal. l

*

Scgientific Literacy as a Universal Goal in the 1980's.

Klopfer, in a 1984 Science Education editorial, cited the

folloding groups as supporting .his position in scientific 1literacy

(summarized egrlier in this chapter):  the Task Force on Education for

.

Economic Growth (U.S. Department of Education), the National Commission
I‘ ‘ . ‘-
on Excellence in Education (Education Commission of the States), the

Commission on Precollege Education in Math, Science and Technology

(National Science Board), and the Nati?'nal‘ High School Board (Cafﬁegie
Foundation for the Advancément of Teaching). In citing the grbgye
sources of support, Klopfer poifﬂ;s to a broadening of the base of

s

leadership support for "an increased em;r’has”is on Ecience education for
all yo:ng people", and to the fact that it is no 1ong'er primarily
scientists and science educators who aré calling f%r such an emphasis.
"Proper preparation for life, emphasis on national needs and the
collective good- of society (vsf}ndividual welf'are), productive and

responsible citizenship" based on sufficient educational skills were

fgreseen as the happy outcome of a curricular emphasis on scien\tific_

- »

- literacy: . ,



All young people must have ample opportunities for
learning to understand science and the scientifit ways
of thinking, This #s a necessity for all young people,
not only those moving toward scientific or science-
related careers, but for everyone,38

-

A 1980 joint NSF and U.S. Departméht of Education Report to the

President entitled Science and Engineering Education for the 1980's apd
Beyond had made'th; s;me points (summarized below) and had emphasized
the universality of‘such a peed for scientific literacy: all citizens,
not just those preparing for science or engineefing—related careers,
need scientific and technological education, The rationale for
unive;sality had some 8 premises in the report:
| 1. thgre is a "growing discrepancy between science, mathematics and
téchnological éddcation achired by h;gh school graduates who

plan to follow &cience and engineering careers and those who do

not .39
2. “scientific hnd technical literacy-is increasingly necessary .in

our society”,40 L

3. citizens who control the ultimate processes of society must be

scientifically and technically enlightened; decisions can be

helpful only if science and technology are understood;

b science is the key to success in many occupations;
5. the pool of future science and technology personnel is
- dwigdiing; ‘

6. equity and personnel needs have resulted in a push for

minorities and women to get the maximum of science and

¢

mathematics in high school;

~—90
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A .
7. qther industrialized nations (Japan, Germany, USSR) require more

science and mathematics in their public education programs than

[

does the U.S.;

8. a commitment to national excellence must be reasserted.

LR Y

This rationale was formulated after examining data that showed:
a. lower national scores on achievement tests;

¢ a
b. a basic skills emphasis in many school districts; /
~ :

C. lowered admission standards of colleges and universigyéQLJ/J

d. lowered state high school graduation requirements;

.

e. science courses and student needs oftemmmismatched;
%

f. teacher shortages. -

The same theme of umdversality is taken up by Aikenhead.4! His
rationale for scientific literacy is based, as many other science
educators propose as well, on perceived citiZenship needs: science-
related issues are many (e.g., energy resources, food production/

:

distribution, pollution, health) about which the public has, does, or

will have to make decisions in a democracy. Scientific literacy
components for Aikenhead include: the natufg_of science, the
limitations of science, basic knowle;ge of science concepts/pringiples,
and exposure to'the intgrrelagion of science with sociét&.
The theme of universality is also echoed in the earlier (1978)
’ethnographic study by Stake & Easley.,42 1They fournd that
administrators, supervisors, teachers, and students, offered thg
following as problem sitgations in science education, with many of the

conclusions similar to those in the above 1980 joint report, but




\‘ ’

grounded differently, i.e., within the participants. The study's

»

conclusions could be summarized as follows: y

courses: lack of science courses for 'below average' siudents;

students: want science as-used-in—everyda§—life to be included,
’

in science courses; .

' © ’
students, teachers and administrators: all want science courses

oriented to present and future job markets in addition to 'pure':

science courses now offered;

science education goals supported by all: science knowledge,

human issues, career preparation; T ——

-
¢

competency tests: the majority want a science component to be
. {

included in the minimym competency high school leaving tests if
"‘(

and when such tests are implemented.

What can we conclude about this theme of universality in

connection with scientific literacy? Universality seems to be a

.

dimension of the scientific -literacy goal that is finding substantial

support in the 1980's among science educators. It matters little

3

whether universality is associated with citizenship needs as "perceived

by leaders in.science education, or 'grassroots' concerns resulting from

.
-

surveys of students and teachérs. What does seem to matter is the

. ) .
- amount of support being generat®d for scientific literacy as a

reasonable goal for all students.

°

-
N

.

Along 'with the resurgence of an gmpﬁasishin public education on

preparation. for future Eitizenship responsibilities has come an even

newer dimension of° the scientific literacy goal, that of scientific

literacy as a moral goal.

P
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The W930's: Scientific Literacy as a Moral Goal

Even though Yager has been ghe of the most outspoken among
A

science educators in advocating the inclusion of a moral element in

T
scientific litepacy curricula, pis position underwent - some

transformation since the early 1980's. Kahle & Yager descfﬁbed a two-
4

,

year history to their 1980 study, of educators, a study that located

"Current Indicators (of Problems) for the Discipline of Science

.o

. .
Education"; eight problem indicators were presented.43 Science

teachers' éomp?tencies and pedagogical devicés and materials were of
greatest conqe;n among those surveyed science educators.’' The second
mosl.frequent concern expressed by these teachers was the need to focus
on scién?é—technology-soc;etal problems from appropriate in;uiry and

data perspectives. Kahle .& Yagér maintained that, even though there

may always be a need for science teaching assessments (specifically °

referring to all of the most recent U.S. national assessment studies),

+ the crisis in science teaching should provoke more than just reports of

assessments. Some reform was called for in science curricula. .

Three years later, however, Yager suggested that unless science

\ N , \
education is defined differently and accepted in this 'new' proposed

~

definition, science teaching and science learning would not reach the

-

more, "desired states" that Harms and Yager had suggested in their 1978

——

study.44 Scie§be.edgcatiqn,_Yager felt, should be defined as 'the
discipline concerned with the study of the interaction of science and:

society, i.e., the study of the impact of science upon society as well

- -

{
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as the impact of seciety ufxon_ science" with, accompqn’ying moral/ethical
values as integral 'rparts of sciel:lcé education.é5 Science educa‘tivon
research, geience curriculum development and science teaching should all’

"center —upon this interface" of science and sciety. 46 It was felt
3 . 4
!

that this 'new perspective in the goals of science teaching would

%

4 .
increase the population-of students enrolled in seience courses (either

%

core or elective) and would also engender more sustained interest in -

——

enrolling in senior high school science courses sincq this is where the

®

most dramatic decline in student enrollment is located according to all

-

avai]able data. )

Riechard locates the scientific literacy problem in the lack of

'palitical and bolicy-making will within science education leadership:
* In a world contending with population expldsion, hunger, :
disease, depletion of fossil fuels, environment
degradatitn, and the ability to destroy ourselves in a-
matter of minutes, science education policy must
establish scientific 1literacy as a national goal with
scignce as general education for all.47

¥

His view of scientific literacy combines universality (science as

1

general education for all) With moral values accompanying the study of
science~society interactions (depletion, degradatioh,' destruction).. —

4

His argument can be summarized as follows: "A sc.\iehtifica,l.}y illiterate

[}

popitlace spawns -a scientifically. i}literate governmént" which invites
Al - B
natural and political disasters because of the lack of knowlédge and

skills when addressing sociai implicatiof;s of science and technology.

. .

Because of a combination of mis-education and laék of education in

- -~

science, "the public's\\expectations'.are ‘often inappropriate,
. . ! f

t

"

unattainable or both".48 . f’f’”‘"i SRR
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A summary of Riéchard's scientific litefacy charachristics

feveals a somewhat different emphasis from the-Harms amd Yager /list:

ae understand, the nature of science and the nature of sg}entists;

- ' ' /

N "
b. ynderstand basic natural phenomefia; o

Ce dévelop ASjequve,‘oﬁen-minded and questioning /attitudes and
" abilities; | <

d. be hbie1to~interéret sc%ence—félated informatio

popular media,;

4 N
e. understand the sociology of schools, "gover

enterprises;

sciengific literacy prop'onepts. Zeidler may be inc'luded in this new’

camp .49 He ‘assumes the.acceptan

2 ’

goal in, science education. Evédn though he offers no definition of

r . W,
scientiftc literacy, he does g

a
-

"interdisciplinary approach”

on to argue for the inclusion of . an
C e ' .‘ ;’) : .
n order to achieve/"a more _complete

i N \. . +
realization of scientific liferacy”.30 By this he refers .to a.concern

¢ S
- N N v

(] ) PR
issues. that would- emanat from the

with moral and ethica
interc?scipliqagy." offerings in such ‘areas as léw, sociology. and .mbral
} -

. \
philodophy.
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\\pncluding Remarkq
—
It 1is noticeable that a) the concept of scientific literdcy has,

‘over fhe years, acquired descriptions that have become both considerably
more| concrete and more “diversified; : b) curriculum guidelines that

include scientific literacy have become more frequent; and c) a’sense
' \¥d | 4 . M
of urgency coupled with national and citizenry welfare have becb%e

' ' ' '
attached, once-again, to the concept of scientific literacy.

-~

Even though the origih of the''term 'scientific literacy' seems

s

'po be in the 1960's conEerp:about the need for U.S. taxpayer support of
@cientifie and industvgal p}ojects and enterprises, ii has.been
considerably modified and is gradually being institutionarized within
the pub]ic school curriep}a. Nonetheless," the 1960 s argument can
still be found in the 1980's literetpre: ihe public wquld be favorable

to scientific and ingustrial'concerns if they were able to have a

positive appreciation of the’ needs of- scientific research and

; ¢ . .
technological products. This positive appreciation of science and its

—

benefits would be engendered through‘schoolipg }hat teaches an

. ) _ py
understanding and appreciation of science and ifs benefitial effects in

“ society. The 1980's argument not only would not. reject the 1960's
argument, gpt would add argumeetsadrawq from the ‘philosophy of

educaiion;ﬂzociology'and morai philoeophy. Tﬁese 'newer' arguments
are intended to widen the. appeal of proposed ;dditions to theisc}ence‘
curricula, particularly at the sebondary levels, '

My i:tention in' this chapter has been totpresent the broad

outlines of the historical process that has propelled forward the



[

educational goal of scientific literacy..

In so doing, it is hoped

, - % * i
that a basis has beep provided for .understanding the societal, academic

%

and institutional forces'that .favor stability a§ well as those forces

favoring cha,n'ge. All of ‘these' forces will make a’'number of appearances

when the "goal i} scientific litera¢y as problematic is examined within

the framework of deliberative enquiry”.i" ' k!

The next chapter will try to tease out of

.
A3

this collection of

>

-

offe_rings—fron‘n sc®ence education le‘adve‘rship and edu'cag:ional r'eéearchers,

sproblem, . A

b |

_a more limited and more st&dent-—centered view of the scientific literacy

-
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SCIENTIFIC LITERACY: SOME ELEMENTS IN A CONCEPTUAL ANALYSIS
—_ oY '
Focus ®f Chapter . o .
v .
.- So far, 1 have tried to place the sciemce education goal of

&

scientific literacy into its historical context, indicating its origins

¢ .

as a slogan and its multiple meanings as interpreted by numerous scilence
educators and science education researchers, In so doing, Karplus and

Klopfer were selected as two of the major exponents of scientific

L4 /
literacy and their views were discussed. My intention is to .develop a -

" dialectic using the writings of these two educators as they have

addressed the educational goal of scientific literacy. Such a

. -

dialectic will help to unmask the concepts that have formed around the

\

¢

term scie}\tific literacy. , -
The starting point of this chapter will be an examination of the

nature of a conceépt and.as applied to the term 'literacy’. This will

-
o

be foi]'ow,ed by a closer 1ook at Karplus' view of functional
1 - - . . -

ungerstan-chhg as an essential element in the concépt, of_ scientific

>

literacy., - Klopfer's b,views of essential’ elements in the concept of

R, =
» 3

sciegtific literacy will serve as a response to a certain incom;;lét:eness

in Karplus' development of functional understanding., But Klopfer‘ does

more than this. ' He preseﬁts a substantially different emphasis, one )\

a

t}@\t focuses on the "sorialization potentials of a scientific literacy
curr&culum. : .

If the' goal of scilemtific litera is to’ be acknowledged as

having a validity beyond its' historic persistence, a clearer and

4 -
- l

L] .
] E -
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.educationally pragmatic conceptualization of this goal would seem to be,
among the deliberative pf%liminiaries as well, Without some workable

\
consensus about a core concept of scientific literacy, the deliberators

AN

will be hard pressed to know the focus theyushould’be using in

developing perceptions of the 'problem' surrounding the goal.
i R -

The place of this chapter within the frameﬁork of deliberative
enquiry is to exemplify one attempt at working thro&gh the so far

unexamined concept of scféntific literacy. Needless to %ay, my attempt
' o

does not exhaust the analytic’ possibilities nor preclud€tefhers.
Briefly, my }ntention is to demonstrate’ the complexity of a
superficially simple science education goal expression. What are the
- ' 3

major threads that hold this scientific literacy tapestry together?

.

What components can be identified in -this problem'situatioh? In what

ways can we formulate the points of unease?’ Do we notice discernable
[

-

orientations to the deliberation components of students, teachers,
subject mattgg and milieu? P:?éi(e and‘koby suggest that a valuable
activity initiating deliberation about the problematie situation is the
ta @

assignment of meaning to the details in the»pfdblematic situation. One

by oné, elements of the~-problematic situation will be teased out and

then reassembled, in order to ﬁh‘g&ﬁto some of the important educational
aspects of a scientific literacy concept. ’ ~
As of now, there is no single, easily described, concept of

scientific literacy. It is important that educators and curriculum
. 7 .

planners begin to'réqognlze this fact. = One way to encourage such

fecognition is to unmask the various versions of 'scientific literacy' -

developéd by science educatprs'ahd curriculum planners. Once again,

s ﬂ - \ “ "
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X ,
Karpus and Klopfer, both as science educators and cyrriculum planners,
will be called T?on to contribute their version of 'soientific,

literacy'. Some of their contributions have already been presented.
4 . R N N , , *
—ofowBver, more néeds to be done in order to unmask further elements ip

’ v

their respective concepts of scientific literacy. |

Scientific Literacy as Concept

In the The Philosophy of Schooling, Barrow's discussion of the

term 'concept' is apropos.l He distinguishes it from the terms 'word'

(as in the naming #f an object) and 'image' (as in a mental picture of a

concrete particular). " The term 'cqncept'\ds reserved for "an
abstraction that represents or signifies the unifying principle of

various distinct particulars,”2 What might be -the "various distinct

——

"

particulars” and what might be the "ynifying principle™?
It would be interesting and helpful to begin with-.a verbal
definition of literacy or, better still, literate, since literacy is

sifiply "the quality or state of being literate”.3 One finds a number

-

of possibilities, most of which are concerned with a; relatively thorough
education in the written forms of cultural heritage. " Some examples

will suffice: “"versed or immersed in Iiterature or creaf;ive writing”,

'2dealing with literature of belles lettres”, "characterized by or
\ . 5 v .

.possessed of learning as in edutated or cultured”.4 This can be
extended to the description "w'el,l'execpted or technically proficient as

in polished or 1lucid writing".5 At first glance, none of these

1

definitions would seem to enjoy a comfortable juxtaposition with K-6

"' learning outcomes. -° One must honestly admit to some difficulty in
% : ' - . c.

o 1
., -
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visualizing millions of American 12-13 year-olds (i.e., grade 6
graduates) being “versed' or immersed’ in science, or "“dealing with
’Q‘, .

(science) literature”, or "characterized by or possessed of (science)

-

These adjectival definitions are not usually applinab1?£§b such

12-13 year-olds even in areas of learning such as language arts (mainly

) reading and writing skills) and mathematics (mainly arithmmetic), areas

a

. 9
of learning that ‘are allotted ;a much larger amount of. time and emphasis
in the elementary school day and curriculum than science has been, or is
likely to be, allotted. Perhaps there is less that neﬁeg to be learned

in science as opposed to English and mathematics. Or perhaps science

w
.

is much more easily learned @and therefore needs less time, Even a

+

cursory look at actual classroqm situations and learning patterns of .

\

g&fmentary school students should indicate ;yat these two conjectures’

cannot long remain in‘consideration. . ‘ =

1f a sort of 'higher' view of '%fzerate' as educafed, cultured,
lettered is likely not poésible by the end of a. typlcal American K-6
number of years in school, is there a 'lower' view of 'literate'? Yes,
there is: “"able to read and write".6 But how cah we use this for
écientific literacy? "Able to read"tscience texts, "and ytigéﬂ science
answers, repor;s, papers? "Agle to read” newspaper or magazine‘science
articles “end write” to the editor? ‘If the writing requifement is
droppe?/and speaking 1is ;ubstituted, perhaps a combination of reading
and speaking could be made usgful: “able to read” and discuss seience

articles and books. Actually, much of science information comes to

most people through the electronic-media. w&hld violence be done to the

4 ~

g
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descri}:)tion of literate if someone watched, listened and discussed

¥
¥

science informatiog presented in the form of television or radio
. /) .

documentaries, science shows, thematic debates or discussions?

i\ :

-

Probably not. aWould the discussions be at the "able to read and write"”

level? Probably, Is this what Karplus had in mind? Probably not.
3

Why not? Because his concern was not with the development 6f science

skills: (equipment manipulation, practice with science procedures as

equivalent to the skills «#f reading and writing) as with the

understanding of concepts so that they could serve a future use.”

.

Karplus 1is concerned that students have and demonstrate an acquaintance
. ]

with the fundamentals of chemistry, physics and biology, which

]
.

am}xaintance will allow them, as adults, to make intelligent. decislons

about all sorts of personal, social and political mattersﬁ, using (and
assuming some znderstanding f) scientific arguments, at leas't in part,
and particularly wﬁenl thé matter to be 'decided about has some basis in
science. ’ Let us take one 5xample that has popped in and out of the
public decision-making arena for the past 40 years, namely that of the
building of nuclear:power.plants.'s, It goes without saying t:hat.
8conomic, moral and ‘political.arguments may well be included, but

\

certainly, at least part of the total picture' often is science-based

‘ arguments, Let us include our K-6 graduate who 1is now of voting age

. '

(18 'years in' most American Yurisdictions) .And has had a maximum of one
more yea;r of science, ‘in high school,. Would this :Pmaginary 18-year-old
have = reasonabg sufficient {afzquain‘tance with the fundamentéls of
chemistry, physics and Bio‘lgogy (since all three are ‘directly involved)

"in order, .to understand the science-based arguments, no matter whether

102
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they be for or against the buildivng of nuclear power plants? Or would
N .

he be strongly tempted to either resort to monal or economic or

. v
political arguments, or to throw his/her hands up altogether and say:

'féet the experts battle it out, they khow pest"? Is leaving—i}—to-the-—

experts pﬁt of literacy? Might this be included in Karplus' notion of

scientific ligeracy? He doesn't write about this possibility but his
other concerns for citizen-based decisions would lead one to sguspect
“

not, or at least not often.

v

g

\ -—

Should scientific, literacy then be imagined. to fall somewhere

between the 'higher' and 'lower' definitions of literacy? Possibly.

-

sKarplus is convinced both of its usefulness and its neéessity. Is it
necessary- to understand and use science-based arguments before reaching

a decision about the construction of nuclear power plapts? 1 doesn't

<

seem .to be, Economic and political argAents have been tradjtionally

the more persuasive and the more urgent. Well, if"-not necessary, then

hd )

certainly useful? In what way? Actually, there might be many whys.

Let's examine some. Would it not be useful to unde.réta’nd what the
experts are arguing about? Certainly, but based on the fundamentgls
acquired in a K-6 program plus one:-year of science? The inherent

limitations would seem to be overwhelming since the ex‘perts' disputes
are anyway invariably either about data specific to the field of

B . \
expertise or outcome speculations, neither one of which ‘is directly or

indirectly linked to the K-6 fund'amentais of science that Karplus

¥ - . ~ 1
includes in his SCIS curriculum. . e

N ; .
Well; what about understanding something less overwhelming such

o » . N
as: "What is' wrofig with my car (or TV, or radio, or dishwasher)"?

’

.
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Science cbncepts wil-l certainly help one in these areas if and only if
one also receives training in car repair (TV repair, radio repair, etc.)
or can benefit from an explanation given by someone who has repair\ed
one's car (TV, raaio, etc. ). Will the latter equip'me to repair the

car the next time it stops workifg properly? Not 1likely. Similar

questions could be asked about health care, eé¢ological concéerns,

asbestos in the work 'place, etc,

4

literacy' so far? Have any "distinct particulars”™ .been noticed? Has

a unifying” principle been located? °~ The set of particulars seems »to

include 1items such as ability to read and understand science-related

-

popular reading matter, ability to listen and upderstand popular

science-related programs broadcast by the electronic media. Perhaps.
ability. to discuss science-related topics should be included as well;
1Y a \‘
~ ' «
of course, understanding is assumed in this instance. The notion of

understanding seems’ to be a "particular” associated necessarily with the

oy

skills of reading, listeninéb and discussing. The kind of

understanding, however, would seem to include -more than implied by the,

skills themselves. It i‘s the unc'ierstanding of basic science.concepts

that forms_the basis of whatever later: understanding is wanted in the

reading about,wlistening to and discussion of science-related topfs.

The “unifying principle” within the concept of scientific literacy",?:é/h
— ‘\\_\
then be located in the undérstanding of basic science’ concepts.,

Ultimately, this is Karplus' intention for the SCIS curriculum.

o , 104

What have we been ,able to tease put of the term 'scientific
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Functional Understanding as an Element 11:1 Scientific Literacy

| What then could Karplus' "functior}ald' understanding of _science
concepts” mean? I will develop two senses in which science education
can contribute to "a “functional understanding of science, concepts";

For a start, the image of practiéalicy, of usefulness in future (or even

- -

present) life activities comes to mind, and would be one sense. A

concomitant sha‘ring with scientists of perceptions and comprehension of
- A .

the physical world would seem .to be implied, and would be a second
sense. An examination of examples ‘of curricular subject matter

arranged by .topics may provide some understanding of these two senses of

"'function‘.al‘ understanding”, o,

The classic and continuing patt;ern-in-.pra'ct’ice in elementary
"school classrooms is that of i;struction in hedlth practices: tc?oth
care (the si.ngl'e most “favored topic by teachers), nutx.'itio;l (a close

v

second), minor illnesses (e.g., colds) ‘and human ar;atomy (heart, lungs;

‘

diges:ive 'system being favored). Ecology, a fifth themé, is more
recent but also popular. | "The four components of student, teacher,
‘shbject and milieu all receive consideratjon in these themes. The

student's interests in new terminolo and concrete experientes d'ealingl
, 294 ‘ p :

with egocentric concérns ‘can find full expression 1?1—topics connected
’ ‘ .

with food, human anatomy, illness and ,animals. The content level .19

'both uncomplicated .iny large numbers of theoretical -concepts and 1is

usuaily well within the (even non-science) bacfcground.of the eleme_m‘:ary

sahool teacher. Lastly, the community has traditionally
-, ’ . v.:,;“‘ . N @

’ : . ~ ) . y s .
these 'science' themes as part of the larger and ongoing 8&ocialization

]
" !

-processes for which the 'teacher.(and' the school) are helq, in" large

-
°
.x

- .
. 5 .
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measure, fesponsible. In addition, the student has likely had some

~

& introduction in the home regarding each of these five themes.9 It is

)

most possible that the classroom repetition will serve to reinforce the
oriiﬁnal parental instruction (at least in regard to tooth care,

nutrifion and minor illnesses) especially since the instruction will

1 N o

occur in a gomewhat different manner, i.e., different from the parental

instruction patterns. In what sense is the understanding to be

functional? One-sensé might be the posseésion of factual information

.(tooth structure, food categories, causes of certain illnesses,

»

prevention of certain illnesses, standard textbook names of body parts,

predator-prey data).l0 This factual information could then be useful

-

in reading, listening tb6 legtufes/talks, and television/radio programs,

and discussion whenever such scientific terminology is used. This is

certainly also a sense of the terd uﬁderstapding wheﬁ’karplus refers to

’

'funcfional understanding'. We can probably all agree that familiarity

N

with vocabulary-in-use is a useful precursdr, even though not sufficient

] ., ‘ .
to a fuller understanding of the spoken or written word. But are there

- Lo

any other senses beyond what seems a truly basic, even though essential;

°

14

levgi,of un%grstanding?,
'Karplus does carry the notion of undersiandingﬁﬁeyond the

concrete namiﬁg process into the abstract realm of concepts. : His

W

entire elementary school science program is based -on the introduction

and exemplification (through a variety of student 'discovery'

concepts integral to chemfstry, physics and biology.ll
, c .

1f we then assume that Karplus yould’ge in agreement with Barrdw's

strategies) of

- nofipn ofréoncepc. we are in a good position, potentially, to understand

. L A
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the ful% phrase “"functional understanding of science concepts”. The'
concepts are a) restricted to those related to the physical world, and

b) serve as “unifyipg principles of various distinct particulars”. It

n

soonDbecomes clear that the previous considerations ?f the pragmatic

nature of an enlarged vocabulary of terms useful in, even 1f. not
ggculiar to,. science, is not énough. It is Qhen not carpal§~and
tarsals that Karplus is actually thinking of but a cgﬁcept such as 'the
functional relationships of internal body struc¢tures in certain- N
animals'. (Ik so happens that Karplus' program avoids aﬁatomy“of\any

kind, but I believe that the illustrative point can still be taken.)

