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Aa amal tical ceheme is developed in this study [rom selected

theoret teal perspectives on the nature of scicnce and the concept of
| 1

]

teacaing. Interpretations of scicnce by Carmap, Popper, and Kuln arc
described and compered in terms of Kérner's concept of a "categorial
franevork.”" Tae divergent vicws ol Carnap, Popper, and Kuhn on gdifferent

aspects of scicnce are used to develop five dimensions of the analvtical

scheme. Then selected philusophical analyses of the concept ol teaching
are described and interpreted, yieldiag six mere dimensions.
An initial assessment of its applicability is made by using the

analytical scheme £o examine arguments in eight passages selected from a

sample of textbooks which discuss methods of teaching sciencae. To permit

analvsis of the structure as well as the content of arguments, Toulrin

'EIT

concept of an "argument- -pactern" is used in conjunction with dimensions
of the scheme. The analysis »f arguments is presented in detail, to

demonstrate the use of the schzme. On five criteria of applicability,

‘D"J

the znalytical scheme is judged to te a usable one. On the ba asis of the
t

Q
o
v
e~
~

rasults of the initial assessment, one modification is mnde )
more clearly the difference betseen two of the scheme's dimeasions
The study is intentionally limited to the provision made for the

development of views of science and teaching, and thus it does not

consider the actual influence of science teacher education programs on
teachers' views or teaching behaviors. The assessment of the analytical
scheme is an initial one, limited to one element of science teachex

education programs——the content of textbooks concerned with why and how
science should be taught.

As developed, the analytical scheme may be used by science
reacher educators in the design and evaluation of various aspects of
their programs; several possible applications are noted. The theoretical
perspectives developed in the study provide a sound conceptual basis for
research concerned with views of science and teaching actually held by
teachers, views implied by teachers' teaching behaviors, and processes

by which views or teaching behaviors actually do change.
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CHAPTER I

ESTABLISHING THE PURPOSE OF THE STUDY

Introduction

Hov does one assess the provision science teacher education
makes for teachers to devi:lop their views of science and teaching? In
this study the investigator develops an analytical scheme for judging
the potential influence of claims about why and how science should be
taught. To evaluate the applicability of the analytical scheme, the
investigator uses it to examine excerpts from textbooks on the
teaching of science.

Little is known about the potential or actual influence on
teachers, of claims presented about the teaching of science. Yet a
science teacher's views of science and teaching have significant conse-
quences for the teacher and for his pupils. While this study does not
examine the actual influence of claims presented to teachers, devel-
opment of an analytical scheme makes it possible to assess systemati-
cally the provision made for teachers to develop their views of science
and teaching.

The analytical scheme is developed from selected theareticai
perspectives on the nature of science and the concept of teaching. The’
scheme permits one to scrutinize arguments which express, explicitly or
implicitly, views of science and teaching. Textbook claims about
methods of teaching science are taken as examples of the claims which
may be presented in a science teacher education program.

This opening chapter of the study begins with discussion of an
argument about how science should be taught, to illustrate that the
argument has potential for influencing a teacher's ways of thinking.

' The illustration establishes a context for discussion of the significance
of a teacher’s views of science and teaching. Instances of potentially

relevant research are reviewed to establish that there is a genuine need
1
i0
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for the study. Then an overview of subsequent chapters is presented

and limitations of the study are discuused.

The Research Problem

This study addresses the problem of assessing the provision a
gcience teacher education program makes for teachers to develop their
vicws of the nature of science and the concept of teaching. Science
teacher education programs make claims about why and how science should
be taught, including claims about what science teaching can be expected
to achieve, how science should be represented to children, and how one
should behave as a teacher. There is a potential for interaction
between claims presented in science teacher education and the existing
categories of thought of the individuals to whom the claims are pre-
sented. Detailed and systematic procedures for analyzing this potential
conceptual interaction have not been available to those who plan,

conduct, and evaluate science teacher education programs,

An illustration of an argument's
potential for influence

The following passage from a textbook on methods of teaching

science at the secondary level illustrates that claims about why and how
science should be taught are implicit, if not explic’t, expressions of
ways to think about science and about teaching, with clear potential for
interaction with the views of science and teaching held by those who
read them.

The scientific method of reasoning as a procedure in teaching
has much to commend it. Although it demands adequate time for
satisfactory development, the resulting learnings are sound. Pupils
know the exact meaning of the general statement, they know its
applications, and they know its:limitations.

Although the scientific method of reasoning is little more than
applied common sense, it is not something that can be taught by a

lecture or a single illustration at the beginning of the year. The
scientific method demands extensive practice in a wide variety of
situations. It need not be formalized by listing it in sequential
steps; indeed such formalization may interfere with the thinking of
pupils. Pupils are generally intelligent enough to work out

11
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sabisfactory procedurcs for cach particular situation vithout
reference to a formal list.

