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ABSTRACT

A MODEL TO FACILITATE
THE ASSESSMENT OF EPISTEMOLOGICAL QUALITY
IN ELEMENTARY SCIENCE PROGRAMS

by
Paul S. Knecht

The Problem

In recent years for practical reasons, some science educators
have called for an abrupt change of emphasis from what we know to
how we know, thus directing attention to an often neglected issue:
the meaning of what we claim to know depends heavily on how we
arrive at the claim. The basic assumption of this study is that
""knowing'' in science is meaningful only as it is operationally
defined. The NSTA Position Statement on ''School Science Education
for the 70's'', out of which this study developed, is interpreted
here as saying that by knowing how we know we acquire an awareness
of some fundamental strengths and limitations of scientific know=
ledge that contributes greatly to our ability to use such knowledge
more effectively in meeting human needs than we otherwise could.
This perception of the nature of scientific knowledge is called

Yscientific literacy", and is put forward by the NSTA as the
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comprehensive goal for science education. What then, are the

characteristics of science programs most likely to contribute

to the achievement of scientific literacy? This study is an at-

tempt to develop a sound philosophical basis from which to derive

those characteristics, and to build a model based on them for

comparing the quality of elementary science programs against this

stated goal for science education.

Further Assumptions and Methodolog

The philosophical stance developed in the study incorporates

these additional assumptions:

1.

that meaning is derived from sensory experience and not
from words, which serve by mutual agreement as labels for
experiences we have shared.

that the distinction between physical objects and all
other ''things'' that words can name is basic to the struc-
ture of scientific knowledge and must be maintained in
the pursuit of scientific literacy.

that science education programs can be evaluated usefully
by examining the materials used in them: text books,
teacher guides, laboratory equipment, and supplies.

that the assessment of epistemological quality must be
made at the level of specific knowledge claims intended
for student instruction.

and finally, that children do seek meaning and that they

have the capacity of independent reason.
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Based on these assumptions, the argument is developed as
follows: the emphasis in science programs should be on clarifying
the basis for knowledge claims and, since knowledge claims are not
all derived from the same basis, they must be distinguished in
terms of how they may be ''verified'. Knowledge claims about word
usage and meaning (analytic statements) are to be distinguished
from those that may be verified by direct observation of natural
phenomena (synthetic statements) and these in turn from those that
inform as to our interpretations of such observations (theoretic
statements). But knowledge claims must be extricated from the text
and this becomes feasible only by devising a procedure for classi=
fying all sentences according to the functions they perform, those
identified above becoming then, sub-classifications of sentences
whose function is to make knowledge claims. This procedure and
procedures for sampling and recording data were worked out empiri-
cally using Concepts In Science as a referent program. Data from
the sentence sorting procedure provide the input for a sample pro-
file that is most revealing of its character and quality. After
isolating the knowledge claims, a series of questions directs the
investigation of how the program clarifies the basis on which each
claim is made. Recognizing the problems inherent in the concept
of verification, this basic model was chosen for implementation:

1) Discover what function a sentence is intended to perform.

2) Determine in advance what would constitute verification.

3) Examine the material to see if it has been provided.



Paul S. Knecht
Synthetic statements were singled out for examination in this study
and data was gathered on five variables for each knowledge claim.

After the model proved adequate to the analysis of the Concepts In

Science program, its general applicability was tested on the SCIS
program and only minor modifications were necessary. Data gathered
with the aid of the model are in well defined categories and provide
a very solid basis for making judgments about the epistemological
quality of programs.

Results and Conclusions

In one sample examined, the data show that theoretic statements
predominate, conditions are generally not specified, little evidence
is provided, faulty logic is employed, examination of evidence is
generally obviated, and techniques for prodding students to evaluate
the quality of the knowledge claims are lacking. Extensive use is
made of a literary device and picture combination that create an
illusion of examining evidence, which is misleading and illegitimate.
""The Sun is the Earth's chief source of radiant energy', is referred
to as an '"'event'' which has '"'attributes'' and which could be ''predicted"
from '"one signal, say a lump of coal.'" Thus words, in this sample,
are used in strange ways, the approach is deductive and the epistemo-
logical quality was judged to be unacceptable.

In the other sample, analytic statements dominate, conditions
are more frequently specified, direct observation of natural phenom-
ena is characteristically the method of verification, the need to
examine evidence was obviated in only one instance, and students are
continually prodded to evaluate the quality of the knowledge claims.

The approach is inductive and, the epistemological quality of this
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sample, was judged to be good.

The model facilitated discovery of these differences in the
epistemological quality of the two samples, and further research
is now needed to establish efficient sampling methods and to assess
the precision of results among different analysts using the sentence
sorting procedure. Recommendations are included for expansion of
the analytic statement portion of the model, which should prove
especially applicable to early elementary materials, and for develop-
ment of criteria to evaluate support provided for theoretic state-
ments at upper levels. It is hoped that this functioning prototype
may be further developed by concerned people to the point where
research in this area can be replicated, and that this will result
in significant curriculum improvement that may accelerate progress

in the direction of scientific literacy.
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CHAPTER |

PURPOSE AND OVERVIEW OF THE STUDY

This study is an attempt to develop a sound philosophical
basis upon which to build a model for estimating the potential
contribution of elementary science programs toward achieving the
stated goals of science education, and to build such a model.

Background and Need for the Study

Leading science educators, facing the rapid pace of change
and realizing that today's toddlers will spend their adulthood
in the twenty first century, have moved to an emphasis on how
scientific knowledge is acquired rather than what scientific
knowledge has been acquired. This move is both practical and
revolutionary: practical because it has already become impos-
sible to select from the vast output of scientific knowledge
what should be included in courses, and revolutionary because
it moves the teaching of science into the realm of philosophy
by raising the question of how things are known. This question
belongs to the branch of philosophy known as epistemology and
if it is to become a principal focus of science education, tra-
ditional goal statements must be abandoned in favor of the new

goals reflecting this thinking. Berkheimer and the NSTA

Committee on Curriculum Studies K-12, have formulated such



2
goals and summarized them in the NSTA position paper, School

Science Education for the 70‘s.] In this study an attempt will

be made to draw from the literature, information about the
nature of knowledge that is relevant to the goals of science
education, and to bring it to bear on the problems of program
evaluation.

Some systematic method of evaluating the epistemological
content and quality of programs is badly needed, i.e., a method
is needed for looking at whether and in what ways programs make
clear the basis on which knowledge is claimed. It is highly
desirable further, that methods be developed that will allow
comparisons, based on objective data in well defined categories
so that independent researchers can replicate the findings of
others and thereby develop substantial evidence of the compara-
tive quality of science programs. Analytical techniques for
this kind of evaluation involve a meaningful integration of the
nature of language and the nature of scientific knowledge,
organized into a workable format for examining programs. This

is what the present study undertakes to develop.

Douglas A. Roberts of the Ontario Institute for Studies

in Education describes this area of investigation as '"highly

]Preprinted from The Science Teacher Volume 38, Number 8,
November 1971, by the National Science Teachers Association.
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promising but relatively undeveloped.] He is an active researcher
in this field and expresses his deep concern that science education
''as ordinarily conducted is having a detrimental impact to which
most science teachers have not been sensitized.!' The reason, he
hypothesizes, is that ''we lack well developed conceptual frame
works by which to understand all of what we are doing to learners.“2
The model undertaken for development in this study is designed to
bring to light certain program characteristics to which every child
is exposed but which seldom receive any notice i.e., the ways that
programs support scientific knowledge claims. An essential part
of this study is the development of distinctions among analytic,
synthetic, and theoretic statements, and Wilson's argument that
authors must maintain such distinctions if we are to understand
what they are saying. A number of other program qualities will
come to light which are fully developed in Chapter |1,

Assumptions, Argument, and Terms Used

This study assumes that:
1. the goals of science education as formulated by Berkheimer

and the NSTA Committee, and subsumed under the rubric of

]Douglas A. Roberts in Forward to Brent Kilbourne, Analyzing
the Basis for Knowledge Claims in Science Text Books: A Method and
a Case Study, The Explanatory Modes Project Background Paper No. 6
(Toronto, The Ontario Institute for Studies in Education) 1971, p. 1.

2Douglas A. Roberts, '""About the Explanatory Modes Project,'’
Bulletin #2. The Explanatory Modes Project. (Toronto, The Ontario
Institute for Studies in Education) 1972.
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"'scientific literacy', are worthy goals to be used as the
standard for evaluation of science programs K=12 through-
out the nation.

science education programs can be usefully evaluated by
examining the materials they require: textbooks, teacher
guides, and laboratory equipment and supplies.

the investigation must be conducted at the level of specific
knowledge claims which are content material for student
instruction.

knowledge claims in science are meaningful only as they are
operationally defined. This fundamental premise is the
working principle of the entire model.

knowledge arises from experiences of the phenomena of nature
and not from contemplation of the meaning of words, which
serve only as labels arbitrarily assigned to identify
experiences.

the distinction between physical objects and all other ''things''
that words can be used to name, is basic to the structure of
scientific knowledge, consequently to scientific literacy.
argument may be summarized as follows:

The emphasis in science education should be on clarifying
the basis for knowledge claims.

Knowledge claims do not all rest on the same kind of basis.
Science programs must therefore distinguish between knowledge

claims in terms of how they are '‘verified'.
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L. Since the meaning of a sentence depends heavily on the
speaker's intent, the author is obligated to make his
intentions clear.

5. Certain kinds of statements are believed on the basis of
evidence: for such statements, provision of defensible
evidence is a requirement of acceptable programs.

6. A knowledge claim and its evidential support must be such
that the student might reasonably be expected to appreciate
the force of the evidence as support for the knowledge
claim. The argument is fully developed in Chapter I1I.

The following terms are used in this dissertation in the sense

indicated.

Scientific literacy is a comprehensive expression that sums up the

goals of science education as set forth in the NSTA Position

Statement, School Science Education for the 70's.

Position Statement is the NSTA Position Statement referred to above.

Assertion refers to a sentence that has the quality of being either
true or false, believed or not believed. It is used in this study
as synonymous with knowledge claim, statement, or proposition.

Epistemology is ''the division of philosophy that investigates the

nature and origin of knowledge“.] It is a comprehensive term
covering studies in five broad areas: (1) the nature of knowledge
(2) the kinds of things that can be known (3) the presuppositions

and conditions of knowing (4) the basis on which knowledge is

]The American Heritage Dictionary of the English Language, 1973.
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claimed, and (5) the reliability or validity, the certainty or
doubt we attach to what is claimed.] The assumption made earlier
that ""knowledge'' is meaningful only as operationally defined, is
an affirmation with respect to areas 1 and 2 above: the term
'epistemology'' as used in this dissertation will primarily focus
on areas 4 and 5 with some attention to 3 as well as they apply
to the subject matter of science. |f information under consider=-
ation could be regarded as pertinent to the question, How do you
know? it is described as epistemological.
Verification refers to whatever convinces a person that a given
assertion is an accurate description of the state of affairs it
purports to describe. This is why science programs are obliged
to provide specific information about the grounds of knowledge
claims.
Evidence refers ultimately to observations of states of affairs.

Theoretic statement means any statement that incorporates the

name of any non-observable ''thing'' whose existence is only in=
ferred. Atoms, forces, and species are examples of such '"things''.

Analytic statement is a non-theoretic statement whose truth value

can be ascertained by analysis of the statement itself. The know=-
ledge content of such statements is restricted to the meaning of

words, hence can usually be obtained by consulting the dictionary.

]This description is a composite of these two: Dr. W. Hamlyn,
"“"Epistemology, History of,"" The Encyclopedia of Philosophy, 1967,
111, p. 8. "Epistemology,'" The New Caxton Encyclopedia, 1969,
Vi1, p. 2219.
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Synthetic statement is a non-theoretic statement, such that, all

its words being fully understood, some natural phenomenon must be
observed in order to ascertain its truth value.

The Method and Limitations

The method to be implemented is developed around Wilson's three
step model for finding out if a statement is true:

1. We must discover what the speaker is intending to communicate.

2. We must determine what would count as evidence.

3. We must examine for evidence and make a decision.

The first stage of investigation calls for extensive research
into the nature and functions of language; the second, into the
structure of science, and the third into the program under investi-
gation. Since language serves many functions besides making know-
ledge claims, a method of sorting out the sentences is necessary.
This need is met in the ''Sentence Sort Scheme'', developed specif-
ically for this investigation. After isolating the various sorts
of knowledge claims, the analyst is obliged to determine what
would count as evidence. Procedures for preparing the sample for
sentence sorting facilitate the examination for evidence as well.

