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CHAPTER 1

FOCUS OF wdE STUDY

Introduction

The aim of this study is to construct and explore the use of
a scheme for probing arguments mounted in defense of instructional
objectives. The use of the scheme in analyzing arguments takes the
form of a case study using material drawn from the field of science
education. However, the scheme itself is based on considerations
that are in no way subject-speoifice The study is thus potentially
of interest both to soienoe educators and to those ooncerned with
more general issues in the curriculum field.

In the study, curriculum is oonsidered as a practical enter—
prise, in the Aristotelian sense. This viewpoint provides the basis
for a discussion of the nature of curricular prescriptions and of
the ways in which they may be defended. The analytical scheme itself
iz developed using Frankena's model for analyzing a philosophy of
ed‘ucation1 and Gauthier's account of practical reasoning‘.2 The scheme

is applied to some of the arguments contained in a set of curriculum

1William K. Frankena, "A Model for Analyzing a FPhilosophy of
Education," in Readings in the Philosophy of Bducation: A Study of
Curriculum, ed. Jane Martin (Boston: Allyn and Bacon, 1970), pps 15-20,

2

David Gauthier, Practical Reasoning (Oxford: Clarendon Press,

1963).
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guidelines for soience, currently in use in Ontario. On the basis
of this trial use, limitations and potential for further use of

the scheme are discussed.

Background to the Study

In establishing the need for the scheme just described, the
investigator considered the following pointse
\1) Defensible curriculum aotion depends on deliberate choice among
alternative curricular prescriptions.
(2) Curricular prescriptions, and therefore the arguments mounted in
their defense, contain value positions as well as assumptions of a
more factual nature. |
(3) Deliberate choice among curricular prescriptions requires that
values and assumptions underlying them be exposed for examinat{on
and discussione.
(4) No scheme is available for systematically analyzing curricular
prescriptions and arguments for the purpose of revealing their values
and assumptions.
These assertions are‘as applicable to choice and action in science
education as they are in the context of any other subject areae Each

of the assertions will now be examined in somewhat more detaile.

Curriculum Characterized as a Praotical Enterprise

Schwab's oonception of the curriculum field in terms of the
practical has implications for curriculum developers and researchers
alike. One aspect of his work, pertinent to this study, is what |
he describes as an essential feature of curriculum, the "anticipatory ’

generation of alternatives." He writes:
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Intimate knowledge of the existing state of affairs, carly identi-

fication of problom situations, and effeotive formulation of

problems are necessary to cffective practioal decision, but they

are not sufficient, Effective decision also requires that there

be available to practical deliberation the grecatest possible

nunber and fresh diversity of alternative solutions to problems.
He oontinues by describing three reasons for such a feature. First,
the solution to the problem is improved by the generation of new
alternatives. Second, sinoe the problem arises from a context, unique
in time and place, the solutions that suffioed at an earlier time or in
another place cannot be assumed to be adequate. Third, the nature of
the problem itself is not always evident at the outset. Therefore,
without the generation of an array of alternative courses of action,
novel features of new problems may be completely missed or the problem
itself may be dismissed as impractical. It should be noted, in passing,
that Schwab's discussion is relevant to all types of curricular ohoioes,
including the selection of objectives. This study is limited to
concerns about the defensibility of the ohoice among géjectives as
one part of the ocurriculum d.veloper's overall task.

An illustration of the risks inhergnt in a failure tc consider
alternatives may be seen in thé following example of a hypothetioal
sohool ccience curriculum committee, where Teacher X is oonsidering
what he will teach to Class Y in the following school year., His
colleagues are urging him to use the set of objectives S, which they
have themselves used (and, they add, successfully) for a number of

years., They proceed to debate the merits and shortcomings of set Sy

1Joseph Jeo Schwab, The Practical: A Language for Curriculum
(Washington DeCe: National Eduocation Association, 1970), D. 33e
This (longer) version of Schwab's paper will be cited throughout
this thesis.
7




4
without consideration for any of sets T, U, or V which also exist.
Under such circumstances as these, one or more of the following
may well occur,

(1) The possibility of an improvement in the course by the use of T,
U, or V is eliminated.
(2) It happens that sct S originated in an urban, American school
system and Class Y is part of a schocl located in rural Ontarioe.
Also, set S was developed in the early sixtiecs and it is now 1976.
It could be that making provision for the students to attain the
objectives of set S will result in the weeting of non~existent naeds,
but the discussion of this issue does not arise,
(3) The possibility of outcomes other than those specified in set S
having been eliminated from debate, the discussicn takes a theoretical
direction as the participants argue over the desirability or undesira~
bility cf these outcomes. Such a discussion has litile potential for
resolution and is likely to be concluded not by reasoned argument
leading to consensus but by an uninformed majority vote or by veto
by the senior person(s) present., It is this issue which lies at the
heart of considering curriculum as a practical enterprise,

What must be sought is not an answer to the question, "Is S
£00d?" but one to the problem of whisch of the alternatives S, T, U, or

V is the best in the given situatione Furthermore, the conceptuali-

zation of the situation must take into account all the important
attributes of it—the teacher, the students, the subject matter, and
the milieus The concern of this study is that teachers be assisted

in making deliberate choices among the alternatives with regard to



5
what they ought to teache One of the ways in which deliberate choices

can be assisted is if the basis for prescriptive curriculum statements
is revealeds This study provides a framework for revealing the basis

of such prescriptive statementsce.

The Basis for Curriculum Prescriptions

Peters has characterized education in terms of the notion of
"initiation" of students into states of mind which are generally agreed
to be worthwhile or desirable.1 Thus educational discourse, especially
where the curriculum is concerned—where one argues about what teachers
ought to teach or what students ought to learn—is inevitably value
laden.

Sometimes, this feature of curricular prescription is self-
evident from an examination of'the language used. If, for example,
it is explicitly stated that it is considered desirable that students
should be able to provide explanations for their observations of the
physical world, then it is clear that a value position is being
expressede Iurthermore, since the position is made clear, delibera-
tion concerning several alternate value positions, some of which may
be in conflict, is made possibles As a result of such deliberation a
choice may be made as to the best course of actione.

Frequently, however, it is not at all clear, from an examina~
tion of the language, firstly that a value position is being taken, and

secondly, what the substance of such a value position is. Consider for

1Richard Se Peters, FEducation as Initiation (London: Evans,
1964), Ps 15




6
example the following paragraph from the teacher's guide to Investi—

gating the Earth, the textbook of the Earth Science Curriculum Project

(EsCP).

An intcgrated, interdisciplinary scienoe course that builds on
the background of science acquired in the earlier grades and is
closely related to the student's natural environment, the earth,
iz an important componcnt of the K=12 soience ourriculum. Investi-~
gating the Earth is tailored to the above criteria.

This paragraph appears to carry with it the implicit prescription that

the teacher ought to use Investigating the Earth as a component of the

K-12 science curriculume In a similar way, stated or unstated
sonclusions or premises are to be fcund in many of the published sets

of objectives which form part of curriculum projeots.

The Contribution of Analysis of Arguments to Deliberate Choioe

If a teacher is to make a deliberate choice among objectives,
it is desirable that he be able to examine oritioally the basis of
the arguments mounted in their defense. It is desirable ihat he first
be aware of the neoessary logical components of such an arguaent and
second be able to analyze the argumen’ so that these components are
revealeds One of the problems of analyzing arguments of this type
is that they are frequently oouohed in rhetorio that fails to make
olear the underlying assumptions and values. It is only when such
underlying assumptions are revealed, that they, rather than the
argument as a whole, oan become the object of deliberative discussion.

Since any: curriculum presoription and thus the argument

supporting it must entail one or more value positions, it is desirable

1Investigating the FEarth, Teaoher®s Guide, Earth Science
Currioulum Project (Boston: Houghton Mifflin, 1967), Pe le

10




7
that an annlysis of the argument isolate and identify statements
coﬁfaining such valuo positions, In addition, there are other
ctatements of a propositional nature which are usually, though not
necessarily, present in currioulum arguments of this nature. These,
unlike the value statements, are open to verification or at least to
a discussion of their probable truth. Thus an adequatc analytical
scheme for use in laying bare the bases of presoriptive arguments
will identify at least these two typés of statement., Such a scheme
will facilitate the determination of a defensible choioe among

objectives by the curriculum praotitioner,

The Availability of Appropriate Analytical Sohemes

There are a number of ways in which objectives themselves
can be analyzed. Bloom's taxonomy of educational objeotives provides
one me’chod,1 based on the types of cognitive outcome specified by the
objectives The perspective for such a scheme is psyohological; other
perspectives provide other bases for alternative ways to examine and
analyze the objectives or the intended outcomes of an educational
program. Among the more comprehensive attempts at curriculum analysis
is the Curriculum Materials Analysis System (CMAS), developed in West
Germany, as a means for the description and comparison of curriculum
projects in soience.2 Components of the analysis include content,

instructional methods, adaptiveness, effectiveness and administration;

1B. S. Bloom, Taxonomy of Educational Objectives, Handbook 1,
Cognitive Domain (New York: McKay, 1956).

2Peter Haussler and June Pittman, A Curriculum Material
Analysis System for Science, (Weinheim, West Germany: Beltz Verlag,

1973).
11




8
i1ts comprehensive nature provides the most useful means available for
a descriptive comparison of published currioulum materials. It does
not, however, address the issues that this study argues are central
to the determining of defensible choice, namely those which conoern
the values implicit in both the objectives and the arguments made in
their defense.