Whether this particular concept can find easy reception in an elementary
school population or is an appropriate and necessary part of a science

1

curriculum at the -elementary school level is, at the least, disputable,
Perhaps 'the interconnectedness and interdependence of all body parts'

is a concept more appropriate to the elementary school level, “Or 1is

4

®

'microbial causation of disease' better suited to this level? Perhaps
'good nutritidn makes for good health' is easier to handle? _ The cell

theory coupled with homeésfgsis, evolution, heredity and eéological

’intérdépendence of life forms are major biological comncepts. Where do

they fit into an elementary school curriculum and with what

s
a

understanding?12 Karplus seems to want to go beyond the mere teacher-

introduction and student-recognition-of-concepts “type of education.13
“0g .ty

-

Perhaps some level of understanding of the textbook or teacher-produced

vy

science information is what is, acééptaﬁle. ' Karplus does ‘vrite (see
also previous chapter) that the student sh{?ld "be ablé,to use

L 4

information obtained by others”. The 'others” are presumably -fhe :

A\ o
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‘é;)llection of writers and speakers w};ose task it is to write or speak
about :science in ‘easily unde;‘standab'le terms’('aft‘er all, Karplus has
designed his \conce'pt of scientific literacy to fit in with—the
educational framework of ele}nentary schools).. Elementary’ scho‘ol
s"cience t‘extbooks_would“likely fall ,int’o this,’ spﬁhere (and Karp}us does
refer to ':the rqading of textbooks").'— Would news*p.apers and magazines
" be 1nclud(=:d in this sph.ere of 'others"? I;ossibly, yet most elementary
school students Fave difficulty even reading non—scienc;e articles and
\ ' J

understanding them. * No study has shown bhetter comprehension results
/

with science articles and magazines as compared to non-science articles

and magazines, Karplus adds: “and other references™. Might he be
>

‘thinking of teéhnical'refe‘rences or the more d;.panding .popular science

*

" magazines written for an adult (and usually university-educated)
“ .

audience- or the overwhelmingly numerous professional magazines? And
. ' . L .
how does he see an elementary school education .preparing anyone for

these? (ﬁ‘ would he limit the "other references” to the popular, press

.with its record of distortions, misinformation and incomplete/

information? /

Karplus "does not address any. of these questions,lé4 »Inste/a/d,

%
’

‘ 7
and wisely so, he concentrates on a rationale for science education as
. , I 4

. o , N ) )
part of the. elementary school program. He expresses two concerfis, only ~

- I
one of which actually includes -scientific literacy as an outcome. One

N ’

concern centers on the disinterest in and even hostility to high school
science courses in evidence in the majority of students in North
American high schools. There i5 no lack of data backing up this

concern even'in the most .recent’ high school surveys (some, 10-12 yea.rs

\ B
. . . o

108



/
P
o l/!fter the implementation of Karplus' SCIS curriculum). © In most North

0 ‘ﬁ
American higlh' schools, there is a state-determined;graduation

‘

requirement of. one year of a science course. In some\ 80% of the

enrollments in such a required science course, either General Scilence, or

.

‘Biology (or a biology-derived) course is chosen. Chemistry and Physic’é

courses are traditionally available as electives,: with some 6.9%
choosing Chemistry and 3.1% chgésing Physics.15 1f-a larger en-rolbﬁhe.'nt"
in all high school science courses is desirable, then his concern is

well-placed, especially’ since studies show much positive ,interest 'in

science among elem_entafy school student populations, Between the end
1 - !

of elementary school and the beginning of high school, these same

students show a marked shift from interest to &isinterest, and from

positive éttituﬂgles to negative attitudes.l6 Karplus would like to

éhange this pattern so that more positive' interest 1in science would

remain in high school students as evidented. by their choosing to enroll

in ’Che.m:isrry .and Physics electives.

- . !

He does not seem to see this change occurring in the near future

. o - ’
or in lérge enough numbers to inspire a conviction that the majority of-

students will remain in scieffce courses throughout gtheir higﬁ school

7
years. Instead, he links his second and prior concern of scientific

0y

literacy with the ’eleme’ntary years, He sees the pos:;ibility‘ﬁof
capita‘liziﬁg on the natural and easily stimulated curiosity of Krb

studenits to enable teachers ;to introduce and students to willi'ngly and

actively 'discover’', in those seven years, all major science concepts

emanating from' the disciplines of chemistry, physicé and biology. By

use of standard science terminology (such as systems, motion, solution,

. v
tow o
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concentration, interaction) by both teachex and students and
‘ sequentially linked to concrete and pre—-determingd instances of concept-—
exemplification (recipe- 'experiments", demoné‘trations; field tripg, A-V

aids -- all of which Karplus considers to be 'disgoveries' for the

* students) he f.ores\;a'es that *all major science concepts can be presented

- IR
L

,

»

in those - seven years)AND THAT SOME UNDERSTANDING WILL BE POSSIBLE FOR

N -

MOST STUDENTS:

This last point has been emphasized by‘tl{is writer for [two

'

reasons: (1) without this possibility, all'oé the concept expositions |

andﬂ'disaoveries" of the K-6 years are perhaps still ,nec.e‘ssary (i.e., to-

stimulate continuin t itn science in drder \o keep ‘positive

science attitudes p but clearly not sufficie g for écientiﬂc

: 4
literacy; (2) inn ognitive developmental ‘patterns, as worked out by
researchers such as Jean Piaget (on whom Karplus relies greatly), tend

to show that the intellectual processes involved fn understanding (of

science concepts) are 1ip full operation before the end of the seventh

elementary school year for the vast majority of students. .

b,

understandipg of stience concepts that Karplus envisions as readily

’ ;
possible in those seven elementary years. At the same time, since

. A%

everyone. could be exposed to and benefit from such a science program,

H

all citizens, no matter their future pursuits, would be litefate enough,

’scientifically speaking, to make use of scientific information in

.everyday life and in decision-making instances that necessitate some

familia;ity with science concepts and particularities. For Karplus,
LY .

\ .
students would be using evidence, reason and arguments in support of

» P

’

-
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claims., Likewise in the case of conflicting claims; they would be

Y “~

trying to_resolve the discrepancies im a rational manner.

L.
Interim Summary\

It might be best to stop here momentarily in order to

recapitulate éhe implications of the concept of scientific literacy that
. M 4 .
have been introdiuced so far. To begin with, these implications are not

meant to be exhaustive, or even ¢oincidental with the reader's. Théy
T«

are introduced as in‘dicators of the complexity and even confusion and
— ~ ’
*occasjonal contradictions possible in a concept that 1is frequently

treated as unproblematic, funcfiopal and self-evident in meaning.
The writer has tried to link some of the-pragmatic implications

of literacy with the notion of “usefulness or practicalif:y in Karplus'

+

expression of “functional® as in his "functional understanding”. In so
a .

doing, questions were raised about the implications and place of a K-6
levé'l of scientific 1literacy iIn career decisions, science-oriented

discpssidns, the workings of everyday technology. The possibility of
r ‘ 0

differing levels of understanding was Introduced.

A
It 1is not unreasonable to argue that scientific literacy, as

envisioned by Karplus, has sharply limited long-term career and

'citizenship value, but has short-term value in possibly maintaining some

|

level of student interest in science and ensuring a universal
introduction td concepts inherent to the major science disciplines.

However, divorced from the functional significance of long-term career

&

v - ~

and citizenship concerns, this last educational, value would seem to find:

A\



\
a more comfortable home in a classically 'liberal' educational setting
’

than in a pragmatic literacy setting,

If we now turn our attention to Klopfer's view of scientific

.

-itteracy (see also preceding chapter), we can at least make some
- »

-~ progress toward the establishing of 5 convenient dialectic. «

)

Klopfer sees the need for a mandatory and full (traditonally é4-

Sbcialization as an Element in Scientific Literacy

. v

'year) high school science curriculum for all students, much as all are

N\
1

" required to take four years of English and four years of social studies
in the U.S. And,’ as in most American high schools, tracking or
streaming will separate students, fairly efficiently, into two levels:
the 102 of students who have elected to pursue science .programs in

higher education and are thereby in a®science stream, and the 90% who

L " R ’
will either not go on to higher education or who have chosen to pursue

non-science programs in higher education.l? It is within this ’

.- .
statistical context, distributing .both students and, teaching, that

hY

Klopfer offers his rationale for scientific -literacy. However, before

?

we proceed, it must be noted that he does not anticipéte any problems

«

about elementary school science =-- neither about its absence nor its

p#esence. (It may be safely assumed that ‘'absence' would prbvide

recruits for the ranks of the 907% and 'presence' would provide at least

] v/ 4

some of the recruits for the 10%.) .

w . * - ) .
- In terms of curriculum content, Klopfer's notion of scientific¢

literacy translates itself into the study of science-technology-society
-— - y ~ S

.interaction, science values and ethics, and 'science enquiry processes.’

S : 12
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On the surface, this looks pro;§%ing if the pragmatic nature of literacy

is to be emphasized. ~ In contrast to Karplus' basig ﬁreoccupafﬁon with

the realm of the theoretic, Klopfer seems to want students to come face-

to-face (unlikely in classroom, but provisionally possible) with the

L Sa ) T eef,

realities of everyd%ﬁi:gngounters with the products, problems and

5: v“‘\’\ )

benefits of science aﬁ&aféchnology. Societal and personal values may
conflict with values' shared by members of the scgentific community;

citizen decisions may have to be made; and students are exposed to the
.
type of -reality they will be faced with upon graduation. Along the

»

way, exposure to scientific methodology will help students to

~

understand,. to-some extent, the working style peculiar to scientists, a

’style that is linked to the accumulation of knowledge and the discovery

of truth,

-

All of this 1is to be accomplished withﬁx some four years and
with a minimum of major ;cience facts, principles, concepts and science
skills. An unéerstanding of the orgénization ;f scientific knowledge,
the development of intellectual processes specific to sc&ence, and an
understanding of the nature of scientific inquiry plus an emphasis on
major sciende facts, principles, concepts and skills ;re t\e coQFent of
‘the gurriculunn destined. for the 10% .in the sclence stream, and are

ppijxtedky not\ to be included in the curriculum having the goal of .

scientific literacy. .
L4

What dags Klopfer's view of SCienti}ic literacy imply? One of
the most noticeable implications is the absence of science concepts.
' N
Klopfer does not see them as necessary. Even though arguments could be

made '(and have been made) that the posséssion of science concepts is not

~
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sufficient to ensure scientific literacy, it is not at all clear how one

might argue to their being unriecessary. I1f the position is taken that

literacy should quite reasonably and even neceg§arily involve

\familiarity with the fundamentals of a certain sphere of knowledge, and

if certain major concepts are inherent to that sphere of knowledge,
would -it not be equally necessary to e familiar with those major
concepts? This 1s not to suggest that the fundamentals alluded to

L

consist only of certain major concepts. On the other hand, it is hard

to imagine their being excluded from the notion of literacy, unless a

radically different view of litefacy is postulated.

This, 1 believe, is the case when delineating Karplus'.view of
. p .

scientific literacy as against Klopfer's. It is not s;mply a
difference in schooling level (elementary vs. high school) or target
student populations (all vs. 907%) or even curri;ulum content emphases
(neither is meant to totaily exclgde nop-emphasized content), Rather
it is the essentially differing notion of the value of scientifically

literate individuals, As products of schooling,—ﬁérplus' view contains

elements dfvcontinuing individual growth as useful for future plans.
o

Klopfer's view is imbued with concerns ;bout proper socialization.

This requires some explanation. Perhaps an analogy would be a
¢ - '
convenient starting point. Civics classes are a traditional part of

~ .

- E 4
required American high school programs. In such classes, students are

shown the workings (processes) of local, state and national governments

D

throigh recourse to readings, texts, audio-visual presentations, visits

from government representatives and*tfips to courtroom and officials’

N

offices., The values of a democracy, in general, and as presently
Hp, - a
114



~-organized, are emphasized; the correct ethical positions of government
officials are indicat;d, and it is hoped that the students will come
away with féelings of patriotism and pride in the existing structures as
) well as with the values embedded in concepts of democracy, individual
and societa%géigﬂ and duties, justice, etc. A sort of civic literacy

% is wanted, coupled with some emotive outcomes that. are at least not

against the status quo. (After all, it is not in the interests of a

government that funds public schools to encourage anti-goverment .-

! -

hostility and anger). The students have experienced another stage in
the general socialization process te¢ which the school is committed.

It is not too difficult teo visualize Klopfer's scientific
literacy curriculum following a similar format (particularly since there
are textbooks already available at the 6th, 7th and 8th gradé levels

incorporating Xlopfer's curriculum emphases .for scientific literacy).

a

\\Many science educators applaud the urgent inclusion of value or ethical
consideratjions in- the teaching of science courses; it must be

uriderstood that{ the values and ethics referred to are, of course, those

(nn~ emanating from\' e scientific community. ;

! —

What are the implications 1in Klopfer's noti&gﬂof scientific

literacy? Let us examine his notion using a strategy similar to that

used with Karplus' notion of scientific 1iter5cy. Does Klopfer's idea

of scientific literacy lend itself to a 'higher' type of literacy? Not
likely, sinc; a%l elements related t; scientific knowledge are removed
from the curriculum designed to produce scientiffz literacy. Barring
the chances of even a noticeablza;fhority of hiég‘school students, on

their own (i.e., outside of class and unrelated to class activities or

\Y
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assignments) pursuing the quest of scfﬁntific knowledge (facts,
principles, concepts, etc.), literacy, as in "educated or :learned”, is

not an outcome to be éf;écted. Then, surely a 'lower' type of literacy

o
e

or minimum literacy might Qﬁ_possible, i,e., a reading, writing,

listening type of literacy. It is difficult to see how, since

vocabulary peculjar to scientific diéd!plines seems, by and large, to be

absent from the scientific literacy curriculum, Concepts, facts, and
p;inciples, all of qhich are replete with scientific codes and
sc¥entific terminology, are confined to the science stream curriculum,
If the vocgbulary useful to science conce such as, say,
nuclear energy, 1s introduced into the scientifié¢ literacy cdrriculum,
without the accompanying concept, what sort 3f learning_could . take

place? iIf construction of nuclear power plants is part of the focus
' A ‘ .

) ' of the sciegﬁe-technology—éociety ipte;action emphasis of the curriculum

and tesching/discussion/learning takes place withéut the concept of
~ - ———

nuclear energy :nd accompanying vocabulary, what sort of learning could

\

L) . ‘
take place? Let us examine somgkpvssibilities. Will the teaching

‘
]

¥
presentation be in favor of the construction of nuclear power plants

2(powerful,_cﬁ€:p energy source, technologically advanced, safe, etc.)
. . St
-and relatively easy and straightforward? Or will the teaching be

4’
<
Against the construction of nuclear power plants (dangerous, expensive,

etc.)? The latter is unthinkable without some attempt to present the-

opposing side, which would ‘then require some rational dexterity groupded

in both rational processes and scientific facts, concepts, etc. If

only the side favorable to the, construction of nuclear pbwer plants is

presentea, we avoid tjgis difficulty and replace it with questions of

5
“ P -

Q‘ ' ' , /ll6 - ¢



»
indoctrination in the guise of socialization. In any event, even this

side, without the use of science concepts and terminology, would need to
use arguménts drawn from economics, politics, moral philosophy, etc.,
which arguments transform the course 15;0 something other than science,
the result of which could not easily be termed scientific literacy.
(There is no intent on the part of this writerlto, in any way, disparage

. attempts &t an inter—- or multi-disciplinary approach to the teaching of
science—techAology—society integactions; the question is, rather, the
form of literacy that is thereby attainable.)

s

Concluding Remarks

It is timely, now, o summarize the results of analyzing the

concept of scientific liteqacy,‘resﬁits that are for the moment, cursory

L3

and incomplete. " Nonetheless they will be able to point to promising

I8

directions in the deliberative enquiry.
What are the .major threads that hold this scientific literacy

tapestry together? Even though its linguistic origins show some,

»

associations with the more general state of 'being educated', there is

. . -
no ready denotation for the term 'scientific literacy'. . Instead,

connotations must be sought out among the writings of science educators

who have contributed extensively to the development of thiE sciepce

education goal. Karplus would have us think of scientific literacy as

%,

a form of "functional undersfanding“ whereas Klopfer considers
\scientific literacy as a form of socialization necessary to a well-

motivated citizenry.
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It is ¢ be hoped that the analyses developed in this chapter

i'haVe resulted in exposing some of the multiple facets of the scientific

ltteracy concept as well as the minefield of conceptual difficulties
that are a legacy of a 30-year history as science education slogan cum
science education curricular goal. Even though the goal of scientific

literacy 1is probably, in practice, as-distant from classroom teaching

objectives as fther curricular goals tend to be, its resurfacing as a

politically-finged science education goal ip the 1980's must be viewed

=Y

with caution, The next decade may well! see the transformation of

r

" scientific literacy as a distant goal into scientific literagy teaching

objectives that will serve to form generations of students. As Roberts
&

writes: “The unfortunate legacy of the phrase 'scientific literécy' is

)

that, used by different speakers, it can mask legitimate and importaSt

" .

differences in value preferencges ctherning the goals of science

education”.18 Roberts argues that these values and positions need to

- .

be aired and that this “can be done only when the goal of scientific
“iiteracy'is recognized for what it is, namely, a mask for any number of
different, values. ‘ There 1is no single, easily d;scribed, concept of
scientific literacy, nor is it likelthhat there will be in the near
future. Of greater impértgnce is recognition of this'fécc and
cqqscientious effg;ts put into the vunmasking' of each version of

scientific literacy that is offered to curriculum developers. Only
- * ’

then can decisions be made, locally or otherwiéé,'aboutothe curricular
‘ " o
emphases and content that best translate into desired learning.

The next chapfer will place scientific literaey, as science

ellucation problem, within the framework of deliberative.-enquiry. The
b

[} -
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. e
historical background and conceptual analysis of the goal of scientific

literacy should help in the. perception and understanding of at least
! ) ;
sor_ne> of the details of the problem situatjon surrounding this science

v ?

education goai. i . y

N (X3




. ’ CHAPTER 7

" SCIENTIFIC LITERACY: PROBLEM PERCEPTION,

FORMULATION AND CHOOSING

/.

. Focus of Chapter

. The work of this chapter will center on a consideration of the

teaching and .learning situation regarding scientific literacy “in all

. .
1ts completeness and with all its differences from other concrete cases

(i.e., a‘large body of fact concerning which a theoretic abstraction is
silent)."l One task is to identify "frictions and failures in the
machine [of educational practices] and the inadequaciés evidenéed in

felt shortcomings of its products” using the arts of perception.2 This

will be followed by a formulation of the problems using the arts of -

N -
M h

problemation. - Because of .the non-procedural and nonrsequential nature

’ B

of t}lese_ arts (as discussed in chapters "2 and 3), the powers and

capécities of deliberators form the basis of potential success. There
r 7 T )
is no technical expertise in curricular deliberation -that will rescue

a

the d'eliberaz’tive process by. resorting to a fiked.methodology, thereby

-absolviné the deliberator(s) of -failures in per‘c'eptio“‘ﬁ .or problem

~ v ~

formulation. . .

In this problemation phasé of the arﬁs. of the practical, 1 will
also use the ‘device of separating settled fromi unsettled ‘eleme'nté in the
generally troubled and indeterminate educational situation insially
exposed inythe problem perception phase, ;I’he teasing out of s;ettied
situational %lem.ents from unsettled one's wi\ll 'pré;;%fe the way )for a

1
N . . l "’ ). 20 . ~
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movement. from the indtially ambiguous "and, indé;erminate educational
situation to a partially determinate'situatibn, " This, movement from

indeterminate to ‘déterminate will be.accbmpanied by much' hmek-and-forth

1

reviewing and recousidefatibn between the perception and problemation

phases as well as some tenjative projections to solutions. These |

solutiom prbjectiops (or - imaginative rehearsals) are intended in this

instance solely to expose further details of ‘the eductioﬁga situation.

* . ‘ B N k4
\

and to suggest possible-meanings for-these details.

e

© Karplus and Klopfer will be called upon to help in the
identification ‘of “"frictions and failures ... and the inadequacies” of
the teaching and learning situation regarding scientific literacys The

dialectit introduced‘fn the preceding chapter will be taken up again and

developed further, Adetional science educators will be called upon as

-

well to conttibute to an elaboration and/or criticism of the views and

Kl N

ihemes'expressed by Karplus’ and Klopfer.-‘ Some will also bring .new

[

- concerns to light. It is hoped that these efforts will also be .

characterized by careful consideration oL;aud reflection on defensible

]

p;obiem chdices mdde.  , The choices, made will involve dispositions to

aétion, actioﬁ that 1is tailored to sonfewhat specific teaching and
, Co ] . ™~
learning situations. N )

kY
v

. The resulting writtbn discourse should be viewed as or modality-

L&ér ar’ exemplification of .curriculum deliberation. Other modalities,

.!

1nvolving actual in—the-fleld.and group practice as opposed to written

* Y

‘- and single—deliberator practice are definitely necessary to a fuller

‘exemplification of curriculum deliberat1on, but are not. part;pf this

discursive deliberation. The desdr&ptive ndature of this discoutrse on

B A

Y




‘and government: agen

5 P

s

prospective curriculum practices will have served its purpose ‘if the

reader can be persuaded to undertake an empathet\ic shéring’in the

. b
deliberative experience.

Attention will now be directed to a brief overview of the

variet); of sources on which I will be drawing fgr perceptions of the

pt"o{tﬁlem situation surrounding -the educational goal of scientific

literacy, angd suggestions for problem formulations.

E4
M

-
v

Perception.  of Problem: Scientific Literacy as Viewed by Public. .
s ‘ 14
Education Stakeholders . \
- [
Schwab's practical arts are based on two premises: “that

ins_ti:'tutions are normally to be preserved and changed” only gradually
.- X ' ; e
and with much care, and "that legitimatﬁe differences of interest (and

opinion) exist among men.”3 It is the second of these premises that
" ' | .

deserves adequate and detailed consideration when investigating the

source(;) of an educational problem./

. Connelly et al. have identified a somewhat lengthy list of
4 —
stakeholders in elementary and high school curricula: students and

"
%

teachers as prime stakeholders; .parents and school trustees sharing
" . ! , - , .
concerns abdiM ‘socialjization, -career preparation, custodial care and

learning of skills and informatito.n; polit::lc.iansx with rhetorical
. f > ,

concerns about démocratic availability. of services; taxpayers having

financial ‘concerns ('value for payment'); consultants, administration

. A
and universities 'sharing professional educational concerns; business and

. . PR
occupatio%al groups Sharing job or career preparation concerns; private

tes sharing third p@'\t} analysis and.investigative

”»

.
s

([ . . 122 . . _(

T



o

-

<

concerns; gr:d lastly, the ministrfes or departments of education having -

policymaking responsibilities for the education of the general public
<
and in this tdsk having to balance the various claims of other

4

stakeholders.4 ‘ ' -

Most of these stakeholders, are seen by Tyler and Goodlad as

»

thwarting what ought to be the true meaning of a curriculum‘.5 The
majority of Conneldw's stakeholders wou‘ld be political, occupational and .
educational leaders and policy-makers espousing education for political

and ‘economic values related to the market place, whereas Tyler and

{
-« %

M B
Goodlad see what they consider the t¥ue values of education short- -

——

circuited: self-development, autonomy, inquiry, skills, sel’f—awgréness.

They argue that, if students were educated in this ‘'personal domain’,

s

the literacies required by society would be forthcoming. Direct

-
’

education of the 'personal domain ' “would indirectly reap individual

harvests of knowledge and skills in subject matter areas, However,
. ~

this stance, with it philosophical concerns, is not nearly as_evident in

/

science education literature as are jcareer,. social and national

concerns.