A referent program was selected and the basic argument and method
as given above applied, working out procedural details empirically.
Argument, method and procedures were then applied to a different

type of program as a test of the generalizability of the method.

]John Wilson, Lanquage and the Pursuit of Truth. Great Britain,
Cambridge University Press. 1956. p. 51.
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The method involves the use of simplistic models of the nature
of words, the functions of language and the structure of scientific
knowledge, and its general adequacy is yet to be established. The
analyst must be competent to decide whether a statement contains
theoretic terms, is consistent with scientific thought, and whether
there is evidence in support of the statement and this support can
be perceived and evaluated by the children. Many decisions are
more or less subjective and agreement among analysts may be low
but the purpose of the model is to identify decisions that must be
made, not to make them. Analysis with the model is still tedious
but it does work and experience with it greatly reduces the time
required. As with most tools in their early development the qual-
ity of the product is largely dependent on the skill of the user.
Further research could conceivably turn up correlations that would
lead to a fast, efficient evaluation of program quality but that
must remain in the future.

Organization and Evaluation

Chapter | is intended to provide an orientation to the study.
Chapter 11 develops the basic argument from the literature. Chapter
111 provides a detailed description of the actual evolution of the
model as it was shaped empirically in the analysis of the referent
program, and of its adaptation to another program of a very different
kind. Chapter IV presents the findings with respect to the two pro-
grams examined and translates them into an assessment of the
strengths and weaknesses of the model. And Chapter V contains

conclusions and recommendations for further research.
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At the outset of this study the model was a bare notion of
something that might be possible. At the conclusion it has emerged
a functioning prototype, a guide for the careful analyst, designed
to help him lay bare the epistemological character of elementary
science programs. The purpose of the study was to develop such a
prototype: its refinement will require further research and the

input of other interested parties.







CHAPTER 11

REVIEW OF RELATED LITERATURE

Part | Rationale for Study

Background

The literature reveals that by the sixties, leading science
educators were well aware of profound changes taking place in
science and society, and were hard at work in a massive effort at
""Rethinking Science Education'', as indicated by this title for
the 50th Yearbook of the National Society for the Study of
Education.] The pressures for reform were many and strong, the
most immediate perhaps being the "'information explosion'' and
the impossible situation it created for those most concerned
about subject matter “coverageoll2 But some educators had al=-
ready realized the far reaching consequences of this turn of
events: children presently in elementary schools will spend
their prime years in the 21st century, and the problems they will

face then, we cannot possibly foresee. Paul DeHart Hurd expressed

]Rethinkinq Science Education. Fifty=Ninth Yearbook. The
National Society for the Study of Education Part I. (Chicago,
111inois, The University of Chicago Press, 1960).

2Haven Kolb, '"Pressures on the Teaching-Learning Situation'
Designs for Progress in Science Education ed. by David P. Butts
(Washington, D. C., 1969) p. 23.

10
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this concern to the Association for Supervision and Curriculum
Development in 1962, calling for,
", ..an education that will enable young people to live
intelligently in a world in which they are going to
live. What is taught must have value beyond the con-
text in which it is learned. Learning in every course

must be durable, counting for the rest of the students'
life...

This is the vision and the concern that sparked the flood of new
programs in science, and that could lead to what Lee describes as
'a genuine revolution'' in science education.2

For very practical reasons it had become obvious that tradi-
tional subject matter could no longer provide the objectives in
science education. But what new objectives have been defined?
And by what practical means can programs in science education be
examined to see if they are in line with them? The formidable
task of defining new goals for science education was undertaken
by Berkheimer in his pursuit of the science supervisor's role in

selection and use of curriculum materials,3 and brought to the

IEugene C. Lee, New Developments in Science Teaching, ed. by
Paul DeHart Hurd, Wadsworth Guides to Science Teaching (Belmont,
California: Wadsworth Publishing Company, Inc., 1967) p. 4.

2Lee, New Developments, p. 3.

3Glenn David Berkheimer, '""An Analysis of the Science
Supervisor's Role in the Selection and Use of Science Curriculum
Materials," (unpublished Doctoral dissertation, Michigan State
University) 1966. pp. 30-65.
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attention of science educators at national and international levels
in the NSTA Position Statement which calls for "Further identifi-
cation of criteria for making curriculum decisions that are based
on these broad goals'', so that they ''can be translated into instruc-
tional programs.”] The objectives of this dissertation are the
identification of criteria and the development of a model that will
provide a systematic method for evaluating programs to see if they
are in line with these goals: to see if they hold some promise of
''value beyond the context! in which learning occurs.
The Move to Philosophy

The stratagem adopted by science educators is a move from
pursuing knowledge about the nature of the physical world to pur-
suing knowledge about the nature of knowledge. Such a break with
tradition is in Lee's words, '"'a genuine revo]ution",2 no mere shift
in lateral direction but a vertical displacement to a significantly
higher level of abstraction. In proposing that students and teachers
become involved in the problem of how things are known, we are
proposing to move them into the realm of philosophy in general and
epistemology in particular. Science educators are saying that the
general public must acquire an understanding of:

1. the diverse processes that are used to produce the

conclusions of science.

]Berkheimer, et _al. NSTA Position Statement.

2Lee, New Developments, p. 3.
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2. the theories, models, and generalizations that show the
unity of science.

3. the '"'structure' of scientific knowledge.]

L. the limitations of these methods.2
These goals are concerned with the nature of knowledge, and contro-
versy has always surrounded this subject but knowledge is what edu-
cation is about and educators must concern themselves with its
problems. Educational decisions are surely influenced by the philo=-
sophical positions of those who make them=--whether they have
consciously structured these positions or not. So we must function
in the realm of philosophy but we must not underestimate the
difficulties involved. Bochenski says:

""Every simple solution to the problem of knowledge

must be rejected as inadequate. Reality, and

hence the thought which tries to take it in are

obviously of enormous complexity. Any attempt to

make this work simple,...springs from complete

mi sunderstanding.'’
This complexity is illustrated in the age old problem of induction:

""The great work achieved by induction appears to

the logician like the successful deciphering of a

text in code, to which we still lack the key.

That some things have been decoded seems certain:

it is just what we do not know how this has
happened.''3

]Joseph J. Schwab, "'Structure of the Disciplines: Meanings and
Significances: The Structure of Knowledge and the Curriculum, edited
by G. W. Ford and Lawrence Pugno, Rand McNally Curriculum Series,
(Chicago, Rand McNally and Company) 1964, pp. 1-49.

2Lee, New Developments, p. 5.

3J. M. Bochenski, The Methods of Contemporary Thought trans, by
Peter Caws, (Dordrecht, Holland: Driedel Publishing Company, 1965)
p. 125, 114,
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Bochenski acknowledges the difficulties but is persistent in the
notion of some enduring truth: to those who suppose that science
need not be true, just useful, he argues that it is only useful
to the extent that it corresponds to real states of affairs, and
to that extent it is in some sense already ''true''. He sees suc-
cesses of technology and the stability of certain ideas both over
time and over a vast array of situations, as strong support for
the claim to '"know'': yet he is unmistakably saying that if we do

know, we cannot fully explain how we know. Considering the conse-

quences of decisions man is now being forced to make because of
recent advances in science and technology,‘ this weakness of not
being able to fully explain how we know, prompts a closer look at
what we mean when we claim to know, and this closer look must be
a vital part of all science education. For as Wilson said, ''The
worst possible thing is to imagine that we know when we do not
know".2 Thus, the fact that we cannot fully explain how we know,
casts a shadow on the certainty implied by our claims to know and
creates a problem that is likely to be with us for some time to
come. Noting that the problem of knowledge '"has rarely been as
eagerly worked at as in our time'', and citing as great accomplish-

ments, developments of the phenomenological method, linguistic

]As presented in Leroy G. Augenstein, Come Let Us Play God,
(New York, Harper and Row, 1969).

2John Wilson, Language and the Pursuit of Truth, (Great
Britain, Cambridge University Press, 1956) p. 7.4.
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analysis, and the axiomatic approach, Bochenski is still not
optimistic. Philosophers, he says, are committed to the defense
of their particular method, and exponents of the various methods
do not listen to each other., Yet the various methods are comple-
mentary and what is needed is a synthesis that incorporates the
valid contributions of each into,

"a genuine philosophy bringing all available

resources to bear on the search for knowledge...

A remedy for this situation will not come...from

simple systems committed to a single method...
incapable of taking in the whole.'l

Berkheimer establishes that the goals of education must be
revised from time to time as demanded by our best understanding
of the character of our culture, the needs and potentials of the
learner, and the nature of the subject matter. Since the general
goals of education are developed around culture and learner, it
is reasonable to bring these goals to bear on the structure of
scientific knowledge and to derive from their combination specific
goals for science education. The general goals as developed by
the NEA Project on Instruction had just been updated and already
reflected the aroused concern for ''durable'' learning, and so were
accepted as valid for the purpose of Berkheimer's study, but he
undertook an extensive and deliberate synthesis of the nature of

scientific knowledge.

IBochenski, Contemporary Thought, p. 127
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The Structure of Scientific Knowledge and the Values it Represents

Abstracting from numerous statements on the nature of science,
Berkheimer identifies observation as the foundation of scientific
knowledge, and the thought processes of the method of inquiry as its
superstructure, Science is shown to have both an empirical and a
rational aspect, which, fused necessarily with the medium of language,
make up the 3 fundamental elements of scientific knowledge.] From
the days of Aristotle, ''reasoning'' has been partitioned into ''terms,
propositions, and arguments“z, and when the terms, propositions, and

arguments are of the appropriate sort we have in this ancient analy-

sis of the elements of reason, an analysis also of the elements of
scientific knowledge. Robinson refers to the ''semantical, logical,
and pragmatic components'' of scientific knowledge3, and Sears in

his brief Forward to the SAPA Commentary for Teachers identifies the

same three elements as the three essential educational processes:
the use of the five senses, the accurate use of words, and learning

to think about experiences.

]Berkheimer, Science Supervisor, pp. 18-60.

2John Stuart Mill, A System of Logic: Ratiocinative and
Inductive 8th ed. (London, Longmans Green and Company, Lt'd.) 1724
(1mpression 1965) p. 2.

3James T. Robinson, The Nature of Science and Science Teaching
edited by Paul DeHart Hurd. Wadsworth Guides to Science Teaching
(Belmont, California, Wadsworth Publishing Company, Inc.) 1968 p. 126.
hPaul B. Sears, Forward to Science A Process Approach:
Commentary for Teachers (n.p. Commission on Science Education of
American Association for the Advancement of Science/Xerox Corporation)

1970.
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These then are the major areas with which we must be concerned:
what is known to the senses, what is known by reasoning, and the
role of language in the development of knowledge.

""Truths are known to us in two ways,'' says Mill,

''Some are known directly...by immediate conscious-

ness, (others) we know only by inference...What is

known to us by consciousness is known beyond

possibility of question...no science is required

for the purpose of establishing such truths. There

is no logic for this portion of our knowledge".]

On the same point, Bochenski says,

"It is one of the most important insights of exact

methodology that the truth of a sentence must be

either apprehended directly, or inferred; there is

not, and furthermore there cannot be, any other

way.''2

Thus it is maintained that there can only be two kinds of
knowledge claims: claims made on the basis of having '"'apprehended
directly'", and claims made by the process of inference. Claims of
the first sort are specific statements ''referring to the content of
a single experience'' and verification of such statements is ''the
occurrence of the experience to which they uniquely refer''. Such
verification is, "incorrigible...it is impossible to be mistaken
about it except in a verbal sense."3

The sense of '"incorrigible'' here seems to be precisely that of

Mills 'beyond possibility of question', i.e. when a credible person

]Mill, A System, p. k.

2Bochenski, Contemporary Thought, p. 65.