Finally, a search of the literature for the years 1966 - 1975
was carried out, using the IRIC data~base,and no references could be
found where schemes incorporating all the attributes of defensible
ourriculum action arec deucribed.1 Such a finding is consistent with
the claim made by Macdonald and Clark that processes of this sort bave
"never been clearly explicated or resea.rched."2 They offer no direct
evidence to support this but repeatedly comment on the inadequacy of

current research to assist the resclution of these problems,

Summary
The study, then, consists of two main parts. In ohapters 2

and 3, discussion of significant features of curriculum choioe and of

prescriptive arguments provides the foundation for the construction of

the analytical scheme. This discussion and, consequently, the scheme
itself are not tied to any specific subject field; they apply with

equal force to science or language arts, mathematics or social studies.,

1Major descriptors used were 'curriculum' and 'objectives!
and either 'analytical critiocism® or fcomparative analysis.'

2James B, Macdonald and Dwight Clark, “Critical Value Questions
and the Analysis of Objectives and Curricula," in Second Handbook of
Research on Teaching, ed. Robert M. We Travers (Chicago: Rand McNally,

1973), pe 408.

12
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Chapter 4, however, contains a demonstration of the use of the scheme,
vhich does require some specific curriculum prescriptions to serve as

the objects of analysise Furthermore, ability to use the scheme requires
that the analyst have an adequate background in the subject area involved.
He must be able to identify issues which relate in a direct way to the
subject matter of the prescriptions The background of this investigator
is in science and science education; it is therefore appropriate that

the material used for analysis purposes in this study is drawn from

science curriculum guidelines.

13
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CHAPTIR 2

TORITICAL BACKGROUMND:

DISCUSSION O T1RMS

Introduction
The introductory chaptecr made refercnce to a number of terms of

lley importance to tne study. These warrant further discussion before
development ol the proposed analytical scheme is describeds  The torms
discussed in this scction arc objectives, tcacher (as decision—maker),
choice, and arguments in support of objectives. A consistent under-
standing of the ways in which thasce terms are usced in the present
document will provide an c.sential foundation on wiich the development

of thec scheme may be bhuilt.

Objectives

Usc of the Term

Tnce term "objectives," as it ic applicd to the intended out-
comes of a curriculum, has been in educators! language for over sixty
yea.rs.1 Its incrcascd use in the last two decades is, in part, a
conscquence of the behavioral objectives movement and the recogmition
hy evaluators of thQ importance of gpecific and observable ocutcomes.

Popham, himself an evaluator, writcs:

11-‘or cxample, IFranlklin Bobbitt, Thec Curriculum (Boston: loughton
Mifflin, 1918) uses the term and it had been used cven earlier than that.
Incyclopedia of Iducational Rescarch, 4th cd. (1969), s.ve. "Objcctives
and Outcomes," by Margarct Ammonse.

14
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A koy feature of any rational planning, educational or
otherwise, is the possession of some idea of what is to be
accomplished. Educators, of course, characteristically
describe these intended accomplishments as thelr goals or
objectives. BSome people use the terms "goal" or "objective"
interchangeably, as well as such synonyms as "aims," "irtents,"
etc. Other people employ a much more distinctive meaning of
the terms, using "goal" to describe a broader desoription of
intent and “objective™ to denote a more specific spelling
out of the goal.1

As he goes on to point out, there is no clearly preferred usage for
these terms. In the present document, therefore, the term "“objectives®
will be used to describe a variety of intended outcomes, whether
broad or narrow, general or specific, behavioral or non-behavioral,
vague or clear, This is not to deny, by defaunlt, the potential use-
fulness of a 2istinction to be made between "aims" and "objectives,"
such as the one Peters makes when he describes %“aims" as "principles
of procedure" and "“objectives™ as "gtates to be arrived at."2

Hence, Popham's point is valid (as is Peters'): distinctions
are sometimes deliberately signalled by the use of various terms not
intended to be synonyms of "“objective." Later in this document the
term "dispositions" will be encountered. Frankena uses it in the

development of his model for analyzing philosophies of education

to characterize all states of mind that are intended to result

1w. James Popham, An Evaluation Guidebook (Los Angeles:
International Objectives Exchange, 1972), p. 1l.

2Ridhard S. Peters, "Must an Educator have an Aim?" in
Authority Responsibility and Education (London: Ceorge Allen and
Unwin, 1959); pe 90«

15
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from the educational process.1 The term, even in the broad sense
in which Frankena uses it, suggests a distinction from the term
"objectives" especially as the latter term is used by the propo-
nents of behavioral cbjectives, For the purposes of this study,
no such distinction is intended and the terms "objectives" and

"dispositions" will be used interchangeably.

The Function of (Objectives

Statements of objectives are, firstly, communications intended
for teachers. They may, of course, he passed on and used by others-
the students, school administrators, parents, for example--but it
can be reasonably assumed that the prime recipients will be teachers
responsible for the courses of whichh the objectives form a part.
Furthermore, it is expected that the teachers! conduct will be
affects: ..+ them in some significant waye. If the course is to
provide students with the means for attaining certain cbjectives,
then it seems reasonable to suppose that the activities of the
teacher will be related in a direct way to the objectivess At
least, that is likely the intention of the developers of the
objectives, Thus, although objectives are not explicit instruc-
tions to the teacher on what he gught to do, they carry implica~
tions for those activities and indirectly, therefore, they consti-
tute advice to the teacher relative to what he should do. Accordingly

a set of objectives may be described as practical advice. In a later

section methods of appraising such advice will be discussed.

1F‘rankena, "A Model for Analyzing a Philosophy of Education,"
Pe 160

16
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The Teachoer ac Decision-malier

Throughout this study, the {oacher is referred to as the-one
responsible for choosing among sets of objectivess In a particular
situation it may be that a curriculum committce, a school administrator,
or gome person otiher than the teacher is responsible for such a choice.
I% is not within the scope of this study to discuss the significance of
the question as to who does or should make curriculum decisions, although
it is recognized that this is indced an important issuee.  VWhat is involved
here is a discuzsion of the logical basis for such decisions. The use
of the term "teacher" is not therefore a stipulation of what the role
of the tecacher is or should be, nor does it presume an answer to the
question of who should make curriculum decisions.

It is recognized, however, that in practice—in the classroom
itself—it is indced the teacher who is responsible for the execution
of the curriculum; in this capacity the objectives of the curriculum
are under his or her controle It is quite possible that the original
objectives of the curriculum as planned and agrecd to in advance may
undergo modulation or amcndment at thi; stagecs 'The power of choice at
this stage therefore clecarly rests with the teacher as he exercises his
autornomy within the classroome VWhat is of importance, then, is that
the teacher realize what is involved in this cxcrcise of his choice

and that he be able to exercisce it to defensible ends.

Choice
Choiccs may be regarded as being of at least three broad
typese lHere they are designated as intuitive, quasi-intuitive and

deliberatc. The basis for this distinction rests on the logical and

17
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psychological dimensions of the manner in which the choices are made,
not on the substantive issues at stake in the choice situation. 1In
principle, then, most choices can be made intuitively, quasi-intuitively
or deliberatecly, though in practice it may be that some choices tend

to bec made more frequently in one manner than in either of the other
two. Onc of the concerns of this study is that choices among objectives
be madec deliberately; it is therecfore toward this end that an outline

of cach mode of choice is zet out heree.

Intuitive Choice

Intuitive choices arc thosc which are made in an instant and
without carcful reasoning. They include, for example, the many on-the-
spot choiéés made in the course of conversation with respect to the use
of words, of hand-gestures or, in a classroom, of a chalk board. It
must be emphasized again that it is not the substantive elements in the
choice situation that would cause it to be classified as intuitive.

The usc of words may be the result of careful reasoning as in the case
of a speech at a formal occasion, and thec usc of a chalk board in a
clascroom may be the result of a carefully planned lesson. The evidence
for the classification of a choice as intuitive is found not in the
outcomec of the choice but in the manner in which the choice was made.

In a curriculum context, there can be little doubt that many
choices, particularly those in the classroom, arc made intuitively.
Nost of the choices with recspect tq objectives, howcver, probably do
not fall into this category. 1In general,'choices concerning objectives
are madc in advance of the instructional situation and are thus made

under relatively less pressure than is found within the classroom.

18
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furthermore, such choicoes are uzually regarded as being of suificient
significance that thosc who make them do so in'a deliberate and carciul
fashion. It was pointed out carlicr, however, that modulation of
instructional intents does go on in the classroom during the instructional
processe dhus it is conceivable that choice of objectives can be an
intuitive choice., If this occurs, then an argument in defensc of the

outcome (of the choice) can only be made cx post facto. 'fhe analytical

scheme developed in this study is designed to be applicable to all such
arguments; in practice, however, since those relating to intuitive choices

are rarely documented, the arguments arc seldom open to any scrutiny.

Quc~ _ntuitive Choice

This catecgory of choices is designated quasi-intuitive because,
from the perspective of a third partvy, a choice has beén madc which has
all the characteristics of an intuitive choice, but the chooser does
not regard himsclf as having made a choice at all. An cxample, albeit
a trivial onec, of such a quasi-intuitive choicc might bec as follows.

A car driver micses a turning in the road which he should take to
reach his destination. An obscrver, standing beside the road,
notices that the driver failed to make the turning. Now the driver,
having failed to sce the turningymight acsert that he had no choice.
The observer, being awarc of the turning, could respond by pointing
out that since the turning oxisted, the driver did indced have a
choice, but avparently chose intuitively to continue on his previous
course. Such a situation would be clasnified as a quasi~-intuiiive

choice situation.