. The views of a successfon of curricular stakeholdérs will be
. .

presented with the intention of eliciting their pefcept'ions of,

.

scientific literacy as a curricular probleﬁ. Helgeson et al, introduce

‘

us. to a r~ange of some ‘12 possible sources of scientific 4illiteracy

derived from an extensive arehival review. Power focuses on the role

L J

r

~ made important

of teachers as partners with educational researchers ,and on the need for

. \, »
curricular continuity in science eduéatiqn. - Pella and Showalter have

contributions.to the developmerit of leérning ‘objectives
é . e

- "
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. study of the status of pre-college science education as revealed in

N
in science education. Green, Klopfer, Yager and Hofstein share their

~

. .
views about the educational and social wvalues of curricula that are

designed to produce scientifically literate studerts., I will take the

v

opportunity to examine t:he0 notions .0of importance, relevancy, and

[+]

enjoyment when applied to courses of study. And, lastly, drawing on
Hare, 1 will examine some implications associated with the inclusion of
controversial issues in course content,

~ L

Beginning, ‘then, with the collection of science lacunae
1dent°1‘fie'd by Helgeson et al., I 'go on to a more detailed discussion 6f
some of these lacunae in order to arrive :;t a better .understanding’of
some of the dimensions of the scientific literacy problem as perceived
by'\some leading educators. - These educators will help to extend the
views and themeg "ir: the positions held by ‘Karplus and Klopfer. In

addition, they will help bring to light new concerns about the

curricular goal of scientific literacy. i

. Helgeson, Blosser & Howe concluded, in their major archival ’

science - education literature from 1955-1975, that scientific illiteracy

.

has many sources: 1) science lacunae in the policy-making of

elemeptary and secondary schools; 2) lack of arficufation of rr;any,' “

available instt"uctionalt materials with existing sc\i‘ené‘e programs; 3) a

consistent and large decrease in student enrollment in senior science

courses as compared to junior science courses; 4) lack of science

N

education in the elementary teacher training p;ograrh\s; 5) lack of °

intensive science institutes for in-service training; 6) lack ' of

.0 ;

adequate science preparation for teachers assigned to sciencé courses

e S — -
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below the senior level (i.e., assigned to grades 7-10); 7) decrease in

-

~ . }
U.S. federal and state financial support .for science programs; 8)

.
~ ]

exclusion of science from the return~to-basics curricular emphases,

particularly on the eleméntary school 1level; -9) lack of equal
educational opportunities for the senior level non—écience stream
students; 10) frequent absence of science education goals in 1lists of
state education goals;y 11) education objectives in gublic sector
science education restricted to pre-college varieties (i.e.i, cué.d in to
college admission preferences); 12) lack of effective communication of

the results of research in science teaching/learning, particularly to

13

R
the teaching body.6
\ This last difficulty is taken up in a promising way by Power who
sees a practical relationship between science education research and the

teaching process. In Power's view, which he backs up with a number Agf

i

. . ' e %
interesting examples, science education researc

~tan and should sensitizes teachers to the nature ci)f the
problems they fare, help them to make more informed .
clinical judgments about what is worth trying, and
provide a foundation on which to build new materials and
¢ approaches.’ .

]
Power also suggests that the lack of a planned developmental process

going from elementary through high scﬁool produces "significant
discontinuities” in the-learning experiences of students which in turn

disrupt or prevent the acquisition of well-organized mental structures

about science.:
' Any review of current-.science education literature will soon

conclude that the formulation of\ educational objectives for scientific

‘1iter’acy is seen as "a necessary -and even ‘critical occupation by any

<
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'Y . number of science educators. Pella's now classic list of referents for

sclentific liteqacy‘is one of the first of such lists. A lengthy and

elaborate archival review by Pella and his colleagues, of some 18 years

- »
of professional science education literature, resulted in (not
surprisingly) a composite description of the scientifically literate

individual

as one with an understanding of the basic concepts of

science, the nature of science, ethics that control the

scientist in his work, interrelationships of science and

society, interrelationships of science and the

. humanities, and the differences between science and

) technology.8
These characteristics eventually were transformed into’science education
—3 objéctiQes.by others, Pella, some 10 years later, can write that

-~ v N

! science teaching for literacy must 'refer to education

for those who are capable and desirous of a general or
liberal education.9 .

This statement is not to be confused wif% an exhortation to provide

,science to all students. Instead, he sees scientific literacy in terms

\ of the ability to "read and interpret téchn;eal literature” because‘
{ personal “;elfare or decisions depend on it".10 This reading and
interpret'ing of technical iiterature is to be based on a Tknowlnge’of
the library of science”, i.e., "empiricallconcepts and laws, theoretical
concepts aﬂd>.laws and the protocols -of development”, and should be
basically ;estricted to "those who are éapable or desirous of a general
or liberal education”.ll Even though thete are 10 years separating

‘e

these two examples of Pella's thoughts regarding iciehtific literacy, it

. ~

mus® not be -assumed that we are witnessing a shift away from a more
Somposite description of a scientifically literate individual to a more
restricted one. The 1966 paper was in essence a cmtaloguing of

a _ - 126
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Showalter and -later revised by others.

referents to scientific litéracy culled from the writings of a
cbmprehensive number of science edutation leaders and authors, The

1976 paper shows a concern with a view of scientific literafy that has

Py

more manageable dimensions,'manageable in so far as the capaéities of
" . e
public education will allow. Unfortunately, Pella's referents from the

1966 study are treated by many other science educators as an essentially

- A
composite definition of scientific literacy from which behavioral
L]

ébjectives can and should be deduced.

No such misinterpretation is possible in the int;ngs of another
influential cgntributor to the deligeation of the éoncept of scientific
Titeracy. Showalter also began his study of scientific literacy by a

search of relevant~literature (in this case some 15 years' worth).l2
r AN

His conclusion was quite different from Pella's. Instead of literature -~

referents, he produced a definition of the scientifically literate

person and went even further by listing and describing some factors
determined by him,to be specific to each of the seven dimensions of his
definition, These were all translated into behavioral objectives by

-

These composite senses of scientific literacy, whether it bg

N

Petla's 6 referents or Showalter's more elaborated 7 dimensions (see

Appendix D for the latter),e
are not too useful to a curriculum polity committee
trying to think through legitimate program
differentiation.13 L -

There are two potential.difficulties with composite senses of scientific

literacy: (1) their translation into appropriate science education

goals iﬁrpublic education, and (2) the camouflaging of important value

?

.
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positions, Roberts a}ghes that a seiection from thesg comprehensive
views of scientific literacy would seem to be in order and more suitable
4;0 the capacities, exigené?gg—jiﬁf_IIhitations of a typical 12-year
public education system, Howéver, those who argue in favor of the more
composite or multifareted views of scientific literacy are currently in
the majority and emphasize the importance that should be attached to an
inclusion of all these facéts in science edUcation.‘

At thg same time, the presence of a %arge number of scientific
literacy dimensions, or as is more usual, the presence of a large number
of learnin%’objectives written to guide the development‘bf scientific
literacy in learners, distracts, one's attention from:'the underlying
values positions. . Views of scientific literacy that try to be
composite often mask the value positions of the authors of such
deﬁériptions of scientific literacy or its related learning objectives.‘

Value positions may be explained and justified in a number of

different ways, often including economic (e.g., future careers, funding

s . i

of school 1labs) and political (e.g., citizensh{p, equality of

educational opportunity) rationales.

s

Three of the more interesting and candid exposifions of science

v

education value positions can be' found in Green's and Klopfer's
projections to the future in science education, and Yager & Hofste;n's
- .
‘prescription for quality science education in the public schools,.l4
Green .groups North American societies' predominant educational valges as
. thése of manageriai' (funcEional), traditional (cultural hefitagi),
humanistic (philosophic) and religious, and argué; that the managerialr

-

values will acquire even more importance in the last quarter of the 20th
.
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{ﬁentury, leaving'tra51ti0nal, humanistic and religio;:(values frailing
the field when educational objectives (as opﬁosed to aims or goals),
measured student outcomes and curricula-in-use (i.e., the totality of
school pragtices) are examined. The ttaditionall ?umanistic and

religious 'values will continue to be represented in the vague school

board statements addressing the philosophical underpinnings of

curricula-in-use, but ‘they will be neglected in the quantitative and,

qu§litative-measu;es of schooling and student cutcomes. Nonetheless,

the resulting discrepancies, in Greén's view, will not lead to serious

~conflicts because of the strongly held, even though perhaps unwritten,
managerial values oé the va;t majority of educational stakeholders.

Klopfer is one of the few persons in the science education field

who seems to hgld strong structural functionalist views and who 1is a

,coﬁsigtentl? influential science educator.l5 His posi£ion on values in

education is suggested in the following lines: RN
The key fea e in the science education pattern of 1991
will be thsxgiear distinction of two curricular streams
through the secondary school and college. One
* curricular._stream will be designed for students planning
to enter careers as scientists, physicians and engineers
We shall call this the Prospective Scientists stream, or
. . PS stream, The other curricular stream will" he
designed for students who will become the nonscientist
5 citizenry in all strata of the society, that is, people
who will have careerdg as housewives, service workers,
salesmen, business managers, artists, accountants,
government officials, history professors, clergymen,
etc., We shall call this the Scientific Literacy

stream, or SL stream. Differentiation of studente into
the PS stream or the SL stream will begin at about age
fourteen when they choose the high school they will

attend.16 . -

At the elementary level, the science program would remain unstreamed and

would be'shapeé gartly by content (science ﬁ?ﬁﬁesses-and major science

* S
¥ £y
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concepts) and partly by "the recent inﬁghts obtained by behavioral
scientists into the child's physical,nemotional and intellectual
development. 17 A 'Career Prediction Test Battery' administered in the

8th grade, will be the most efficient and reliable measure of scientific

_Jdliteracy (SL) or prospective scientists (PS) choice for high school

(there being separate high schools for the PS students). The SL high\

school courses will fall into three types and are obligatory: history

'of science, sociology of science, and the interrelationships of science
disciplines. School debates will se}ve as a particularly wvaluable
pedagogical device for citizenship preparedness. By the end pf the 12
years of public schooling, the SL student, accordypg to'Kl?pfer, should
be able‘to make intelligept_choices in both personal ané} societal

‘!
science-based matters, should be able to translate these choices into

appropriate action, and should be able to understand, appreciate and
support the functions of science and technology*in’modern society. The
PS student, on the other hand,,will pursue a largely (1/2 to 3/4 of

courses) science-oriented 4 years of high school "which will be highly

specializea and demanding”, and presumably will also“subsume the SL

- objectives but without the SL courses.l8  In any event, Klopfer's major -

assumption regarding scientific literacy is that the SL student will be
‘ . f

able to achieve the SL objectives Based on science concepts and

——

A%

p?oces%es from elementary schools that will be enriched by the

-

historical and sociological additions ifhhigh school. This two-tiered
s : ' . a

science education agenda will be easily repréduceaibgcause the future SL

fteachers 'will come from SL schools and the PS teachers will come from PS

schools,.l9

, \
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Karplus, while using a curricular route that \differs
substantially from Klopfer's, would -agree with Klopfer's major

educational purposes in a scientific literacy curriculum. One of

. \ .
these purposes may be summarized in a phrase when he writes of

, 'functional understanding”, a level of understanding that leads to ready

application of science concepts ahd skills in everyday matters.

K:lopfer also advocates this level of understanding, differing primarily

~ )

in the curricular route most likely to encourage its development, A
second purpose is that of umniversality. Karplus clearly believes that

the developmentiof "functional understanding” is possible as an

, »*
eddcational goal for all students, “not just those who elect to

concentrate on science courses in their individual educational programs. <

Underlying both the more traditional pesitions (particularly as

K

exemplified by Kerplus and Klopfer) and” the newer positions (especially
as presented by Yager) are educational and moral values that deserve to
be brought to the surfa<ce and examined in relation to the other elements

in the scientific 1literacy situation. In ko dofng, linkages and

-

similarities between superficially disparate” positions can be exposed

o

and examined in such a way that a fuller perception of the scientific

literacy ptoblem can be hoped for. .

-For the purposes of this papAer, 1 have also chosen to focus on a
"“third position that happ;hg to be one of the newer dimensions that many
science educators :;\tt:ach to th.e' concept of scientific literacy, new and‘ "h
at the ;at;le time provisionally contrm‘rersial. K_lopfer'_s. science~
~ ,
technology—-society dimension and Sﬁowal er's "understanding and

-

appreciating the joint enterprises of sclence and technology and the
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interrelationship of these with each “and with other aspects of so¢iety”
are characteristic expressions of this third value position.20" . At the
same "time, these expressions already point to some emergent differences

in value positions among those proposing curricula specific to the

development of scientific literacy. ‘ .
<
These emergent differences serve to mark an important

-

development in this deliberative e;aquiry. The discrimination of
difterences will help to regroup the concerns of the stakeholde.rs, by
point‘ing to, for example, previously unnoticed sharec'i cohcerns or
divergent values. Certain major or minor consistencies can be
observed, consistencies that may eventually direct the enquiry to an

awareness of settled elements within the educational situation as well

s

as to unsettled elements. The initially fndeterminate educational

situation then becomes somewhat less so. The enquiry is still far from

kY

fullywdisplaying the exposed educational situation, but a step has been
taken in the direction of fuller perception of the curricular problem

" and incipient formulation of the problermi.

¢ 1Y
—

In formulating th:e scientific literacy problem, Klopfer and

Showaltef, among others, consistently stress the traditional and

supporting role that a scientifically literate citizenry shoul’play in

‘.,
4 s

respect to sciegﬂce, a role that falls well within Green's managerial

values. Yager & Hofstein, while not opposing such a role, introdace a

relativeiy new feature to this role, namely, that of morality. Most °

~ A .
writers tend, though, to the use of a vaguer or more general term,

namely, that of 'values'. Yager & Hofstein conveniently combine them:

Many now call for values to be approached directly and-

- . ). forthrightly as an important dimension of science - this

“ 132 o .
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4 : ) L
is not to suggest teaching correct values, but to
confront the undeniable fact that most science has

ethical/moral dimensions.2l ~

. ®
- It should be noted that the “call for values” is usually linked to

personal decision-making (in the sense of for one's private behefit),

decisions as a citizen (and thereby for society's benefit), and course

relevancy or importance in the eyes of students, As a partizipant and
\ ,

co—author in a number of the most recent nattonal U.S. science education

studies, Yager's "call for values” (he being one of the many) may be

taken as fairly representative of the concerns of like-minded sci;:::\\\

-

educators., ’ .
2 .

Let us take a closer looz at Yager's positionm as just

summarized, Yager writes that if the values dimension of sciEch were

‘ - -

"approached directly and forthrightly” in scientific literacy courses,
‘ N
the relevancy of the course would become more evident and thereby

increasing the interest and motivation of students in such a course.

' - 4
However, if a decision to include a values dimension in a science course

is based on available accumulated data instead ofﬁspemﬂation, a
“ = "‘"Q,l
somewhat different picture emerges. Student polls, questionnaires and

observational studies tend to show that the importance of a course in

/ .
I

e eyes of students rests on a number‘of variables, the least indicated

e~ - — - N t
of which seems to be morality or 'values' content, ® General academic

> L

<
prestige, relationship to career possibilities, ‘requirement)\for high

school graduation, requirement for admission. to post-secondary
- .

o - a
L)

institution, pRer group interest are all more accurate as student
indicators of course importance than content per gé{'moral or otherwise.

At least four of the five indicators just mentioned, hold true for high

[
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school science courses in general, as a result of which high .school

+

students have no diff}culty whatever in acknowledging the importance of J

\

‘science courses.22 Moreover, students are not immune to the kinds of
managerial wvalues prevafent in modern society. The functional

 relationships between course content and future usefglness in education
- W h N
-and/or career choices do not need to be spelled out in further degijl

for studentglto be understood as linked to the notion of -course

importance.23 Even when importance is donsidered in traditional or

humanistic senses (that is; linked to ‘inherent worth of the subject),
N

students have no‘difficulpy placing science courses on a pedestal of

prestige and importance.24 Poes all of this inevitably lead students

to choose.to enroll in_a science course when given another option?25

It would' seem not. All of the statistical evidence from the U.S. and

Canadian national studies bear witness to unquestionably enormous drops
N . 3

in student enrollments in those science courseé’(usually at the sentor

-

level) not required for graduation. L,

Yager also sugggsts that the relevancy of the course will be

enhanced if a values &imension weré to be included in the course

content. . Relevancy 1is frequently spoken of as a criterion in course
selection in general. The claim is often phrased in the following
manner: 1if the student believes the course to be a relevant one, he/she

will choose the course over others that hé/she believes to be 1less

relevant or irrelevant. Again, it is best to be reminded that we are

» ™
dealing with the same population of- 13-18 year-olds who have already
accepted the importance of science courses KE éiven. It then should

also be clear that the claim to importance is not readily linked to the

. ﬁ.
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chéosing of sciesnce courses for most high school students. Hare's
’ - J

tredtment of the griterion of relevance fnay serve us well in this
inst;mce-2'6 He makes‘three observations which are pertir:ent to this
paper. ° Firstly, the terms 'relevant' and 'irrelevant' are so

L3

emotionally-laden that it-is with difficulty that a search for the

meaning of the concept and its place of value in the school setting can
be undertaken. Secondly, it is a relational and context-dependent
term, that is, the term cannot he understoot(by exan;ining the intrinsic

nature of something (for example a course), but rather by showing

N “

connections between two or more things within a given 'context':; if the
context were to change, the connections ‘previously establisl;ed may
easily be broken. Thirdly, the connections just alluded to are not
between objeéts but between cg cepts or ideas: ¢

comments, suggestigns, remarks, programs and criticisms

are among the sorys of things which can be relevant or
frrevelant; :

and

=

whether or not X has a bearing on Y 1s not written into

<things. It calls for human decision, and it is quite
possible not to notice a connection which in fact
exists.27 -

]

The question that must be asked is: In what way(s) is X.relevant (or
éirrelevant) to ¥7 | And the answer, since it is a judgement, ''demands

A}

experience, skill and expertise".28 Yager & Hofstein are prepared to

leave this type of judgmental decision in the hands (or minds) of 15-17
\ .

yzar—old_s, the juagme;it being made‘p_e;f_o_gg_ the colirse is taken. Belief
in someone else's (teachetl', counsellor, parents‘, peers, older siblings)
_*!udgment of relevancy would seem to piace a'very different type of
’ jud'gmg'nt' in the pic'ture. But then; is the latter not precisely éhe way
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¢ '
in which course election has been made traditionally, at least on the

high school level? 1 Parents, teachers, etc. suggest to the student

* 1

-

faced with a coursé electi@#& that course C's ideas, information, skill
training will bhe helpful in the ﬁbped-for job J or profession P. For

those who lack "experience, knowledge, skill and expertise", suggestions

that are related to concrete issues of job or profession are more easily

understood than if relagt>to'more nebulous notions such as intellectual
independence, decision-maKing, open-mindedness.29 -

. On the other hand, if Yager had dwelt, at least partly, on the
promise of an excitement, enjoyment or entertainment to learning ratio -

in the science course, his speculations about the eagerness of students

to elect such a C%Prse might have been more promising. The appéal to

1 J .
enjoyment does not have to be based on the level of "experience,

’

knowledge, skill or expertise" of the student. And, more importantly,

it 'is a universal appeal, exactly what is needéd in order to encourage

voluntary enrollment. A plethora of studies have already provided some

-

‘cdnstruqfivelguidelines as to ways in which to promote enjoyment of
D ‘t @ r Q

I‘ 0 .
courses for' students. It has been found that certain teaching
. ’ 1

. strategies, certain teacher personalities, certain textbook styles,

-

certain classroom physical conditions all can lead a student to like a

v

course«+30 Course election can then be freed from the complications

- 1

4 assoclated with relevancy (at least as seen by Hare) and the objective

’ L

~  of science course election will: have been achidved. ~ Any learning that:
can take place within the confines of gbe course is thed a happy: by-

\ product and one that is not ‘to be disparaged just because of the means
el - R .

used. ] ’ : ..

- . -
.
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Once the student is.in attendance, the c%ntent of the

course becomes somewhat c;i‘tical,and it is here that Yager would seem to

allow for great latitude as long. as personal and citizén de"cision—making

skills about science-based issueé are stressed. (It would seén
¥

necessary to assume some level of controversy in these science-based

issues, otherwise questions of decision-making would tend not to arise.)

v

Environmental issues- (pollution, acid rain, overpopulat:.iqn,
consere(ation, etc.), Health issues (drugs, nutrition, reproduction,

illness, etc.) and political issues (nuclear power, space exploration,
Y .

T}

defence programs) would certainly be candidates for topics in any high

school science programs having the above objec{:ives. It L%precisely

in the designing and planning of such a course that the problems alluded

to earlier in this. chapter, caq’ be discovered.

N
N
)

A closer examinatian of the implications in choosing such material
for course content cannot be avoided. = Hare has offered some -
discussions and arguments that are pertinent to such anganalysis and-

*they will be, in part, drawn upor;. To begin with, there wil} needv' Eo‘

ofe s LA

” .
be certain assumptions agceptable to all of the stakeholders in this

high school scenario. They might be summarized as follows:

1. the administrative and schéol baard ‘officers have found no reason

(politica;, legal, relig{ous/mora‘l, cultural) to oppose such a

-

s

course;
2. the parent body s in accord with the treatment of controversial
"science-b.asgd issues as provided by the teaching-staff;

3. “the larger commtinity (as in a public school milieu) is in accord
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with the treatment of controversial ,science-based issues as provided by

& Pl

the teaching staff;

B
[}

. e . . )
4, the student body has no reason (religious, cultural) to oppose such-

a course;

-

-

5. thq;teaching staff is willing and able to teach such a course.
Unless these potential barriers are avoided or effectively removed,_the
implementation of " such a course becomes highly problematic and the

examination of its content, is equally problematic. Westbury &

McKinney, in a case study of the Gary, Indiané: 6ublic school system

develop the view that, if change is- to be more than tenusus in its Hold
~~
on the already established ideas and habits of educational personnel,

i.e., "if a éiven idea is to be enacted and with a contindity that
’ v

- transcends the life of a given teacher in a given school", there must be

v A"
7

recognition of "the necessity for explicitly institutional structures of”

support and control".3l It must at all times be remembered thatlcourses~

promoting scientific 1literacy and encompassing Yager's? educational
1
‘4

obj;ctives, will always be faced with these public conside{a;ions. If

this can be agreed to, then we can go on.to address the nature of such

. courses, at least as proposed by Yager, keeping in mind that his views

, b
are shared by many others. . Harms & Yager phrase it well enough in-

L

their study addressed to science teachers:

A -common element of personal and societal goals is the

importance of the application of science to problems of <o

personal and societal relevance. tn order for studénts

-.- ,to be able to apply science to such problems, it is *
necessary that they have an understanding: of the
problems and of the relationship between science and
these problems. Students should al have experience
in the processes of applying science to~the solutions of

L such problems.32
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It is this "common element” that is, in practice, quite controversial.
v 4

There is, at the moment, no best answer to questions of purpose,
N

rationale and methodology: what is the intended student outcome? What

is the intended connection between scientific or_social problems?

Which personal or social problems are best’'suited for course work? Is
k]

science to be the only source of inf,orm‘:atibn and methodology in the

e
4

solution of pergonal or social problems? Because of its importance in
proposed scientific - literacy curricula and in order to delineate and

exemplify the ambiguity éurrounding this “common elemént” 1 will

.+

concentrate, a while longer®. on this aspect of proposed curricular

content,

o

Ay

Controversial Issues in a Science Course? A Rehearsal

As has just ‘been discussed, a consistent eletﬁént in all of the

/
most recent suggestions for scientific Jliteracy curricul’g is that of

science-society, interactions. 1 propose_ to accomplish three things in
this section of the chapter: (1) to ﬁa{,il}e a detailed look at one example

of a s¢ience-society interaction that counld quite conceivably be
e .

incluged in a typical scientific literacy course, namely that of
: ; %, N ‘
abortion; (2) to rehearse:imafinatively and discursively, a variety of
projected scientific lit\i}cy cour@e scenarios about this interaction
N N "

example énd (3) to tease out of such rehearsals, details of the

-
e

téaching/learning situation that might lead to a fuller 'understanding &f

s

the educatibﬁal situation. . .

o
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N
Questions related to the nature of a controversial issue, the

-

-
treatment of controversiadl issues and teacher neutrality will now be

considered -in more detail. Drawing again on’ Hare, we are offered a

3
N

view of 'controversial' that can be applied without viclence being done
to the type of course content under consideration:

3

(1) that it is a dispute of some significance in a
public forum;

(2) that the resolution is not readily available;

(3) that it is disturbing, though the factor which
disturbs varies from case to case.33

He regards these three conditions as each pecessary;a%d jointly‘
sufficient in order to consider an issue as controversials34. For the

purpose of example and as an aid in this part of the discussion, a

.

specific and current dispute in the public forum will be introduced and

periodically referred to: that of abortion. Abortion is often

)

presented in juxtaposed and polaf positions when discussed publicly:

S

eithgr it is an act of murder or it is a personal and notal-free (i.e.,
scientific or health-related) dec?sion. The public nature of this

dispute can be seen as emphasized in direct relationship to the extent

) ¢

of public funding for the act. Canada's prévincial positions on the

)

legality of abortions and the U.S. federal funding ‘(or rather absence of

it) in abortion. cases involving women on welfare, have provided

et

‘suf}icient examples supportiné the significané‘iof this dispute and its

s

public nature, It {s also evident that ‘resolution” i5 not readily
available: the provision of legislation and abortion facilities, and
the lessening of social stigma have not lessened the level of dispute.

And lastly, "that it is "disturbing” cannot be doubted by anyone jpo has

watched debates, seen picket lines and read any reasonably articulate

\
| ]
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publication. Mre specific factors in the dispute may vary from
questions of physical and mentai autonomy through origins of life and
humanness (i.e., when does life begin for the human being and whe:n does
humanness begin?). These questions inspire argumerfts Araying
é}nbryological, he'althcare/technol-ogical,) psychological, mofal/ethical,
religious, legal and philosophical bdses. (This list is not meant to
be exhaustive; rather, it is to be hoped that it illustrates the many-
layered nature of this particular issue.)