3A]fred Jules Ayer, Language, Truth and Logic. 2nd ed.
(London, Victor Gollang, Lt'd.) 1948 p. 10.
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declares he has experienced a specific happening, only under unusual
circumstances can one with certainty deny it. If the speaker is
using words in the same sense that the hearer understands them, then
his report of a direct, sensory experience (i.e. observation) consti-
tutes the strongest available verification. Carefully kept records
of such experiences including date and time of observation, observ-
er's name, etc., constitute '""hard evidence''. Bochenski calls such
statements ''protocol’ ('original'') statements, which, '"from an
epistemological point of view are the...foundation of the system:
theoretical elements play a secondary role.... Protocol statements
ultimately determine the admissibility of other elements to the
system...'', "Anything inconsistent with protocol statements must
be set aside.... Anything which serves to explain these statements
is admitted.]

But for all of their certainty, protocol statements are of
little consequence unless they can be generalized. Yet in the very
act of formulating a generalization, we move from a statement that
is certain, ''known beyond possibility of question'', to a statement
that we know can not be certain. All generalizations go beyond
evidence, describing not only what is, but what has been, and what
shall be; and as stated by Hospers, it is logically impossible to
know the truth of any statement involving the future...We cannot

know that any law of science is true“.2 Since then, the truth of

]Bochenski, Contemporary Thought, pp. 98, 99.

2John Hospers, An Introduction to Philosophical Analysis,
(New York, Prentice Hall, Inc.) 1969. p. 169.
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a statement can only be known directly or inferred, and ''there
cannot be any other way', we cannot know that any scientific
statements are true except protocol statements, and these are
specific to the content of a single experience. But laws and
theories of natural science infer beyond our experience to inac-
cessible sets of unknown and unknowable events and phenomena.
This method of '"thought-amplification'' known as induction is not
fully explainable and cannot be conclusive. As Berkheimer sums it
up, "Empirical knowledge by its very nature is inconclusive because
it is impossible to observe all possible cases.“] Scientific state-
ments then can be classified as (a) beyond possibility of question,
or (b) beyond possibility of verification, and there is no in
between!

The objective of scientists is the creation of such statements,
which taken together constitute a body of knowledge about the world.
Authors seem never to tire of saying this:

", ..this much seems certain, that every science

strives to establish true statements: that is the

ultimate aim..."’.2 'We cannot avoid the realiza-

tion that science is a process of constructing

bodies of knowledge...'.” !''Science is a spectacu-
larly successful way of knowing.!

Thus, scientific statements, and the processes by which they are

]Berkheimer, Science Supervisor, p. 41.

2Bochenski, Contemporary Thought, p. 7.
3

AD. J. 0'Conner, An Introduction to Philosophy of Education,
(London, Compton Printing, Lt'd.) 1957 p. 73.

Schwab, Structure, p. 35.
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generated constitute the sum and substance of what we mean by
'science’’. So when we isolate scientific knowledge claims and seek
to discover the basis on which they are made, we are probing the
very structure of science, discovering the nature of scientific
knowledge.

Finally, since science is a creative activity of the human
intellect, it fully reflects the beliefs and values of its origin-
ators. Wilson suggests that scientists believe '"...that every
detailed occurrence can be correlated with its antecedents in a
perfectly definite manner...lt is this instinctive conviction...
which is the motive power of research“.] The search for laws does
seem to presuppose that there is order in the universe and such
presupposition is indeed, a kind of faith to which the scientist
subscribes. Nor is science values free: one basic value of
scientists with respect to the knowledge they create, is simplici-
ty. '"Elegance'! it is sometimes called, and Bronowski says of it,

"William of Ockham first suggested to scientists

that they should prefer that theory which uses

in its explanation the smallest number of unknown

agents. But is there indeed any ground for it

other than a kind of aesthetic satisfaction much

like that of sacrificing your queen at chess to

mate with a knight?!'2

Scientific knowledge then, is not sterile, objective, and

absolute, but creative and therefore tentative, subject always to

re-evaluation and correction, to accommodate more data, or to

IWilson, Language, p. 13.

2J. Bronowski, The Common Sense of Science, (Cambridge,
Massachusetts, Howard University Press, 1967), p. 135.
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find a new elegance of expression. These qualities of scientific
knowledge must be revealed in science programs if they are to be
in line with the objective of scientific literacy.

The Role of Lanquage

We think with language. Mill says of language that it is,
by the admission of all philosophers...one of the principal instru-
ments of thought“], and Black comments similarly that the influence
of language on thought "“has been a favorite theme of scholars
throughout the ages.“2 It is not being suggested that we cannot
think without language. No one would deny that catching a high fly
ball on a windy day involves some complex mental activities that
seem to take place without the need for language. And it seems
that in many cases the attempt to express even simple operations in
words renders them virtually unintelligible. Purely verbal instruc-
tions, for example, on how to tie a shoestring would probably be
very difficult to understand. There is, then, knowledge that is
"incapable of being formulated in language,’ knowledge how in con-
trast to knowledge that, but it is the latter to which attention
is directed in this study: !"The kind of knowledge which can be
set forth in sentences.“3 "'Knowledge refers to states of affairs

and these are represented first of all by propositions.

Mill, system, p. 11.

2Max Black, Critical Thinking: An Introduction to Logic and
Scientific Method (Englewood Cliffs, New Jersey, Prentice Hall, Inc.
1946) p. 161.

3George Ferree, '"The Body of Knowledge Unique to the Profession
of Education' (unpublished paper, Michigan State University, n.d.)

p. 2.
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Propositions then are the first requirement for knowledge“.l The
tremendous significance of language in the pursuit of knowledge is
perhaps best exemplified in the methodology of Semiotic which seeks
knowledge through a system of operations upon symbols in a formal-
ized, philosophical language. But the Semiotic methodology offers
little at this point to those who wrestle with curriculum problems;
and for all the imperfection of existing languages, they remain one
of the basic tools of the scientist, in whose hands they are
"'strangely effective and powerful.“2

Summing up then, ''Science' is an expression of a consuming
desire to know, pursued in a fundamental belief in the orderliness
imposed on or found in the universe, kept functional by its insist-
ence on simplicity, and reproducible by its effective use of
language: a desire that constrains the whole of man, his body,
his mind, and his spirit, to pursue understanding. It is small
wonder that the product of a community so motivated should become
at some point a ""knowledge explosion'', and that a great ''gap'’
should have appeared between those so motivated to know and the
rest of society. And it is this ''gap’' that has alarmed some sci-
ence educators, and prompted them to draft strategies for effecting

a revolution in their profession.

]Bochenski, Contemporary Thought, p. L.

2Berkheimer, Science Supervisor, p. L2,
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Berkheimer details examples of the gap between science and
""common sense'', and Frank traces its origin and development from
about the year 1600. The rift occurred when scientists despaired
of finding ways to derive the practical truths of experience from
the grand generalizations of philosophy, and began to put forward
fragmentary generalizations instead, from which those practical
truths could be derived.] Science ultimately found its function
and its identity in a close relationship to technology, but in so
doing, severed its ties with philosophy, and with the most general
principles and concerns of society at large. And if the past is
any guide to the future, the 21st century may well find the ''gap'
beyond remedy. From this perspective Berkheimer says: ''One of
the greatest challenges of our times is, then, to bridge the gap
between science and common sense through science education“.2

But in this day of specialization and expertise, must we
really worry about scientists knowing too much about the world?
This is obviously not the problem: the problem lies in the techno-
logical application of that knowledge and the God-like power it
concentrates in the hands of those who have access to it. Conant
warned that if democracy is to survive, the gap must be narrowed

and it is the task of science educators to do this. This was

]Philipp Frank, Philosophy of Science, ed. by Arthur E.
Murphy. Prentice~Hall Philosophy Series (Englewood Cliffs, New
Jersey, Prentice-Hall, Inc.) 1957 pp. 28, 29.

2

Berkheimer, Science Supervisor, p. 42,
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Conant's great burden as the awesome reality of the atomic bomb
settled into his thinking. He undertook to direct educators away
from the mass of scientific facts to the !'tactics and strategies"
of science, in the belief that an understanding of science is a
matter of acquiring some feeling for what scientists can or cannot
be expected to accomplish.] The present emphasis on the structure
of scientific knowledge seems fully compatible with these early
views of Conant. And this is what the "revolution in science
education'' is all about.

Berkheimer's Goals Epistemological

It was asserted at the outset that science education has
moved into the realm of epistemology, that branch of philosophy
that undertakes to examine the basis on which knowledge is claimed.
Summarizing articles from several encyclopedias, epistemology may
be divided into five general areas:

1. the nature of knowledge.

2. the kinds of things that can be known.

3. the presuppositions and conditions of knowing.

L, the basis on which knowledge is claimed: the

senses, reason, (or other means), and the
relationships between them.

5. the reliability or validity, the certainty or

doubt we feel about claims made.

]James B. Conant, On Understanding Science, A Mentor Book
(New York, The New American Library, By arrangement with Yale
University Press, 1951) p. 26.
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The purpose of this section is to demonstrate the epistemological
character of the goals of science education developed by Berkheimer.
The first two categories of goals are headed ''Observation'', and
"Rational Processes”], and the 15 specific objectives listed obvi-
viously belong under item 4 above. Other areas of epistemological
nature are also involved as in this compound objective; '"Observe
those things that are relevant to the problem at hand'. This calls
for science programs that teach students to depend on direct sensory
perception in acquiring knowledge but also to make decisions about
what is ""relevant to the problem at hand.!'" Relevance may involve
both presuppositions (item 3) and the scope or limits of things that
can be known (item 2). |If for example, one observes the behavior of
isopods under controlled laboratory conditions in an effort to deter=
mine optimum temperatures for their survival in nature, he must pre-
suppose that observed behavior is in response to the manipulated
variable (and not to some other or combination), and that laboratory
results can be generalized to the natural habitat. Another objec-
tive, ''Understand the influence of the observer on what is being
observed'', is directly concerned with the presuppositions of
knowing.

""understanding the distinction between induction and deduction''
involves an awareness of the basis on which knowledge is claimed,

the relationship between kinds of claims, relative certainty, etc.

lBerkheimer, Science Supervisor, p. 54,



26

"Treat scientific data and conclusions in such a way that an
understanding of the tentative nature of scientific conclusions is
evident!, falls under item 5 - '""The reliability or validity, the
certainty or doubt we feel about claims made.! And '"Understand
when experimental conclusions are valid" is the whole gist of
epistemology: passing judgement on the quality of knowledge claims
by assessing as many of the factors that may affect them as we can
recognize.

Other goals are that students should know what assumptions
are being made, and understand that '"the language used to transmit
science is much different than the language used to transmit common
sense''. |t has already been noted that ''language is the principal
instrument of thought,'" and that precision of language is essential
to the reasoning processes by which inference is made. All of this
is the subject matter of epistemology.

The student is to ''understand sufficient facts, concepts, and
principles in at least one field of science to see the underlying
structure of the discipline''. The ''structure'' of scientific know-
ledge is surely an aspect of the nature of scientific knowledge,
the first and most comprehensive of the five general areas of
epistemology. One of Berkheimer's objectives calls for students
to '"operationally define terms and concepts; to understand the
impossibility of divorcing concepts from the operations through
which they are generated.'' This single objective almost sums up

the notion of epistemology as it applies to science., The relation
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between the meaning of a statement and its method of verification
is strongly developed by Wilson. But it is difficult to conceive
of any stronger assertion of this point of view than the one
already cited: Berkheimer's goal statement that calls for ''under-
standing the impossibility of divorcing concepts from the operations
through which they are generated.!" The meaning of a scientific
statement can only be determined as one understands the processes
and assumptions that produced it. ''Knowing that! is then, ultimately
a function of '"knowing how'' intellectually (not physically here),
as knowing how one reasons to a conclusion based on an observation.
And the whole notion of '"knowing'' is restricted to being operationally

defined.l

It is not necessary to further elaborate on the epistemological
nature of the new goals for science education. They are primarily
concerned with how we know what we claim to know, and call in tradi-
tional science subject matter as needed, to illustrate the processes
of knowledge generation.2 Berkheimer's objectives are reflected

fully in the NSTA Position Statement, School Science Education for

the 70's, which subsumes all these goals under the rubric,
""Scientific Literacy''. !'Scientific literacy' also stresses the
objective of using scientific knowledge in the best interests of

society, but one's ability to do so is directly dependent upon

]Berkheimer, "'Science Supervisor', pp. 35-59.