19
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There are several ways in which quasi-intuitive choices may be
made in curriculum. Ttherefore it is important that, if the teacher's
goal ic to make deliberate choices, he be alerted to those occasions
on which he can be chown to have made cuasi-intuitive choices. The
issue of defending o quasi-intuitive choice does not arisc, because
alternatives are not cecen to exist. Once the existence of alternatives
has been demonstrated and the naturc of the choice exposed, then
rcconsideration of the issues can tal:c placc. This becomes a deliberate
croice, however. One of the functions of the analyticail sch-mec developed
in this study is to facilitate the exposure of arguments or statements
which invitec the reader to malte quasi-intuitive choices. By fulfilling
thic function, the scheme can assist the teacher to make deliberate

cholccoe.

Deliberate Choice

The third category of choice is that in which the choiqes are
made as *he result of rational and deliberate judgement. The chooscr
recognizes that (2) a choice situation exisis, and (b) the manner of
its making is deliberatc rather than intuitive, i.€¢., 1t involves
reasoning rather than impulse. The type of reasoning involwved in
decliberate curriculum choices is the subject of the next section of

the study.

Arguments in Support of Obgjectives

It has been argucd that one of the teacher's functions is the
deliberate choice of objectives from among alternatives. This activity

must assume that an array of alternative objectives already exists. It

[\]
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has bcén further argued that any set of objectives, togethel with its
supporting argument, constitutes a2 piece of practical advice for the
teacher concerning what he should teach. The deliberation that results
in a dccicion consists of weighing the various picces of advice and
cventually either acting on one or choosing to delay the decision and
to scck further advice. Cauthicr, writing about practicai advice,
states: '"Good advice rests on valid practical ar'guments.”1 It is
therefore illuminating to examine more closcly the characteristics of
practical reasoning in order to dectermine the structure of arguments

mounted in defensc of objectives,

Practical Rcasonigg2
e At the outset, Gauthicr sets bounds to the field by pointing
out that:

General formulae for the solution of practical problems, or
for the justification of proposecd solutions, which do not take
account of the dynamic context, can offer little practical
guidance to the agent....In practice the answer to a practical
question must depend, not only on an appeal to a hierarchy of
principles, but far more on an appeal to a context of activity,
in which the general programme of action is already fixed.
Practical rcasoning often.consists in showing that an action
fits into such a context,

He goes on to describe the nature and structure of a picce of practical

reasoning. In a practical syllogism, the major premise is one that

1Gaut‘nicr, Practical Rcasoning, p. 66.

2Ga.uthior makes the nice distinction between deliberation,
"the psychological process by which a person comes to resolve a
practical problem,™ and practical reasoning, "the logical argument
in which the steps leading to the rcsolution are formally set out™
(Ibide, pe 26)s In this scction of the study, it is practical
recasoning that is the focus of attention.

2
“Ibide, De 3.

21
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"characterizes the state of affairs wanteu as in some way desirable,
. 1 . . . . .
worth wanting," Such a premise he describes as having "practical

force,” and hc adds that "at lcast onc premiss [sic] with practical

. . . . . . 2
force is required in any picce of practical reasoning.'

The major premise is thus a statement which embodies the
valucs of its author; it characterizes what he considers o be worth-
while or desirable. In a curriculum context, such a statemecnt would
indicate those "states of mind" considered to be desirable outcomes of
an educational program. Statements of this type underlie all arguments
supporting instructional objectives. One function of the scheme
developed in this study is to facilitate the identification of value
positions inherent in curriculum prescriptions.

\W In addition to the value premises which must be present in a
practical argument, there are usually other premises—statements
concerning the situation or the "context of activity,' thc capacity

of the agent to act, and thec possible or probable conscquences of

his acting in a given way. These additional or situational premises
serve to rclatc the major premise of the argument to its conclusion.
They are statcements of fact setting limits to the range of options
open to the agent. In the case of practical argumentﬁ which are
curriculum prescriptions, these situational premigses cpecify relevant
attributes of the context in which the action is to take place, These
attributes have been described in terms of the four commonnlaces: the
3

tcacher, the learncrs, the subjecct matter, and the milieu. The

MIbid., p. 30. °Thide, p. 31.

3For example, Ralph Vi. Tyler, Basic Principles of Curriculum
and Instruction (Chicago: University of Chicago Press, 1949),
chapter 1.
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situational premises in curriculum prescriptions are thus typically
cpncerned with these commonplaces. A sccond function of the
scheme is to identify statements of this type in such a way that
further scrutiny of them is facilitated. Irror in matters of fact,
where situational premiscs are concerncd, can then be morc readily
detected.

Yinally in the practical syllogism there is the conclusion
which is a siatement of what ought to be done. A curriculum prescription
is a statement of what a teacher ought to do—of what his objcctives
ought to be. Thc complete argument may thus be shown in its simplest
form as in the following schema of Gauthier: |

Doing x would be desirable (or, would bring about a desirable
situation); I can do x, so I ought 0 do it.

It was stated earlier thai the deliberative process involves
the weighing of alternative sets of objectives each with its own
supporting argument. Thus, several arguments may be expected, each
of the general form described above but involving activities Y 2,
and so on., Furthermore, since curriculum prescriptions constitute
adyicc to the teacher concerning what he ought to do, the function of

the deliberation is a comparative appraisal of these pleces of advicece.

Appraisal of Advice

In a section entitled "Appraisal of Advice," Gauthier discusses
the types of criticism to which both advisors and advice may be subject,

Advisors may be criticized for their competcnce, their sincerity, and

1Gauthicr, Practical Recasoning, p. 44.
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their entitlement to advises ‘This moy be a significant issue in some
curriculum deliberation, but it is beyond the scope of this study
to examine it further. On vhat may go wrong with the advice itself,
Gauthier writes:
«sesince advice is bascd on practical judgement, what may go wrong
with it is what may g£o wrong in cstablishing a practical judgement,
Three different failings may be distinguished: mistake with respect
to the practical basis, or the corresponding premisses with practical
force; mistoke with respect to the situation, or the other premisses
avout the siftuation; erroneous recasoning from premisses to
conclusione '

In order to facilitatec the comparative appraisal of difierent
picces of advice, the function of an analytical scheme would be to identify
(a) the conclusions of the arguments, (b) the premises with practical
force, and (c) the situational premises. The task of the deliberation
then involves taking these products of analysis and appraising them in
the manner implied by Cauthier's statoment cited above. The premises
with practical force, containing the valuc positions, would be comparecd
to the values of the tecacher, the school, and the community—*'the
context of activity in which the general programme of action is already
fixed." The situational premises—the matters of fact;;would be examined
to determine whether they are indeed matters of fact rather than value,
and if found to be factual, what support exists for them. IFinally,
the recasoning from premises to conclusions would be open to examination.

The analytical scheme that is developed in this study, therefore,
enables the uscr to lay bare the bases of curricular prescriptions. As

a result of such exposure, it is intonded that deliberation leading to

a defensiblc choice be facilitated.

Trhid., p. 72
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CHAPTIR 3
DEVILOPHENT O TH ANALYTICAL SCHIIL

In the preceding chapter, analysis of praciical advice revealcd
that two essential elements must be identificd by an analytical scheme
used to cxaminc argwnents mounted in defensc of objectives, In this
section, a model will be described which accomplishes this; on the
basis of the model, a scheme for analyzing such arguments will be

proposed, and procedurcs for its usec will be outlined.

The I'ranizena Nodel1

Bacizpround

The model described here was developed by Villiam K. Frankena
as a means to describe, understand, and criticize vhat he calls
"normative philosophies of cducatione"” The writings of philosophers
such as Aristotle, Dewcy, or Vhitchead, unlike those of the more
recent school of analytical philosophers, consist of statements of
vhat their authors consider ought to be the aims, methods, and activities
of the enterprise of cducation. Frankena's analycic of such philosoﬁiical
statements starts from the princinle that cducation is, itseclf, a
normative activity—that it involves a process which "issucs or is
intendcd to issuc in the formation, in the one being cducated, of

certain degired or desirable abilities, habits, dispositions, gkills,

1Frankcna, "4 Model for Analyzing a Philosophy of Iducation.®
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character traits, belicflun, or bhodies of hnowled{Cese Petcers goes
furtner. IHe :ritec: "{iducation implies that something worthwhile
C e . . . "l
15 being or hat been transmitted in a morally accentable manncr.
Such o notion as thic includes both the means and the ends of education
under the same general rubric ol "mormative". It is with the objectives
and tierelore the outcomes of cducation, nowever, tnat this ctudy is
concerncd. It should be noted that I'rankena is using the term "disnosi-
tions'" to refer to all types of outcome.

Instructional objectives have alrecady been characterized as

statements about the intended outcomesn of a curriculum. Argumeants

intendcd to provide rationales for them arc comparable therefore to
normative philosophies of cducation, and it is thus a justifiable move
to use a model, designed to explore the latter, as the basis of a
scheme for annlyzing the former, Iranitena's model will therefore next
be outlined, together with the adaptations necessary for the analysis

of prescriptive arguments.

Desceription of the lodel

I'rankena starts from the nremise that the Tirst task of a
complete normative piilosophy of cducation is "to 1list ard define a
set of dispouitions to be i‘ostcrcd."3 The result of this will be a
set of normative statements. The philosophy will also do two further

thingse It will chow that cuch dispositions are desirable by introducing

MIbid., pe 16.