, If such is the nature of one science-based controversial 1issue,

can implications be projected if ‘it were to be included in a 'typical’
k—dgh‘school science course? Would it be reasonable to adhere to the
science-based components of the disPut;e and leave the non-science
components to other parts of the total curriculum (e.g., Moral

Education, Introduction to Law)? - This is already generally what

happens 1in -a 'science course that is required to introduce a

[

controversial science-based issue.35 Science teachers, by and large,

have no professional formation in the treatment of psychological,

moral/ethical, religious, legal or phillésop‘hical extensions of science-
based i_ssues and, if required to, will treat the physiological and
health aspects of abortion, but avoid at all cost, the mon-sciencé
e)a(tensions. -Such a treatment \could cover the technological and

physiological aspects ‘of abortion: types of, equipment used, recovery

rate, contraindications, genetic and other- physiological reasons for,

~

etc. None of these aspects in themselves would easily be classifiable
~ 4

as controversial. But are these the factors that come to the fore in

@
.

] \\ ,
V. 141
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the controversy? The factors that rise to the surface seem to be those
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that are the furthest from data-based statements.36 If a scientist of

somé standing, favors the beginning of life as at conception and

-

another, with equivalent standing, insists that human characteristics

“

must be developed before life can be spoken of in human terms (i.e., to

oppose the counter argument of murder in the earlier stages of in utero

[y

development), and a third, no less reputed, has grounds for waiting
until after birth before human life can be spoken of in a trfily viable

sense, and the taking of spoken of as murder, is the teacher or student
0 0
to c¢hoose among these and is the choice to be based on scientific

2
concepts and processes? 1f the latter is the condition of choice, the

science part of the course would end rather quickly, since, at present,
there 1is no science concept or process that will preclude choosing.
This might be helpful to the student, nonetheless, since the student

would have Heen exposed to the formidable difficulties in attempting to

L
—

substantiaté¢ scientific arguments that address these fundamental

-

questions of life and humanness. An understanding of. the need for

caution, careful analysis of statements, credentialed credibility of

k]

statements by experts, the type and amount of experimental .evidence and
)

[ ’

data interpretation examined using certain criteria, in short -an
understanding of - how the structure, philosophy and content of science

can ire used yhen trying to make science-based Qiecisiohs,wodld certainly

—_— — - s

be a worthy cience education objective, The abortion issue has not
3 ‘

been dealt with as a total issue in this type of course. This

treatment might, however, be preferable to an incompetent (highly,

X,

. ‘probable) treatment of the additional .aspects of the abortion issue if

the science teacher were required to include them in the course work.

Y
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'Even more serious would be the problem of potential confusion in the

student's mind among the differing values andfauthority sources of each

discipline . perspective as presented by a science teacher and in a

science course. An hierarchical arrangement of positions with science
likely at the top in importarnice, could easily be the outcome, if not the

intention, of the curriculum, ,

One way oflresolving these problems would be the use of either

interdisciplinary or multi—disciplinary treatments of such controversial
R L

issues, Unfortunately, most of the pertinent non-science disciplines

-

are not usually included in the -typical public sector high school
program of studies: philosophy, psychology, religion (not to be
confused with comparative or historical religions) and law. Some

-+

public sector schools do have some variety of moral/ethical education

course or valueg clarification course. It is doubtful that this type

-

of course could, by itself, represent the totality of the non-science-

q?sed pégitions'in regard to abortion.

And what of the teacher in such courses? Three scenarios seem
to be possible. The teacher remains neutral, presents an unsuﬁpdrted
opinion or presents a supported opinion. The most comfbrtable and

L “

traditional position of science teachers is overt neutrality. To be

consistent with this .-stance, the teacher would need to ensure an even-

handed and 'objective' treatment of’enopgh sides in the controversy.
Even with the best of intentions, this is a surpéssingly difficult task,
Research skills and time would both be severely taxed, The usual

format, bbwever, in North American ‘pﬁblfc schoals, is *to conduct a

review of the various sides in the controversy as interpreted by an

- - -

- l[>
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acceptable publisher, thereby saving time and energy and avoiding the
need to questioﬁ the accuracy, validity, etc. of archival sources. ,I1f
the p%blisher has come out with such a student text and it .is destined

for a science course (as opposed to, for example, a moral educatgon or
. L

current events course), the arguments will invariably support the
scientific stance and reduce any others (the few that are present) to

secondary or tertiary status, .

In short, it is hard ‘to know what to make of the efforts to

f—

introduce scientific literacy :Burses adhering to Yager's objectives,’

3

into the high school science program, so fraught are thdy with problems.
\ o -
It should be added here, that, some science educators, perhaps in trying

to avoid celtain categories of controversial issues, feel that it 1is
A
o s

most suitable to use environmental studies as the vehicle or ,basis for

scientific literacy courses.37 In ég-dofng; issues such as abortion

"

can be effectively precluded from thd course. THis seems to reduce the
call on non-science diéciplinés as well, UnfortunatFly, it also

precludeé the treatment of concépts and skills at é*high‘school level

.

that might have been included within such an issug;" On the other,haﬁd,

. 4 -

- ¥ A
since human overpopulation is traditionally included within the scope of
. . . . N N
environmental issues (controvensial.pr not), perhaps nat all is lost.

7 )

However, contingent qudestions of treatment .similar to those raised

\

above, would then also resurface.

Yager summarizes his view of a new-étj?e school science

-

curriculum and includes the educational objectives discussed above.
L 8 .
After having reviewed the recent major U.S. (afianql studiés in stience
> 4 T,
education and highlighting their main generalizations;" concerns' and

W
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recommendations, he concludes with a series of suggestions for.a quality
>

science curriculum. ,In his view,
such a curriculum would: :

a) emphasize science in a social setting - .

b) 1include applications of science as central

c) stress local relevance in establishing a plan

v -

e 00 " 7

f) focus on the resolution of problems and issues
while de-emphasizing the solution of text and
teacher-made problem§

....I38 - -

“a

The development of decision—maﬁing skills, the use of local resources/a"

focusing on problems of local concern in order to "increase motivatidn",
the inclusion of moral/et;lical dimensions "that will accentuate the
importance of studying science” are put forth by Yager as"'some 1d¢;§s
for science chrricu.lum dévelopment ﬁor the 80's".39 In the long run,
it is not clear how serious Yager is in, these recommenc'lations since .the'y

~——,

are prefaced with a "whenever possible” .in each instance. The
pressures of meeting coliege/university admigsions requir\e'men"ts as
measured by national achievement tests in the U.S. (and provincial
leaving examinations in the Québec school system) will likely cause
Yager's recommenda_tions to ben sidelined. However, Yager's focus on

environmental, social and personAl applications of science dbes f111

¢ . ¢
¢

lacunae in most existing science curricula, So -far, this focus 1is

¢

supp.orted oﬁly by a minority of his colleaghes in science education;
though this support shows some signs of growing, On the other hand,

Yager's location of the .scientific literacy problem within the

4 °

“curriculum content of science courses is, _1_1_1' this sense, similar tog

Klopfer's and Karplus' perspectives. In addition, the location of the
scientific, literacy préblem within curriculum content is ce!:t:ainl'y

~ 3
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shared by, the majority o.f science educators and other science education

stakeholders who participated in or responded to the recent national

U.S. and Canadian science education studies.40
' Nonetheless, Yager and like-minded colleagues would seem to have

certain blind spots regarding the constraints of public education, TBe

4

K 5
joint pressures of time and student demands of achievement test
réquirements (factual and process problem-solving) will effectively

k. .
discourage the ‘'wasting' of such time on items perceived as , non-

essentials. The rest of the student population, that is, those who

R

have not chosen a pre-college science preparation, will confinue to

fulfill the minimum high school: graduation science requirements, as they

have consistently done in the' past. These students are convinced of

the 1m;>ortance of 'scie'nc‘e and would‘seem to have,)enough ‘motivation to

enroll 1in these scieﬁce*coujrses. However, there is no incentive in

Yager's ‘Trecommendations for @ u@xﬁajor science curricu}um. revision: for
.

thesé students, and his ' "whenever p.OSSible(S)" will have the same fate

as 1n the sclence stream courses.  Addittonal science courses fgr the

non-science stream students would hold some promise (:assuming thag the
major barriers that were noted a‘boye, i.e., administration, parents,
teachers, etc., are overcome), as long as there is a ‘con'comitant
awareness of ‘the severe pfoblemati.cs :{.ntr.insic to the content of such
courses, as examined above.-

So far, the stakeholder‘s who have been considered .in this
problem per‘ception phése of the practical and.whose contributions have
been presented and examineci, have all come from the professional ranks

’

. M LY
of academia. While still more academic professionals will be called
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upon for their contributions, it is time to expand the range of
w\ . . d
stakeholdé#s to include cbntributions from appropriate representatives

of administrative, teaching, economic, political and community

stakeholders. b

Some Additional Prbblem Perspectives éﬁ

" While the inclusion of personal and social issues in science

-

curricula are seen by many as pivotal foci in the development of

scientific literacy, there are a number of other perspectives that peed
to be introduced in. this perceﬁtion phase of deliberativg enquiry.

Most have been advanced and argued by some of the same science educator
stakeholders as were concerneq about the 'personal needs' and 'societal
issues’' posigions above. in-ssger to round out the concerns of a
variety of educational stakeholders, three remaining issueé will be
.tease:Tvbut of the educational situation surrounding the goal of
scientifie literacy: student ;otivation, teacher competency and
budgetary constraints. These iss;es will be examined in some detail as
they are perceived as crucial by a majority of stakeholders. In érder
to emphasize the size of support for these 1issues, I/have'lgbeled'them
complementary issues. Additionally, I will presént a number of issues
that, whilg the concern of only a minority of stakehqlde;s, surface
often enough in science edgcation literature to warrant someé

a4

acknowledgement. These I have labeled supplementary‘Jssuea.‘
«

3

The scientific literacy problem tendsQ then, for many to be seen

as a problem with multiple—foci, some of which are complementary and

others suppfementary. One example of a complementary ptoklem-focus is
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found in the fTFeguent reférral to a‘ laqk of motivation in the non-
science’stream stuQent, that is, as indicated by not elécting science
courses,.4l . Because the stakeholders who proffer this'problem—focus
invariagiy assuﬁe that” the science program, as offered in the public
high school s%tting, is essential to the fulfillment of the proper and
adequate personal and citizenship functions, thesa stakeholders claim

+that if a vehicle fo:'mot}vation were found, the problem of scientific

literacy would resolve itself. The vehicle for self-motivation is seen

by them to be the advertised inclusion of ';elevant', topical and
contemporary themes and issues in the curriculum of scientific literacy
& : _ ‘ ,
courses. (Klopfer would favor another motivation vehicle, that of a

core or mandatory 4-year science; however, most other science educators

- ———

assume the continuation of elective science courses beyond the one or

~

Fwo that are already required by most high school juridictions,) It is

. my contention that this focus desérves more attention from the various
\ .

stakeholders than heretofore given.

- A second_complémentary'focus is therquestion of teacher

X competency., This is a perenqigl focus f%r § range‘Pf educational
problem; and 1is 1qcluded in the writings of many stakeholders both

C:? within and ;1£hout‘£hg national studies,42 Many, such as Karplus,

” > . t .
Brandwein, Welch and Lévy, decry the continued absence of cohesive and

fdrmally structured 6 to 8-year obligatdry elementary science curricula,

’
1 ’

_taught by teachers who have a sciencekbbackground sufficient to this

téaching task.43  These educators speak eloquently to these persistent
. “~ ) - °
- problems found at the elementary school level,
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There seems to be no lack: of reasons for the lack of adequate

science teaching at the elementary level: public pressure to

concentratg on the teaching of reading, writing and arithmetic skills,-
‘ 4

the continued lack of emphasis on science in teacher training programs,

the general failure of teacher-proof science kits to effectively replace

\ the teacher, the absence of any science requirements for admission to

[

" high school, the paucity of elementary school in-service science
training and the prevalent minimal amount of science education in the

elementary schvol teacher's general academic background. However, the
S ° o v
it
. elementary school teacher is hard pressed to fulfill such

expectations.44 ‘

-

’ In truth, most of ther educator stakeholders tend to avoid the

Ll

conundra of elementary school science and concentrate .on improving or
)

properly using the competency levels of high school science teachers,

1
[

L
This third complementars focug is then high school focus. The
following have been suggested as problems that can be brought to some

- ready solution: mis-assignment by the administration, i.e., teachers
L

¢ : .

who majored in one of the sciences beihg required by administrator-

determined scheduling to teach dnother; ;lack of university programs

leading to the formation Jf general science teachers (it is usually

- [

* assumed by stakeholders, other than teachers, that any science teacher

should be able to teach-general science); teachegg,from non-science

@

disciplines being scheduled to teach lower level (i.e., grades 7-9)

science classes. There exists in the literature, consistent and clear

- " o .

consensus, that the sénior high school science teachers perform their

subject matter duties competently and have adequate academic
y .
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backgrounds.45 It fs then only those teachers who are assigned to the
junior glfades whose competence is in question. The student outcome of

scientific illiteracy is traced by these ktakeholders to incompetent

junior high school science teaching. Since adequately prepared senior
high school scie’nce teachers are able to perform their teaching duties
adequately and-to the benefit of the science stream students (perceived
as h.aving a higher level of science education), it should be posgsible to
produce séientifically literate studgnts (perceived as having a low'er'
level of sci‘ence educaCiqn) if there were édequately prepared junior
highv school science ‘geachers available for these classes. So goes the
argument., The content of the junior level science courses is not in
question here; rather it 1is the subj.ect matter competency of the
'teéchers, with sub’ject, matter viewed here in terms of discibline
-concépts and inquiry %kill?is.

As a fourth c?mplémentary focus, a good number of stakeholders

- <
identify shortages of science equipment, science laboratory facilities,

-

appropriate science texts and sufficient scheduled class time for

science instruction,4b These may seem to be four distinctly separate

problem~-foci, but in essence, they are all linked to the reduction of

financial support for active or inquiry-centered school science

4 $

- ‘ ;
programs. At the same time, others point to an inefficient usageiof

science eqpipmefxt, ,facilfities and texts, all of which are .jalready

v

available on school premises. Short of re-direction of funds set aside
for the purchase of comput'ers and computer software, it is somewhat
difficult to see ho\-y the typical school\board would succeed in arguing

for intensive science funding after having done just thzyfor the past

N

A%
v
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s‘ome 25 y‘ears, In a sense, this problem—focus‘h is ne,itﬁer here r;\or
there ur;J?ess the “preceding problem-focus is resolved. Study aftgr
study has shown that the teacher makes ’subst‘antially more of a
difference in,the ultimate learning outcomes of students ‘thgn do the
physical conditions of t;he teaching/learning environment.47

These are, then, the four emph’ases that the majority of science.
educators in both national and local studies have presente.d for our
consideration: omissions in science curriculum content, lack of student
motivation, lack of competent scsdlence teachers, lack of science
equipment, science laboratory facilities, science texts and scheduled
class ‘time. A more compreher:sive inquiry into scientific illiteracy is
however warranted fox-' two reasons: thé four perspectives described
above do not exhaust by any means the list of proffered reasons for
scientific illiteracy) among graduating high school students, We' have
just finished discussing four issues that are located in the scie ic

literacy problem area and that are perceived as cr(ucial tp scientif ¢

literacy curriculum pianning by a majority - -of stakeholders: the

°

inclusion of personal and social issues in the formal subject matter of

v

scientific literacy curricula, student motivation, teacher competency
and budgetary constraints,

In order to round out the stated ‘c0ncer’ns of educational

' <

stakeholders some supplementary issués will be lod','ked at briefly.
. . b f ’
While each of these supplementary issues is the concern of only \‘5

minority of stakeholders, they providé a view 1into the scieq‘tific

! .
literacy problem using lenses that differ somewhat from those used in
v ) i ‘
_looking at c}om’plqementary issues. High school tracking, high school
o . . —~ \ . AY L]

1
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matriculation 'tests, effective learning and teaching strategies, and
0 ) .

realistic edutational objectives are some supplementary concerns

encountered in t:hé literature regarding scientific literacy.

' ~

Efficieni high school tracking or streaming is seen by some as

.
~

integral to a stientific literacy program.48 Even though KlopfeT fwould

favor entirely separate high schools (i.e., scientific literacy high

+

schools and professional science high SChOOlS)\ others are willing to

é

continue the present arrangement, wherein both streams or tracks are in

»

each high school. Once this separation is complete, they would argue,

[
*

scientific literacy can be taught uncontaminated by confused and

-~

overlapping science education goals.

Ina;ipropriate or inadequate 1eafning strategies-are the problem-

foci for certain curriculum developers and other stakeholders.49 . Thesé
¢ ‘ '

iare usually translated. into some form of group instruc'i'io;'l - 1écture, .

discussion, questvioning - which are thought to curtaif the'sequential

and_ cognitive development of the inciividual student, Individ'ual'i_zed

ilnstructio'n, in some form or&\another, is usually suggested as the
' A

alternative and better ;strategy. There remain, however, serious

verification problems with ‘this latter strategy.50  The only sc‘ilence

. 1

curriculum that is entirely premised on individualized instruetio?a is

the I5C§ curriculum,. a se‘lf—gaced program in commercial operation since

'1970. Unfortunately, the meager evidence that does exist regarding the
o o 5

cognitive outcomes of students educated in this curricuium,‘gannot as

yet, éupport an’ improv;:ment in séud_ent cognitive outcomes 'as contrasted

with cogﬁitive outcomes subsequént to traditional teaching strategies,

such as those using group instruétion. The temptation to jump from

© ®
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problem to solution is particularly and clearly evident 1n.qtii\froblem—
focus, | | '

The next problem-focus 1is one that has already been alluded to
in the discussion of science content omissions: the lack of inter~-
disciplinary or multi-disciplinary courses.?3l Both terms are faund in

“

q : 3 ’ '
the literature and are invariably meant to convey an‘integration of some

selected and appropriate disciplines as the pedagogy of chdice in thé‘

treatment of science themes or issues. The perceived need for such a
curricular approach mould seem to be contingent upon one's notion of

scientific literacy. If the preferred notion of scientific literacy is

one that réquires an understanding of a complex science~based situation,

s

then the components of this c8mplexity may well require sociological,

y

legal, philosophical, moral and psychological understandings. It would

then, perhaps, be somewhat preteﬂt&oué or pres@mptiveg to label the

exercise as one in scientific literacy. ~ It might just as readily be -

a

labeled philosophical or }egal or moral literacy having a science
domponent. In actua}ity, the term :ipterdisciplinary' or 'multi-
disciplinary' i& usﬁally limited to a selgction of sclence disciplines
(physics, chemistry; biology, earth science, eté.) with or without
(nsuéfﬁy the latter, in practice) cloéely rélated technological fields
such as engineering. This is somewhat reminiscent of the traditional
and typical‘general science course? only following different patterns of
organiqatipn. Instead of sequential samplings of various sclence
discinrl)lineg wﬁh the sampling based on a-selection of major concepts,
the sampling of the same disciplinés wogld be determined by B;Iected

-

themes or issues of some perceived concern to students,

v (5]
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Another problem seen as a science content omission centers on

~

“the inability ~of high school graduates to assess scilence reports due to

two related curricular problems, The second 1is contin'gént upon the

first. As long ago as 1950, Schwab had emphasizedA the need for an
understanding of the structure of a science discip'line before one could
even begin to assess, analyse,\‘ evaluate, - synthesize any information
re;ated to this science discipline. One of the curricular results

t
based on this ~concern, was the development of the BSCS high school

—r—
,program in the early 1966'5. Twenty-five years later, there is general

1

o 4
admission that the ‘wholehearted implementation of the BSCS curriculum

- D
(still the most prevalent of the 'alphabet' corricula of the 1960's) did

not include the structure of the” biological sciences 'among its
L]
objectives~-in-pragtice, Norris and a few others suggest that teachers

should give the Schwabian objective another try.52 In this

i

perspective, scientific.literacy 'is tied to the cognitive abilities of
analysis, application, synthesis and‘-evaluation, validated by,K an

understanding of the structure of the relevant science discipline.

The last supplementary problem—-focus should have particular

appeal to those who prefer re-definitions (in the name of ‘reality) to

H

frustration and futilii:y (for the sake of idealistic but perhaps

unrealistic education goals).?3 The argument may be summarized in this
/. . ' .
way: streaming based on Piagetian cognitive development stages combined

‘'with a respect for the contextual realities of schooling (teéchers,

texts, ‘etc.) will point the way to science education objectives that

have good potential. of being realized.54 Instead of starting with

a

education objectives that represent maximal desiderata primarily deduced

| | ‘ - N
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—_—
from discipline-centered goals, the starting point should be the sphere :

of the possible, induced from previous teaching experience and cognitive

3

developmenb—studies.SS

So far, the arts of the practical and more specifically, the

3

phase .of problem perception, have been exercised in order to expoge ..
details of the problem situation as perceived by a variety of
stakeholders in science education. All of the stakeholdenrs that

Connelly et al., identified as present in public education, are

\ o

represented, Even thbugh‘many educators migﬁt wish to discount the

importance of some of these stak@hoidegs, particularly thoéz

stakeholders who espouse the inclusion of political or economic values

~

in public education, there has so far been no question.as to the .

legitimacy of their concerns about the values of different courses and ™~
ae .

programs of study in public education institytions. It is with this in

mind that I have presented the views of educational researchers, subject.

%

' matter specialists and curriculum developérs along side those of the
- h "

leaders of various interést groups, such as AAAS, AASA, NCPT, NPTA, NSBA

espousing concerns about science education.56
!

.
-

There were a number of*differing“perceptions uricovered that are
related to scientific-lileracy in public educatioq; Collectively, .

these stakeholders c&nnected the student outcome of scientific

illiteracy with the following general factors: school policy, teachers,

funding, and the students ghemsbives. v
- ' ¢ N

Even this cursory archival review has been able to show that the
~ a t

‘goal of scientific literacy is fréught with curricular problems and

uncertainties. "It does not much matter whether the literature review

——— - -
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concentrates on the 1960's, the 1970's or éhe 1980 7s. Each decade has
produced é panoply of identified problems, of course formulated
differently by any number of E;terested parties.

Where do we go from here? What sense can we make of these
details attached to ’this’ problem situation surrounding the goal of
scientific literacy? *

;

]

[

Formulation oﬁ’Probleﬁ: Settled and~Unset21ed Elements

One of the tasks of problemation in Schwabian deliberative
enquiry. is the ascribing of Possible meanings to the details uncovered
in the problem perception phase. Atfirst\step in such a process might

be a search for settled elements in the situation, a search for

regulafitges, for pétterns; as distinct from the remaining or unsettled

elements. Both settled and unsettled elements can then serve as the

.

facts which need to be observed and given meaning in terms of the

problematic.‘ When enquiry can point to connectiqg% among the elements

of the:troubled situation, the seemingly chéotig_or indeterminate

sifuatﬁon may be transformed into 'a determinate situation, i.e., a

situation In which, ultimately, a problem can be articulated.
4 ’ ’

What are some of the settled elements in the indet$rminate

™y

situation surrounding the educationalhgoal of scientific literacy? We
have been discussing in this chapter, the contributions of a wide-
ranging group of st;keholders. Many of them have considered science
educa;ion to be in a‘state of crisis, of varying degrees and for varying

reasons, ever since the 1950's, In this latest vérsion of the crisis,

namely that surrounding the goal of scientific literacy, is it at all
o . .

L N ’ ]
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possible to tease out the more settled elements in order to modify the

Q¥
fractious atomosphere surrounding this goal? Are there any substantial
agreements that can serve as potential parameters, serving to stabilize

o
4

’.“
at least some of the elements in an otherwise troubled situation, a
N .
situation that is full of competing and even conflicting tendencies?
There seem to be four settled elements, i.e., elements assumed

ar’ acknowledged by all_ stakeholders, that accompany the goal of

scientific literac&. jynﬁr’;lement is the target population,

" Those students gho do not choose to enroll in senior level high school

science courses are invarfably thought of as in need of scientific

literacy, particularly in this day and age replete with the products and

~ ~

by-products of science and technology. In the public sector, this

°
b

target population represents anywhere from 50% to 95% of high school

students.. ) »

o)

£y

. A second settled element concerns one aspect of the cgntent of
any proppsed scientific‘literacy«curriéuluy. All stakeholders believe
that students need to l;;rn and understand sohe major science concepts
and inquiry processes. And in addition to this now standgrd science
curriculum\mixture of knowledge (conceptd) and inquiry (skills), most
stakeholders wouid insist on adding decision-making skills regarding
science-based issues. The assumpéion seems to be two-fold: (ll that

these decision-making skills will not be learned outside of the science

class and (2) that the special nature of science-based .issues requires

a

skiTls best or only taught through a science curriculum. A deeper-

g\
level of assumptions would include the need for and efficacy of such

N ! 4
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skills in one’s personal decisions as well as those of a more political

nature made when acting within ‘the duties and rights- of %it—izen.

A third element that would appear to be fixed all current

avallable research findings is the centrality of the teache\r's rcﬁe in

the implementation of any curriculum. .Speaking for many, Tishar &

¢ * -

Power write that

.a curriculum depends on the degree go which goé(l;ﬁ\,
.content are blended to form meaningful learning ks, <.
and the degree to which the selection, presentation and
ordering of the.tasks captures the attention, maintains

"the interest, and enhances -the understanding of the
learners.57 _ ,

&

what is received by ';:he pupils is not the curriculum as

a whole, but some-adaptation of it. It is. the ™ .|
teacher's role to activély evaluate curriculum uhits, to .
select, order, modify, adapt and translate its component . <
] parts [to match the needs of] some group of students.58

<y , .