2Lee, New Developments, p. 6.
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his awareness of its nature and limitations. Of the team that
created SCIS with its goal of scientific literacy, Karplus says
that !'scientific literacy"” refers to one's ability to use scien-
tific knowledge '"'as though he had obtained it himself.“] Thier
says it means having an understanding ''not only of the basic
structure, but also of the rationale, and ways of thinking that
characterize modern day science...appreciating not only the
accomplishments but also realizing the limitations of science and
scientists".2 Thus, the ability to use scientific knowledge
wisely is dependent upon an understanding of the way it comes to
be.

But Kolb justifiably expresses concern about how the goal of
""Scientific Literacy' will be interpreted in the classroom where
it really counts. Will educators grasp the vision of a radically
new direction in science education?3 His fears are well founded.
Thompson and Voelker, in their evaluation of the SCIS program,
report that its objective is ''an understanding of science princi=

ples”.l+ They certainly failed to see anything revolutionary, any

]Robert Karplus, '"Theoretical Backgrounds of the Science
Curriculum Improvement Study', Journal of Research in Science
Teaching (October, 1965) p. 8.

2Herbert D. Thier, ''Science in Your Classroom,'' Science
Curriculum Improvement Study 42 page Feature THE INSTRUCTOR
(Berkeley, California, University of California, January 1965)
p. 81.

3

Kolb, Pressures, p. 21.

hBarbara S. Thompson and Alan M. Voelker, '"Programs for
Improving Science Instruction in the Elementary School, Part 11,
SC1S''. Reprinted from Science and Children Vol. 7, No. 8

May 1970, pp. 29-37.
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significantly new departure from !'the re-hash of old ideas."
They saw no move away from the traditional goal of helping students
acquire knowledge about the nature of the world, to a bold new
objective of helping them acquire knowledge about the nature of
knowledge. How could they have missed the ''revolution'? And what
is to keep countless others from doing so? Part of the problem
lies in the lack of systematic procedures for examining the content
of programs. The epistemological dimension must be identified
deliberately and examined against specific criteria if programs are
to be selected or evaluated against the objectives of scientific
literacy. Without a systematic approach to the evaluation of the
epistemological quality in science programs, the tremendous input
of effort to chart a significantly new direction for science

education will have been spent in vain.




30
Chapter Il Part 2. Rational for the Model

Content Analysis

In her plea for content analysis, Ellen Campbell reminds us
that the selection of educational programs is heavily influenced
by lethargy, tradition, convenience, advertising, and bandwagon
effect. Content analysis in social studies has turned up solid
data on the presence of such undesirable characteristics as
stereotypes of sex, race, and religion in children's readers and
other books as part of the otherwise unnoticed treatment that
children are subjected to in the process of education. The text,
the pictures, the approach, or questions may all contribute
Ysubtle biases of the textbook authors'', which at times are "in
contradiction to the stated goals of a particular program...

Only by measuring texts against our goals can we be forewarned
against such unforeseen results.“] This argument is fully appli=-
cable in school science, where to date little of this kind of work
has been done.

The Explanatory Modes Project of the Ontario Institute for
Studies in Education has made a beginning under the leadership of
Douglas A. Roberts who believes that, ''science education, as
ordinarily conducted, is having a detrimental impact to which most
science teachers have not been sensitized.'" Roberts goes on to

call for "an entirely new line of investigation in science

]Ellen K. Campbell, '"Content Analysis: A Tool for Choosing
Texts''. Evaluation and Measurement Newsletter No. 17 (Toronto,
Canada, The Ontario Institute for Studies in Education) September 1973.




31
education,...(involving)...epistemology, philosophy of science,
and philosophical analysis of teaching, and of other education
concepts as well“.] One of the project's papers is relevant and
worthy of discussion here. The author, Brent Kilbourne, attempts
an analysis of '"The Basis for Knowledge Claims in Science Text
Books''. He offers a sample analysis of a portion of BSCS material
but he backs away from any attempt to isolate the evidence for
claims made, on the ground that: ...''most arguments depend on
more than evidence if the term evidence is restricted to observa-
tion of states-of-affairs, making a treatment of evidence as such
insufficient.”2 What he means by "insufficient! is not clear.

But it seems that because text books are so very weak in providing
evidence, he abandons the pursuit of evidence in deference to this
failure and settles for ''support!' instead. Support includes not
only evidence but also any reference to evidence, reference to
authority as well. Such information, if classified and labeled,
provides some measure of the epistemological quality of a program,
but since laws and theories are themselves evidence dependent, if
students are to understand the nature of scientific knowledge,

they must also know the evidence on which these generalizations

]Douglas A. Roberts, Explanatory Modes Project Bulletin #2,
(Toronto, Canada. The Ontario Institute for Studies in Education)
April, 1972.

2Brent Kilbourne, "Analyzing the Basis for Knowledge Claims in
Science Text Books: A Method and a Case Study'!, The Explanatory Modes
Project Background Paper #6. (Toronto, Canada, The Ontario Institute
for Studies in Education) 1971, p. 13.
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rest. From the days of Galileo, the basic issue in the history
of science has been one of authority: are we to examine the evi-
dence or believe the ''experts''? Scientific literacy calls for
examining the evidence and this must principally refer to evidence
for inferred statements, especially laws, and theories. Therefore,
programs must be examined especially for evidence in support of
laws and theories. But Kilbourne's decision is due in part to the
theoretical argument which he develops around the work of Scheffler
and Ayer. Scheffler maintains the classical stance that one can
claim to know if and only if what he claims to know, (a) is in fact
true (b) is based on good evidence, and (c) is believed by the one
who claims to know it.] For reasons to be further developed, these
conditions are i1l suited to scientific knowledge in general, being
directly applicable only to statements about states of affairs that
can be verified by direct observation. But scientific knowledge
generalizes such certain statements into hypotheses, laws, and
theories which are known to be non-verifiable, as a rule, and are
not held as '"beliefs' by scientists but recognized as tentative,
and ever subject to revision. Kilbourne drastically alters the be-
lief condition (''the individual believes the claim'') to this distantly
related question: 'What is being believed that allows an argument for
the claim to be plausible?”2 This is a question about the presup-
positions and assumptions one brings to the claim rather than a

question of whether one believes the claim itself.

]Ki]bourne, Basis, p. 5.
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Kilbourne uses Ayer's classification of all statements as
either '"analytic' or ''synthetic!', but in doing so he ignores the
ancient tradition of distinguishing statements that are verifiable
by direct observation from statements that can only be inferred.
It has already been shown that this distinction is seen as ''one of
the most important insights of exact methodology“,] and one there=-
fore that we can ill afford to discard. Kilbourne further argues
that synthetic statements, (as he uses the term) ''are empirically
verifiable, on the ground that they depend in part, on observation
for their truth".2 But since every inference about the physical
world, depends ultimately on observation, by this argument, they
all, (hypotheses, laws, and theories) become, ''empirical’ statements.
This violates the fundamental sense of the word ''empirical' which
means ''derived from observation or experiment and not theory“,3 and
obliterates the distinction between what is verifiable directly by
the senses, and what we are able to conclude, or infer by the proces-
ses of reason. Kilbourne's work, despite these weaknesses, is a
valuable resource from which several important ideas will be incor-

porated into this model.

Statements and Verbal Symbols

It has already been shown that language is inextricably involved

in making and supporting knowledge claims, and that in any sample of

IBochenski, Contemporary Thought, p. 65.
2Ki1bourne, Basis, p. 8.

3The American Heritage Dictionary of the English Language. 1969.
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discourse, many of the knowledge claims are statements that deal
exclusively with the meaning of words. Such a statement is called
"analytic! because its verification consists of analyzing the state-
ment itself, i.e. examining the meaning of its words. Hospers
provides as a simple example, '"all black cats are black.”] The
statement is certainly true and one need only examine it to decide
so. |t does not call for any observation of cats, as observation
could add nothing to the decision about its truth. Mill calls such
statements ''‘purely verbal”2 propositions about the meaning of words.
But the example just cited is deceptive in its simplicity as analy-
tic statements can be very hard to recognize, and frequently appear
(as Wilson says) ''in disguise”.3 They may seem to express profound
truths or to announce great discoveries. In the statement, ''Ice is
really just frozen water', it is suggested that a new truth about
the physical world is being put forward but the only truth it con-
tains is about the equivalence of words. |If anyone is fully
apprised of the meaning of all words in this statement, it has no
information to communicate. |In the following case, an analytic
statement may appear to explain a phenomenon of nature: !''This medi-
cine may cause you to feel drowsy because it contains a soporific
ingredient''. But ''soporific! means ''sleep causing'', so this analy-
tic statement is '"disquised'" to look like it gives a reason for the

occurrence of an event in the natural world.

'Hospers, An Introduction, p. 88

2Mill, ystem, p. 70.

3Wilson, Language, p. 60.




35

But the most troublesome statements are statements like,
Imatter takes up space''. Assuming that the hearer has an intuitive
notion of space, it sounds as though we are making an empirically
verifiable statement about matter, and one needs only to point to
several objects and show that they each require a certain amount of
space to verify it. But if we raise the question, "How do you know
that this particular object is matter?" i.e. if we require that
"matter’ be defined, it turns out that most often the statement is
intended to be defining. When we say "'matter takes up space'’, we
actually mean that we shall use the verbal symbol ''matter’ to
designate all that has the property of taking up space.

Analytic statements, ''are used to show how we have agreed...to
relate the meanings of verbal signs to one another.“] They are, in
Ayer's words, ''tautologies'’, 2 giving no information about the world
of sensory experience. Tautologies that are true are self evidently
true and those that are not true are self contradictory, (e.g. 'a
triangle has three sides', or ''this square is round.'") A summariza-
tion of the properties of analytic statements is included in
Appendix 1, but since their truth value and meaning rests exclusively
on the way we have agreed to use words, it is practical in this kind
of analysis to classify a statement as '"analytic! if the information

it conveys can be obtained by consulting the dictionary.

]Wilson, Language, p. 60.

2Ayer, Language, p. 31.



36

Analytic statements as described by Hospers, present a 'word-
word'! situation that shows word equivalence. This is in contrast
to a ''word-thing'' situation that relates a verbal symbol with a
physical object,l as when a mother holds a ball before her baby and
repeats the word 'ball', It is obvious that words have meaning only
by association but since words are, in a very real sense, ''things''-
bits of ink, disturbances in the air, having a separate existence
from the association that gives them meaning,2 there is nothing to
prevent their being circulated apart from their meaning. Words serve
as '""labels" for human experiences and there seem to be no limits to
the kinds of experience they can identify. But there are some limits
to their effective use: they communicate nothing ''unless we actually
share experiences of a kind which would make it useful for us to
agree on an established meaning''. ''lIt is our agreement about its
use and not the sign itself which enables us to communicate.'' ''What
exactly are we trying to describe or explain: what experiences are
we grouping together when we use (a word)...for if we do not know...
we cannot really know what we are talking about.“3 Since words exist
apart from their meanings, and can be exchanged for other words
according to well defined rules, it is entirely possible that a per-
son could know all of the synonyms for a given word without having

any understanding of its meaning. |[f this were the case for a great

]Hospers, An Introduction, p. 5k.

2Bochenski, Contemporary Thought, p. 31.

3Wilson, Language, pp. 87, 45.
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number of words, such a person might be 'fluent' with language,
pass examinations with high marks, and be considered an example
of extraordinary !'literacy’, while his knowledge of the physical
world was nil and the probability of his making wise choices in
the public interest virtually zero. The objective of scientific
literacy is clearly of a different sort and demands an educational
process and evaluation that can distinguish between the ability to
exchange words, and the ability to communicate meanings. How can
we begin to attack this problem?

Since words are used to represent every kind of !"thing''-'""in
the broad sense”,' not only all physical phenomena but ''everything
of which the mind is conscious“,2 and since we usually recognize a
difference between physical objects, and all other 'things" (like
ideas) that words can name, it seems advisable that at the outset,
we should restrict our attention to words that name physical objects.
What is the nature of such verbal symbols? In all the emphasis
among science educators on the !processes' of science, little atten=
tion has been paid to the process of naming.3 Mi1l describes it as
Yhaphazard'', a verbal symbol becoming arbitrarily associated with a
particular object, and then being applied to other objects on the
basis of ''some vague likeness'. In time, it may be difficult to

ascertain what that likeness was, and consequently just what objects

]Hospers, An Introduction, p. 1.
2

Mill, System, p. 49.