2Hichard S. Pcters, Ithics and Fducation (CGlenview, Ill.:
Scott lorcsman, 1967), Dpe 3

3I-‘ra.nJ:cna, Pe 17
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some "oasic premices about the aims or values in 1life-—about what is
. . ol . .
desirable or obligatory. It 111l algo show, or give recasons for
thinking, that persons must acquire the first-mentioned dispositions
in order to live in the way implied by the fundamental values described.
In summary, PFranitena writes:

Vhat is logically requircd is, first, csome normative premises
stating basic goals or principles: for cxample, Aristotle's
premise that the good life is a happy one consisting of intrinci-
cally cxcellent activities like contemplation, and gcecond, factual
claimgs stating that certain dispositions are conducive to the
achicevement of those goals or to the following of thosc principles:
for cxample Aristotle's further claim that, if we are to achieve
the good life @5 he sces it, we must cultivate such dispositions
as moderation, practicalowisdom, and a Lnovledge of mathematics,
physics, and philosophy,.<

ile represents his model diagrammatically as o system of boxes, showm

here in Fipfure 1.

A E

Figure 1

In the diagram, A represents the "basic normative premises," B, the
other (empirical, cpictemological, ontological étc.) premises, and C,
the conclusions—the dispositions to be fostered.

Yrankena continues by discussing what a complete normative
philosophy of education would say concerning the means by which such

o

desirable dispositions may, in practice, be fostered. Houever, it is

Mvia. Thid.
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adequate for the purposen of this study to concoﬁtratc on the first
vart of the model, as outlined above, circe it is with objectives
that this study is concerned.

I+ would aopear that Cauthier's "oremisgses with practical force"
arc conceptually parallel to PFraniicna'c 'Yhasic normatvive premiscs!
(Boxx £); that Gauthicer's situational premises correspond to MFrankena's
Box B; ond that the mistekes which, CGauthier points out, can take place
in egtabliching a practical judgement arce preciscly those which moy
occur in arriving at thie conclucions I'rankena labels as Box Ce  The
model thercfore =cems to be entirely congruent with the specifications

for an analytical scheme that have been estnbliched.

inalyvueing Pregscriplive Argpumeris:  Primary Level

General Comnients

i set of objectives (or just onc objectivc) may be regarded as
the conclusion of an argument (Box C) in which the premises arc of two
types. The Tirst (Box A) consists of the basic normative premise(s)—
those having practical force——which characterize decirable dispositions
the curriculum is intended to foster.s The sccond (Box B) includes the
supporting propositional statecments, both made cxplicitly or implied
by the sense of the language uscde Such propositional statemcﬂts may
include cmpirical, cpistemological, ontological and other statcments,
and ill be the object of the second level of analysis to be discussed
later. All statements that fall within the scope of the scheme will,
henceforth, be referred to as type A, B, 0o © stafcments respectivelye.

Thus the initial cquestions that cmerge for the primary level of

analycis arc:

B
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(1) VAT OBJECTIVE IS SPICIFILD OR IMPLIED?—type C statcement
(2) WHAT DASIC HORMATIVY PREMISH(S) IS/ARL STATED OR IMPLIED?—
tync A statement(s)
(3) VAT PROPOSITIONAL STATIHAIIT(S) IS/ARF MADE OR IMPLILD?—

type B statement(s)

A Semple Analvsis

A brief illustration of the analysis procedure will scrve to
am»lify the forepoing general comments and will provide a vehicle for

demonstrating the resolution of anticipated problems.

The problem of alicrnative interprectations
The Ontario Intermediatc Science Guidelines contain the
following statcment:
[The students should be] given cvery opportunity to learn
through personal handling otf laboratory equipment and
performance of experiments so that thoey may..e.gain a respect
for technical competence,
This statement provides an illustrqfion ol a passage which is open to
more than onc intérpretation. Tvio altcrnatives will be described here
and the recason for seclecting one of thesec will be explained. The
statement can be vicwed as a prescription concerning both an objective—
"respect for technical competence'—and also the means by which that
obiective may be attained—"the personal handling of laboratory
cquipment and performance of cxperimento.' Alternatively, the

statement may be viecwed as specifying "the handling of laboratory

cquipmentess'" ac the objectives In this case, the implied assertion

1Ontario CGovernment, Department of liducation, Curriculum Guide-~
lines: Intermcdiate Divicion Sci 1ce, Interim Revision (1972), p. 10.
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that this objective makes provision for the students to "gain a respect
for technical competence' is part of the argument in defense of the

objective.

The scheme in this study has been formulated as a means to
analyze arguments for objectives rather than objectives and the methods
of their attainment. The second interpretation, therefore, is the morc
appropriate one to use for the purposes of the study. Several of the
passages, whose analysis is reported in chapter 4, are susceptible to
similar alternative interpretations, and, in each case, the corresponding
choice is made without further comment,

The objeotive—type C statement—is set out in the first two
lines: "The students should handle laboratory equipment and perform
experiments." Actually, the objective is phrased as a teacher objective,
as the phrase "given every opportunity" indicates. It is the teacher
vho provides opportunities, not the students, but the intent is clear
as far as the outcome is concernede The desirable disposition which
is intended to result from the achievement of the objective-—~the type
A statement—is also clear in lines 3 and 4: "It is desirable that
students have a respect for technical competence.™ Again a minor
wording change seems justified. The original contains the word "gain'"
but inasmuch as the type A statement is a characterization of what the
interded final state of the students will be, the substitution of the

word "Yhave" is legitimate,

The problem of inferences

The first two questions have becen answered directly from the

text, where the statements have been made explicitly. The third
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question requires that inferences be drawn concerning any propositional

claims implicit in the statement citeds In this case, as in others

that will be encountered in the larger portion of anelysis in the next

chapter, there is potentially a choice of several alternative proposi-

tional statements that could serve as the link between the type A state=

ment and the type C statement, already identified. These are as followss

B: Handling of laboratory equipment and performance of experiments will
lead to a respect for technical competence.

B': Handling...can lead to a respect for technical competence.

B'': There are grounds for thinking that handling...can lead to a

respect for technical competence,

It is necessary to decide on the format of statements of this
type which are inferred rather than cited directly from the texts Such
a decision is reached by considering the implications of each of the
alternative statements for the logic of the argument as a whole. State~
ment B is a prediction, made with such certainty that one counter
instance would render it worthless. Statement B! is a weaker version
of statement B; it is less susceptible to empirical falsification,
however.s The third statement; B??, adds nothing substantive to_state-
ment B' as it concerns the central argument. It does, however, emphasize
the importance of support for the statement. This third format will
therefore be used when inferring such statements from the passage uﬁder
analysis,

Sometimes the rationale for an objective is not stated simply
in terms of a single "basic normative premise," but the argument is

hierarchical in forme In these cases, the objective is argued Isr on
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the basis that it will (or can) contribute to the student's attaining
a disposition which, in turn, cen 1« . to another--and so on through
several layers of argument, If this form of argument appears to be the
case, then repeated application of the first part of the scheme is
necessary, starting with the objective and continuing "upward" until
the finél layer is reached. DIach layer of the argument requires one
applioation of the first part of the scheme. Examples of this type

of application are found in sections 3 and 4 of the detailed analysis

in chapter 4.

Analyzing Pregcriptive Arguments: Secondary Level

General Comments

The third question in the primary level of the analytical soheme
attempts to elicit statements of a propositional nature——type B state-
ments—and it is with these that this second level of analysis is
concerned, Type B statements appear not only as relatively straight-
forward statements of fact, as in the previous example (where the
nature of the support for them is clear), but also as statements which
are themselves either the products of ohoice, even if only quasi-
intuitive ohoice, or value positions, or even additional objectives.
Frequently such statements are not presented as such but are written
as matters of fact (as in the previous example)s Consider the follow-
ing, for example, found in a teaching guide from the Nova Scotia
Department of Education:

"Soienoe as practised by soientists involves,

(a) ways of unfolding the truth about the universe, and
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(b) the organization of information that has been gathered."1

The statement is made in the form of general support for an argument
concerned with what should be taught as science in the elementary schools.
It is therefore a type B statement, and is presented explicitly.

Although the statement is presented as a matter of fact, a
partial claim about scienoce, it can be clearly seen that, whatever
the merits or demerits of the substance of the statement, it is not a
matter of simple fact at all.e There are numerous alternative statements
about the nature of science, some of which, indeed, are quite incompatible
with this one. It is therefore necessary to identify the choioe¢ that
has been made and the implied value statement that identifies this
statement and not one of the others as being the one chosen. Further—
more, a new type B statement is required that identifies the statement
as one among several and not as a unique expression of truth. This

further level of analysis will be referred to as the secondary level

since it can take place only after the type B statements have been
identified.

Another aspect of the further analysis of type B statements is
the identification of any support provided for the statements made.
Any propositional statement ought to be supportable either by empirical
evidence or by reasoned argument. The absence of such support for an
individual statement witﬁin the context of the larger argument does not,

of course, invalidate the statement. However, the presence of some

1Nova Scotia Government, Department of Education, Science in the
Elementary School: A Tentative Teaching Cuide, Education Office Bulletin

No. 3, 1974~T5.
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supporting argument or evidence is worth identifying, as it will be of
use when the statements are further scrutinized in the course of
deliberatione.

Thus the secondary level of the analytical scheme may be
formulated as two questions:

(1) WEAT VALUE POSITIONS, IF ANY, ARE IMPLIED IN THE

PROPOSITIONAL STATEMENTS?
(2) WHAT SUPPORT, IF ANY, IS ?ROVIDED FOR THE

PROPOSITIONAL STATEMENTS?