—_ [2 / '

These normative features of fhe teaching role lead oné to assume that

This is because ,

b

-

\ . b ' e
this role requires a certain level of competency.a. And this is

“ «

, ”
 precisely what the stakeholders also take for granted. The goals of

teacher-proof cyrricula have not been realized. At their best," they.

. ) . . . . g ©
equalled the more traditional teacher-directed curricula as measured by

-=

achievement tests of. student learning. At their worst, they made
'h [

-

N

little room for the emotive factors pound up with teacher-student

t

exchanges. _ Again. as Tisher & Power point out so well, the teacher's

3

level of involvement in tHe designing of a curriculum are critical to

\ °
e

its suctess as measured by student learning:

It is“now generally recognized that the curriculum -
teforms of the 1960's failed to produce any ‘substantial
c"hanges in classroom practice (a) because reforms were
imposed from above, and (b) because insufficient. .
) v ‘ ) ' Vs
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attention was given to the problem of teacher
preparation.>9 ©

The imposition of curricular reforms, while certainly linked to a range.'

\ -
of other problems associated with 'the implementation of any curriculum,

is more of an administrative problem and, as such, will remain outside

[y
the scope of this enquiry. However, the competency of the classroom

teacher as principal facilitator in the implementation of any

curriculum, must be addressed in some manner by this eﬁquiry‘ if only to

table this as necessary for a separate and more appropriate forum.
. e

N A fourth fairly well-established element is the need to

~

understand the student's degree of cogqitive-deveiopment and to key the

curriculum to this pattern of development. It is not partitularly easy

to‘fdlfill these twd needs, but unless there is a reééoﬁable'matching of

¢

one to the othgf, the teaching and learning processes will be

overwhelmed by untold frustrations.
N (]

These then appear to be four major and' well-settled elements.

—

~

It only remains to bring them into interplay with the unsettled elements

in order to attempt some problem formulations. Before this is done,

i

and as part of the deliberative efforts of this phase of the arts of the.

practical (i.e., the formulation of a %roblem), there remain a handful

o

of elements that are partially settled (or at least not "seriously

contested), éhd;that would be profitable to tease out of the remaining

indeterminate situation., One sdch element is that o{'standardiied'

[} ’ “
state-wide (or province-wide) competency tests in scientid§ic literacy.60

0 °

Only some 13 American states ﬁave c0mpetency(tests'€f any kind and nbne

———— -

_includes a science test (the Province of Québec, however, has tests for

) 0 .
éach science discipline). ' The back-to-basics tendency in‘government

4
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circles might be the impetus for more-widéspread use of such state-wide

s

standards. As previously mentioned, when students.were Yuestioned

about their support of such tests, they voiced massive approval.

Parents, as well, seem to support such a move. There is no evidence of
/ .

serious opposition from sciénce éducators, b.ut‘ then there is no clear
support either,  If these tests are constrpcted as reasonable
ipcentives for 1literacy in +ra variety of core éreas, perhaps their
usefulness in this respect will be justifisation enough for their
implementation. _‘ . . S

A secor;d partially settled element concerns the compulso;iy
condition of high school science courses. The science stream courses

are ‘de facto compulsory because of 't);e pattern of requirements for

admission to science fn‘ograms at college/university level. In

addition, it is taken for granted by all stakeholders that these courses'

b q

will surely produce scientifically literate students. It“is then once

Q

again, to the non-science stream student that we must direct our

1

attention. All national studies provide data on the number of states/
*provinces requiring the .successful ' completion of high school science

qoufses, before permitting graduation. As has élread}} been discussed

8 . b, |
above, the quality of such courses varies enormously, 'dep“endent

principally upon the teacher assigned to such courses. - Leaving the

question of°quality.aside for the moment, what meets with approval from

‘every stakeholder (including students) is the de jure compulsory

~

condition of at  least one and sometimes even two such courses. It
p) .
would nbt be stretching a point too far to say that most stakeholders

would likely support a minimum of two such compulsory science courses
. * .’ /.
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s . ul\
for all high school students. Klopfer, true enough, would encourage a

.

4-year compulsory high.school sequence; onthe other hand, it is hard
to imagine stakeholders maintaining serious objections to a 2-year high

school sequence constituted of courses that are planned with care and

for articulation within the 2-year science se&;uen’ce (and'possibly even

’
-

with other high school courses). In summarizing the factors involved
'in this element, it is fairly clear that stakeholders would generally
support a 2-year sequence of high school scie"yae courses in order to

attain the goal of scientific lﬁrac'y for graduatfn% high school

students., Because there are no reported enrollment problems in .the
existing patternd of compulsory science courses, and because & 2-year
compulsory Séquence is not radically different frgm the majority ef

existing high school graduation requirements, tﬁe?e sh‘ﬁid be

v
o

v

substantial agreement regarding this element.
. 4’

A third and last partially settled element can be linked rather
easily to the .preceding‘one. Contrary to the opinion of\some
stakeholders (mai in the area of science education research),

students, parents and the public in general have no difficulty in

. \ .
accepting the importance of science in the K-12 curriculum. By and
large, science does no¢ have to surmount, the stumbling block of

indifference with which art, music, most history courses, and foreign
~ . ‘ .
languages are often faced.6l

N

Both curriculum developers and teachers have much fertile ground

on which to sow the seeds of literacy. = There remain, however, two

[y

. largely unsettled zlements “in this complekX educational situation. One

is the level of teacher pgeparedness and the other is the total

161 / ’
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“curricular contént of scientific literacy courses. The latter is in

)

courses and on the other side to the testing of student outcomes. .

L}
-~

Problem Formulation and Problem Choosing

’

“ Teacher preparedness can bpe viewed as a general term (i.e.,
¢ L readiness tp teach due to the possession of appropriate pedago{g%:al )aﬁd
subject matter "learning and skills), or one that is specific to a
partic\ular :aspect of the teaching role (e.g., extensive subject matter
.. . learning). It is the .second view that w}ll be empasized here. But it

is well to review very briefly the first,

Teaching strategies are -based” on the emotive® factors in a
classroom, the cognitive development of individual students, the
- , -« /’
learning stylestof individual students, curricular objectives, parental

and teacher expectations, test requirements, the managerial components

v - w

in a room full of.students, and the adininistrative demands placed-on the
classroom teacher. _ These have all been studied, ineasured, analys'ed and
criticiied resulting in a somewhat bewildering array _of conclusions,

1y ,
suggestions, and recommendations addressed to teachers in general and,

more often 'than not, precipitating an appreciation of the.uniqueness of

each teaching act.62 In a very #eal sense,p of course, teacher

-~ v

preparedness viewed as an all-inclusive term, is a . superior candidate
\ for the posititii of ‘'unsettled element in the indeterminate situation'.
Jt is not, however, generally from this .total perspective that ,the

“ . : -hat

stakeholders in the scientifié literacy literature examine ‘teacher

. preparedness. .Rather, teaeher-preparedness is seen to be a deficiency

- . R X - \
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in respect of subject matter preparedness. When discussing this issue
- . ' '

&

earlier i‘vthi’s"chapter} each deficiency éategory was directly connected

.to the subject matter component of teaching: mis-assignments, use of

a

non—-science ,teachers in science courses, and the absence of university-
level science courses directed specifically to the teaching of lower

level high school courses. Some teachers learn to ;dapt university-

.

science to high school science content; others do mot. Some teachers

o

can keep one step ahead of the stydents (as in the instances of non-

’ s ; %

science teachers teaching science courses); others cannot. Some

’
I

teachers have a talent for extemporizing, adapting and re-organizing
subject matter ingredients dependenf on teacher or student needs and
interests; others cannot. y1f the teacher has a comfortable

. &
acquaintanceship with the range of the subject matter content in a

.

N

1

cerltai‘n science discipline, and some exposure to and skill in science ,

*
processes, much of the unease and uncertainty with subject matter *

2 -

content, conveyed so easily and quickly to high school students, can be

precluded. The_good will and respect of students toward teachers tends -

to be readily proffered at the start of a course, and just as readily
‘ P e
lost when subject matter incompetence is exposed. (Other factors, such

N,

as teaching strategies and rapport with .students, may and do influence

) .
student learning outcomes as well; nonetheless, subject matter

competency is a major factor in high school teaching.) Those who still

believe in the greater efficacy of teacher-proof curricula (whether as

&

kits, contracts, computer programs”’or written modules based on-

n

behavioral oﬁje&tiyes) ‘as compared to teacher-directed curricula will

have difficulty seeing ‘the -element

£

of teac‘iler prepanedn',ess in subject

N : - ¢
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. P
matter as of major importance and unsettled. For other stakeholders, .

however, (and these seem to be in the majority) this element Of. teacher
r
AY
preparedness in subject matter is a major and unreliable factor 'in

science education for the high school’student who is in the non-science '

3 N

stream. ’ ’ \

- . o

The science preparedness of elementary «school teachers is even

more unreliable (less than“25% of surveyed elementary school teachers

were willing to say that they were well qualified to teach .science).63
’ : : b

But because the junior high school situation (grades 7-9) exhibits more

<
>

manageable proportions (both in number of teachers affected and the |,

. - ' .s\lﬁ
state of their academic backgrounds), it would seem reasonable to
recommend that this problem be formulated in terms of high school

science teachers and their subject matter /]::)ackground in university
programs and as supplemented by local in-service programs. The problem
is then one of articulafidn between’ university le;ze,l s‘fxb'j{ect matter

11

education and lowq;/igh school level subJect matter/éaching. It is

the rare hi school, that has the flexibility of aésigning only senior

level sciepce courses to sciencé 'teachers. Almost invariably, these

teachers dre also assigned science courses that fall outgide of the
“
scilence iscipline of their universityamajor or minor. And,
-~/

accomp:any ng this scheduling 'fact of life' is»/tﬂ{xe assumption by
administrators that a.major or minor in any university level science
program should qualify the teacher for any science teaching assignment.

In keeping with ‘the self-limiting condition of manageable pro;iortions

. that this #riter introduced -above, it is probably apparent by now that

the practice of assigning teachers who lack, either a major or a minor in

,

~ ' -
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a science discipline to the teaching'of a science course falls outside

[

the scope of the problem as formulated in terms of articulation; one
can only hope that this practic; will be sharply curtailed in the
future.64 In short then, if scientific literacy is to be an accepted
and reasonable goal in science education, the exlisting discrepancies

between university-level subject matter credentials and science teaching

assignments must be resolved.

\

The second major unsettled element th&t begins to take shape as_

.
/ - 3, ~

a problem, c¢oncerns curricular content in those science courses
available to non-science stream students. At the moment, there are no

instances of standardized scientific 1literacy learning objectives

!

equivalent to those demanded of science stream students through the
mediacy of college/university admissions or achievement tests. There
are a very few regional examples of standardized Wcientific literacy
high schgoli leaving objectives (the Québeq‘p‘rovincial high school
matriculation examina'tio'ns being one such example). Cons:lder‘ing these
two facts, it may well be asked what tl.me'basis vhla\ for an_nouncing the
existence of widespread sc‘ientific illiteracy J\ﬁ’mong high school
graduates."’ As described earlier, lists of scientific literacy
desiderata were compil'ed using an extensive variety of sclence ec{ucation

referents, students were tested against these desiderata and a large
n . %

! »

number of inadequacies in sthqent outcomes were noted.65 However,
~1:'he’re would seem to be‘éonsic{erable difficu’ltly both 'iﬁ ;:oncept and
mgthogology when determining scientific literacy using this approach.
Strange as it may seelﬁ,'the concept of scientific literacy is not one

that has percolated throughout the high school level of teaching ranks.

A
.
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As a matter of interest, it is the rare science teacher who has even
heard.of the term, let alone undérstands its impor# an& implications.66
Notwithstanding, science education researchers and science curriculum

developers use the term frequently and relatively freely, to mean a
- ’ '

variety of goals and objectives (ma;y of which were discussed earlier in

this chapter and in the preceding one). Is it possible to determine an
agreed-upon minimum in science education as equivalent to scientific

~literacy? Or would it be possible to deEermine an agreed-upon series
1

of science éoncepts and skills that would collectively promote
scientific 1literacy? And who should determine either one? Is' it
reasonable or necessary to have one standard for scientific literacy

(i.e., state-by-state or ‘province-by-province) or should this be left to

the individual school board or science department? Aﬁd what of the’

call for the inclusion of non-science ingredients in the often-proposed

, i . ¥,
scientific literacx‘ goal of .skills in personal and citizen

6]

decision-

N

making about science-related issues?

Scientific literacy goals, course -content and student outcome

P

té;ting are all intrinsically related. Until there is more realism

connected to descriptions of the scientificLliteracy teaching/learning ~

¢

situations, the very formulation of the problem will be thwarted, let

alone its possible solution. The problem situation is firmly located

s

within the student contexts of cognitive development patterns among high

school students (and principally those in grades 7-9), a highlygvariable

i e

elementary school science education for these same students, reasonable

-
AN

inter in and eagerpess for some high school science education, and

- the multifarious needs, interests and behavior patterns of adolescents,

s
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the great majority"of whom will %ot enter the science stream. ° The
teacher and administrative contexts have been referged to above. This ~
amounts to a highly complex situation and it would seem vital to have a
clearer and more realistic‘set of scientific.litei-acy goals; course
content and testing of the same would follow contingently.

It is difficult and perhaps ‘unwise to bring .tlﬂ\e phases of
problem pe'rception and problem formulation to closure before proceeding
to problem choosing since there can be much back-and-forth movement

N

(backtrac’kir;g) while prob'lem‘ possibilities are being considered. But
it doi.é seem necessary to reach some form (;f'considgr';ad closx;re, ‘at
least temporarily, to the phase of problem choosing in order to be able
to- begin del‘lberation“ regatding appropriate solution formulagions.
This move in deliberative enquiry does not p;'eclude C(‘mtinued
backtracking Between the solution formulation phase and previous phases.
Its effect, rather, is to concentrate delibération efforts on ’potentigl
solutions, —given cont'inued acceptan;:e of the problem('s) as formulated.

‘ It "is with this in mind, that I remind the reader of the two

problem formulations that are being advanced: (1) there are existing

and major disgrepancies between university level subject matter

“ 3 .

credentials of teachers and the actual scién¢e teaching req.uire‘d :ln
lower level high school science éourses,’ and (2) ‘,many of the ,science
education goals and ,fobjectiveg designed with t‘he aim of ’sciens‘ific
litéracy in mind:, are ina-ppropriat_e for this aim,

K

£
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Concluding Remarks

L §

¢

Karplus and Klbpfer, though differing markedly in their
respect;ve curricular approaches to the goal .of scientific 1literacy,
sh;red an intended learning objective, that of "functional
understanding”. Each hoped that students would leave such a science
program with knowledge z;nd skills necessary for personal and citizen
decision-making needs. Even though the problem situation that has been
investigated in _this chapter was mainly- limited to Jparticularitlies
normally found in a })unior high school setting, Karpl’us' cﬁrriculqr work
at tl"\': elementary level can'easily be extended to the junior high level
without undue vyiolence to his  position. If we then"cont_inye this
comparison of the work o;? Karplus and Klopfer, a few but important
gifferences begin to emerge. One diﬁf}erence, noted’ rétheg’fquickly, is

the discipline-centered nature of Karplus's curricular designs. What

' begins to emerge then at another level of perception, is the way in ,

> 4
»

which each educator is prepared to construct and disfﬂay science for

-

" young minds. .}Jh,ile Kafplﬁs assumes that the students in his science
program'will exhibit a fﬁll range of ability and intérest levels, the
\'-'hands-;m' or ;aarticipatory structure of the program would pfomote
ustudent motivatioh or involvement in the learﬁing process." The student
would thereby'learn more willingly and easily, éhe science concepts an‘dﬁ
skills that are fundamental to an understanding of tl:.e basic indeperidex/)t
~and thoughtful decision—mak{ng ‘about science-based 'quest‘ions and issues.
The graduate ‘would thereafter have to rely on whatever p;Jblic
e .

information came his/her way, to add on: to the science fundamentals

already learned. But mo’re importantly, these fundamentals would also
P -
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serve to help the graduate ev;lua.t.e—:hi—s—pul;lic information, thereby
giving him a kind of educated ;lndependence of thought.\ In a sense,
then, Karplus' progx.'am, would have humanistic and ph/11~osophic values
suppo.rting it, if we refer to Green's set of educational values.
Klopfer, ;n the other hand, envisions scientific 1literacy
curricula that show many signs of managerial values, using again one of
Green's terms when he describeé sets of educational values. The crux

of the matter for Klopfer seems to be one of encouraging the development

’ K

of functional understanding of science in students who are not able or
willing to elect the science stream in high school studies. Because

these students are in ‘fact in the majority in public education, and

because the minority of career scientists and their research programs
are in many ways dependent on 'this majority forc continued' political and

fi;lancial sypport in any democratic society, Klopfer vie{ws it as

T

essengial\that this majority of students acquire proper attitudes
toﬁards and understandings of matters scientific l;efore leaving high
school. He does not doubt that competent teaching will ensure the
development of 'suc_:h attitudes and undet:standings. , However, these

attitudes and understandings must be taught directly; a curriculum that

)

is discipline-centered may not be appropriate to the ability levels and

‘.ntgrests of the non-science stream students, or so he believes, and may

knot elicit the Qdesired ,attitudes and understandings. He has more

confidence in scientific literacy curricula that are centered on

science-based questions and 1issues arising from science-society

m e

— -

-

interactions.’ He _‘feels that future‘\personal and citizen )decision—

td

'
AN
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making can then be modeled on the directed experiences encountered and

-
o

skills learned with such scientific literacy programs.

Yager shares Klopfer's views on the subject matter content of

scientific\litefacy curricula. He also envisions these curricu}a as
centered on science-society interactions. However, he would like to

add a new dimension to the learning outcome of scienfific}attitudes

towards and understandings of science-based questions and issues.  This
N A\

[y

new dimension is the awareness of moral elements in the sc¢cience-society
interactions. Yager believes that, by emphasizing the presence of such

moral elements, the scientifi’c literacy program will have greater appeal

‘to non-science stream students and will be translatable inte a
motivational force in the same student. With such motidﬁtioq, "the

student will learn more willingly and effectively the scientific
E S 4
portions. of the scientific literacy program.

~ The work in this chaptgr has centered on-an—exemplification of
those phases of deliperative enquiry leading to the formdlation of a
prablem. The most recent and respected scientific litegac problem
formulations we;e presented from the perspectives of representive

stakeholders. Reasons for and against were examined and weighed. The
Y e,

teaching and learning situat%ons were given in situ descriptioﬁs.
N 2 \
Frictions, failures and inadeqqacies\zere teased out (arts of
/o
perception). And in line with arts of problemation, this writer has

formulated two problems that are distinct enough to require separate but

simultaneous solutions because they have ‘unavoidable and intrinsic

influences one on the other, no matter the type of solution evenlually

by

proposed. ) .
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It®is to this latter task that I will turn in the “next chapter,

Formulations for possible solutions will be considered and imaginative

rehe%ﬁfals of these potential solutions will take place within’ the

-

framework of Schwabian Eeliberative enquiry.’
A

N
S
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—_— \ CHAPTER 8 ‘ .

SCIENTIFIC LITERACY: . CONCRETE MEANINGS AND QUESTIONS

L [

«
-

v

ocus of Ch‘apt‘er‘

Three -major and recurrent curricular themes have already been

/ , | -
’ ‘ ¥ jdentified (in Lhe_preceding,chapter\) among the various goa}s and

L
- ] /
objectives falling underr the educational aim of scientific literacy.

- These are (1) the transmission and. Understanding of major* science

concepts, (2) the development of science skills, and (3) the development

. , b4 . . §
of decisiog-making 'skills rtegarding science-baséd societal issues.

Each of \fhese themes will be examined deliberativelsy with the intention .
t >

s of , probing for some directions leading to solution formulations.’

-

- [l

In identifying these themes, I have shown. how the slogan of

» e
13

ﬂ-.,

sciemtifie literacy arose in particular histgrical and social

.
]
’

' * &
-circumstances. Additionally, 1 have -shown how these..three themeg have

T -

- i sfowly“ emerged as scierce educatfon writers have reflected more orfgwhat
N, ] 1 / N ' ’ .

¢ are important components of the concept o} 'scientific literacy'.

o 1
4 7/ 4 L ¢ . % . °
sense, I have focused on the clarification of goals.

In' cne

R ’ -t C e A .
®However, the\z&ianing of scientific liferacy as, 'curriculum' is a story-
s, \ ’ . Ly

. only pgrtly told by a staqjment of goals. As McKinney and Westbury

L3

L]
’

r-4 v
- . . o
’ o state; "a curriculub [is] Yan idea that becomes a thing." What follows
. e .
: . ) . .
oo from this princigle for my project is, this: tl%e meaning of’ the three
. . / . - ESENEN V. . = . "\

themes of scien_tif'i“q literacy ofust be’ discovered,-in part:,u in what is

* done in texts and scho6l praofice in the: name of these goals. ¢

¢
”
[ o

- g Therefére, as a_closing’ phase of this -deliberation, I will’

P .

’

N ' : : e ) o .=

- ‘. LY -~ - ; a .
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.briefly examine 's_ome“tygical ‘t&axtbook treatments’ of these three themes . ,
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»
of scientific literacy. My point here is to providga e;wugh
illustration to raise questions about the issues which are still to be
" faced in giving meaning and definition to scientific literacy, and in ’
giving ‘s;:ientific literacy, as an idea, an appropriate curricular e -
embodiment. ’ - \ |
' .
Science Concepts as Scientific Litera::y Goal + \
) ‘Let us \now take “a closer look at one of Karplus' ‘premisJes, that . K
of basic science concepts. Given gun"e‘nt curricular'means, what will

scientific literacy be in practicé if we make the goal of basic, science

, concepts central to a scientific literacy curriculum? Descriptions of

ty

-

representative textbook curricula as exemplars of curricular means

. t . .
' should help to illus&rate conne'ctions that can bé made be'tween thetgal
of basic Sczlence concepts and the aim of scientific literacy. The ’

nu

great majority of junior high school science ‘students receive some form

of 'géneral' science education and representative general science
) . : )
textbooks will serve as exemplars of curricular means.

.
)

One such 'general' sclence course uses, as its curriculum)

]

Everyday Proble’ms in Science, described by‘thé authors as a ,"basic

science program text 2 There is an ancillary- teason for choosing this

v

text as exemplar: Hurd, a leadi:{g sclence edugationist and<adyocate of
'} scientifilg literacy as a distinct education goal,’ is a co-author _and*“

many of his views are expressed' in the companion text Teacher's
{

- o . .
Guidebook for Everyday Problems in Science.3 Additionally, the Chicago

Board of %ducation, one’ of the largest of the U.S. school systems,
« L
includes Everyday Problems in Science on 1its approved list of science

-

. +
’ ¢ Al 7
~ ' . / .
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textbooks for junior high school (grades 7-9).4 I mention this fact

&

only to indicate that the use of this text is -not confined to a

-

negligible student population.

There are 20 .units to be studied in this 'basic science

program'; with an average of 40 week per school year in the typical

school - calendar, the student is poteniially exposed to two weeks worth

L3

of instruction per unit, IncLuded in thése 20 units are 3 on chemistry
concepts (materials and fire), 4 on biqiogy cogcepts (3. of which focus
on human anatomyT food and hea;th), 5 on physics concepts (grav%ty,
energy and force?, 3 oﬁ technology (machines, commuﬁicaéion and‘

a

\ .
transportation), and 1 each on astronomy, meteorology, geology,

N

conservation and scientific method and thinking. = Students may

[
“

graduate from high school with this one-year cogrse as the only reduired
. : - ’

science course. Could we say that such students are scientifically

L4

literate, 'assuming that these students were able to 'pass' the course?

Some questions may have to be raised. For one, is the omission of most

’ concepts ‘characteristic of biolog&’ of any consequence? - Does the

.. :
_ student need to have an understanding of heredity, evolution, cellular

~

activitieé:aqd ecology in order to be considered. literate,in biologj?

Or will the Eoncebts,related to a durépry éurvey of some human body .

¥ , . . .
system$ .(the endocrine and reproductive systems are not included), foogd

requirements and the role of bacteria in causing’disease suffice?

Similar duestidns could be raised about. the representative nature of the .

I

other science concepts in this one-year program. , N

8 égests that the .

A

Hofﬁtein takes a different appréach. He
. o . c ) . . , o ,
..starting pdint be lists of essential ‘science concepts that are mostly

I

S am —_—

i
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rd
appropriate to.a high school level science course, T?aditionally,
lisﬁa have been formed by drawing on the areas of study usually

associated with the three major science disciplines and may be jtemized

o

as follows:

(a) Biology: evolution, genetic continuity, biological
behavior, homeostasis !
(b) Chemistry: codﬁi&vation of mass, equilibrium, energetics,
. bending and structure
(c) Physics: time, space, matter>

According to Hofstein, thesé concepts were selected because they:

(a) represent basic ideas of the structure of the discipline;
(b) have the greatest capacity for explaining scientifié¢

. phenomena; )
Ce) have the greatest potential, for interpretation and
* generalization;

(d) can be developed from experimental evidence;
(e) provide many opportunities for the development of cognitive
. skills; . . :
(f) convey the role of science in the human being's
intellectual achievement,6

If we use Hofstein’s biology concepts as a probe for inspecting the

4

'general,sciénce' high school course just de8cribed, we would be hard
put to fiﬁ% aﬁy of these major ébncepts receiving anything. approaching

adequate treatment, One tempting, and yet to my mind dangerous,
Ny )
assumption is that scientific literacy can be achieved without any

demonstrable understanding of any majar biology concept located within
biology as a discipline. The other side of this-educational coih, and

equally unacceptable, 'is that only those students in college prepératory

themselves about  the major biology

-

biology courses need to concern

concepts, - The same questions, of course, could be asked about the

e

"relationship between scientific literacy and major physics and chemistry

concepts. : o ' : L .