3Compare for example, Robert W. Burns and Gary D. Brooks article,
""Wwhat Are Educational Processes.'' The Science Teacher, February 1970.
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should be named by that symbol. ''"The meaning of the word must then
be "picked up'' from its use or from enumeration of examples, leaving
the hearer to infer, if and in what way these objects are related
since they are called by the same name. This is generally referred
to as giving the ''denotation’ of a word, or as Bochenski speaks of it,
as '""proceeding extensionally''. He further describes it as a method
extensively employed in logic and natural science,...

'because denotation is much easier to handle than

meaning. Ultimately it is only through the meaning

that the denotation can be fixed but the advantage

of the extensional process are so great in these

fields that it has been made a general rule to

proceed extensionally wherever possible“.]

It would seem at this point that we have turned up a striking
similarity between the workings of science and of common sense, but
Bochenski goes on to explain that scientists rely heavily on extension
because they are not nearly so interested in clarifying terms as in
understanding things.2 If this is true, it seems especially important
to stress that it is the scientists' great store of common experiences
of things that makes it possible to talk about them with minimally
developed word meanings. Words in this case function as they function
best: they remind the hearer of experiences he has had before, and
direct his attention immediately to them. The scientist has a wealth

of carefully acquired experience that he can handle with a minimum of

attention to words. By contrast, the student is usually confronted

]Bochenski, Contemporary Thought, p. 51.

2\bid., p. 86.
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with a vast exposure to words that he is expected to handle with a
minimal accumulation of experience.

Under these circumstances, Mill's challenge of the practice of
trying to communicate meaning by providing the denotation of a word
is very much in order, for, '"those who know nothing about the names
except that they were applicable to such and such objects, would be
altogether ignorant of their meaning. | might even know every single
individual to which a given name could properly be applied...and yet
could not be said to know the meaning of the name.“] ''Meaning'' then
is being used in a restricted sense, and does not apply merely to the
ability to interchange words correctly.

How then does one proceed to determine the meaning of the name?
In saying above that, ''we usually recognize a difference between
physical objects and all other 'things'...that words can name,' and
in proceeding to focus attention on physical objects for the purpose
of analyzing the nature of names, a subtle but fundamental assump-
tion is involved: we assume that meaning resides in experiences of
physical objects which are ''real and knowable in terms of what they
look like, how much they weigh, etc., and that they are fit subjects
around which to develop a model for analysis of the nature of names.
As natural as such thoughts seem to us now, the Greeks had proceeded
on the assumption that meaning resides in words, and had developed
a totally different orientation to the world. And the impact of
Greek thinking on Western Civilization was such that the above men-

tioned assumption in Mill's time represented a radical departure

"Mi11, system, p. 27.
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from established modes of thought. A departure which, as vital as
it seems to our present way of perceiving the world, we frequently
abandon, reverting to positions that are thoroughly Aristotelian.

To the Greeks, physical objects were but crude expressions of
a reality knowable only to the mind. The physical world, Plato
believed, could provide no knowledge of reality at all since it is
in a state of constant flux, and since our perception of it is of
necessity biased and relative. At best our sensory experiences of
the world might be expected to remind the soul of similar experi=
ences in previous existences, the aggregate of which might begin
to approximate the ultimate '"Reality' of Plato's !'Ideal Forms'.

Aristotle refined, renamed, and expanded Plato's philosophy
but instead of ''Ideal Forms', he spoke of '"Universals'', which are
present in all material objects and make them what they ''really
are. Any observations of a piece of gold for example, could not
only never lead one to discover the real nature of gold but would
constitute a hinderance to such discovery, as what is observable
is material in nature and therefore ''accidental’’-not a part in any
way of the ''real'’ thing. The real properties of gold are to be
found only in its "essence', by intellectual discernment, and they
are synonymous with its name, ''gold'': all that is knowable about
"'gold" is contained in the name ''gold''. So the search for truth was
a search for the meaning of this name - the ''essence'' of gold, and
the ability to discover the essence was limited to someone truly
Vlexpert''. Aristotle's philosophy = through the efforts of ''one of

the most voluminous writers of all time,' Origin of Alexandria,
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was to dominate the intellectual life of Western civilization for

. 1
more than a dozen centuries,

In the Aristotelean tradition, a word does not name a physical

object or phenomenon, but a Universal, and the consequences of this

view to the pursuit of knowledge are described by Mill as follows:

Mill

"This notion:, says Mill, ''seems to me one of the
most fatal errors ever introduced into the phil=-
osophy of logic...lt almost always tacitly implies
...that the investigation of truth consists in
contemplating our ideas or conceptions of things
instead of the things themselves.!

arqgues further that in the Aristotelean tradition,

", ..objects are made what they are called. Gold
for example is gold not because it has certain
properties to which we have chosen to attach that
name but because it participates in the nature of

a certain general substance called gold in general,
which with all of its properties inheres in every
individual piece of gold. The properties of this
general substance constitute the ''essence'' of

gold: the rest of the properties belong to the
specimen individually...When a question arises

as to whether a particular object should be
classified as gold, it is then as though there
existed a master list of definite and known indi-
viduals and we have but to consult an expert who
can read the list to see if that object is included
under the heading ''gold''.2

In sharp contrast to this way of thinking Mill argues that

material '"things are self existent', that they are fully synonymous

with their physical attributes, and that our sensory experiences of

their attributes is the ultimate limit of what can be known about

them.

When a verbal symbol is associated with the object it is

]D. W. Hamlyn, "Epistemology, History of," The Encyclopedia of

Philosophy 111, pp. 8-13. 1967.

2Mill, System, pp. 86-101.
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something we do for convenience; its selection is arbitrary, the
object is real and the verbal symbol "accidental'. Thus, with
Aristotle objects crudely represent words which embody realities:
with Mill, words crudely represent objects which are in themselves,
realities. Further Mill argues that we can use words to stand for
all the properties of the object, (some of which may not as yet
even be discovered), or we can specify that the word (i.e. name)
shall stand for only the most obvious or important properties of
the object. Then all objects that have those properties shall be
called by this word for their name, and whatever is properly called
by this name may be presumed to have these properties. Suppose
for example, that an object is metallic, lustrous, yellow, unusually
malleable and ductile, non-corrodible, and has specific gravity 19.3.
Suppose further that whatever other properties it may have, any ob-
ject having this set of properties is to be represented by the verbal
symbol ''gold''. All substances that have this set of properties are
then '"gold'', and any substance properly called by the name ''gold"
may be supposed to have these properties. To determine whether or
not an object is ''gold" is a simple matter of examining the object
to see if it has the properties designated by the word ''gold''. This
is Mill's model for the nature of a word.] Hospers describes the
process of assigning a word to an object as a ''word-thing'' process,
and the ''obvious or important properties' the name is to symbolize

as the ''designation'' of the name.2 And it is in the designation of

lMill, System, pp. 86-101.

2Hospers, An Introduction, p. 25.
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the name that the problem of meaning is resolved. To define what

we mean by ''gold'' is to state what properties have been designated

by this word: e.g. ''gold" means all objects having properties A, B,
C...N. But the word ''gold'" does not designate any of the other prop-
erties of the objects it names; only those outstanding and important
ones specially selected to be designated by the name. The full defi-
nition of ''gold'" is then a complete list of these properties, and
constitutes its ''essence' = i.e. all that the word ''gold" means, or

is intended to mean or to convey.

A discussion of the process of naming leads naturally to the
reverse process of defining, but it is important to point out that
defining is not simply the reverse of naming: in the process of
naming the referent is an object, and in defining, the referent is
a verbal symbol. The first is concrete, the second entirely abstract.
Some of the problems arising from word=word situations have already
been mentioned but one in particular has occasioned a long history
of philosophical confusion. The use of various forms of the verb
""to be!', as, for example, in 'Gold is a yellow metal', and 'Gold is
lustrous and dense'', has led to the recurrent phenomenon of someone
""discovering'' a separate independent existence for gold: 'Gold is!'
That is, they infer an Aristotelean existence of ''gold' apart from
its properties. For those without the experience of gold, and of
naming it ''gold'", whose only exposure is to words and word-word rules
of exchange, this is a natural pitfall. For they are at the mercy
of their own imagination to develop ''experiences'' of the words,

which are indeed things in their own right.
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The tendency to revert to Aristotelean thinking is very strong,
even among some scientific methodologists, who have proposed that we
can bridge the gap between induction and deduction, by definition!

Bochenski illustrates their fallacy as follows:

""Take diamond and suppose it to have been defined

hitherto by three properties A, B, and C; now

suppose somebody burns one or two diamonds, as

Lavoisier did, and finds that carbon monoxide is

obtained from the combustion, and therefore claims

that all diamonds are made of carbon. How can

this be justified? Simply by adding the newly

discovered property, 'being made of carbon', to

the previously known qualities; 'Diamond' according

to the new definition will now mean everything

which has the properties A, B, C, and also the

newly discovered property of being made of carbon.

1f this is agreed upon it follows deductively

that a diamond must always be made of carbon.'

"But it is obvious'', continues Bochenski, !"that a convention of
language is not a natural law, and science requires more serious
foundations“.I

In Mill's system, names name things, provide their primary analy-
sis, supply a rule for deciding what things shall be so named, denote
all things which have the properties they represent, and inform of
what we believe about them. They are in no way mysterious, contain no
'"deep'' meanings, and offer no understanding of '‘reality'" in return for
contemplation., The entire meaning of any name is, ''The sum of all the
essential propositions which can be framed with that name for their

subject.”2 And this set of '"essential propositions'' is precisely what

we mean when we classify a statement as ''analytic''., It is a word-word

]Bochenski, Contemporary Thought, p. 111,

ZMill, System, p. 87.
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statement that contains information about the way words are to b
used. Every statement in which some or all of the designation o
a term is asserted about that term is by definition, analytic.
is "true' if what is predicated of the subject is indeed part of
the designation of the subject, but its truth value is in a cert.
sense Ytrivial'': when we say that, ''gold is a yellow metal’’, we
are only stating explicitly, part of what we mean when we use th
word ''gold' and verification of the statement is simply a matter
discovering what people mean when they speak of ''gold'.

Synthetic Statements

Consider now the statement, '"Gold dissolves readily in aqua
regia''. Nothing in the designation of the word gives any clue a:
to whether this statement is true or false. Knowing the designa
of the word however, enables us to positively identify an object
nature as gold, and having done so, to put the statement to a co
sive test. |f the piece of gold upon being placed into the spec
solution does ''readily dissolve!’, the statement is true. If it «
not, the statement is false. Assuming that the gold does quickl
dissolve, the statement may be said to have been empirically ver
and the person who performed the experiment can be expected to s.
knows the statement is true because he saw the gold dissolve. §
thetic statements, as their name suggests, ''put together' a subj
and a predicate, each of which has an independently established
meaning. They are statements about the physical world and their
verification requires observation of the phenomena of nature. B

they too are dependent upon the idea of the designation of words
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The following dialogue illustrates this dependence:

A. '"Good political leaders are law abiding."

B. !"WNot so: | know a good political leader who does not abide

by the law.'

C. "Then he is not a good political leader.'
The problem obviously lies in the fact that each speaker has a differ-
ent designation for '"good political leader' and in such a situation
there is no way to verify or refute. This statement appears to be
synthetic but is in fact analytic. The first speaker in referring
to "Good political leaders' means those who abide by the law.

The idea of the designation of a word has figured prominently
in the classification of statements so far: statements that give
information which is part of the designation of a word are analytic,
while those that give information beyond its designation are synthet-
ic. Only synthetic statements are empirically verifiable and their
verifiability is largely dependent upon the way we approach analytic
statements. Unfortunately, the designation of most words has not
been precisely established and dictionaries to some extent continue
to rely on denotation for communicating meaning. But to the extent
that they do provide the designation of terms they can be used for
classifying statements. If the content of a statement can be obtained
from the dictionary, that statement can be classified as analytic.

Thus for any objects (or other observable physical phenomena)
if they have been named and the designation of the name specified,
all statements about them, can be classfied as analytic or synthetic.

But what about statements using words that name non-observable
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Ythings' like ""knowledge!', '"species'', or '"atoms’'? |s there an
analytic/synthetic distinction to be made among them? Both Mill
and Bochenski provide grounds for arguing that there is not: th
they must be regarded as fundamentally different from either of
these and maintained in a category of their own.