Sample Analysis

If the example introduced earlier (concerning the nature of
science) is reexamined from the perspective of the first of these two
questions, the following value position can be seen to be implicit in
the statement: '"The best (or most appropriate) way of thinking about
science is as its involving a) ways of unfolding the truth abou$ the
universe, and b) the organization of information that has been gathered."
Thus the result of a choice is made explicit and the values are exposed,
In the analysis that follows in chapter 4, statements containing value
positions, such as the one just made, will all be designated itype A
statementse Turning to the second question of the secondary analysis,
it cen be seen that, in this case, no support is provided for the
claims about the nature of sciencee It must be emphasized again that
this does not imply that the claims are unsupportable; it implies merely

that they are not supported in the text being analyzed.
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Thus, both the values and preferences are isolated and
identifiede As a resul{, teachers engaged in deliberation are in
a position to discuss them as such and to appreciate the status of
statements encounterede It will be shown in the following chapter
that it is at this, secondary, level of analysis that many of the
potentially controversial values are exposed.s If the secondary
analysis is nc% carried out, the reader is tempted to make a quasi-
intuitive choice and accept the statement as a matter of fact, without
recognizing the pctential alternatives and the implied values that

are gometimes present,

Summary

On the basis of Gauthier's analysis of practical réasoning,
the requirements of an analytical scheme for examining prescriptive
arguments in curriculum have been outlined. It has been shown that
the Fiankena model fulfills these requirements and provides the
foundation for a scheme involving two levels of analysis and a total
of five Questions. An illustration of the procedure for an application
of the scheme has been provided and the scheme is summarized below
to aid the reader in following the discussion in the next chapter
of four more extended pieces of curriculum argument.

The primary level of the scheme:

(1) WHAT OBJECTIVE IS SPECIFIED OR IMPLIED?
(2) WHAT BASIC NORMATIVE PREMISE(S) IS/ARE STATED OR IMPLIED?

(3) WHAT PROPOSITIONAL STATEMENT(S) IS/ARE MADE OR IMPLIED?

e
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The secondary level of the scheme:

(1) WHAT VALUE POSITIONS, IF ANY, ARE PRESENT IN THE PROPOSITIONAL

STATIMENTS?
(2) WHAT SUPPORT, IF ANY, IS PROVIDED FOR THE PROPOSITIONAL STATEMENTS?




CHAPTIR 4
APPLICATION COF THE SCHEME: A CASE STUDY

A scheme of five questions has been developed for the analysis
of arguments inherent in prescriptions of instructional objectives.
The present chapter demonstrates the application of the scheme to
generate the type of statements that have been shown to be necessary
for a comparative appraisal of such arguments to be made. It must be
remembered that the object of this demonstration is not to draw
conclusions about the objectives or the arguments themselves, but to

show that the scheme which has been developed is capable of use for

analytical purposes.

Procedure

Portions of some curriculum guidelines in science, ocurrently
in use in the province of Ontario, have been reproduced verbatim in
the Appendix (pages Al-A6). They have been selected on the basis of
their potential to demonstraie the scope of the scheme, and the
sections used correspond to complgte sections of the original; each
section relates to a single objectives The lines of the text are
numbered within each section to facilitate references.

Each of the seétions is discussed in detail belowe. Following
the outline of the scheme, each anelysis is presented in two parts,

primary and secondary. The primary level of analysis considers each
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section as a whole and identifies the objective itself (type C state-
ment) or the series of objectives, the basic normative premises (type
A statements), and the supporting, propositional statements (type B
statements), At this level, the statements produced by the analysis
adhere as closely as possible tc the language of the originale Changes
are introduced only for the purpose of retaining the sense of the
original and for grammatical purposes. In some caeses, it is necessary
to draw inferences, from the text, of premises which are not stated
explicitly but which are necessary for the logic of the argument.
Such inferences are clearly identified as such, and the language of
the text is retained in stating them (with the qualification discussed
in the previous chapter).1

At the secondary level of analysis, the type B statements
identified in the primary analysis are examined more closely, as
provided for in the second part of the scheme. Not every type B
statement from each section is treated in equal depth; while this
treatment would result in a large catalog of information, much of it
would be redurdant. Also, consistent with the purpose of the study,
it is necessary only to demonstrate thé use and applicability of the
scheme rather than to comment exhaustively on the objectives themselves.

The reader is advised at this stage to read each section in
the appendix before proceeding to the corresponding analysis, which
appears belows. Although the analysis of each section consists of
finding answers to thé qﬁestions of the scheme, specific reference to

the questions themselves will be omitted in the interests of brevity.

1Quota.tion marks are used to identify all statements of types
A, B, and C, whether such statements are inferences, adaptations or
direct quotations from the text.

33



35

Analysis of Section 1 (pages A2-A3)

Primary Level of Analysis

The objective fer which this passage attempts to provide an
argument is implied in lines 38-43, The intention of the authors
appears to be, first, that students should understand scientists!
models as a means to explain observations of the world, and second,
that they should recognize them as being more effective (at explaining)
than their own patterns or models. This, then, is the objective—the
type C statement,

The type A statement-—the basic normative premise—is even less
explicit than the objective itself, It is closest to the surface in
line 23, in lines 25~26, and in the quotation from Piaget (lines 30—33).
A statement consistent with the sense of the passage.and charaoterizing
the objective as worthwhile might be this: "It is desirable that
children be able to explain the universe around them by {he best means
possible.™

The remaining statements serve as type B statements, that is, as
propositional claims which relate the objective to the basic normative
premises Each is stated here in language closely related to the text;
each is mumbered for easy reference.

Bl., "To a scientist, science has one main function: +to impart order
to a complex world" (lines 4-7).

B2, "Children, too, look for ordere They develop patterns to explain
the world. Older students revamp their patterns" (lines 23727).

B3. "Teachers assist students in gaining an understanding of the

scientists! model" (lines 34-37).
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B4, "Scicntists' modols are more effeotive at explaining than are
children's" (implied by lines 39-41).
B5. "Experience in the fiecld, the laboratory, and the library is
related to the revamping of patterns, by older children" (implied by
lines 26-29),
B6. "An understanding of scientists!'! models puts a student in a
position to discover that scientists! models explain his observations
more effectively than he has been able to do" (linea 39-42).

The passage is replete with additional statements whioh could
be listed here, but the six generated above are adcquate for demonstra—-
tion purposes. From the logical perspective, the premises stated here
provide an adequate basis for considering the objective as a valid

conclusion of the argument. Thus, the primary analysis is completee.

Secondary Level of Analysis

The secondary level of analysis involves scrutiny of the six
type B statements identified from the primary level to determine the
existence of additional value positions, and of support for the

statementse.

Analysis of statement Bl: "To a scientist, science has one main
funotion: +to impart order to a complex world."

This statement has the form of a claim concerning what
scientists think concerning the nature of sciences It is given
support by the words of Einstein cited at the opening (lines 1-4).
The implioation, embedded in the claim, is clear however: "Science
has one main function: to impart order to a complex worlde" The
question to be asked of this proposition is whether it represents a

value position on the part of the authors (or, at least on the part
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of Einstein) or whether it is truly a statemeﬁt of fact. Many state-~
ments concerning the function of science can be and indeed have been
made. (One suck was cited im an example in the previous chapter.)
Some of these statements are at variance with this one, and therefore
the use of this one represents the exercise of a preferential choioe
among several possible statementse Since a value position is involved,
two statements may be substituted for the one. They are labelled B
and A respeotively with those letters having the same significance
as before,
Blel "Science may be thought of as having one main function: to impart
order to a complex worlde"
Alel "“The statement Bl.l represents the most appropriate charaot?rization
of the function of soience for the present context."
Analysis of statement B2: "Children, too, look for order., They
develop patterns to explain the worlde. Older students revamp their
patterns."

This statement is a olaim conoerning the way children behave.
No direct evidence is provided, but Piaget's comment (lines 30-33)
is presumably intended to lend indirect support., The same considera-
tions apply here as obtained with Bl concerning the existence of a
preferential choioe among ways in which ohildren's behavior may be
described. Thus two statements are substituted.
B.1 "Children may be regarded as ?'searchers for order!."
A2,1 "This (B2.1) is an appropriate way to regard children.™

In addition to these two statements, the word "too" (line 23)
suggests a correspondenoce between children's searching for order and

the activities of professional scientists. Thus an extra inference
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qmay be drawn concerning the comparability of these two activities.
B2,2 "There are grounds for considering children's search for order
as being comparable to that of scientists.”
This implied comparability lies at the heart of the argument in the
passage. If no grounds can be found for such consideration, then the
argunent loses much of its force. The issue occurs again and with
additional importance iun the analysis of statement B4 (below).
Analysis of statement B3: "Teachers assist students in gaining an
understanding of the soientists' model."

At first sight, statement B3 seems to be a claim about what
teachers do. In the context of the development of a rationale for
objectives, however, it appears more appropriate to regard it as a
prescription regardiny what ihe authors consider teachers ought to
doe As such, it becomes another objective—a type C statement-which
is therefore susoeptible to the type of analysis which has already
been carried out at the primary level, The anal&sis yielae the follow-
inglstatements.

C3s1 "In the process of studentst® development, teaohers gggggg assist
them to gain an understanding of the soientists' model,"

A3.1 "The developmentwof students is a desirable proocess."

B3e.l "There are grounds for thinking that an understanding of the
soientists' model can assist students in their development.™

Analysis of statement B4: "Soientists' models are more effeotive at
explaining than are ohildren's."