Some of the more obvious implications can be identified with-
out undertaking systematic analyzis of the passaga. In the first
paragraph, the authors speak of a teaching procedure.  The content
suggests that a method of reasoning may (and should) be regarded as a
teaching procedure, and it implies that teaching procedures should be
assessed in terms of time required aud results achieved, The content
implies that the relationship between teaching and learning 1. straipght-
forward, and it suggests the kinds of results science instruction
should strive to achieve.

The second paragraph begins with a comment on the status of
"the scientific method;" the existence of the method continues to be
taken for granted. Then the method is spoken of as an instructional
outcome, and comments are make about teaching procedures intended to
enable pupils to achieve the outcome. The shift from teaching procedure
to instructional outcome passes without comment or explanation.

Clearly, this passage does contain message s about how to think
about science and how to think about teaching. It is also apparent that
the explicit content of the passage neither signals the presence nor
supports the analysis of those messages. While one cannot be concerned
at all times with messages of this type, the concern here is that read-
ers may never be aware of, or attend to, these messages which may
influence how they think about science and about teaching. As with
values in general, views of science and views of teaching can be adoptead
or influenced without awareness, without examination of alternatives,
and without the analysis and application which fosters personal confi-

dence in and responsibility for the views one holds.

lW. A. Thurber and A, T. Collette, Teaching Science in Today's

Secondary Schools (3rd ed.; Boston: Allyn and Bacon, 1968), p. 50.
The passage is part of Selection G in Chapter V.
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The significance of views of
sclence and vieuws of teaching

Views of stience and views of teaching have significang impli-
§§ticms for a teacler's pupils and for the teacheT hinself, Vievs of
sclence influence a tcacher's selection and interpretation of both
sclence content and teiching stTategies, with direct consequences for
the outcomes his pupils may achieve as a result of his teaching. Views
of teaching also influence the design and interpretation of teaching
strategies. Finally, views of science and tecaching. influence the
teascher's abilidity to reflect upon and modify hdis teachdng behavior.

The textbook passage cited and discussed above seives as a
cowenient illustration, if one compares the authors' dnplied views of
science and teaching to their recommendations for what and how to teach.
To say that the scilentific method is "little more than cofimon sense" is
to suggest that there is a difference, but only a small ome, betveen
sclentific inquiry and everyday problem-solving. The scientific method
appears to have the status and significance of an item of information.
When teaching strategles are suggested, the major consideration is the
need for considerable and diverse practice. The famildar idea of the
sclentific method as a sequente of steps is rejected not from an anal-
ysls of scientific inquiry baut on the grownds that pupils can reason
wiEthout, and may be hanperted by, such a scquence., The authors begin
with a limited view of the scientific method; thedr suggested outcomes
ari teaching strategies are correspondingly limited.

Perhaps the ginplest view of sclemce is ome which regards its
statements as descriptlons. Instructional outcomes based on this view
mEght well be limited to mastery of the statements themselyes, and
texaching strategies mighe vell be selected solely for their contribution
to enabling pupils to recognize and recall stacements of science. A
nore developed viev of sclence might recognize the explanatory function
of science, see g;ienﬂé as an intellectual process of dnquiry, and
reerognize that the history of sclence records an dnteract o be tween
theory development and the ewents a theory explains. As one's viev of
sclence develops, there i3 a coxrespending developrent of the fnstruc-

tiomal outcomes oreé may attermpt to make provision for pupils to realize.

13
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More fully deweloped wviews of scierice extend the apparent corztent of
science and the Ttange of outcones associated vieh understanding science.
New elements dn a teacher's view of science may also add to the criteria
he uses in the design of teachlng strategics.

A sinilat case can be mzde fox the significance of a teachay"s
ways of thinkdng about the activity of teaching. Perhaps the sdimplest
view 1is one in which sztem;tg are made to enable pupils to recall dnfor—
mat ion , iready known by the teacher. The sStrategies a teacher recopnizes
and the criterla he uses to select then are extended by a more cdeveloped
view of the teacher-pupil relationship, just as they are extended by a
more cdeveloped view of the subject bedng tazught. |

The signdficance of videws of science and views of teachting
extends further than the outtcomes pupils may realize from dng truction in
science, There is also good reason to expect thege views to influence a
teacher's ability to interprer the cffects of his teaching—-what he
observes, hoy he interprets his observations of pupils, and hew he
assesses his own _fc}le in classroom events. Matters such as these inf lu—
ence a teacher's pexsonal satisfactiom with hdis work and his Tesporses
nities fox professioml developnent .