Theoretic Statements

"'t is extremely difficult to avoid making mistakes about w
says Wilson who argues that one of the greatest mistakes is the
failure to distinguish words that name ideas from words that nam
material things. !'"Gravity and electrons are not things in the s,
way that billiard balls are things".I ''We invent concepts such .
"force'" in physics and the 'bond" in chemistry...'.

Yet verbal symbols give no clues as to whether they name id
or objects, and people often act as though an abstraction such a
"knowledge'', were a thing like a lost ball for which we must sea
until we find it. Wilson even argues that only proper nouns nam
things and that class names have already become generalizations
name not things but ideas. O0f the word ''elephant'' for example, |
says, ''we cannot say what it names because it does not name anytl
In moving from specific objects to classes of objects we have al

begun to generalize: we have begun the search of the Greek

IWilson, Lanquage, pp. 46, 24,

2J. S. Bruner, quoted in Arno A. Bellack, !'"Knowledge, Struc
and the Curriculum', Education and the Structure of Knowledge ed
Othanel Smith, Fifth Annual Phi Delta Kappa Sumposium on Educati:
Research College of Education, University of I1linois (Chicago,
McNally and Company 1964), p. 264,

3

Wilson, Language, p. 19.
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philosophers for that ''reality knowable only to the mind.!"" The
process of reductive inference, (generalization of protocol stat
ments to laws, and of laws to theories,) is the old search for
"Universals' in a more sophisticated form, and from the opposite
direction, but as Aristotle insisted, it is a search presided ov
by "experts'' - a Darwin here, a Newton there, and despite the mo
ern phenomenon of 'big science' and compulsory education the numl
of experts in the world is infinitesimally small.

Furthermore the name of an idea (like "atom''), in true
Aristotelean fashion must be treated as representing all that is
knowable about ''atoms'' for it is not possible to examine an ''atol
to set the designation of the name. It is therefore not possibl
to formulate any empirically verifiable statements about ''atoms'
and the question '"How do we know that such ''things'' exist demand
first, a denial that they are ''things' as that word is normally
understood, and then a reconstruction of the sensory experiences
thought processes that led eventually to the idea that we have n
"atom''. There is no other way to answer the question. We can e
it by appealing to the Aristotelean '‘expert'' but this is precise
what scientific literacy is determined to overcome. |f then the
dent is not prepared to engage in the thought processes requisit
the development of an idea, the task of education is, Gagne fash
to build a conceptual ''staircase'' that may lead him to it, which
simply a way of saying that theories ought not to be introduced
Y'explanations'' when the terms they use are more mysterious than

phenomena they are supposed to explain. Scientific literacy cal
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for developing in students the demand for evidence, but,

""to have adequate evidence is not simply a matter

of having evidence which is adequate to support an

appropriate argument; it is to have such an argument

as well...when we judge that some one has adequate

evidence, we are judging that he has an evidential

argument which he understands...that he has proper

credentials for his belief, the force of which he

himself appreciates”.I
Such a position has deep implications for curriculum leaders in their
examination of the content of science programs.

The distinction between empirically verifiable and theoretic
statements is not made by those who classify all statements as either
analytic or synthetic: hence this limited scheme is inadequate for
revealing the structure of scientific knowledge. It has already
been shown that there exists a fundamental difference between state-
ments that can be verified by direct observation and statements that
are inferences, derived from observation. The latter of those make
up the class of theoretic statements, which together with empirically
verifiable statements, and statements about words complete the set of
kinds of statements that may contain scientific knowledge claims.
Theoretic statements from every perspective are the most interesting
and the kind without which what we know as ''science'' would not exist.
The masses of carefully acquired observational data would be an un-
structured and meaningless confusion and the chances that anyone would
be interested in adding to that confusion seem very small., Theoretic

statements in the field of science are described by Bochenski as

statements of ''reductive inference'', that arise in this way: when

]Israel Scheffler, Conditions of Knowledge: An Introduction to
Epijstemology and Education quoted in Kilbourne, Basis, p. 12.
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some regularity is observed among natural phenomena, we undertake
to describe the regularity in a general statement such that any
specific instance of this phenomenon is an example of the general
statement. |f the statement proves widely applicable, without known
exception, it may become recognized as a natural law. Any observ-
able regularity in the operation of natural laws calls for further
generalization such that the manifestation of this regularity in
the operation of a given law is but an example of the more compre-
hensive generalization which we may eventually call a scientific
theory. 1f fundamental similarities become evident in the nature
of theories, they too may be further ''reduced' to still more
comprehensive new theories.

The logic of theoretical statements is as follows: events in
the world do not happen capriciously but as a result of certain
conditions. When the event occurs, then those conditions must have
been present. We have but to figure out what they must be in order
to formulate a general statement that will account for all events
of this type: symbollically, if A (the conditions), then B (the
event). B (the event occurs) therefore, A (the conditions must have
been present). This is called ''regressive reduction”l or "explana-
tion'". The term ''explanation'' has several meanings but it is applied
here in the sense that laws integrate specific events into a regular
pattern and theories do the same for specific laws. 'Explanation'
then in science, is a matter of showing a specific event to be part

of a recognized and predictable pattern. But the logic of scientific

]Bochenski, Contemporary Thought, p. 92.
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explanation is obviously faulty. From the basic premise, if A then
B, we can correctly conclude, A, therefore B: but the conclusion B
therefore A, is the well known logical error, ''assertion of the con-
sequent'!'. It is for this reason that all laws and theories of science
must be held tentative: '"A" is a possible explanation of B, which
can never be verified but it can only be hoped that it will escape
falsification in repeated trials.

But laws and theories in addition to their function of
explanation, also identify fundamental similarities among innumerable
observations, and predict the occurrence of phenomena in the future.]
Like class names, laws and theories are very useful models of nature.
They can be readily distinguished since laws are stated in the
language of observation and theories incorporate new terms not found
in the laws they explain (e.g. ''electron'', ''species'', '‘gravity',
etc.) Laws and theories are both in the group of non-verifiable
statements of science and must be evaluated in terms of how useful
they are: how much information they relate, how satisfactorily they
explain, and what success they have gendered in predicting poten-
tially observable phenomena not previously discovered. Clearly,
theoretical statements belong in a class by themselves.

Epistemological Statements

One further class of statements must be mentioned briefly.
These are statements that assert a relationship between a set of
observations and the statements that interpret them or a set of laws

and the theory that explains them. These form a special class of

IO'Conner, Introduction, p. 81.
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"rules of correspondence!' that are called for want of a better
name, ''epistemological statements!'. How are such statements to be
supported? One either !'sees' the relationship when it is asserted
or he does not: he may suddenly ''see'' it some time later, or he
may never see it and deny its validity. These statements, like
axioms of logic, ''are verified by an intellectual insight“.]

Verification and Meaning

Returning briefly to the classical conditions for knowing a
statement to be true, the very first requires that the statement
in fact be true. It seems to call for a purely Aristotelean stance,
that there is a '"'thing" out there called ''truth', and that we have
found it. We have already indicated that those statements of whose
truth we are most certain are specific experiences of little conse-
quence until they are generalized, and that there is no way we can
know if a general statement is true. We ought to ask rather what
one means by ''true'', and what are the characteristics of the set
of experiences to which he is willing to attach the label ''knowledge''.
In asking the question '"how do you know?'' we are asking both of
these questions as simply and directly as language will allow: we
are asking for both the verification and the meaning of the state-
ment, as these are inseparable, complementary qualities.

"Werification is a guide to meaning because the meaning of a
statement depends largely on its method of verification...If there

. . 2
is no possible method of verification, there is no meaning''.” And

]Bochenski, Contemporary Thought, p. 58.

2Wilson, Language, pp. 52, 53.
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because ''verification' is a term '"beset with serious difficulties”],
we can only know what weight to attach to a statement if the speaker
tells us the grounds on which he makes the claim, i.e. what he did
and what he experienced that led him to the conclusion he reached.
This is not necessarily an argument against an Aristotelean stance:
just an insistance that such a stance does not relieve one of the
obligation to declare how he knows. ''Knowing'' has meaning only as
it is operationally defined.

Modern science is truly a marriage of empiricism and rational-
ism in a matrix of language and any analysis of programs in science
must begin by identifying the kinds of statements just described.
Once they have been identified it is a relatively simple matter to
further examine the program to determine whether these statements
are presented to the student in an epistemologically defensible
way- i.e. does the program give attention to the evidential basis
on which they rest? But as has been constantly stressed, the prob-
lem of knowledge is never simple. Even after one can identify these
types of statements readily, he is still not able to pick up a
science program and proceed with the intended analysis. For as
Wilson stresses, '"It is people that mean, not words that mean',
and the meaning we must attach to words depends to a very large
extent on what the author is attempting to achieve. The uses of
language are virtually without limit. It is used to arouse and

express emotions, attitudes, desires, and beliefs: to question,

]Bochenski, Contemporary Thought, p. 55.
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assert, command, and request. |t provides social, cultural,
religious, political and economic identification, besides its use
in ritual, slogan, taboo, and social formula. Perhaps the greatest
mistake one can make with respect to language is the supposition of
'"lone word, one meaning“.] Not only do words and statements serve
multiple purposes, they frequently do so simultaneously, and the

final criterion for interpretation is the total context in which

an utterance is made.

A1l intelligent response to language...must begin with an
understanding of the motives and purposes of the speaker in that
situation“.2 And an interpretation or response is appropriate when
it is in keeping with the speaker's intention. This is not to say
that precision of language is unimportant but rather that even the
most precise language must be interpreted in the light of the
speaker's intention. The rhetorical question for example, is not
put forward to elicit an answer but to prepare the hearer for what
the speaker wishes to state next. And assertions of factual know-
ledge are used in many ways other than to simply convey their
information content. In an effort to cope with the functions of
statements, the ''Sentence Sort Scheme'' has been developed from
Wilson's analysis of the functions of language, and modified empir=
ically until it seems adequate to the analysis of the referent pro-

gram, Concepts in Science. The scheme is a series of questions

designed to isolate those statements whose primary function seems

IO'Conner, Introduction, p. 75.

2B1ack, Critical Thinking, p. 151.
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to be the assertion of a scientific knowledge claim. When these
statements have been identified the program can be examined to see

what evidence it provides in support of the claim,
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Chapter |1 Part 3. Wilson's Conditions for Verification

Wilson identifies three conditions that must be met if we are
to find out whether a statement is true. Note the great dis-simi-
larity between these conditons and the classical conditions of
Scheffler's approach referred to above.

1. We must discover the meaning of the statement: i.e. what

its use is, what it is intended to communicate.

2. We must agree before hand about what we would accept as

verification.

3. We must consider the evidence and make a decision.

The first two conditions are almost invariably overlooked but
this model develops all three, the Sentence Sort Scheme assisting
with the first., Wilson classifies all lanquage as poetic or prosaic
in function, poetic referring to any speech that is emotion arousing,
prosaic to speech intended for the intellect. Five functions of
prosaic speech are described: the empirical, the analytic, the
imperative/attitude, the value, and the metaphysical. These cate-
gories were helpful in getting the Sentence Sort Scheme started
but in its adaptation to the overall objectives of this study they
were extensively revised, retaining of course the basic notion that
language must be interpreted in the light of what the author intends
to communicate.

The Sentence Sort Scheme is an ordered series of questions

applied to each sentence in the sample in an effort to determine

IWilson, Language, p. 51.
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what it is intended to communicate, i.e. its function. The question
sequence is fixed and when the function of a sentence is pinpointed
by a question, that sentence has been classified, or ''filtered out.!
Sentences that pass through the entire sequence without being
""filtered out' are studied carefully until their function is dis-
covered and they can be classified in existing categories, or in new
categories that must be created for them. The rationale for each
question is provided below along with clarification of how it is to
be applied. To provide consistency in the use of symbols some ques-
tions are stated negatively. This is a source of confusion but it
is less confusing than other alternatives tried. The description
of the Sentence Sort Scheme could have been placed in Chapter II|
but is included here since some justification is presented for each
of the questions.

The Sentence Sort Scheme
Question I Is this sentence in the form of an assertion?

Assertion is the form of language used to make a knowledge
claim. To assert is to state as true, ''to affirm that something is
the case.“] Assertions are to be distinguished from questions and
directives, exclamations, wishes, imperatives, etc., as they contain
the knowledge content, the subject matter of the course. Schwab, in
this connection remarks, '"0f the four topics of education - the

learner, the teacher, the milieu, and the subject matter...none has

]Ferree, Body of Knowledge, p. 3.
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been so thoroughly neglected in the past half century as the Iast.”]
This question then goes to the heart of the area of greatest neglect.