- 1
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For‘comparison, let us take a look at another popular 'general

science textbook also written fo} use at the, junior high schoal level:

Matter, Life and Energy by Herron & Palmer.7 This, textbook does

iﬁcludena wider range of biology concepts. Human anatomy (again
excluding the endocrine and reproductive systems), fo&d' and health
(including even first aid) are all represen;ed; so are botany and
zoology classifications; and genetics and the econ&q}c value of plants

ooy

and animals. It doesn't take too long to notice why Matter, Life and

Energy is double the length of Everyday Problems .in Science, and this in

the absence of any 'experiments' within the covers of the former text.
©

(A companion workbook is to be used, which includes both a study guide

to each chapter and some 'experiments’'. Everyday Problems in Science,.

12

"in contrast, features detailed suggestions for an 'experiment' every

other page.) Matter, Life” and Energy contains 34 chapters; a 40 week

school year then becomes markedly rushed for time if all 34 chapters are
given equal treatment. On the other hand, if a smaller number of
topics (or chapters) is selected, the basis for such selection would

still remain to be justified. . v
. ] ’ | “~
A very different approach is used by the authors of still

1

another junior high school science textbook, Focus on Science by Gough &

»

Flanagan.8 Of its 357 pages, roughly one-half treat of biology

concepts with the other half treating a mélange of geology, astronomy,

[

meteorology, physics and chemistry. Included are mgny -suggestions. for

i , Ya
'investigations' all of which use the traditional fgrmEt of materials,

3 4,

pro¢edure and observation. "The biology goncepts ma§ Ye grouped into
c!'.
. . te

v
Ll * »
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\ ;
taxonomic, botanical and ecological concerns. Evolution and génetiés

are noticeable missing.

4 ,

This review of junior high school science textbooks also

1

provides a closer look at the curricular strategies of junior high

L
school science teacheﬁg faced with content demands of junior high

general science courses. It is the overwhelmingly common practice of

by

teachers assigned to 'general' science courses to rely on the course's

4

text as the curriculum, If the three science texts just reviewed are

indicative of the medtan range of avaiiéble texts (és opposed to an
3 1]

extreme text such as &nt}oductogx Physical Science which excludes
, . <

biology altogether and concentrates almost exclusively on
[investigations' related to a few concepts drawn from chemistry and
physics), then it is easy to see that .a particularly wide variety of

groupings of science concepts is available for the ‘'gereral' science

N V4
» 1

type of science course.9 This is a satigfactory situation when what is

wanted is maximum freedom, to choosg a general sclence firogram to best

fit the interests of students and competencies of the teacher. . The

history of science education and resedrch into current science education
. N

practices tell us that 'general' science courses slanted towards biology

concepts, tend to show signs of such a best fit. Such .courses have a

wide and better reception among high school students than courses

concerned more with chemistry and physics concepts, and usually conflict

less with teacher competencgies. Notwithstanding this last statement, a -

13

major exception this writer is aware of is the course based on the

»

Introductory Physical Science text. The appeal»hefe seems to come from
!

two Iea?niqg features of this course: (1) a truly minimal amount of

1
‘
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faEtual information that needs to be learned" by the student, and (2) a
. .

maximum amount of class time spent in manipulating laboratory equipment,
. < .

Whag can. we conclude from this review of examples of basic
science concepts and textbook curricula? If the intention of
; - . ,
scientifyc literacy proponents is to expose the student to all of the

major science concepts fr he three -traditional science disciplines

(as suggested by Hofstein), adequate provision ought to be made for this

-

. teabhing and learning task in allotted coutse time, textbook resources

and teachér competencies, Time ;pula seem to, be a merciless factdr
siﬂce the 40-week school year never alldws for 40 weeks of subject
matter teaching (of ‘course including, in the case of the sciences, al{
of the laboratory and field experiences as well). Also, efficiency of

teaching stratekies would be taxed to the 1limit if general science

course objectives were to be couched in terms of a reasonable

understanding of the major science concepts listed by Hofstein. On the

other hand, deletion of hn“ of these major science concepts would

certainly call for substantial justifications; In any event, textbook .
. s V. id

. M - '

resources structured ‘to account for all of Hofstein's major science

va

concepts at the gemeral stience level are, at the moment, non—-existent.
¢

Teacher competencies suited to such a general science course are also

_severely limited. Even though this last point, i.e., regardiné teacher

competencies, cannot be fully éxplored here, the relevant .problem .

formﬁlation that I proposed in the preceding chapter deserves consi&ered

attention in an appropriate forum.
' !

Let us now taKE'a lo6k at some alternativé possibilitigs for the

selection’ of science concepts, This look will be in the form .of

4

- .
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projected and imaginary rehearsals of some aspects of junior high school

science programs using textbook curricula -and the incorporation of

selected science concepts.

One curricular pattern that might appeal to scientific literacy
;roponents is to spread the teaching of scientific concepts over two
years, WiFh the second year treating only the biology concepts. This

is the de facto situation in many school jufisdictions; even though

only one year of science is required for high school gfaauation, a large

majority of students who are not in the college preparatory stream elect

a second year of science, with the great majority of these choosing

biology. Such a separation of sciences may-be necessary and ‘is already
. | % - * ‘ ) ™ *
in place fqr many school _systems. A better reworking of subject matter

~

and laboratory content for ‘such a two-year sequence wéuld then be

advisable along with justifications for science concepts included in

-

each year. This option of a two-year sequence instead of a one-year

-

.high school course would seem to allow. for a.more realistic and

s

justifiable scientific literacy program. ‘ ‘

However, this scenario does not provide well. for the inclusion.

of science disciplines originally derived from the three traditional

sciences but now considered as é&parate disciplines:  psychology,

sociology, geology, anfh;opology, meteorology, oceanography and eco}ogyﬁ.

# !

Insisterice ot their partial or total inclusion or exclusion wodld call

A 3

for clear and reasoned justifications. This is particularly necessary

if the aim of scientific literacy is meant tb have societal, political

1

and personal ramifications for the development of problem solving

skills,

SRRt B | -
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How .do the te:;tbook curricula (discussed above) contribute to

scientific literacy in these projected sceﬁarhios? They share what are’
certainly positive contributions in the form of some major science

concepts, without which it would be impossible to participate to any

great extent within a common cultural setting. As permeated as western
( $

societies are with conceptual and linguistic constructs as well as

technological artifacts resulﬁing from the various sciences, it would

A}
seem important that the members of these societies be given

intellectual, 1linguistic and manipulative tools with. which to‘

participate effectively in such societies. However, the actual r'emge

of science-related intellectual and linguistic tools 1is wunder

considerable dispute among scienc‘e educators., For example, the IPS

program is designed to develop the corcepts and linguistic 8ymbols of ’

volume, mass, characteristic properties of matter, solubility, elements,

- compounds and molecular motion, and is offered as "a solid foundation™

v

even "for those Istuder;te;] taking no further science".10 The authors
imply by the last phrase "no further science", science of any kind; not

just chemistry, to which the program is indebted more so than to any

c:ther physical, science, - The authors of Matter, Life and Energy
considered the concepts ofuvolume, eté., as basic also. The style of -

developing these concepts in Matter, Life and Energy is clearly

expository whereas the style in IPS is experimental. There'is';

»

however, no dispute in either textbook curriculum about the foundational

place of these concepts in the scientific edifice. What would appear

to be questionable is the sufficiency of such a foundation, Can the

.

core concepts of other individual scientific disciplines, be left out of

z ) ‘ © 180
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;8 science course whose goal is sciéntific literacy? Is it enough to
expose ‘the high school student to- a minimuml’number of co\ncepts
fundamental to all of the natural sciences? Can ‘an understanding of
the concepts related to atomic- structure and functioning of matter be

reasonably presumed to equip a high school graduate to handle well

science-related questions in everyday affairs ‘- questions the;t may
easily involve matters concerniné personal health, evlironmental changes;
energy suppli'es and technolpgical development? Or is it more
appropriate and reasonable for the layman to ljecognize a question as
scientific and shen simply consult the sciéhtific com}nunity or authority
most likely to have an angwer? In spirit, the IPS program, for}
example, favors the dev;alopment of some .intellectual independencé’/and
does not really provide for student experiences with data from outside
authorities (the course data are generated by the individual laboratory

, activities, pooled, and fireely discussed within the bounds of the

class). On the other hand, the Matter; Life and Energy curriculum

fosters the learning of scientific conclusions and deferential respect

e b

-

for scientific authority. The ‘autho;s- also write that these are to be
"good authorities” but do not give the student any guidelines for
choosing as to the goodhess of the authorities. Is the adjective

'‘scientific' as in ‘'scientific authority' enough to separate out the

good from other authorities or is more needed?

As to the remaining two general science texts, it is frankly

difficult to decide why particular sets' of science conecepts are

excluded. The authorf of Everyday Problems in Science have d’ecided not

¥
L 1

to include any reference to everyday .health problems or environmental
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.
problems, even though these two areas represent the majority of science-
related probleﬁs reﬁorted to the general public by the‘;kdia." It is
understandable that any course designed for scientific litgracy_caq only
introduce the student to the world of science. The(kﬁ?izen mu;t be
prepared (at least through reading and listening skills) and willing to
pursue scientifit questions outside gf the course's confines. Therg
is, however, room to question the justification of such a course when it
pverlooks important citizen concerns, concerns that can. be anticigated

fairly easily.

It is time to pause for a moment and formally review the result

‘of the deliberative efforts expended so far. Are we approaching a
‘first solution formulation? We are making some headway on Bne part of

one tentativ; and admittedlyipartial solution formulation but much
ground still qeeds to *be covered.‘ So far, we have formulated a partial
soiution based on Karplus' view of scientific literacy components: that
certain concepts basic to science be learned. ’ Drawing upon the science
disciplines Lhemselves, I have tried to relate the notion of basic
science concepts 1in 'general' science courses as found in-gxistiné
popular science texts used in North American public schools, to the
collection.of " science .concepts considered by many science\educatgrs to
be basic to the representative science disciplines. C;né;pts related
to biology have been used as exemplars in order to bring out this
camparis;nlin some detail. Lagtly, 1maginary paths were traqed between |
thé partial solutions and some of gkeir learning consequences,

Can some cohciﬁsion bexgenef;ted from these deliberative

efforts? . Or, at least, can some guidelines be noticed that can point

~
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out the way to some curricular solution? It is my contention that one
workable conclusion is possible: some set of science concepts ought to
be introduced to students in any scientific literacy curriculum. This
conclusion must then be followed b% a guideline quéstion that can only

be resolved by a specific school system. This question might be

phrased as follows: which set of concepts can be taught competently

within a restricted period of time (1-2 years) and at a junior high

school level?

Much more needs to -be deliberated at a local school system level

!

before this part of the larger curricular problem is resolved. It is

timely now to, turn to a second major goal of the scientific literacy

aim, that of the development of science skills.,

1

Science Skills as Scientific Literacy Goal .
"It is the consensus among science educators that the development
of inquiry and'maniﬁulative science skillgkis to be an} integral part «of

every science course, These skills are seen either as complements of

the_ science concepts component in the course or as exemplifications of

‘certain science concepts basic to any science course. I will be .

drawing on the textbook curricula described in the preceding section'in

»

. order to illustrate current curricular means designed to develop sciencs

r
-

skills, Using these—textbeock curricula as exemplars,’ I hope to show

connections that can be made between the goal of science skills and the
. ¥

aim of sciengific literafy.‘

A .

Focus on Science is a somewhat unusual junior high school

science text in that there is -no description of any scieﬁtific'method or

ISR
‘.
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desirable scientific habits and attitudes directed openly to the student
* i
reader. ~ The text 1is, however, peppered with 'investigations' (never

'experiments') that are all inductive in purposg;Lnd recipe-like in

- style, and are based on severely limited amounts of data. In addition,
y T students are shown the value of controls in one rather complicated
experiment; the concept of experimental control is noflmentioned or

~

‘ used again in the text, which treatment is, nonetheless, quite typical

of high school general sd%ince texts. If\pressed for a‘ﬁhilosophical

-

stance, it could be assumed that logical positivist values related to
observations,” classification, causation and induction are conveyed:

ﬁgcts speak for themselves, the sharing of physical characteristics is a

-

- ' clear guide to cl7fsif1cation relationships, causation is readily
deduced from circumstantial proximities, and observed regularities

quickly lead to theoretical genéralizations.ll

In comparison, the authors of Matter, Life and Energy expend
/

muth more effort in writing about the nature of science. Science is

presented as a dual entity: (1) an organized body of knowledge able to

explain the world in which we live, and (2) a way of problem solving, a
way of thinking. The student is not left long to wonder about the

- content of this organized body of knowledge. As has already been

mentioned, the text is a.lengthy rhetoric of conclusions over a.yariety
- bf science disciplines, There may, however, be some confusion in the

student 's mind about the nature of scientific problem solving or ways of .
< . - .
thinking. The authors descrgpe aciqntific methodology under the
. . ‘ . ' »

subheading "What methods do scientists use to increase” knawledge?", It

dé@elops,that the methods are singular and this single method: is first

- ’
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f:alled a method of reasoning (logical) and then described as a method of
M

working using five basic steps: recognition of a problem, collection of

facts, formulation of hypothesis, testing of hypothesis by

experimentation or collection of” more facts, and statement of a

»
v

conclusion. This is the more ‘traditional approach for high school '

science text$ to take, that <4s, a discussion of some basic steps
(similar to those j*ust listed), and conforming to the same methodology.

The authors of Matter, Life and Energy g;z’ on to encourage the

.

student reader to acquire the "scientific attl(tudes" of curiosity,
henesty, open-mindedness, détermination, ,perseverancENg—operation and

communication in trying to solve everyday problems. However, the

student reader is then informed of a major difference between real

scientific work by scientists and scientific-like activities by non-
- ‘ R
scientists: .
2 N i
There is a differenke between applying this method of
problem-solving to science and to yonr everyday
- problems. The difference is that in gclence you want
to test a theory about nature, In solving an everyday
problem yoa want an immediate practical result.12

Yet the single science e)'cample that 1is presented concern{ neonatal

e

blindnéss (ret.rolental fibroplasia), first reported by z: Boston

v

'physician, nd a practical restilt Was most definitely wanted as quickly

as possible. The accompanying tudz Guide and Laboratory Activities
/:C.NT'
for Matter, Life and Energy includes the occasz recipe-style

v

. =)

1abora})tory activity. These represent the only attempts to shuw"
scientific methoglology in;action.
\

Some general comments are now possible in respect to the

- P - ’ )
development of laboratory skills among ju or high school .studénts.-

\.3

(7
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Firstly, and probably most noticeably, th‘e science activities, as found
in representative textpooks in a juniér hiéh school science*cdurse tend
to be eﬁpirical and inductive in tenor, time-consuming in ﬁrqctice and
prohlematic pedagogically unless the'teacher has.a solid repertoire 6f
laboratory management skills. This must not be interpreted as

" | .
disparaging the technical atmosphere of the laboratory in which the

student 1is working. Some precision and accuracy, the use of simple-

1aboratory'apparatugtand attempts at cleanliness and order are hallmarks

of the typical. high scpool laboratory. However, these hallmarks
couplea with recipe-like 'experiments', the occasional démonstration,
and audio-visual laboratory replacements, give the student a decidedly
circumscribed look into the world of science. ‘¢

The content of such experiments or investigations follows the
familiar recipe-like format of materials, procedure and observations,

The student is told rather clearly which materials to use, what 1s to be

done wiﬁg them and what to look for. The one e%cepcion is the IPS
text. It differs noticeably frog the other three texts, in the way

.

experiments are presented:” (1) fewer details are given the student when
experimengs are described; (2) the formag of the experiments is not
written in an obvious and clearly headlined sty}s using titles such as:

materials, procedure, observations; (3) there are many more of them;

" (4) they are all confiped to the boratory premises. ~ The other three

texts vary considerably in the ber of laboratory and field activities

from few (as in Maiter, Life and Energy) to many (as in Everyday
' N\ A

Problems in Science and Focus QEZScience)..
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Against this foreground of 'hands-on' busyness there is, of
course, a background of philosophy about the nature and values of the

science activities. These activities help to make concrete a special

—

group of sconce concepts that are often included rhetorically under the
rubric of methodology but passed over quic¢kly in favor of procedural

descriptions ‘regarding scientific method. These concepts are treated
N

within the philosophy of science and could easily include those of

perception, observation, theory, fact, confirmation, deduction,

induction, truth, falsity, cauéation, validity, reliabiiity,
«

rationality, objectivity and predictability. Even though not

exhaustive, this is quite a list of epistomological and methodological

concepté that are inherent to anhy philosophy of science and have
( .

traditionally elicited differences both within the scientific community

and among philosoﬁhers.13 If inquiry strategies are closely tied to a

philosophy conecerning the generation of scientific knowledge, then
evidence located 1in textbook  curricula would seem to point to an

inductive and logical positivist approach to scientific inquify and

scientific ways of thihking. Only one inquif§ pattern is represented-

<

as .acceptably scientific,

-

]
‘0f course, the ‘factor of limited time tends to rule out more

i
\ [}

‘laboratory eXperienées, but it does little to explain or justify the

——

»

nature of ‘those included. On what basis is a one and a half Tour
investigation of the melting and freezing points of moth flakes (Haber-

Schaim et il') justified, if scientific literacy is the aim? The basis

is usually two-fold: (1) melting and freezing points are characteristic
[ -9 -

properties (aétu&lly in this case singular) of matter and (2) this 15 a
. ~. . *
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relatively easy hands-on experience that can sustain the interest of -

students. The need to make scientific abstractions co;cfete for

-
-

students is ever present. If one attaches to this the pedagogical wish
to keep .them happily occupied, it is not difficult to formulate time-

consuming experi%pcesAthat seem to Iinterest students and are felhted to'
scientific concepts. ‘

Haber-Schaim et al. have a mo;e thoughtfuliy elaborated point of
view, They see the value of.such science activities as servi;g to lay

“a solid foundation for students” who will continue with future science

courses as well as “for those taking no further science”.l4 "The theme

of the |[year-~long] course is the developmenf of evidence for an atomic
- ‘ —

model of matter” and all experiments are directed to this theme,

designed to develop concepts of volume, mass, characteristic properties

of- matter, solubility, compounds, elements a&a molecular motion.l5 The

{ .

authors of the IPS text state that o , .
‘one of the best ways to find out how a thing works - and - )
what it is made of - is .to take it apart ... in some

instructives fashion,l6

M

&

Leaving aside the.confusion between function and constituent elements as
noticed in this stafement,~dit does introduce us to the reductionist or
atomistic perspective in methodology that we see reinforced with every

experiment in the text. In conjunctton‘with this gxperimental

ot

. - = : - -
emphasis, precision and accuracy in measurement are stressed repeatedly

)

throughout the text. The other three texts being used as exemplars and

for comparison, do not stress the 'laboratory' atmosphere of sc{gnce to

anywhere the same degree. : e .
' ‘ ’ ' / b

«
»

it
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Anyone familiar with the IPS text would know that Haber-Schaim

et .al. have a fundamental reason for the inclusion of 1laboratory

— c—

activities within the IPS’ curriculum,. Scientific inquiry'is the
—2 ’ X

me-thodological half of science and just as essential to the very nature

£
2

of sciencer as the knowledge hal'f. If the sentence “science is ...

were to be completed, there seems to be common consensus among

sclentists and science educators that its completion would have, to

*»

in‘clude a knowledge as well as an inquiry component,’ Science is an

grganized body of knowledge about nature and a set of methodologies for

.

its investigationys The latter leads to and verifies the former, and 1is

~

<

accomplished in a manner that is peculiar to the needs of each science .

discipline. The exact propositianal formulations of science's dual

» >

nature do show some variations, some modifications from author fgo

author, but the essentials of the definition are easily understandable

and acceptable’ as just stated. 4t -
g g

1t was with the intention of allowing high school students to
e).cperi-ence this duality that the ‘new' qurriqu'la of the 1960's.were

planned and ‘implemented. It remained only for the curriculum writer to

I3

decide how many and what kind of science experiences should be included

a

'in each science curriculum, .If these experiences could also be

student-centered and interedting to the student, so much the better.
. Beginning, then, from a science discipline-centéred concern,

- o ~ : -
f.e., to exposg the full or dual nature of science to a high school

population of students, sclence curriculum:writers 'became ineVitably

—

involved in psychology-—-centered concerns about 'experiments)

'investigations' or ‘'inquiry'. Solely for the sake of simpl'ificat'ion,“

3
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I shall refer to all such laboratory-based activities as discovery

learning, a term used by Ausubel and recognized by science educators as

equivalent to the other science activitie§ terms just cited, Discovery

4

learning is a term used to indicate the type of learning in which "the

L .

material to be learned is gé£ presentgd;to the learner in final form,
but [which the learner) mus; recognize or transform .:; in some fashion
prior® to its incorporatfon into cognitive structure”.l7? Concept
formation, the formation- of geﬁeralizations, problem solving and

creativity are all "kinds of learnfng [in which] there is ho alternative

to discovery learning”.l8

A survey of possibie and actual curricular &and teaching
strategies shéﬁs us that the teacher cOmponen; in the learning situation’
may well érovide a highly variable amount and type of guidavqe for the
student wgo undertakes discovery learning. Even ‘pgré‘ discovery

1earpfng, in a school setting, would require the teacher "to provide the

"¢

environment in which diéﬁovery is to take place. If plants are to be

4

discovetedi‘plants must be made available, which environment is then

determined, selected, manipulated by the teacher in order to guide the

learner in a somewhat expeditious and 'calculated' manner, This 1is

o .
only reasonable, given the constraints of any school setting, Usually,

ho@ever, much more guidance is given the student - by asking_leaging
questions, bf.ptovidiﬁé.detailed instrucgions (e.g., as in_recipe-like _
ékperimeﬁts), by tlass demopstrationé (either by the teacher or’h few
students) and/or by verif{cation of generalizations as opposed to their
gprmulgtion (by far the ﬁost widely-used type of discove;§ learnigg-in’

- R / . v
school laboratories). . . y

—
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Certain questions can now’ be raised about any scientific

N !

—a i

literacy course. Is it the course's‘goal to produce little scientists, .

science connoisseurs, or persons knowledgeable about science-related
L4 -

R . . |
matters?  To what extent is evidence of laboratory skills a necessary
Y

goal of such a science cpurse'.’_ I¢ introduction to scientific knowledge
and methodology sufficient as the 5rifnary goals in any science course?
And if so, which parts of knowledge and which .method(52 would  fulfill

the expectations of this goal? If "curriculum defines what counts as

valid knowledge’

e

scientific knowledge is to be used?l9
. Analogously, language arts, music, the fine arts, physical

education a'nd languages also have an, aetive and important method
2

component to Iimpgrt to students. For the majority Sf_puoblic school

<

students, the extent of skill development and connoisseurship are the-

two questgons centered on “subject matter activities that need

\

resolution. Wha_:t instrument:. skills should the music course make
possible? :What“rar;gg of‘music chnoiSS.eurship is to be i:éasonafnly
expected - :_types -o:f music? types of ‘inst'rumen_ti'sd? _ hi:story of music’?.
reading Bf written music:?.“ Is " the Léour_se's goal to préduce little
'musicians’ -and. little musikc 'ctgltic‘s'? Or is i.ts goal simply to

introduce the student to some selected areas of. all things musical?
How do all these concerns about -'laboratory' activitfes relate

to a course in sci'e/ntifig litera'cyf, a type of course designed for the
. . ”
majority of students in the public education systems? - These students,

R

for whatever reason, have chosen or have been placedfin a single-year,

¢

, 'dead-end' science course (i.e., a tourse that is_ neither vocational or

.
»
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' eifher supb&rt or repudiation is fhe pfoposed link,wifh‘high schoopl

PRSI /

X . [
‘ ¢ L

EAC

. - o IR
college preparatory) in order to fulfill 'high school! graduation "

requirements. Should the student.‘L be required o éxgerien%e a

S J
methodology of science in order to come away with a be74er and fuller
\ .

+ > ) .
understanding of science? If so, which n@%hodolqéy(ies) is most (, . i
appropriate, given time and skill limftations, and' thé need to form or

reinforce certain selected concepts and generalizatigns? If we extend

-

these public education course considerationi/to post-secondary’

.

S \ . N [
citizenship concerns as expressed by many stience educdtors and

reformers, we face an additional set of questiong that the public school.

AN

music, fine arts, language and physical educét}én courses do not have to
face, Democratic governments are monitore?/by citizen groups and are

’ / . .
.ultimately replaced gt retained by citizen Aotes, As has already been )
discussed garlier in this chapter, and /in the preceding one, many

political decisions currently and for-/the foreseeable future include

v

o 3 ,
scientific or Science-related issues.,/ Health care, defense systems,

.space exploratiosn, goveﬁhmentlsu sidies 6&f industrial and military

.