This statement may be analyzed in either of two ways. The

consequences of this will be discussed when both have been detailed.
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Analysis I: The statement appears to be a straightforward
statement of value expressing the view that one model is superior to
the other in ferms of its effectiveness at explaininge. Such a position
does not necessarily imply a2 value judgement however—at least, not
one which is beyond further scrutiny. Inasmuch as a comparative
evaluation is being drawm between scientists! and children's attempts
to provide explanations about the world, the statement B2.2 discussed
earlier is applicable here alsoe B2,2 stated "There are grounds for
considering children's search for orde: as being comparable to that
of scientistse." In this case it is the products of such searches that
are being compared—=the patterns or models-——rather than the activities
themselves, but the comparability statement may still be considered
to apply. In addition, however, on this occasion more than qualitative
comparability is being suggested. Here a relative judgement is being
expressed concerning the efficacy of each search or of its product.
Consequently, the following additional type B statements may be made
which relate specifically to such a judgement.

B4.l1 "“Criteria exist whereby the relative effectiveness (at explaining)
of different models may be evaluated." and

B4.2 "“When Jjudged on the existing criteria, the scientists’ model

is found to be more effective (at explaining) than are children's models."
Thus, the apparent value position B4 reduces to three mzttersof fact,
rather than to any value position at all. However this is not the

only way in which statement B4 may be analyzed.

Analysis IT: In this secornd analysis, B2.2 still applies: it

is still necessary to establish the basis of comparabilitye. However,
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instead of a rational comparison on the basis of established criteria,

the authors may indeed be expressing a personal preference for scientists!'
models over those of children, and may not be implying any reasoned
evaluative judgement. The stateﬁent B4 is then properly replaced by

a2 statement of the following type.

A4.1 "We prefer scientists' explanations." or

"This sohool system (or ministry) takes the position that

scientists' models are superior to those of children."
The implications of such a view are profound, particularly if the issue
of teaching versus indoctrination is at stake and if teachers follow
through from this guideline by reproducing the same attitude in the
classroome Furthermore, since there is no provision in the text for
determining which of the two analyses is the proper one, the danger
exists that analysis II may pose as analysis I. That is to say, the
authors may actually be taking a value stance, but suggesting to the
readers that a rational statement of fact is being made., Discussion
of the further implications of this situation is beyond the scope of
the present study. Nevertheless, it is important that such alternative
analyses be clearly identified, so that provision is made for the issue
to arise in a deliberative setting.
Analysis of statement BS5: "Experience in the field, the laboratory, and
the library is related to the revamping of patterns, by older children."
The key to this statement is found in the original tex%, in the
word "as" (line 27). It suggests a relationship—partly, at least, a
cause-effect relationship—between experience in the field, the laboratory

and the library on the one hand, and the revamping of older students!?
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patterns on the other. It is possible to infer embedded propositions
from such a claim, although on this occasion it‘might be unwarranted to
do so. It may therefore remain a claim concerning the consequences of
such experiences for older students, open to verification or refutation
on the basis of the evidence. (Evidence is not provided in the passage. )
The alternative is to reword the statements as claims concerning the
potential consequences for older students, which might be argued for.
Rewriting the argument is not the present task,lhowever.
Analysis of statement B6: “An understanding of scientists' models puts
a student in a position to discover that scientists' models explain his
observations more effectively than he has been able to do."

This, too, is an empirical claim concerning the effects on
students of their gaining an understanding of scientists' models.
It contains the embedded statement B4 which has already been discussed
at length ("Scientists! models are more effective at explaining than
are children's."). It might be noted in passing that on this occasion
the authors take care not to claim that an understanding of scientists!
models will result in the discovery (of their superiority), but only

that it results in the students being in a position to make the

discovery. The problems of such a claim have been discussed at length
in chapter 3, but, as with statement B5, B6 does not appear to contain
any embedded value position and therefore may be left as a propositional

statement.

Analysis of Section 2 (page A4)

Primary Level of Analysis

The structure of the argument here, which attempts to provide

a general ratiovnale for the inclusion of science in the school curriculum,
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is set out quite clearly. The analysis is included to provide a contrast
with section 1, in that this section is analyzable very simply into
three majsr statements, The objective of the program is enunciated in
lines 14~24 where it is implied that students should develop skills

in basic processes (fbur are listed) and-aptitudes for intellectual
activities (six examples are given), Thus the type C statement is

as follows.

"Students should, through science studies, develop gkills such as
observation, classification...and aptitudes such as inferring,
formulating hypotheses,sss"

The development of skills and aptitudes, along with the development of
personality and character, has been described earlier (lines 9-13) as
beilng desirable. Thus the type A statement is simply this.

"It is desirable that students develop their skills aptitudeSeee."

The important issue in this passage stems from the type B statement
which is not stated explicitly but on which the thrust of the argument
dependse This links the other two statements, serving as a comneotion
between science studies and the development of skills and aptitudes.

A statement of it might be the following.

"There are grounds for thinking that soience studies can provide for

the development of the skills and aptitudes listed."

Secondary Level of Analysis

In this case, the type B staisment presumes the existence of
reasons for thinking in the way indicated. Thus the answer to both
questions is negative, and the analysis of this section ig therefore

concluded,
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Analysis of Section 3 (page A5)

Primary Level of Analysis

This section (and the next) illustrates a style of analysis
quite different from the two sections already analyzed. Instead of a
single objective and a single basic normative premise, the passage is
regarded as a hierarchy of objectives and normative premises stacked,
one on top of the other, in such a way that the normative premise in
one argument must be treated as the objective for the next, There are,
of course, itype B premises which serve as links between one *layer" of
the argument and the next. In the caze of this seotion, furthermore,
the literary style of the passage tends to obsoure the logical threads
of the argument. Thus a faeir amount of unravelling of these threads
must first be carried out. This is part of the task in the primary
level of the analysis.

The passage may be broken down into four inter-locking parts:
a preliminary statement (lines 1-5), part 1 of the argument (lines 5-11),
part 2 (lines 12-17), and, finally, part 3 (lines 18-24). There are
three layers to the hierarchy, and the analysis proceeds, consistent
with the order of the questions in the scheme, from the objective to
the basic normative premise,

The lowest layer of the argument is contained in part 3; it
comprises the following objective and basic normative premise.
Cl. '"Students should be given opportunities to plan the procedures
in an investigation and study the effects of different variables"
(1ines 18-21).
Al, "It is desirable that students share responsibility for the

determination of their own curriculum® (lines 16-17 and 22-23).
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The type B statements, of which there are many, provide (among other
things) the links between layers of the argument. They are therefore
not treated here but are grouped together at the end of this part of
the analysis.

In the second layer of the argument, found in part 2 (lines
12—17), the objeotive is derived from the basic normative premise of
the previous part--statement Al——and the basic normative premise of
this part may be stated as follows.

A2. "It is desirable that students be prepared to take the responsi-
bility for the future shaping and moulding of their communities" (1ines
16, 15, & 13).

The third layer of the argument moves from part 2 into the
preliminary statement. The objeotive, as before, is derived from the
basio normative premise of the previous seotion, in this case A2, The
overall disposition to which suoh an objective is intended to contribute
may be stated as follows,

A3, "It is desirable that students should share in building a brave
new world" (lines 3~4).

To complicate matters still further, there is a second thread
to the argument, having a layer of its own. This is found in part 1
and in the remaining portion of the preliminary statement. In this
thread, the concern is with the students' finding their own place
in the world and with the provisions made for this to be achievede.

The objeotive in this thread is the followinge.
32. "The student should become aware that he is both a natural part of
the natural world and a conforming or non-oonforming part of his

technological environment" (lines 5=10)e
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The basio normative premise is thise
A4, "It is desirable that young people come®to find their place in the
world" (lines 1-2).
The relations among the various statements, parts of the
passage, layers of the arguments, and the two threads are illustrated

in Figure 2. In the figure, the parts of the passage are separated by

part lines thread 1 thread 2

prelime 1-5 A3 A4

T

............0...................0..........0..1':.......
1 5-11 c2

0 000000000000 000000000000000(000000000/000000000060000000

A2

2 12-17 1\
i

Al

I

3 18-24 Cl

Figure 2

horizontal lines and the threads of the argument by a vertical line.
The arrows represent layers of the argument, the lowest being at
the bottom of the diagram. The statements are identified in the usual
Vay e

There are a large number of type B statements either explicit
or embedded in the passages A selection, only, will be discussed in

this analysis. The numbering of those that follow is purely for
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reference purposes and is not connected with the numbering of the type
A or type C statements in the preceding sectione.
Ble "The student is both a natural part of the natural world and a
conforming of non-conforming part of his technological environment”
(l1ines 7-10).
B2, "Ecology and man, technology and man, are inseparable" (1lines 10-11).
B3. "A student does alter his world® (1ine 12).
B4. "A student's actions mould and shape his community™ (line 13).
B5« "A student is responsible in the present and will be responsible
for the future" (lines 14-15).
B6s "There are grounds for thinking that cach of the following proposi-
tions is the case: that a) planning procedures in investigations and
the study of.the effects of different variables can contribute to a
student?’s e%perience, and that b) this experience is a significant
aspect of the determination of his own curriculum, and that'c) partici-
pation in such determination can prepare the student for the future
shaping and moulding of his community, and that d) such shaping and
moulding forms a meaningful component of building a brave new world;
also that e) sciencé studies can assist a student to find his place
in the world" (implied by the entire passage). Thus, the rather
involved primary level of analysis on this section is completed, and

further scrutiny of the type B statements may now take place.