Kilbourne points out however, that the assertions of a program
are usually '"overwhelmed by the context."2 Locating them is a dif-
ficult and time consuming job calling for special procedures as
outlined in Chapter |11, ''Sugar is a solid substance' is a simple
example of assertion.

Question 2 Is this sentence in the cognitive domain?

If it is, it will appeal directly to one's sense of reason and
logic in contrast to his emotions and feelings. The distinction
here is crucial and while both are integral parts of all learning
situations it is imperative that we at all times be able to identify
which is which, Language intended to arouse feelings need not be
taken literally. That is, it is not liable to the demand for veri-
fication as is language in the cognitive domain. When domains are
mixed Wilson describes the situation as ''dangerous, for we may

easily allow their poetic force to blind us to the prose meaning.3

It is imperative to make this analysis in science programs suspected
of being '""mixed" to determine whether poetic force is being substi-

tuted for the weight of evidence.

]Schwab, "Problems, Topics and Issues'', Education and the
Structure of Knowledge ed. by Othanel Smith, loc. cit., p. 4.

Z¢i1bourne, Basis, p. 37.

3WElson, Language, p. 56.



59

Some non-cognitive sentences are difficult to recognize but
in general they fall into two subclasses. Either they do not make
logical sense internally, or they do not make logical sense in the
context where they appear. ''You've known that all along, of
course“,] is an example of the first for there is no logical sense
in informing a person of what he knows. ''Substance is a word that
scientists use",2 exemplifies the second in that it is extraneous
to the discussion and seems to have been included to ''strengthen'’
an argument by using the word ''scientists.'' Any sentence in the
form of an assertion, whose logical function is not to inform may
be considered non-cognitive as well.
Question 3 |s the content of the statement science subject matter?

This question is viewed from the perspective of subject matter
disciplines - biology, physics, chemistry, in contrast to history,
geography, and math. Statements about the program, or student
characteristics are also encountered. Here are two examples: !''For
many years the people in a little village in India baked their
bread in open fire places”(’-&O)3 and, ""You will learn about these

parts soon'' (107).

]Paul F. Brandwein et al. Concepts in Science, Level Three,
3rd ed.; (New York, Harcourt Brace Jovanovich, Inc.) 1972. p. 94.

2Brandwein, Concepts, p. 106.

3All examples are taken from Paul F. Brandwein, et al. Concepts
in Science, Level Three, 3rd ed. New York, Harcourt Brace Jovanovich,
Inc. 1972. Numbers in parentheses are page numbers in the student
text.
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Question 4 1Is the statement fully explicit?

A statement is fully explicit when it is more likely to elicit
a request for verification than for clarification. Statements that
are very general or suggestive are not fully explicit. They may
serve to introduce, or to join other statements, or to stimulate to
infer, or they may serve no purpose at all. Some examples are:

(a) "Air and water are alike in two ways''.(126)

(b) '"'Some rivers were once clear and clean''.(131)
(c) '"'There are many ways of separating mixtures''.(117)

(d) 'Here is what a class in Ohio saw on the third day'.(111)

Sentences ''a'"' and ''c!' are followed up with specific information but
"' is not. Sentence ''d"" is obviously intended to elicit an infer-
ence.

Question 5 |Is the statement non-subjective?

This question is intended to ''filter' out overtly subjective
statements where the author is very much in evidence, as in the
following: "This is not surprising' (105) and, ''We have made drawn
models of molecules...just to show how they get around'.(105) This
example is more subtle: !''Now we can see that the Earth's air and
water are not endless.''(132) 'We'' is very general but the author's
intention that the students ''see'' this is evident. In both senses
it is subjective.

Question 6 Is the wording consistent with scientific thought?

Imprecise language is confusing and non-verifiable. Statements
that are anthropomorphic, inaccurate, misleading, that contain

strained or forced word usage, or in any other way fail to represent
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scientific thought accurately should be identified here. Some
examples are:

(a) 'Water can change its form' (94). (anthropomorphic)

(b) "...water vapor that cools and turns back into water' (98)
This is a poor choice of words in a discussion intended to show that
phase changes do not alter the composition of substances.

(c) "'The water in the pan weighed less after boiling.'" (98)
This is self contradictory. There was less water in the pan after
boiling, or the pan of water weighed less after boiling, would be

more appropriate.

(d) ''Molecules make sugar disappear in water.' (110)

Here is a case of strained usage: Molecules do not make colored
solutes (like potassium permanganate) disappear in water. This
wording suggests a very false magical concept of the solution process.

(e) '"'The sugar molecules were left behind in the pan.' (112)
This is strained word usage.

Question 7 Is the statement without theoretic terms?

The distinction between theoretic, analytic, synthetic, and
epistemological statements has been developed at length above. Theo-
retic statements are identified by their inclusion of theoretic words:
words that name ''things'' whose existence and properties can only be
inferred, such as "atom'', ''species'', and ''gravity'. Some examples
are: '""These tiny bits are called molecules.'" (104) and, "An element
is made up of just one kind of atom.!' (122) The distinction between
inference and observation may become very difficult in some cases but
some strong arguments could probably be raised against including very

many situations of this kind in an elementary science program.
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Question 8 Is this statement non-epistemological?

Claims to know, explicit or implied, are not epistemological
statements. But statements declaring what can be known, what cannot
be known, or identifying the grounds for claiming to know, or the
degree of certainty to be attached to a statement, are epistemolog~
ical. In the example below, statements a, b, and c are epistemo-
logical, d and e are not.

(a) ''Many experiments have shown the same thing.' (96)

(b) '"We cannot see molecules.' (105)

(c) "You have evidence of molecules from using your nose.' (105)

(d) '"'You know what happens.'' (118)

(e) '"We know that Earth's air and water are not endless.'
Question 9 |Is the statement not identified analytic?

Analytic statements, verifiable by analysis of the statement
itself, have been described in detail above. They provide information
only about how we have agreed to use words and it is the author's
responsibility to inform the reader that this is his intention when
he makes an analytic statement. This is easily done by using expres-
sions like ""means'', ''is called'", "'is another word for'', etc. If we
say, for example, the word !'matter' means anything that takes up space
and has weight, we have identified this statement analytic, making its
meaning and method of verification perfectly clear. If an author
fails to do this,

'"'We may feel inclined to say that (his) statement

does not really give information...The onus of
giving an account of the meaning and verification
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of a statement which purports to give information
lies on the person who makes the statement.''l

This requirement probes the author's sensitivity to epistemological
concerns and could possibly provide the best single index of progr:
quality. This hypothesis of course must be tested by further rese:
Question 10 |Is the statement not verifiable by the dictionary?
Analytic statements often ''pass for'' synthetic statements unti
they are carefully investigated. |f all the information in the stz
ment can be obtained by consulting the dictionary, the statement is
clearly analytic. For example, ''water is a liquid'" is analytic be-
cause the dictionary defines water as a ''clear, colorless, odorless
and nearly tasteless liguid.”2 '""Sand is a solid'" is analytic becau
sand is defined as ''loose, granular, gritty particles of worn or
disintegrated rock finer than gravel and coarser than dust“3 making
it clear that we are taling about a solid. The content of the stat
ment can be learned from the dictionary. Both of these statements

are used in Concepts in Science, in fact, to provide examples of

what we mean by ''liquid'', and ''solid'.

Occasionally a statement seems clearly analytic but it cannot
be verified satisfactorily by the dictionary. An example of this i
found in the statement, ''This kind of change is a chemical change."
No dictionary consulted has a listing under ''chemical change', the

meaning of which is to be found perhaps, only in science text books

IWilson, Lanqguage, p. 58.

2The American Heritage Dictionary.

3

The American Heritage Dictionary.
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This is a stipulated definition of limited circulation and should
be identified analytic.

Statements not ''filtered' out should include the synthetic
statements, and problem statements. For synthetic statements the
program is to be analyzed for evidential support, and the problem
statements further analyzed to determine their function.

These ten questions are intended to identify the knowledge
claims of the program and to identify them as analytic, synthetic,
and theoretic, but in the process a number of incidental categories
were developed, each providing additional data on the quality of
the program. With the exception of statements ''inconsistent with
scientific thought'', and unidentified analytic statements, those
in any of the other categories could either enhance or detract from
the program's overall quality. The analyst must make these decis-
jons. A flow chart of the Sentence Sort Scheme (final form) is in-
cluded in Appendix 2 for reference.

All of this preliminary work was necessary to comply with
Wilson's first step toward finding out whether a statement is true:
we have to discover its use, what it is intended to communicate.
Assertion is the function of interest in this study, statements
intended to communicate information about words, or about observ-
able phenomena of nature, or about abstractions, i.e. theories.
Having classified the statements according to their use, we can
proceed to Wilson's second step:

'IAgree about how to discover whether it is true or not'.

The intimate relation between meaning and verification has already
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been introduced but a few more ideas are in order. Wilson points
out that ''we can logically compel someone that what passes the
verification tests for being red is actually red. But we cannot
logically compel him to agree to accept the verification tests
themselves.“]

Bochenski says of verification, ''one should as far as possible,
make use only of such expressions and formulate only such statements
as are relatively easy for others to verify'', and !...there shall
be some method or other by means of which it can be ascertained
whether a statement is to some extent correct or in-correst.“2

Carnap: '"...everyone is free to decide what kind of verifica-
tion he intends to allow...', but he makes clear that in the sciences,
statements must be '"'ultimately verified by sense experience“.3 Many
volumes have been written on the subject of verification but little
is said about what makes verification tests acceptable to their
users. Wilson says: ''He will accept them if he has the same experi-
ences and desires as other men''. And, ''we agree (about tests for
verification) because we find such agreement useful or advantageous.'
Two very generally accepted tests are the test of prediction and

that of application: statements are useful '"primarily because they

IWilson, Language, p. 89.

2Bochenski, Contemporary Thought, pp. 55, 56.

3Ibid. p. 56. Carnap's position described by Bochenski. No
reference to the work provided.
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enable us to predict, ...they are verifiable because they work”.]

The call for scientific literacy is a call for the student to
have '"'an evidential argument which he understands, ...and proper
credentials for (his)...belief, the force of which he himself appre-
ciates“.2 He must therefore understand that ''evidence'' is what we
are willing to accept as evidence. And whether a science program
presents evidence that supports its claims must to a very substant=-
ial degree be decided by those who are going to use it. The teachers
must appreciate the force of the evidence. The point is that

Wilson's item 2 - '"Agree about how to discover whether it is true

or not'" is finally a classroom activity. |t follows that programs
that make knowledge claims, the evidence for which is beyond the
students' ability to appreciate, should under no circumstances be
selected for that group, and that those who make curriculum decis-
ions must have a very realistic perception of the kinds of things
their students could be expected to understand.

Wilson's third step is to ''consider the evidence and make a
decision''. And while agreement as to what constitutes evidence
for any specific statement is necessary,3 this is not to say that
it is capricious. The '"'structure of scientific knowledge' concept
is built upon the idea that there are several well defined types of

verification, each of which gives rise to a well defined type of

IWi]son, Language, pp. 85=89.

2Scheffler. Quoted in Kilbourne, Basis p. 12.

3Wilson, Language, p. 51.
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statement. |t is therefore appropriate to review the concept of
verification as it applies to each type of statement.

In the case of analytic statements, ''evidence! would refer to
whatever might convince unbiased parties that words are legitimately
used as the author has used them. And, while this is occasionally a
problem it can usually be resolved by consulting an appropriate dic-
tionary. The more common problem with analytic statements is that
the author fails to indicate that he is making one.

Synthetic statements are subdivided into two groups as follows:

1. Statements relating to a single event or sequence of events:

The best evidence is to have witnessed it yourself along
with others who can also testify. The next best is a first
person report (a protocol statement) that includes the date,
time, circumstances, name of observer, and specific authenti-
cating details. Second and third hand reports become more
convincing as they include specific relevant details.