¢ . ' . .
scientific “and technological reseArch are all directly connected to

“

gbvernmental posftiqgs which are/supported or repudiated by citizens,
‘. , . [ ,

The basis 'of such support \r Eépudiation is then called-into quedtion,
anﬁ'thJ ability of the citizefdl to understand science-based arguments for - CC&

. 2 b :

scientific literacy coursgs. g The goals 'of the high schovl music course i

.

imply no such citizen r¢sponsibilities, In exposing these questions, -1

haveyéried to indicate the kind of delihdration that might serve well
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that may generate promising ,‘directions for "resolution of this

P
.

cyrricular problem.

.Once again, can some conclusion be generated from these ’

4

deliberative efforts?  Can some guidelines be noticed that can point

the way to some solution? One workable solution'seems posgible:. gome

undérstgnding of sgientific methodolog;ies ought to be possible as a

¢

student learning outcqme. This cohc;uéion' then prompfs the fc;llowing

. :) * '

guideline question:, which laborator“y experiences would most

* 4

N )

expeditiously and'effecti,yely provide students with Some basic

understd’lding of” scientific methodologies" There remains one last

‘ -

curricular theme to consider. 5

v -

- ’ Secietal Issues and Soiepti'fic,Literaci'

¥

. ;.'.The teaching of jsciehce coocepts and skills ig. and will remain

-

in varying ways, a fundamehtal and substantial‘ portion of the scientific

literacy curricula, Without these, the core nature of scientific

s

L]

'literacy would likely be ’put in jeopardy. Not as clearly fundamental

(1)

. . .
' These gbaley are phrased in varying styles and emphases:

. P
v . « -

1s- the - set of objectives or goals connected in vatious ways to the role

- of high school graduates .as social, political, au(ﬁomous individuals.

\
N v

Klopféer writes of the need to study sciencé;—technolog)}*society )
. 1 - S

’ interactions and related scientific values and, ethics; T
1)

Harms & Yag\er adv:ocate identifiable learning outcomes relevant

)

'to"gersona_f needs (e.g., health), societal issues and cavreer\

chdices;

'

-

»
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(3)‘; Berkheimer & Lotg‘ suggest applying science in students' {ives

Q': avnd"th;a study of scien’ce-soéiéty'issdes; |

o ' ' . 3

-(4) d Sjal«e & Easley report of students wanting- to ~l‘earn science as’-
used"—in-everyday-life‘ as well as science orierlnt;ed to p;e::-xent and
f'Liture job markets and d’ther!h“uman is'silnes;

Co(5) 77 Ail‘<en'}'¢ad is cqr;cernéd about the ?eeds of citi,*z’ené‘ to understand
,s;i%nce~fe}at‘y issues about which they may’ have to make
political dec:isions; ' . .

(6) - K;h:l‘:é & ‘}ager.‘re;;or\t' that high sch?ol tt—::a.l‘?hers hav'e expressed:
*‘ .as a secolnd\mosgffrequent'c;ncerh, the need to fogus on séiénée—
. technology—socic'etal problems from appfogg‘iaﬁe inquiry’ anci data

, perspecti.ve§;, ‘ |

- (7) Yager proposes that science education be: 'redefined as "t;hé
discipline co(nc‘erned wqgﬁ;e studyfgf the \inte‘raction"of '

v science’ and’ society ;L ) ‘ '.‘ I s -
- (8) Riechard. would ’ like scientific literacy to be chdracterized by |

' ’

the abilit;y to inferpret science-related information found in

. the popular media,

.and decision-m,aking innpersonai and social matters.20
To what extent are some or all o'f‘any of these-superficidlly diverse i)ut

, fundamentally Jlinked gb'als ‘appropriate . for students in ‘a high ‘school
- - . . . . e )
‘scientific literaey course? —_

\ .

M - = - "f” 5o 1
If, as Bernstein maintains, "educational knowledge 1is a hajor

to - undgrstand the sociolggy, of scientific -

enterprises, to develop scientific habits of cr}t;cal thinking .

regulator of the structure of experience"' cdrriculum planners are faced

» . t s

with an array of” serious psychological and soii'(}ogical considerations-
' C > s . ° ¥
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quite apart fpom subject matter considerations.2l Bernstein goes on to

o«

writ® that "curricufumjdefines what ‘counts as valid knowledge".22  The
question raised above can now be restated: which socio-political

paradigm will shape the treatment’ of societal issues to be included in

Re 3
i

the scientific literacy curriculum? This .third goal, viewed by many

-sclence educators as of the first importance for the proper

psychological and sociological development of the non-science student,

»

e shend . . * )
is plagued with difficulties, difficulties that may defy solution at the
, —
high !school level. , )
Let us look at one Example. The largest Québec school system,

AY

that of the Catholic School Board of Montréal (la Commission des Ecoles

‘Catholiques de Montrésl), was faced with curricular problems involving

' ~
several issues not, it must be said, confined to science courses, but

rather potentially including all courses. Teachers were given, by

ndl

their teachers' upion, written materials about a number of topics and

4

@ sués as part of the ;nion's professional developmenf program, Tﬁe
union'interpreted its mandate groadly enough to incluée-the
dissemination of political position papers from sources outsiaé 6f the
pr041nce's usual politicaﬁ agencies, Some teachers thfn proceeded to

use these position papers as discussion papers in a number of high

Fy

sgbool courses. ., Shortly thefeafter, there was a considerable uproar

among elements of Montréal society as to (1) the validf%y of such
.
position papers and (2) their dissemination by teachers to students in

.
¥

- P .
the public school system. The implications were clear enough: (1) the

digseﬁiné%ed political stance did not eﬁjoy acceptable shared meaning in

4

Montréal society and (2) that teachers in the public school system are

!
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charged®ith transmitting society's shared values and cultural heritage,
. _The conceptual ecology of a given community is not easily avoided or

ignored when teaching in the public school system,23

What then are we to make of science educators' efforts to

introduce tﬁis third scientific literacy goaﬁ,finto high school

+
”

curricula? 1 Is autonomous decisidn—making really the aim of this

¥

v pedagogical strategy?  ‘If so, why are decision-making skills being

Fe
1l

taught in a science courge? Is it because these skills are basically

14

A%

scientific skills akin to scientific problem-solving skills? (One is

b )

brought to épeculate on the advisability of sharpening such problem—-
i solving skilld on societal issues located in the scientific literacy

courses, when an examination of societal issues is not one of the goals
. ’ ¢
in any other course in the science program.) :

Let us set aside for \the moment gny further questions about the
3

appropriateﬁéss of teaching decisjon-making skills about societal issues

in a science course. 'I1f we approach these societal issues from another

. , R @

perspective, namely °that of their scientific connections, is there then

L.

not sufficient’ reason to igii:i: these in a scientific literacy ftourse

t . . -
as a major focus of the course? As has already been mentione¢/;y any
number of scienee edycators, and even generally agreed upon by society

writ large, science plays a part in everyday affairs as well as in major
. ™~
economic, industrial and governmental decisiohs. It follows that the

4 ' rd
£

t

average' citizen's awareness and understanding of such economic and

X

political decisions are crucial t6 his/her role. in monitoring, '

supporting or rejecting such decisions (of course, only if it is assumed

“ -

that citizens have such a role). What will be taught about the science

~—
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!n the science-technology-society interface in regard to nuclear power,
. drugs, space exploration, recombinant DNAkthat could not have been
included in the tegching of @cience concepts? - Since the one year is
all that most of these student will have for cﬁemistry and physics

/" <
cdnceﬁts (though a second year of biology is usually elected by many of

~

these same students) should not the adequate treatment of science

N ’ _concepts take priority? Or, .given that only one year is available for .
J

the teaching of chemistry and physics concepts, would it not be more-

advantagecus to the student to show him/her a 'correct' scientific
hY

position on nuclear power, drug)s, space exploration, recombinant DNA as
proper preparation for the future role of citizen?
In any event, it is highly doubtful that the high school

scientific literacy teacher would have the ability to act as arbiter

o

among the differing intra-science views on nuclear power, drugs, space
/

expiorat:ion and recombinant DNA. Much more likely, the teacher would

have received some education favoring one view and would find it too

*

- problematic to present any other.

) It is entirely possible that satisfactory answers will be
¥ E
forthcoming to any number of these questions. But the questions

deserve, nonetﬁéless, to be raised in order to alert the currif:_ular
participants. to the poss'ible,educational and sociological ramifications
of this thtrd sci‘e'ntific literacy goal.’ ‘ Conlsideratio‘n of student
"cognitive readiness, of teagﬁef éﬁbject matter competency, of parental

and community constraints would seem to be major influences on decisions

about the appropriateness of a focus on societal issues when practice in

°

-
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issues?

. : J

'scientific' decision-making skills is wanted at the junior high school

level, :

~The deliberative efforts‘surrou;ding this thirg scientific
1it?racy theme can now draw to a close, (2ﬁl§ some conclusion been
ge“nerated out of these efforts? I belvieve thasrpne is possi‘ble:
science—relatefi issues ought to find a piace in scientific 1ite€'acy
curricula. Two important ‘guideline questions would, however, seem' to
follow lhe acceptanée o% this conclusion: (1) should science-related
societal issues be‘a major focus in sngh a séience course? (2) If so,
what are some exped{tious and effective pedagogical strategies for
exposing stdﬂenfi to the science component of science—;elated éocietal

)

/ -
-
. ‘-; »
&

Concluding Remarks -

RN

No single conclusion regarding the curricular problen

surround{ng fhe educational ain of sEientif;c literacy has resulted fr;m
the del{berative enqhiry process as worked through in this chapter.

Nonetheless, it is possible to point to two results thé& hé;e been
generated by the enquiry procéss.‘ One such result takes tge form of
directions tgat might be followed by educators to agrive at a curricular
solutlion to the scientific literacy curricylar problem. The

foundations of these directions involved an examination of candidates

for approprimte goals related to science content and science skills.

¢ngétions were raised and diécursiveiy pursued regarding the selection
Ay Y

of represéﬁtatiye science concepts appropriate to the typical one-year

junior high school obligatory sctence“cdﬁrse. In like manner, 1

3
.
< . . g
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discussed positdons for and against the §inclusion of science-based
. . .

societal issues in the cugricular content of such a course,. Because it

is a necessary part of science education protocol to include the

development of some science skills in every science cqrriculum, equally

serious attention was paid to the skills aspect of science curricula.

In addﬂtior;, I examined some suggestions regarding the form or extent of

-~

such skills developﬁent i _a one-year junior high school obligatory

science course.

.

A second resylt ig the fihtended exemplification of the arts of
the practical and the arts of eclectic, . I tried to exemplify the

“curricular advéntages to the interplay of these arts within the

Schwabian deliberative framework., The phases of problem formulation

"
and solution foﬂrmulat'ion‘wlre extensively developed, leading to possible

14

conclusions and guideline questions concerning the appropriateness of

three scientific literacy goals: the transmission and understanding of

N

major science concepts, the development of science _skills, and the
development of decision-making skills regarding science-related societal

issues., The guideline questions can serve as directions pointing the

\ ‘

way. to solution formulations.

It is, then, my thesis that use of the Schwabian deliberative

Y .

en.quiry framework can generate guidelines for constructive curricular
solutions to‘oqg‘oing curficular problems.- This is particularly so with
curr?i’(ﬂ-dr probTems "that have t‘heir bases i}l underlying concepts that
are essentialxly contestéil and that include edgcational peculiarities

that are historically and inevitably changeable. If these statements

are taken as a preamble, I will be able to summarize the character of

¢

&
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the Schwabian deliberative %enquiry process as *well as the proposed

-

. curricular considerations regarding the aim of scientific literacy 1in
 public s—ci&ience education. A

The sciencé education curricular problem of scientific literacy
has béen insufficiently and inadequately examined at a conceptual level,
if s.a.i.@ce education literature i’s any guide to" an understanding of the
qoncépt of {scientific litéracy. 1 have tried to show that important

elements in the concept of scientific literacy have resulted from
somewhat convoluted historical processes and may be expected to inelude

A

assumptions that are grounded in the same historical processes. 1
began the deliberative process with an historical review of the

development of scientific literacy aé an educatmonal m, relying

3

principaldy upon archival evidence from science education terature.

This historical_ review revealed a relatively wide range of co,ncaeptual
- l /

formulations that habe surfaced in the literature. Going on from these

fundamental and ‘historical considerations, I developed some conceptual

‘v

- o

formulations that are grounded, not only in the concerns of s®ence

disciplines and in the economic and political ¢oncerns of public

- l

education, but that also take into account community, student._ and

1

teacher concerns and partIcularities. i
Even though no~single or 'best' concept of scilentific liter}cy
evplved from this exploratory study; it opened to view educational

particularities that such a process might reasonably and profitably
N 3

include. 1 tried to demonstrate that, if distinctions-are wanted
: I ‘ —

v ~,
between pre-professional science courses and 'sqientific literacy
A N ~ .

A
courses, attention must be paid to student and community concerns ‘and

.
s
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expectations, These concerns and @xpectations include motivational

~

factors, career plans, personal interests, parental- and peer

i A
expectations, If scientific literacy courses are wanted thgt are

v
i

distinct from pre-professional science courses, the target population of

high school students needs fuller and more considered inclusion in both
the Sievelopment of the scientific literacy concept and its translation

into gpecific learning objectives.

L]

Having reviewed a considerable number of views and conclusions
N,
reached by science education professionals and adding to these my* own

»
views based on pro,erssional experience and reflection, I have concluded -

that there is a neéd to develop science curricula that are g,(stinct from
pre~-professional science courses, and that these .stience curricula
(whether or not termed scientific literacy curricula) ought not to focus

solely on' the conceptual and methodological concerns emanatin'g from N

sp"ecific science disciplines, but ought to place some emphasis on the

'

rote of science in personal, care@r and social concerns. .
.. A recapitulation of the major-directions in the delilqérative

’

process would quickl); ‘remind us of the phases in this process as well as
- * Lo

their out\somes. The practical mode focused on the circumstances

N
[

surrounding the curricular problem area because the perception .53 the/q;‘,

problem is critical to a fuller understanding of the edubat;l“o‘naI,
<y

situation. These circumstances are to be equdbly representative of «the
four educational commonplaces about which SchwZb reminds us repeatedly,

namely the curricular circumstances centered on the teacher, the

»

stﬁdent, ‘the sﬁbject matter»to be learned and the ‘milieu in which these

1

three- - elements are 1nte}"r.tw1ned and interact.
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A foctusing on thege curricular circumstances calls for

historical considerations of facts and concepts, which 1 have attempted

to do when reviewing the historical development gf the‘sci'ent_if’ic

literacy concept. While history does not necessarily repeat 1tse1’§', it

can providé a fuller understanding of thé prasent ‘educat16n31

circumstances or commonplaces,

This was followed by a discursive exatmiination of a number of

-

.problem and: solution indicators. P’ro.posed' 1e’arning/object\i\}es (or

- % -
student outcomes) for ¢ourse content and skilld development were looked

7 '
’

at through the lenses of teacher, student, s‘ubject matter and mili'ed,,‘

. o

In so doing, I chose to adhere as closely as possible ‘to unavoidable
*~ . ‘s . ) . . . , .
constraints related to the subject’ matter content of a typlcal one-year

.

junior 'high school science cou’rser and related to the motivational,
interest ‘and cognitive -development factors of the target student

‘population, 7 -

This examination of the current educational circumstances
syrrounding the .scientific‘literﬁcy problem revealed questionable .

. - ¢ v e
cor‘respondencés,between the goals or learning objectives atcribed to the

’eddcational‘ aim of scientific literady as desiderata and the conceptual 4

—

. N . } ~
.structure of such a science education aim. . -Qhest@ons surfaced

regarding the ‘contént of textbook curricula as well as .the related '_level

\ . © -
of teacher competency. ° What 'was found over and over again was the

tendency to use science education goals appropriate to pre-professional
science courses as equally .or sufficiently _approp_riater to. scientific
literacy courses. . : . : - '

* . -
& B e VPR N
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. In_. this exploratory study, I have tried to expose some of the
. ' s w©
- questions that-still need to be fully ad.d‘resse‘d: Which sciences are.to

s,

be represented in a scientific literacy course? . Which concepts from

e k2
these sciences are to be included in such a course? Which scientific

. . o
methodologies and laboratory skills are to be introduced: in such a

course?  Should science-related societal issues be a major focus in

'
a2

. . C o . .
scientific literacy curricula? How are societal issues to be

-~
+ ~

integrated into such a course, i.e., as positions to be espoused or as
decision-making exercises? '

These questions centering on curricular means have followed from

& “

the three co)ncl’dsions that I havegsubmitted and that translate readily

into curricular ends: (1) some set of 'science concepts ought to be

introduced in any stientific literacy currlculum, (2) some understénding

(o
of scmntific methodologies ought to be possigle as a, student learning

P

, out;lcome of such, a course, and (3) sciénce—related issues ought to be

part of scientific literacy curricula.

.
’ v

; In closing, then, "1 return to the propositions of the initial

argument that I put forth: . deliberative enquiry is a ftamework for

curricular deliberation that is appropriate to the resolution of complex

. "’ﬂeducational problems; - t:h.e‘scientific education'aim of scientific

literacy is such a complex educqtional probiem; and the ﬁse‘ of

deliberative enquiry has been able to generate, guideline fmsitions

R S -

pointing the way to possible 'solutions. 1. feel that each of these

.

\proposdtions has been addgessed and that adequate evidence and arguments

have been presented in support of each propositlon.

N L, N .
X . )




_APPENDIX A —

Taken from Harms & Yager, eds., What Reseagch Says to the Science

. Teacher, Vol. 3, pp. 6-8.° )

The' term "goal cluster" was used throughout [Project Synthesis].

This term reflects the reality that it is 1m§ossib1e to embody all fhe

.

major goals of science.education in a few shorf statements, but that it

is indeed poséibﬂ; to characterize broad goal areas by relatively brief

1] - AN

descriptors, useful in discussing majbr emphases in science education.

The 'goal clusfé;s used in Project Synthesis were determihed”jointly.by
the’ﬁroject staff and the leaders of the five chﬂé‘group55’with useful
input from Dr. Bent1e§ Glass and Dr. David Haw}ins who participated in
thé first meeting of groupl‘éaders.'—» The goal clusters fiA;ily used »
divided learning outcomes inté categories of relevance for 1) the.-
indiQidual, 2) societal  {issues, 3) écadebi; preﬁad tion and 4) career
choice. They are:défiped here briefly,‘and uséif '

o

Group reports. . '

later in the FgEus

~*

L4 v

R
. : » r . . , n
Goal Cluster I: Personal Needs. Science education should prepare

individuals to utilize seience for ‘improving their own_
lives and for coping with an inereasingly
- ~ . “ "}#
. technological world. .
" ¢

‘ Goals that fall into Category 1 focus on the needs éf the 1.nd:lvidural.>~ :

For example, there, are facts and abilities.one needs to be a suégessful

'

consumer or to mainxafn'a healthy body. One should have some idea of

¢

the many ways science and technologylaffecbnone}s life. Knowing that

" .
-

-is still not , enough. :Science education' should foster attitudes in -

Yy

5\

'




e

. it s -
and wise'voters, Shiehce education alsb must be c¢oncerned witK/

o . . )
individuals which are manifested in a propensi;y to use science in 4

making everyday decisions and solving everyday probléms.' d
o , >

13

—~ -

.
ot .

Goal Cluster II:' Societa]l Issues. Science educétion should produce p

informed- citizens prepared to deal responsibly with s~

¢
. » 4
¢ .

4 . - s8cience-related societal issues.

Category II goals relate to_the needs of sogiety. ‘- They pertain, for

example, to the facts and skills a person needs to deal with the

environmental and energy issues which affect society at large. - In,

]

order’ to vote intelligently on science~related societal issues or -

¢ .
H - <

. participate in resﬁonsiblevcommunity action, not only are specificyfacts ) }//

. “ .
and skills important, but also an understanding of the role, of science ' //
' . ' ‘ - /

in society; a knowledge éf issues and how s%ienée relates to them, and a. //

recognitiﬁp that in providing' the solution to one problem science can: //
» (. + . ;

’

‘ ) ‘ o .oy .
create new ones. 0f course, to develop informed, concerned citizéns /

[}

, — . '/
attitudes. 1t must instill in students a sense of respon51bility/ an_ -
appreciation of the- potentlal of ;science to solve ,0r alleviate soc1etal

', N . ¢'

, _pri?huurﬁﬁ%i a sense of custodianship to protect and preserve the
A ‘ - .

natural world with which science coqgerns itself. ‘ S .1

A common element of personal‘and—seciétalAgoals is the importance of ’ .

a

the applications of science to b;oblems of persdnal -and societal

relevance. In order fop'étuden;s to be ‘able to apply science to such

problems; it is negessary that they have' an understanding of the

— -

. broblems, of the aspects of science which apply to the problems and of

Y . R ' \

)

the relationship between science ~and these problems. Students should

! A
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., also have experience in the processes( of applying science to the

solutions .of such problems. \

Goal Cluster II1I: Academic Preparation. Science education should allow

. ’
e

. as well as professionally to acquire the academic

E}

knowledge appropriate for their needs.
> ' ,

A

Goals in this cétegory pertain to scientific .ideas and processes which

form a part of the structure’ of scientific disciplines, which may not “be
- 3

related ‘easily‘to specific decisions about one's own 1life or about

societal issues, yet which are necessary for any further .study of

: w
science. . .

v

Goal Cluster IV: Career Education/Awareness. Science education should

’

give all students an awareness. of ‘the nature and scope’

o

of a ‘Cide variety of. science and technology-related
careers open to students of varying aptitudes and
interests. o

-~

Science -classes in all disciplines and at all 1levels which prepare

. v

students to make informed career decisions regarding jobs related to
. . N . ' : ' S«

science .and technology would logically place emphasis on topics and

¥

learnings such as: awareness of the many possible roles and jobs
dvailable in science and technology “1nc1uding such cé;re'érs as laboratory

aséistants, as well as jobs which apply scientific -knowl'edg.e‘ in

agriculture, nutritiom, medicine, sanitation, conser\;ation, etc.;

awareness that persons of both sexes, allqethnic backg:tounda, wide

. . < %
- N :
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.;_ranging educational ana ability levels and various handicaps can and do
o .

. ) p .
obtain such jobs; , awareness of the contributions pewsons in such jobs

can make to society as a whoie; knowledge of the specific abilities,
. S ) . .
interests, attitudes and edugatipnal preparation usually associated with

. -

particular jobs in which individual students are interested; a view of

“~ s «

scienfists as real people; a clear undetstanding of how to plan

—

educational programs which open doors to particular jobs; a recognition

%

of the néed for science, mathématics and language arts coursework as

well as a broad bas he social sciences to better understand the

B

relationships betyqden sciefice and society; a knowle;lge of human and

written sourgces f rther information in all areas listed above.

'

-~
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’ APPENDIX B

—~——— ”

o . The following are annotated sample reférences from science

]

education l‘itf:rature spanning the years 1968 ~through 1978, and having as
S .
a general them'e"scien‘tific literacy'.

i

RS

WOOD,)\Roger' L., PELLA, Milton 0. and O'HEARN George T. 1968.
’ *"Scientificallg and/or Technologically Oriented Articles in
Selected Newspapers." Journal of-Research in Science Teaching
5:151-53. )
x - How best to develop citizens capable of understanding science and the

""importance of the press as a medium for communicating current
. . r .
achievements in scienqe to the public ‘and as an aid in imprgving the

public's understanding of what science 13, how it operates and the

“,

circumstances that make it pros‘géf". , . a .
-  WE1SS, Thomas M.  1969.  "The Spirit of Science." Science Education
53¢(4):365-67. 0 ‘ '

=

\

Stresses the need“for scientific thinking and scientific methodolog,y_l

- . by everlybne;_‘and in everyday affairs. . o

B . '

-
»

7 HURD, Paul 'DeHart. 1970. "Scientific Enliéhtenment for an Age of
Science." Science Teacher. Jan. 37(1):13~15.

An enlightened citizenry needs to understand science ‘properly and to
o .

1 + -

_ support it.

.
- - !

EVANS, Thomas P. 1970;. "Approaching Scientific Literacy.” Science
Teacher May 37(5):93-5. / ‘o .

o, : Plea for a common understand-ing of scientific literacy terms and an
! T ‘ % . ., 4 “ Xd
: ‘ ’ . .
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B action" through new science curricula that balance science and the

- -

educational program that will develop scientific literacy ‘through

¥ -

appropriate'teacher-tgaining, curricula and the media.
. » A

» ' =

DAUGS, Donald R, 1970. "Scientific Literacy - Re-examined."

’ Science Téacher Nov. 37(4):10-11. y

.

Piea for a clear definition of scientific literacy in order to be —

used as an objective in science curricula.

. ) ’ ‘
. N

Tk
i

NATIONAL SCIENCE TEACHERS ASSOCIATION COMMITTEE ON CURRICULUM STUDIES.