Secondary Level of Ahalysis

By contrast with the primary level, the secondary level of
analysis is a relatively simpler taske To expedite the analysis, the

1ype B statements are grouped together in three clusters.
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Analysis of statements Bl and B2: "The student is both a natural part
of the natural world and a conforming or non-conforming part of his
technological environment." "Ecology and man, technology and man, are
inseparable.™

These are similar claims, the first being clearly a tautology
and the second being an assertion conoerning the inseparability of man,
ecology and technology. This assertion, although not explicitly argued
for, may be interpreted in either of two ways. It may be taken as a
defensible claim for which the argument is not actually stated, but
which has been thought out. Alternatively, it falls into the category
of a value stance where the statement is being asserted as the position
of the authors., As with the previous example of alternative analyses
(section 1, statement B4), there is no provision made in the text for
preferring one analysis over the other and therefore both must be left
as possibilities for discussione |
Analysis of statements B3, B4, and B5: "A student does a.r: iy world."
"A student’s actions mould and shape his community.' "A student is
responsible in the present and will be responsible for the future.™

These three statements are grouped together; although they all
take the form of matters of fact, they may also be interpreted in the
context of this passage as statements of what should be the case.
The authors could be making two different types of claim in each of
the statements listed here, Intefpreted as empirical claims, they
are stating that students do, in fact, alter their world, that their
actions do mould and shape the community, and that they are and will be
responsibles Or, as indicated by an earlier example, it could be that the
authors are making type A statements concerning what they consider to

be desirable states of affairs. Again, there is no ground for expressing

a preference for any one of these, and so, all three must be open to

examination,

[}
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Analysis of statement B6: "There are grounds for thinking that each of
thess.propositions is the case" (see p, 46 ),

This statement is another example of that type of claim concerning
the provisions made by the attainment of one objective for the reaching
of a further goal. The language used in phrasing statement B6 was
discussed in the example given in chapter 3, and in this case, the only
difference is the presence of an expliocit hierarchy of objectives and
therefore of type B statements linking theme It should be noted that
the statements B6 (a) through (d) refer to the first thread of the
argument while B6 (e) refers to the second threads In the sequence
(a) through (d), the showing of any one of the claims to be false would

have the result of breaking the thread of the argument at that pointe.

Analvysis of Section 4 (page A6)

Primary Level of Anslysis

This section, as was the case with section 3, is hierarochical
in construction. There arehere, however, six layers_to the argument
instead of three, but only one continuous thread instead of two, which
makes for somewhat easier unravelling. The passage attempts to provide
a rationale for the learning (by students) of the facts and principles
of science on the grounds that it leads to "scientific literacy," an
important component (they claim) of education, and thus necessary for
the survival of man and of sooiety. As before, the analysis proceeds
from the lower layers of the argument toward the higher layers and
first identifies the objective and basic normative premise found in
each layer, before moving on to consider the supporting premises,

The lowest layer of the argument yields the following objective

and basic normative premise.

9
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Cl. "Students should khow some of the important facts of science and
understand some of the fundamental principles" (lines 8-9 and 12-13),
Ale "It is desirable that students be able to see the application of
scientific principles" (lines 20-21).
Statement Al then becomes the objective of layer two of the argument,
whose basic normative premise is as followse
42, "It is desirable that students appreciate the significanoe of
soientifio principles" (lines 22-23).
This statement provides the objective of layer three whose type A
statement is this.
A3, "It is desirable that students become scientifically literate"
(1ines 23-24 and 4~8).
The objeotive of scientific literacy is seen, in the fourth layer of
the argument, as being necessary to attaining the next normative premise.
Ad. %It is desirable that students become literate" (lines 3-4).
This, too, is seen as a component of education in general which in turn
is olaimed to be 'Ymeeded for survival.!" Thus the two remaining premises
may be stated in the following manner,
A5, "Education is a desirable thing" or "it is good to be eduoated"
or "it is desirable that we have an educated sooiety" (implied by lines
1~4).
A6. "Survival is important™ (line 1).

It may appear somewhat absurd to go to this length to justify
the objeotive stated at the outset. The task of this analysis is,
however, to reproduce as faithfully as possible all components of the

argument as they are found in the text, and not to pass Jjudgements on
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them by performing that type of selection which the criticism implies
should be carried out. At a subsequent discussion which is concerned
with the defensibility of the objectives, such a criticism might have
a place, However it is at the highest layer of normative premise that
the most significant value positiéns, having an impact on the entire
curriculum, can be expected to emerge.

It is to be expected that with six layers of argument a large
number of type B statements are necessary to link the levels together,
and to provide additional support for the conclusion. In this case,
six have been selected for comment.

Bl, "Education is desperately needed for survival, both for the
individual and for society" (lines l;é).

BR., " g;mponent of education is literacy" (implied by lines 3-4).
B3, M"Literasy means more than reading and writing; it includes
scientific literacy" (lines 3-6).

B4, "Literacy includes some knowledge of the great ideas of science"
(1ines 4-6).

B5. “Man sees patterns in the universe" (implied by line 7).

B6. "An understanding of the principles of science and their applica~
tion can result in an appreciation of their significance which in turn
is necessary for the attainment of scientific literacy" (1ines 20-24).
This last statement could be continued to cover all the layers of the
argument, but the several layers covered here serve as an adequate

illustration.

Secondary Level of Aralysis

As with the previous sections each of the six statements may

now be examined in more detail, so that additional value positions
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that are implicit in them may be extracted.

Analysis of statement Bl: "Education is desperately needed for survival,
both for the individual and for society."

This statement concerns the function of education. It suggests
that the function of education (or one function at least) is to ensure
the survival of man and of society. Many such Statementshave been
suggested as what the function of education is in fact or what it should
be ideally., It is difficult to determime which type of statement this
ise If it is the former, then it represents one of several such
descriptive statements about the function of education. A preference
is being expresced for this particular one and therefore two further
statements may properly be substituted.

Blel "Omne of the functions of education is that of survival."

Ale.l "Bl.l represents the most important or relevant function."

If, however, the second type of statement is the one being used, then
the value position is clear, although the phra;ing in the original is

far from being so.

Analysis of statement B2: "A component of education is literacy."
This is a straightforward claim, for which there is no argument
exprcssed but which, one must assume, rests on adequate reasoninge
The alternative explanation is, as with statement B4 of section 1,
that the authors are simply asserting this as a matter of policy or

of personal prefercnces Further data would be required to resolve

this issue-



52

Analysis of statement B3: "Literacy means more than reading and writing;
it includes scientific literacy."

This statement involves an assertion concerning the meaning of
a worde It is a definition stipulated by the authors and,as such, the
statement is a statement of value—that is, that literacy should be
regarded as including scientific literacye.

Analysis of statement B4: "Literacy includes some knowledge of the great
ideas of science."

B4 is an extension of B3, in that the'oomponent of literacy
referred to in B3 as "scientific literacy" is here further specified
as involving "knowledge of the great ideas of science,” The term
gscientific literacy" has a sufficiently broad and indeterminate usage
that it would appear the suthors are free to give it any meaning they
wishe The meaning of the term is of little interest to anyone unless
it is implied that his conduct should in some way be influenced by it.
In the context of curriculum guidelines, that is clearIy‘the intention
and therefore the types of disposition or activity that are specified
as scientific literacy become significant. If it is agreed that the
term "scientific literacy" has no commonly accepted meaning, then the
selection of dispositions becomes a matter of value—governed choice,
and this must be assumed to be the case here, Thus the statement
becomes the following.

Ad.,1 "It is our position that scientific literacy should include some

knowledge of the great ideas of science."

Analysis of statement B5: "Man sees patterns in the universe,”
This statement, which is implied by line 7 of the passage,is

another which leaves itself open to a variety of interpretations. The
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subject of the nature of soience, of patterns and models, was discussed
at some length in the secondary level of the analysis of section 1 and
will not be repeated here. Taken literally, the statement refers to the
seeing (with eyes) of patterns in the universe. That is a possible
meaning here if, for example, one is concerned with astronomy or with
crystallography. It seems more likely, however, that the authors are
referring to a less restricted view of the meaning and that a meta—
phorical use of the word '"sees" is intended. If this is the case, the
attention of the reader is drawn to the word "in." 1Is the sentence
intended to mean that the patterns are there in the universe and that
man as an objective observer is seeing them? ¥hatever one's belief
concerning the most appropriate view of the nature of science, this is
one legitimate interpretation of the statement BS. Taken even more
figuratively, the sentence could also be regarded otherwise as including
the notion of man imposing his own perspectives on the universe and
discovering "patterns" in his results. Further discussion of this
point is out of place here, but it is important to note the wide range
of interpretations possible from a brief and embedded reference.
Analysis of statement B6: "An understanding of the principles of science
and their application can result in an appreciation of their significanoce
which in turn is necessary for the attainment of scientific literacy."

Discussion of statcments of this type has taken place oﬁ several
other occasions (e.g. statement B6 in section 1 and in section 3), and

no further comment is necessary at this point.

. Summary
The object of this analysis has been to reveal the premises

and conclusions of prescriptive arguments found in the selected
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passages. The results of each section of analysis can be seen to consist
of an objective or series of objectives, one or more premises embodying
value positions, and one or more propositional statements. Such premises
and statements, as noted earlier, are desirable prerequisites to
deliberative discussion where teachers or others are considering

alternative prescriptions,
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CHAPTER 5
CONCLUSIONS

The aim of this study has been the construction of an
analytical scheme capable of probing prescriptive curriculum
arguments for the purpose of exposing the bases of such arguments.

Discussion of curriculum as a practical enterprise, where
teachers are ooncerned for what they cught to teach, led to an
examination of the characteristics of practical reasoning, as outlined
by Gauthier, Further to this, the considerétion of curriculum argu-
ments as practical adviceto teachers made necessary an examination
of the ways in which pieces of such advice may be criticized and
compareds Disoussion of these two key areas revealed that any prescrip-
tive argument contains premises of two types, both of which may be mis-
takene The first and major premise embodies a value pOSition——it
characterizes some state as being worthwhile or desirable—-while the
second or minor premise is a statement of fact involving attributes
of the situation or the "context of activity."