2. General statements summarizing the observation of many
instances: For generalizations of observation, the number
of instances on which the generalization is based is signif-
icant. It is not reasonable to suppose that the program
should provide all the evidence needed to establish the
generalization, but the method for doing so should be clearly
developed. Evidence looked for then would include the
conditions under which the statement is held true, observa-
tion of specific instances of the phenomenon, quantifying

and gathering data, organizing and interpreting the data,
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making and checking predictions. But as Robinson points

out, prediction should provide more data than those which

formed the original observation as the scientist seeks

'"deductive fertility and a non-trivial return''. Such

prediction is, perhaps ''the most searching criterion of

understanding“,] the most convincing evidence of the

validity of a generalization.

As used in this paper, the term ''theoretic statement' describes

a statement, derived by reductive inference, of what is common and

significant to the operation of scientific laws. |t can be identi-

fied by its inclusion of words that are not part of the language of

observation: words that name ''mechanisms'' that would account for

the behavior we observe if indeed such ""mechanisms! having such and
such properties were to exist. Evidence for theoretic statements
involves a clear and historically accurate development of where they
came from and why they are held. This includes identification of
the protocol statements that led to the laws that the theory was
invented to explain. The assumptions should be identified, the
reasoning elucidated, the utility of the theory demonstrated, and
its '""elegance'' made evident. By utility we mean its power to inter-
relate many pieces of apparently unrelated information, and by
"elegance'' its ability to make it all seem simple. This description
is included in the interests of future research as theoretic state-

ments will not be pursued further in this study.

]Robinson, Nature of Science, p. 117.
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I f knowledge claims are to rest on evidence, it is important
that programs be developed in such a way that students have full
access to the evidence, and that they are truly dependent on it in
reaching their conclusions. If there are '"answers'' easily acces-
sible from the text or teacher, even good evidence may become mere
illustration and the origin of scientific knowledge remain a mystery
to the student.

Teaching for scientific literacy is the most demanding kind,
requiring the most alert teachers and the most carefully prepared

materials. It is not enough that science programs distinguish

between types of knowledge claims and provide good evidence and
arguments: they must also incorporate techniques conducive to stu-
dents'! becoming personally involved in the evaluation of the quality
and meaning of evidence. Unqualified assertion militates against
this and has no part in any science program. Different classes of
science statements vary in the certainty with which we are justi-
fied in holding them, and it is imperative that the author provide,
in context, some indication of this. Even a cursory examination

of source materials shows that scientists display a characteristic
tendency to carefully qualified speech: !''data are limited'", ''a

firm and certain assumption'', 'according to our present conceptions'',

1 . .
it has seemed to me'', and so on. 1t is one of the aims of

]Henry M. Leicester and Herbert S. Klickstein, A Source Book
in Chemistry: 1400-1900 ed. by Edward H. Madden. Source Books in
the History of the Sciences (Cambridge. Harvard University Press)

1952. pp. 439, 453, L6O.




70
scientific literacy that this tentative quality of scientific
knowledge be clearly perceived by the student, and programs must
be evaluated to see how they convey this information. The follow-
ing question sequence was developed in an effort to gather data on
these important characteristics of science programs.

The Examination for Evidence

(A) What is the knowledge claim?
(B) Under what conditions is it held to be true?
(C) What evidence and argument would (or did) establish

this claim?

(D) What evidence and argument is provided in the program?
(E) Does the program obviate the necessity for examining
the phenomena of nature?
(F) What techniques in the program might be expected to
promote individual evaluation of the evidence?
The first question has been extensively treated above. The second
is important in order that the statement be accurate, but also so
that the phenomenon may be successfully demonstrated or observed by
the reader. ''C' and ''D'"' have been discussed at length and ''E' is
included to differentiate programs that stress first hand experience
of the evidence from those that minimize its importance even though
they may indicate how it could be done. 'F" is perhaps the most cru-
cial test of all. Scientific literacy is not a matter of arming the
student with arguments and supplying him with evidence to back them

up, but of engaging his mind in the process of considering what
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constitutes good evidence. It is therefore imperative that this
matter pervade the curriculum. Whatever devices or techniques
seem likely to encourage this will be catalogued.

Summary of Chapter 11

The information explosion and the rapidly accelerating rate of
change have led many educators to realize that the subject matter
of today's science will hardly be useful to today's children who
will spend most of their lives in the twenty first century. The
move in science education then, is toward an emphasis on how we

know rather than what we know, and specific goals for effecting this

kind of education have been carefully drawn up. The present need is
for a procedure by which to examine curricular materials to see if
they hold some potential for meeting these goals.

Philosophers have long recognized that knowledge is of several
kinds: we have knowledge about physical phenomena via our sensory
perceptions, such knowledge being the foundation on which science
is built. We may also claim to know things on the basis of infer-
ences drawn from these observations, such knowledge being the laws
and theories of science, its superstructure. And all of science is
expressed in language of one sort or another so we must have know-
ledge about language. These three elements in the structure of
scientific knowledge are integrated in the curriculum evaluation
model: a sentence sorting scheme that facilitates identification
of the function of sentences, and a procedure for examining the
appropriate statements to see how they are supported. The analyst

is left to decide whether the support is adequate or not. Data
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must also be gathered on program safeguards against obviating the
necessity to examine evidence, and on techniques for promoting
individual involvement in interpreting the meaning and quality of
evidence provided. The philosophical justification for this model

is developed mainly from the works of Mill, Wilson, and Bochenski.




CHAPTER 111

METHOD: DEVELOPMENT AND APPLICATION OF THE MODEL

Overview

The strategy for developing the model was to (a) identify
the epistemological character of the NSTA goals statement, (b)
describe from the literature the elements of an epistemological
approach to knowledge, (c) empirically develop procedures for
identifying these elements in a carefully selected referent pro-
gram, and (d) test these procedures by applying them to a contrast-
ing science program. Having fully developed "a'' and '"'b'" above in
Chapter |1, this chapter will principally describe the empirical
development and testing of the model.

With the various types of knowledge claims identifiable and
the conditions for verification specified, the problem was to
find the knowledge claims, !'embedded'' as they are within the pro-
gram. Hit and miss efforts at spotting them proved thoroughly
frustrating and inadequate. To cope with this problem a Sentence
Sorting Scheme was created that facilitates discovering the func-
tion of all sentences in the sample and sorting them on this
basis, providing much additional information about the program.

Synthetic statements were chosen as the principal target in this

73
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investigation because (a) they are most directly and conclusively
verifiable, (b) they constitute the foundation upon which science
rests, (c) theoretic statements cannot be verified but only traced
logically back to synthetic statements, and (d) for pre-formal
operational children, they are pedagogically sound, the kind one
might reasonably expect to find extensively in elementary programs.
It was supposed initially that it would suffice to simply note
whether analytic statements were so identified, and this proved to
be a significant variable in the two programs examined-so signifi-
cant that several recommendations for future research are aimed at
analytic statements.

But even after classifying statements on the basis of their
general mode of verification, Wilson, Mill, and others agree that
each statement has its own '‘proper" verification,] some generali-
zations for example being acceptably verified by very few observa-
tions while masses of data are insufficient for others.2 It is
therefore necessary to specify the evidence and argument required
to verify each individual knowledge claim. This responsibility
falls on the analyst who must work out an appropriate sequence of
verification procedures that would be defensible to most inter-
ested parties, and then examine the program to see if they, or
equally valid procedures are present.

The highly specific nature of verification makes data summaries

difficult but some progress has been made in this direction as will

IWilson, Lanquage, p. 51.
2Mill, System, p. 156
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be seen in Chapter IV. The content of the findings is intended to
be informative primarily about the model rather than the programs
analyzed but this distinction is hard to maintain. What is reported
N
on each program must be interpreted to mean that the model would be
helpful in determining the presence or absence of such character=

istics in other programs.

Developing the Sentence Sort Scheme

With some background in the nature of both science and language
developed in Chapter ||, a referent program was needed around which

to build empirically a functional procedure for isolating science

knowledge claims within a text. The qualities looked for in a
referent program were these:
that it be a science program for elementary students.
that it contain explicit knowledge claims for them to learn.
that it be in current wide use.
that it be well established, through at least one revision.
that it be challenging so that a model equal to its analysis
would hold substantial promise for use in analysis of other
programs.

Concepts in Science meets all of these criteria and was selected

after examining materials from most major publishers. The third
grade level was chosen as optimum for this study in anticipation
of many kinds of difficulties, a choice that has proved very wise.
The examination began with a careful reading of the introductory

material to Part One, CONCEPTS IN SCIENCE-THE PROGRAM; This

initial investigation provided a strong internal criterion against
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which to evaluate the results obtained by using the model. A
strong similarity between the epistemological character discovered
in the introduction, and that found in the text gives support to
the notion that the epistemological quality of a program is a
fundamental characteristic and that a relativity small sample has
broad implications for an entire elementary school science program.

The first efforts at developing a technique for sorting
sentences were with single pages taken at random from all units in
the text, and sentences were simply identified as assertions or
non-assertions. Then ten pages were selected for intense study,
using a table of random numbers. The language in Concepts in
Science is simulated conversation, with one word questions, one
word statements, and all the usual and unusual modes of expression
mixed in a very unconventional way. !''You break a stick.' Break
a candy bar in half. Cut up an apple.“] Sentences like these
provide a real challenge to this type of analysis. By isolating
the more familiar types and continually working to discover the
function and describe the characteristics of the difficult ones
it was finally possible to classify most of the sentences in the
sample selected. Sentences in the teacher notes and background
material were also classified and the experience was very frus-
trating. As a result, in subsequent analyses, only the student
text was examined for knowledge claims and the rest of the program

for evidence in their support. This was not out of harmony with

]Brandwein, Concepts, p. 126.
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the design of the program and greatly simplified the task. Several
explorations were undertaken of various ways of numbering and
grouping sentences in this attempt.

For the next phase of development a whole unit was selected in
an area of my own expertise and all aspects of the model tested.
The question sequence was revised extensively, eventually coupled
with a data sheet and used to collect data on more than 250 sentences.
Several new methods of numbering and grouping sentences were tried
along with attempts at keeping track of repetitions and rewordings.

The numbering and grouping was successfully worked out but the

rewording and repetition proved too complicated. A new data sheet
was developed and used for the analysis of the more than 550
sentences in the unit chosen for intense analysis. A sample of
this data sheet and its subsequent revisions is included in
Appendix 3.

The next task was to gather all the sentences of a given type
together for comparison and further description. This procedure
resulted in the reclassification of a number of sentences and sev-
eral significant revisions in the sentence sort scheme. All sent-
ences were then re-examined, some reclassified, and subclassifica-
tion within groups worked out providing additional identifying
features of sentences and making the sorting procedure much easier.
The resulting question sequence is the one described in Chapter 11.
The complete set of classfied sentences from the sample is included
in Appendix L to provide maximum clarification of the terms used

in the Sentence Sort Scheme. This !''Scheme'' is not presented as a
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finished product; but it did prove adequate to the analysis of the

two (very diverse) programs investigated. It is a matter of great

interest and further research at this point to see just how compre-

hensive the presently defined categories are. |In any case the method

may be expanded and modified to suit new situations as they arise.

Using the Sentence Sort Scheme

].

The introduction to any program should be carefully studied
at the outset as it may provide sufficient cause to reject
a program without further analysis, but no program should

be accepted without further analysis simply on the claims

its authors make in such passages.

Procedures for sampling are yet to be established by

further research but based on the author's limited experi=-

ence it seems that single topic selections, i.e. the
presentation of a single knowledge claim, is the most
reasonable approach to the problem. These are usually
short sections of 1-3 pages and should be selected from
several different subject areas or disciplines, at least
one of them an area of the analyst's expertise.

The sample should be prepared as follows:

(a) Photocopy the pages to be examined, preferably from
the student text as the page is less crowded and the
print larger.

(b) Determine what is to be omitted: review questions,

enrichment experiences, etc,
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(c) Number every sentence on one page (or under one heading)
from 1 to n. Accuracy is essential as the data sheet
identifies sentences only by page or topic heading and
number, and trace back is essential for many reasons
including the examination for evidence. Keeping the
number sequences small protects against errors in
numbering as there is little space for writing them.

Read the sample material several times to gain a feel for

the style and development of ideas.

Be sure that you are familiar with all the features of the

program: required lab manuals, teacher guides, equipment,
etc. and the way they are to be used.

Complete the information needed at the top of the data
sheet.]

Enter the number "1'"' in the first row to the right of
'Sentence #.'' All data on sentence '"'1'"" will be recorded
in the first column under this number except for notes
which may be made on the lower part of the page. The
abbreviated questi