1971. "School Science Education for the 1970's." Science
Teacher Nov. 38(8):46-51. g ld
Prescription for science education:  ''the major goal of science
; Y
s . e
education is to develop scientifically literate and perfonally
\ .

concernced individuals with a high cgmpetence for rational thought and

social aspects, and through better teacher training.
s N >

. . 'I‘ 0
" AGIN, Michaél L. 1974. "Education for Scientific Literacy: A, o
\ Conceptual Frame .of Reference and Some Applications." Science

o Education 58(3):403-15. ) -
Plea for a more specific definition or corncept description —of
,scientific lite}acy to help com&dnicate this science‘educétion gpal;

he offered his own, one that stresséd the npeed for a sécial iptting,

hd s

1o matterythe othér components. -
. Y

k1 ® 4
w . s .‘ . !
SMITH, Norman F. 1974.  'The Challenge of Scientific Literacy." .
Science Teacher Sept. 41(6):34-5. ’ '

Plea for a realistic scientific literacy deffgition instead of the

~

positing of unattainable and. idealized goals.



. -
} S
1 - .
5 N
PELLA, Milton O. 1976. "The Place or Function of Science for a

Literate Citizenry."  Science Education 60(1):97-101.

foers‘a“particu1§§§view of a literate citizenry ‘capable of reading
and interpreting sgggfge literature. | v

O'HEARN,'George T. .1976. "Science Litegacy and Alternative Futures."
Science Education 60(1):103-1%. -

Advances four operational'categories for scientific literacy and then

.

examines existing school curricula in light of these categories.

-~

FRASER, Barry J. 1972,7. "Selectidn and Validationwof Attitude Scales
for Curriculat Evaluation."  Stience Education 61(3):317-29.

An examinagion of current science attitude ggaleg used in research

and a comparison made to stated science curriculum aXms.

TARP, John R. 1978. "Toward Scientific Literacy for dll our
Students." The Science Teacher Dec. 45(9):38-9.

T

Sees scienfificlllteracy in terms of a universal schooling

prepar&tion so that an informed citizenry would participate

effectively in a democyatic society. . ) - .

BOWYER, Jane B. and LINN, Marcia C.  1978.  "Effectiveness of the
Science Curpiculum Improvement Study in Teaching Scientific
Literac®." Journal of Regearch in Science Teaching 15(3):
2Q9_19-

Uses Pella's 1966 scienkific literac& components in examjning the
” - . g ’ ' )

SCIS stated objectives in developing SCientif}c literacy. -
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"Development of an

Peter A, and ANDERSON, Hans O. 1978.
Understanding

RUBBA,
Instrument to Assess Secondary School Students'

of the Nature of Scientific Know}edge." *Science

Education
62(4):449-58. ® -

Using one of the dimensions of scientific literacy as developed by

M .
Showalter, namely, understanding the nature of science knowledge,
<3

developed and tested a 48-item instrument to use with a"high school

student population.

®

o

’ b
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\\
ACRONYMS: )
AAAS - AhﬂﬁiﬁLn Association for tﬁz"Advancement of Science
’ ’
AASA -~ American Association of School Administrators
ASCD - Association for Supervision and Curriculum Development
ISCS - 1Intermediate Science Curriculum Study
MAPS -~ Modular Activities Program in Science
NAS - National Academy of Science
,NRC - National Research Council
NCPT - National Congress of Parents and Teachers
NPTA - National Parents and Teachers Assoclation
~, NSBA - National School. Board Assotiation
NSTA - National Science Teachers Association
KEYS:

. }
* indicates dponsorship and funding by the National Science Foundation
(NSF), an American agency . 7

*kjindicates sponsorship and funding by the Science Council of Canada
Each key will be used only for the first appearance of the pertinent
group or individual in the list of problem-foci.

/

4

N . /
. . '

o
.
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PROBLEM-FOCI IN SCIENTIFIC LITERACY: A summary of problem-foci perceived
as major by research groups and individuals, and as reported in

<;::w¢ recent U.S.- and Canadian science education literature.
¢ 1. Omissions in science curriculum content:
e a. contemporary soc®al issues and personal issues
NAS, NRC (1980)* Orpwood & Souque® (1984 )%*
AASA (1980)* Helgeson et al.
' AAAS + (1980)* Ste-Maric (1982)%*
ASCS (1980)* 9 Risi (1982)*x*
v NSCA (1980%* . Désautels (1982)%*
3 ” Rosenthal (1985 Harms \ :
Butts (1981) - Yager & Penick
Klopfer Trowbridge et al. ‘
b: the development of a publicly positive and supporting attitude
towards scientists and the scientific enterprise
. . hY .
' NAS, NRC - Nossal v .
ASCD} (1980)* Ste-Marie )
‘ NSCA ') Risj ‘ ,
) ‘' Rosenthal o Sorgany (1982 )*%
N Schwab (1978, 1962) Chisman . !
R Riopfer ’ Yager & Penick
Harms ° :
- ! * .
o history qkd sociology of science
- Ste~Marie . ¥ . e .
- . Désautels ' ’
T ————
d. t®e structure of the science disciplines and cognitive skills
: development het
» . ’
+ AASA Schwab (1950, 1961, 1962)
™ ‘ Norris (1984) Sormany .
2. Motivation: .
3 “ -
a. based on curriculum content i
&,
AAAS , Rosenthal
" AASA ' . Lévy (1982)*%*
NAS, NRC ‘ . Liutec (1982)** R
- Yager & Penjck
b. based on competg#cy tests
N ‘ ? '
* NCPT, ‘NPTA" (1980)% ,
» NAS, NRC g
. ’ 213 ' ,
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10.

Lack of competent science teachers:

NSTA (1980)* “Karplus

AAAS Brandwein

NAS, NRC Léwy

AASA Welch, G. (1982)

ASCD . * Welch et al. (1981) -
NCPT, NPTA : -

NSBA  (1980)*

Lack of science equipment, science laboratory facilities,
science teaching texts for students, and scheduled class time
for the teaching of science:

NSTA - ASCD b
AAAS . NCPT, NPTA

NAS, NRC Y NSHA

AASA Butts_

’

Inefficient high school science tracking or streaming:

NCPT, NPTA x\\
Klopfer

Learning strétegigs, based ofl group instruction:

NCPT, NPTA ‘ S
ISCS program, designed to be self-pacing and teacher-proof
MAPS program, designed to be teacher-proof -
Bangert et al. (1983)

-

* Lack of inter—-disciplinary or mulqi-ddsciplinary courses:

» ( ~
NSBA : DEsautels -
Orpwood & Souque Gauthier (1982)%*%*
Helgeson et al.
Unrealistic science education objectives: @

Welch et al.
Lucas & Tulip (1980)

-~ . "
Cognitive and emotive maturation levels of high school students:

Welch et al.’
Lucas & Tulip

Lack of effective communfcatiog of the result; of resedrch in
science teaching/Yearning, particulifaﬁuéo the teaching body:'

AAAS ) ASCD .
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v

Scientific literacy learning objectives as proposed by Showalter:’

1.

II.

Ivl

VI.

VII. -

The scientifically literate person understands the nature of

scientific knowledge.

-
The scientifically literate person accurately applies
. ’ . :
S ot
appropriate séience concepts, principles, EEws, and theories in

interacting with his universe.

The scientifically literate person uses processes of science in

>
e

solving problems, making decisions, and furthering his own

understanding of 'the universe. -

The scientifically literate person interacts with the Qa{rous

aspects of his .universe in a way that is consistent with the

values that underlie science. ,\

The scientifically literate person understands and appreciates
the joint enterprises of science and technology and the
interrelationships of these with each and with éther aspects of

society.
N

The scientifically literate person has developed a richer, more
/

satisfying, more exciting view of the universe as a result of
N .

his science education and contindes ‘'to " extend this education
throughout his life. .
The scientifically literate person has devepred numerous

manipulative skills associated with science and bephnology.

Taken from Rubba §’Andersen [1978]

v



" APPENDIX E :

<

Ny

o

Test Instruments for Measuring Various Dimensions of Scientific Litefracy -

NSKS Natgre of Science Knowledge Scale (Rubba & Andersen 1978)
TOES '.Test of Enquiry Skills (Fraser 1980) | - ’ l
TBSK . Test of Basic Science Knowledge (Show%}ter 1974)
SPI , Sciénﬁe P;ocess Inventory (ﬁelch & Pella 1968) .
TO§RA . Test of Science~Related Attitudes (Fraser 1978) 3 .
ATTA © _ Adoption of Science Attitudes
ATTC Ca;eer Interest in Science
(ATTE Enjoyment of SEiZ;BE\Les;onf ~ Coa
ATTL " Leigure Interest in Science | o )
ATTN + Normality of Scientists )
ATTS ) Social Impliéationé'oﬁ Sciencé ’ - .
8 N . . % .
CRITHINK Test of Thinking Process Skil . N . e
. . v .
- . ’ .
' ' . - 57
¢
‘ . — -
) - ' ' h s
- ] ' :
.
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Chapter 1 ; .

1(1969) "The Practical: A Language for Curriculum”
(1971) "The Practical: Arts of Eclectic"
(1973) "The Practical 3: Translation into Curriculum"

- £ These thréee papers are included in the ‘collection of Schwab's
papers as.  edited by Westbury & Wilkof: ‘Science, Curriculum and Liberal
Education (q.v. gfotnote 7 below).

(1983) "The Practical 4: Something for Curriculum Professors
TO DOH

This last paper is an extension of the preceding three.

2Joseph J. Schwab, "The Practical 4: .Something For Curriculum

Professors To Do," Curriculum Enquiry 13 (I983712ﬂ9-26ﬁ7——~—______t>

3Webster's Third New International Dictionary (unabridged),
1981, p. 277. R

b ¢

4William A. Reid, "The Changing Curriculum: Theory and
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’

15Schwab’s spelling of en%uirx will’ be used throughout thiB\ R
thesis when treating of the Schwabia deliberifive process. .

i

16Reid ThinkingﬁAbout the Curriculum (London Routledge & ‘Kegan
Paul, 1978), p.l12. ; .

L 17 John Dewey, Logic:. The- Theory .of Inquiry (New York: "Holt, a
1938). . = | B
Ce .
Chapter 2 ' ' . / . ’

IWestbury & Wilkoff pe 287.

255 evidenced by the 1960's heavy: funding supplied by national
agencies in the United States, enthusiastic teacher support, widespread
curriculum planning by large numbers of 'subject matter specialists and
psychologists-and the cooperation of textbook pﬁb}ishers.

" R ‘:,‘ X
. 3Westbury & Wilkoff, p.304

4Ibid., p.287

3Ibid.
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61bid., p.302. - S - R
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.The&i{,Network 10 (1972) 46,47 . ' ; :

1

*

16Reid "Curriculum Theory and Curriculqn_phange What cah ve
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Deliberation -on Teaching and Educational Research " Curriculum Inquiry

14 (1984):-186.

—

\‘

Curriculud®,” Curriculum Theory Network 10-(1972): 25-36.

%

18Roby, "Habits."

‘ ) : T
19g1110t¢t Eisner, "No Easy Answer: Joseph Schwab's
Contributions to Curriculum,” Cutriculum Inquiry 14 (1984): 201-2107

20Mestbliry and Wilkoff, p.312. | | . .
2lschwab, pp.239-266; Shulman, pp. 183-200.
. A ' i

A

' 220 ' r

~ T {»,;,‘;
171an Westbury, "The Character of a Curriculum for a 'Practical

i

o

A



CHAPTER 5 oy,

3
~

1Reid "Curriculum, Community and Liberal Education: A Response

to the Practical 4," Curriculum Inquiry " 14 (1984)% 103-111; Idem. ,q

"Curriculum Theory and ‘Curriculum Change" ; Idem; "The Changing
Curriculum." .
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21dem, "The Changing Curriculum,” p. 247.
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4Doug1as A. Roberts, Sc'ientific Literacy: Towards Balance in
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Services, 1983).
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« Chemical Educational Materials Study , /
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l3poberts, Scientific Literacy. : . T
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Janis Jackson, Victor Showalter (among others) have also been
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- geientific 1itetacy. . : o R : '
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of Supply & Services, 1980).d

42grake & Easley, Case Studies.-

Interestingly, the same study showed that the following were.felt to be
adequate: textbooks, teachers, pre—college science courses, and the
general sc%ence curriculum. In addition, tracking or streaming was felt
to be inevitable in the larger high schools, and satisfactory.

' 43Jane Butler Kahle and Robert‘'E. Yager, "Current Indicators for
the Discipline of Science Educationm," Science Education 65(1981):25-31.

Science education for all was not included a5 a problem indicator; it is
somewhat difficult to interpret the significance of this omission.

44Robert  E. Yager, “Defining {he Discipline of Science
Education," Science Education 68(1984):35-37.

. 451pia., p.36 ' | | u
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‘Kahle & Yager's "Current Indicators" listed this as .the least frequently,
mentioned concernjof science educators, ise., no. 8. Helgeson et al.
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Nort@ American school jurisdictions: e+.ge, Québec has included-
desirable moral values in each new or revised science curriculum guide.

461p14.
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47D.E.LRi‘eﬁhard, "Politics and Scientific Ljtefacy,” Education
106(1985):108. . -
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IRobin Barrow, The Philosophy of Schooling (Brighton, England:
Wheatsheaf Books, 1981).

2lbid., p.7. !

7
3Webster's Third.New International Dictionary, p. 1321.

41bid.
51bid.

61bid.

}Robin Barrow [1981] has quite a lot to say about the place of

concepts such as usefulness in the 1larger concept of “~education or
schooling. For the sake’ of this argument involving scientific
literacy, a place for pTacticality will be assumed to be justified.

8an add}tional reason for the choice of this'example ig\ because
nuclear power plants were not an unknown phenomenon when rplus
developed the SC1S currlculum, whereas some vother public science-hased
issues such a DNA manipulation, were either non—gxistent or negligl
as a public issue in the 1960's. ‘ P
v - , ’1’ .
%e will leave aside for this discussion, the highly problematic
pedagogy and learning of the first three of these five themes when the
. school's student population comes from poverty-stricken neighborhoods«or
has §ubstantially conflicting cultural or religious food requirements.
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10children will happily extend their vocabularies and even more
so if the terms are ones that the parentb might not use readily - as in
many of the names of body parts.

UKarplus' SCIS is a K=t progran.

121t would be redundant to deal one after the other with the
remaining science disciplines; suffice it to say that biology concepts
have been shown, by repeated and numerous studies, to be the most
frequently taught of all science concepts, and the most easily learnéd
by most students.

\

13Eyven though, this 1is the most frequently used evaluation
technique, as in multiple choice tests, and used by in—school as wellﬂas
out-of-school evaluators. ¢ ﬂ

" lépobert Karplus and Herbert D. Thier, A New Look at Elenentarx
School Science: Science Curriculum Improvemqnt Study (Chicago: Rand
McNally & Co., 196?) .

1iyeiss, Report of the 1977 Survey.

16j¢mes and Smith, "Alienation of Students."

l7l(lopfer takes this as a given and necessary in the high school
Ievel of schooling. Even though this, continues to be a controversial
dimension of many high school programs, it is mnot my intention:to
emphasize this aspect of Klopfer's proposals. Rather, it is my
intention to examine his notion of scientific literacy as such.
s . . o

lBRoberts, Scientific Literacy, p. 33. ) (
CHAPTER 7

lSchwab, College Curriculum and Student Protest . (Chicago:
University of Chicago Press, 196%), pp. 301-2.

2 N ‘ ; -
Ibid., pp. 309-10. ‘

_31bid., p..25.
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(Washlngton, D.C.: U.S. Government Printing Office, 1978).

This study includes an interesting breakdown of the views of science
education as held in the 50 states (p. 168).

7Colin Power, "Tinker, Tailor, Soldier, Spy - Implications of

Science Education Research for Teachers,” Science Education 68(1984):
179-193.

Power's favorite are the uses to which conceptual maps can be put as .
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with concepts that the learner has already acknowledged as acquired,
discovery maps that start with the historical path taken in concept
development, and experts' maps that start with rhetorical conclusions.

8Milton O. Pella, George T. O'Hea n and Calvin W. Gale, .
"Referents to Science Literacy," Journal of Research in Science Teaching -
4(1966):206.

1

2 9Pella ""The Place or Function of Science for a Literate
Cltlzenry," Sc1ence Education 60(1976):98.

101b1d., p. 99.

11bid., pp. 98-99.

k4

12peter A. Rubba and Hans O. Andersen, "Development of an
Instrument to Assess Secondary Schpol Students' Understanding of the
Nature of Scientific Knowledge," Science Education 62(1978): 449-458.

13Roberts,‘r Scientific Literacy, p. 32.

V4Thomas Fq, Green, "Schools and Communities: A Look Forward,
Harvard Education Review 39(Spring 1969): 221-252; Klopfer, ""Scienc
Education in 1991," School Review 77(1969):199-217; ‘Robert E. Yager’an
Avi Hofstein, "Features of a Quality Curriculum for School Science,
Journal of Curriculum“Studies 18(June 1986):133-146. y

13Most of 'the other.science education writers support clainf o
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humanistic educational aims. -

s

1églopfer, "Science Education in 1991," pp. 203-4.
- * 171pid..; p.-207. -\
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191nteresting1y enough, a similarly 2-tiered and functional high
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dismantled in the Province of Québec in the 1960's and replaced with
comprehensive high schools which delayed specialization until after high
school graduation. In this instance, humanistic values replaced at
least some of the previous managerial values (to use Greem's term), but
not to everyone's satisfaction.

20Rubb"a and Andersen: p. 450.
2lyager and Hofstein, p. 140. ¥
22Bucginq et al.; Lucas and Tulip.

23Yager and John E. Penick, ""What Students Say About Science
Teaching and Science Teachers," Science Education 68(1984):143-152.

2l‘Bucc:ino et al.; E. D. Hobbs and Gaalen L. Erickson, '"Results
of the 1978 British Columbia Science Assessment,”"" Canadian Journal of
Education 5(1980): @3 80. [ \
Whether 13-18 year-olds should be making choice; based on tradétional or
humanistic criteria (as opposed to graduation or career criteria) is a
question that ‘falls outside the scope of the in situ fact gathering
necessary at this stage of deliberative enquiry.

i 25Notice that Klopfer's program of studies avoids the risks
posed by choice; the vast majority of scienfific literacy course
proponénts are prepared to allow unrestricted cd&?ces, at least for the
two senior years (years that evidence a drastic "drop in the number of
students choosing“science courses).

26Wi11iam Hare, Controversies in Teaching (London, Ont.: The
Althouse Press, 1985) . : .

271bid., p. 20.
281y1d., p. 21. - . ‘
291bid.

. 30M. J. Dunkin and B. J. Biddle, The -Study of Teaching (New
York: Holt, Rinehart and Winston, 1974).
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32Harms and Yager, p. 7. - : ‘

33Hare, p. 112. e
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34Disputes/disagreements within the science disciplines and

treating of methodélogical and/or interpretation matters do not concern
us here.

. 35For example, teaching about contraceptive devices (no longer a
public issue in Québec) and abortion are required to be included in the ‘
present Sec III Human Biology course (®bligatory for all students).

36We must leave aside for this discussion questions related td
the accuracy, validity, etc. of these data-based statements.

37Trudi L. Volk, "Project Synthesis and Environmental
Education,” Science Education 68(1984):22-23. '

38Y;ger and Hofstein 144-45 *
» PP *
-, .
Suggestions d), e) and g) concetn experimental teaching strategies that
have been favored by curriculum developers since tWp early 1960's and N
are not a 'new style' focus in science curricula. B

391bid., p. 142.

40gee Appepdix C, no. 1. - )

4lgee Appendix C, no. 2.

425ee Appendix C, no. 3.

43Karplus and Thier; Br;ndwein; - Weleh, 1"20 Years of Science
Curriculum Development,"; Québec Ministére de 1L&ducation, The Schools

of Québec: Policy Statement and Plan of Action Québec: Gouvernement du
Québec, 1979). )

4“Butts, "A Summary of Research"; Hobbs and Erickson; Harms
and Yager; Helgeson et al.; Nitional Science Foundation, What are the
Needs; Orpwood and AIZE, Science Education in Canadian Schools; . Weiss,
Report of the 1977 National Survey. ‘

45411 U.S. and Canadian naticnal studies support such a '’
consensus. In addition, the national college admission tests taken by
students from these senior level high school courses show no decline in .

- test score averages, even though non-science test score averages have ~
shown some decline. [Buccino et al., 1980; Helgeson et al., 1978]
405ee Appendix C, no. 4.
. 47punkin and Biddle.
485ee Appendix C, no. 5, . . ’

495ee Appendix C, no. 6. .
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50Bangert et al,, "Individualized Systems of Instruction";
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69(1985):25-37.

5lgea Appendix C, no. 7.

szsygphgg P. Norris, "Defining Observatidnal Competence,"
Science Educatdon 68(1984):129-142.

\\

53The use of the term Jlast' is not meant to exhaust the realm

of problem=foci regarding scientific literacy; for the purposes of this
paper, however, allowance must be made for reasonable limitations on the

number of problem-foci.
P Shgee Appendix C, no. 8.
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55Harms and Yager; Welch et al., "The Role of Inquiry".

565ee Appendix C.
57tigher gnd Power, p. 33.
581bid., pp. 53-4.
591bid., pp. 52-3. \
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leaving examinations.

61Buccino et gl.

'62Dunkin and Biddle; Tisher and Power; Robert E. Stake and
Jack A. Easley, Jr., Case Studies in Science Education Vol. I & II _
(Washington, D.C.: ™ U.5. Government Printing Office, 1978); J. F.
Eggleston, M. J. Galton and M. F. Jones, ocesses and Products of
Science Teaching (London: Macmillan Educat{ion®l,*1976).

63Weiss, Report of the 1977 National Survey.

64This problem is, however, increasing in Québec English
language high schools. In order to show the Ministry of Education that
a certain percentage of French_ is béing taught outside of French
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'taught-in-French' category: ecology (Sec-'1I), geography (Sec I-II1),
history (Sec 1-III), physical education, art, music. The teachers need
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1 65ﬂ§rms and Yager; Welch et gli
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66bResulte of an informal survey initiated and conducted by this
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‘writer since no information can be found in the literature regarding
this matter.
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lu. Lynn McKinney and Ian Westbury, "Stability and Chan e: The
g
Public Schools of Gary, Indiana, 1940-70," in-Case Studies in Curriculum .

Change by William A. Reid and Decker F. Walker (London: ' | Routledge &
Kegan Paul, 1975), p. 6. '

2yilbur L. Beauchamp et al., Everyday Problems in Sgie;:;\\\\

— i

(Chicago: Scott Foresman & Co., 1964).

’

3Beauchamp g; al., Teacher's GXidebook for Everyday Problems in
Science (Chicago: Scott Foresman & Co., 1964).
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Seg also Appendix B for P. de H. Hurd entry.

QChicago Curricul&m Council Committee on Science, Curriculum
Guide for Science (Chicago: City of Chicago Board of Education, 1966), *

SA. Hofséein, "Science: Key Concepts," in The International
Encyclopedia of Education 8 (1985): 4466.

1

61bid.

w. B. Herron and N. P. Palmer, Matter, Life and Energy
(Chicago: Meredith Corporation, 1967).
) "8Douglas Gough and Frank J. Flanagan, Focus on Science (Toronto:
D. C. Heath Canada," 1980).

uri Haber-Schain et al., Introductory Physics, 2nd ed.

(Englewood-Cliffe, N.J.}! Prentice-Hall Inc., 972). @ '

lOIbid., Preface.

Hgrnest Nagel, Teleology Revisited and Other Essaf@ 1h the
Phnlosog;y of Science (New York: Columbia University Press, 1979).

® 12Herron & Palmer, p. 9.

. 134arold Brown, Perception, Theory and Commitment (Chicago:
University of Chicago Press, 1977); Robert E., Butts, "The Hypothetico-
Deductive Model of Science,”" in Basic Issues in the Philosophy ‘of
Science,-edited by William R. Shea (New York: Science Histdry
Publications, 1976); Thomas S.' Kuhn, The Structure of Scientific
Revolutions. (Chicago: University of Chicago Press, 1962); Henry E.
Kyburg, Jr. and Ernest Nagel, eds., Induction: Some Current Issues
(Middletown, CT: Westleyan University Press, 1963); Karl Popper, The
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Logic of Scientific, Discovery (London: Hutchinson & .Co., 1968);
Stephen Toulmin, Human Upderstanding: The Collective Use and Evolutfbn
of Concepts (Princeton: Princeton University Prkss, 1972). -

Yihaber-Schaim et al., p. v [my italics].
151bid., [my italics].

16Ibido s PP 2"3.

3

17Davj.d -P. Ausubel and Floyd’G. Robinson, School Learning: An
Introduction to Educatjonal Psychology (New York: Holt, Rinehart &
Winston, 978) p. 48l1.

181b1d., p. 381.

¢ 4

19Basil Berstein, Class, Godes and~Control, Vol. 1 '(London:
Routledge & Kegan Paul, 1971) p. 47. .

20Yager, "Defining the Dlscipline df Science Education," Science
Education 68(1984):36.

N
21Bernstein, idem.

221bid. . )

23George Posner, The Conceptual Ecology of Scierce Education' A
ResEonse to W. F. Connell, paper presented at ahe Annual Meeting of the
AERA, Montreal Canada, 12 April, 1983.. -

The term 'conceptual ecology' is borrowed from 'Posner ‘(1983). He
identifies the matrix of sdeietal expectations and understandings as the
conceptual ecology within which public education and new 1idéas mist
interact; as in nature, a role or place must be found for new ideas if

they are to survive the competitive environment of- ideas that have -

already found a role or niche.
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