It was thus shown that an adequate analytical scheme would
expose these premises in such a way that deliberation about them
would be facilitateds A model with potential for achieving this end
was identified and fhis model was adapted to provide é scheme in two
levels involving a set of five questions to be asked of an argument

being analyzed. o 59
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Four portions of a set of current curriculum guidelines for
Ontario were then selected as having potential for a demonstrafion of
the application of the scheme, and the analyses were carried out. The
products of the analyses were, in each case, two sets of statements
vhich corresponded to the two types of premise described earlier. It
was anticipated that such statements conld form part of the data~base
for a comparative appraisal of several alternative guidelines, prior to
a deliberated decision concerning a defensible course of action.

The study now concludes with some reflections on the use of
the scheme together with suggestions for further research both on the

scheme itself and on its application.

Reflections on the Application of the Scheme

During the.application of the scheme, detailed in chapter 4,
certain problem areas were encountered. Three are worthy of comment
at this pointe.

The first involves the degree to which it was found that the
analyst?!s personal judgement was required in drawing inferences from
the text. Some instances of this are a result of the logical require-
ments for a completed argument; for example, the generation of a type
A staterent in section 1 is a necessary component of the analysise
The wording of such an inferred statement, howsver, involves the
Jjudicious choice c¢f words on the part of the armalyst. On such
oocasions, relatively small variations in wording can have a profound
impact ¢n the meaning and %the status of the resulting statement, The
example of a secondary amalysis in chapter 3 provides a good illustration

of this point.
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There are other situati&hs, notably in inferring the presence
of type B statements, where the analyst's judgement plays a major role
in determining whether or not to draw suoh inferences, The primary
analysis of section 1 (yielding statement B5) and’ the secondary analysis
of the same statement provide examples of where that judgement was
exeroised for and against, respectively, the drawing of inferences,

Such an exeroise of judgement, even if used with caution, leaves
the analyst open to the criticism that his own values have been imposed
on the results of the analysis. This oriticism must be acknowledged,
but two points in relation to it are in order. First, it could be
argued that a valid analysis could not be carried out without the use
of judgement in the drawing of inferences, as any statement of rationale
is likely to contain embedded value positions; to be effective, the
analysis must be capable of identifying these. Second, and more
importantly, any claim of an analyst for complete objectivity is
probably suspect. The very design as well as the application of the
scheme must contain some embedded value positions of the designer-user,
and an honest investigator will acknowledge these. The test of his
énalysis is not in the impact of his own values, however, but in the
quality of his arguments both in the design of the scheme and in its
use,

The second problem area associated with the use of the scheme
concerned the design of the scheme itself. On trial use, the scheme
was found to be inadequate in at least two respects. The earliest
draft of the scheme was urable to take hierarchioal arguments into

account, such as were encountered in sections 3 and 4, In addition,
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the original form of the secondary part of the scheme envisaged only a
single kind of type B statement to be dealt withe The detailed analysis
revealed at least three different kinds of type B statemente. Thus the
application of the schcme became reflexives The scheme underwent
modification and refinement as the application was carried out, until
it reached its final form, documented in chapter 3. Far from indicating
a fundamental weakness, this reflexive development showed that the scheme
was indeed "in touch" with the data, and that fresh data required its
further refinement, The point at which this process was concluded is,
to a certain degree, arbitrary, but it is also an indication that
further application did not require further extensive revisione. This
is not to claim that a perfect scheme has now emerged, but simply that
the schcme as documented here was found to be adequate for the analysis
4hat was carried oute. Suggestions for further improvement and research
are made later in this chapter,

The final problem area, which is left unreéolved, concerns the
existence of alternative analyses of the same section or part of a
sectione A good example of this is found and discussed in the secondary
analysis of section 1, statement B4. Here two analyses were suggested
and no means existed vwhich provided a basis for resolving the conflicte.
The scheme was incapable of determining the issue, of course,and—as
was indicated—the data made no such provision. It was important, at
this point, that the analyst not make a personal choice befween the
alternatives, as this would have represented a gross intrusion of his
personal values on the use of the scheme. Consequently, the question

was left open. The only way in which the problem might be resolved
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would be through personal communication with the autho;s of the passage
under analysis. This latter was not done, since resolution of the issue

was of no consequence for testing the scheme.

Implications of the Study for Further Research

The intent of the present study was to conceptualize a complex
problem and to translate the conceptualization into a workable analytical
schemes At least three further studies would seem to be required before
it could be olaimed that the scheme was useful on a broader basis. Its
adequacy to deal with a wider range of prescriptive arguments would
have to be tested by using a random selection of arguments as the data
for analysis. Secondly, its ability to generate consisten’ resulis
from different users would require the analysis of the sane argument
by several independent persons and the use of a measure of the consistency
of their judgements. Finally, a case study, monitoring the deliberations
of a curriculum committee, could provide empirical evidence for the
claim that the anaiysis of arguments in the manner described in this
study did, in practice, have the intended effect of facilitating

deliberation toward a defensible choice.
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Reproduced from: Ontario Government, Department of Education, Curriculum
Guidelines: Intermediate Division Science, Interim Revision (1972 ’

PDe 5, 8—]00

Headings from the text have been retained. Section and line numbers have

been added for the purposes of the study.
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A2
SFCTION 1
The Search for Order

Einstein has defined science as "the attempt
to make the chaotic diversity of our sense
experience correspond to a logioally uniform
system of thought."! Thus to a scientist,

5 science has one main functiont 1o impart
order to a complex world that appears at
first sight to be in confusion. He seeks to
develop patterns, sometimes called models,
and he looks for relationships so that the

10 universe, or at least some segments of it,
may become predictables Then, in whatever
way seems suitable, he describes the
universe around hime. Of course there will
be difficulties; problems will arise. A

15 scientist, however, has long experience, he
is skillful, he has learned techniques, he has
colleagues, he has literature resources in his
discipline, and hence may be able to resolve
his problems to some extent, Decade by

20 decade, the scientist comes closer to being
able to see his universe as a logically
ordered system,

Children, too, look for order. Students do
not have a repertoire of models to call on.
25 Bit by bit they develop patterns to explain
the real world around theme Older students
‘revamp their patterns as they gain more
experience in the field, in the laboratory,
and in the library. Jean Piaget expresses the
30 process: "Each new level of development is
a new coherence, a new structuring of
elements which until that time have not
been systematically related to each other."

1John H, Woodburn and E. S Obourn, Teaching the
Pursuit of Science (New York: Macmillan Co.}
Toronto: Collier—Macmillan Canada Ltd., 1965),

De 9.

2Eleanor Duckworth, "Piaget Rediscoveredi”,

Journal of Research in Science Teaching, vole 2, noe. 3
(1964). Reprinted in Readings in Science Education
for the Elementary School, eds. E, Victor and M,S.
Lerner (New York: Macmillan Coe.; Toronto: Collier-
Macmillan Canada Ltde, 1967), Pe 317.
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In this process of development, the teacher
assists the student in gaining an
understanding of the model developed by
scientists to explain the phenomena being
studied. The gtudent is then in a position to
discover that the soientists'! model explains
the observations he has made himself and
explains them more effectively than he has
been able to do.
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SHCTION 2

Science as a Vehicle
for Fucation

One function of the study of science in the
school——the development by students of
patterns to explain the world arvound them
--has already been described. In the
teacher'e mind, however, a principal

function of science studies is to serve as an
educational tool; it is in this respect that all
subjects in the school curriculum serve a
common goal. The development of character
and personality, of attitudes and skills, of
aptitudes and interests is a fundamental

goal that transcends in importance the
learning of specific subject content.

Science also shares with other subjects
opportunities to provide for the development
of skills in such basic processes as observing,
classifying, measuring and using space-time
relationships. In addition, science studies
also assist the student to develop his
aptitude to infer, to formulate hypotheses,
to design experimental situations to test
these hypotheses, to recognize variables, to
assess data critically and to reason both
inductively and deductively.

In both of these areas-—the development of
personal characteristics and skills of
learning and investigation—science serves
as a valuable vehicle for the fundamental
aims of education.
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SICTICN 3
Responsibility

Young people today are looking to find their
place in the world as it is, and yet they
expect to have a share in building a brave
new world. The science program can

5 include both, The student of the
intermediate years should be intensely
aware that he is both a natural part of the
natural world and a conforming or
non-conforming part of his technological

10 environment, FEcology and man, technology
and man, are inseparable.

A student does alter his world, however; his

actions mould and shape his community.

He is responsible in the present and will be
15 responsible for the future. How better can

he prepare than by having some share in

determining his curriculum?
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Are students given adequate opportunities
to plan the procedures in an investigation

20 themselves, to divide the study of the effects
of different variables among themselves, so
that they gain experience through assuming
responsibility and encountering difficulties
when responsilti.lities are not fulfilled?
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SICTION 4
Literacy

Education is desperately needed for survival,
both for the individual and for society. To
be literate in these days means more than
being able 1o read and write. Today it would
include having some knowledge of the great

‘ideas of science, some understanding of the

patterns that man sees in the universe.
There are many principles that responsible
adults should understand: for example, the
principle of the conservation of energy and
matter.

Likewise, there are many simple reference
facts that can herdly be missed in today's
culture: man breathes out more carbon
dioxide than he breathes in, table salt
contains two elements, rockets operate best
outside the atmosphere, electro-magnetic
radiation moves at 300,000 kilometers per
second,
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Are the principles studied being applied
to a variety of phenomena so that the
student may gain an appreciation of their
significance and hence attain a useful
scientific literacy?
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