Analyges of at tempts to r:.hange: the school curxiculun illustrate
the impuftaﬂce beeing given to teachers' wiews of yhut and how they

teach. Sarasom is one obsetver of schoolds who hag expliciely called
attention to the fact that an apparent currdculum change often has fadled
to alter many of the basic regularities of teacher—pupil interaction,

He i;mirntg out that it is relatively easy to change the books used in a
classroom, but that the purpose of such a change is rarely stated clearly
and vhat begins as the means to a goal tends to become the actual goal.
From hids perspective it has of ten been the case that *"the more things

, , 1
change the more they remain the same."

lSeyan,lr B. Sarason, The Cultuze of the School and the Problem
of Change (Boston: Aldyn and Bacon, Ime., E971), p. 48,

14



McKinney and Westbury report a case study of curriculum change
in vhich events conform to the pattern suggested by Sarason. Their
detailed analysis of changes in the science program in the Gary, Indiana
public schools, from 1956 to 1970, culminates in an explanation for the
return in 1969 to "more conventional'' textbooks. They conclude
that ". . . , in the absence of the nccessary skills that made their use
of the national programs [PSSC, BSCS, etc.] easy, Gary's teachers
ultimately rejected the new national curricula in favor of more traditional
approaches that were more compatible with their existing skills and
campétencgs."z

To argue for the importance of developing views of science and
views of teaching is mot to argue that all science teachers should view
science and teaching in one "most developed" way. The discussions of
science and teaching, in Chapters IIL and IV, recognize and respect the
diversity among well-developed views of science and teaching. The point
is, rather, than it is neither inevitable nor desirable that teachers be
unaware of the existence and potential influence of ways of thinking
about science and teaching. Nor is it desirable that science teachers
lack opportunities to develop their views in relation to their pro-

fessional responsibilities.

Available knowledge about views of
science and views of teachlng

Little systematic information is available concerning the views
teachers hold of science and teaching or the ways such views can or do
develop.  Four studies are reported here to give some indication of how
views of science and views of teaching have been examined. These reports
extend the preceding discussion and provide additional opportumities to

indicate the contribution of the present study.

IW Lynn McKinney and Ian Westbury, '"Stability and Change: The
Public Schools of Gary, Indiana, 1940-70," in William A. Reid and Decker
F, Walker, Case Studies in Cufr1cu1um Change;: Great Britain and the
United States “(Tondon: Routledge & Kegan Paul, 1975), pp. i1-53,

21bid., p. 31.

ek
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Views of science

llerron's examination of issues related to the objective of
having pupils understand the nature of “"scientific enquiry" includes an
investigation of teachers' vicws of énquityil Herron presents a frame-
vork for analyzing accounts of enquiry, demonstrates the use of the
framework, and makes an analysis of science cuvriculum materials intended
to develop an understanding of enquiry. He a'so presents an analysis

of interviews of fifty science teachers. In the interviews, he explored

enquiry expressed in the teaching materials they used. 1In the analysis,
Herron classifics responses on a scale ranging from exclusive concern
with content to an understanding of enquiry significantly beyond that in
their teaching materials. The average response was significantly belou
the understanding of enquiry expressed in the materials, and Herron
raises serious doubts about the effectiveness of inservice training
institutes in preparing science teachers to foster pupils' understanding
of enquiry. The present study speaks to the assessment of science
teacher education programs in terms of provision made for such
preparation of teachers.

A study by Kimball illustrates the direct examination of views
of scicnceiz To compare the views held by scientists and science
teachers, Kimball constructed a "Nature of Science Scale" using an eight=~
statement model of science based primarily on writings of Conant and
Bronowski. Within the group of university graduates to whom the scale

was zdministered, some had majored in science and had become either

[y

scientists ox science teachers, while others had majored in philosophy.

The philosophy majors showed significantly higher agreement with the

model than did the science majors, particularly with respect to methods

lﬂarshall D. Herron, "The Nature of Scilentific Enquiry,h
School Review, LXXIX (February, 1971), 171-212.

2. ] ) .- . i )
‘Merritt E, Kimball, "Understanding the Nature of Science

A Comparison of Scientists and Science Teachers," Journal of Research

in Science Teaching, V (1967-68), 110-120.

=
=
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of science. Kimball found no significant differences between scientists
and science teachers.

These findings are consistent with the position that views of
science are not adequately developed when they are treated as incidental
outcomes of instruction in science. Kimball's recommendation that
science majors take a philosophy of science course is indicative of the
difficulties involved in woving from research to new practices, for it
seems to assume that one such course might "correct” some of the
apparently erroneous views held by science majors. It is not apparent
that there is one best way to understand science, or that views of the
nature of science are easily modified. The present study contributes to
the resources available for studying how teachers develop and hold views

of the nature of science.

Views of teaching

In a report of an informal study, Doran suggests that science
teacher candidates tend to rely on a view of teaching as the transmission
of iﬁfarmagign_l In his role as an educator of science teachers, Doran
has noticed that mechanical analogies often appear in preservice science
teachers' accounts of their early attempts to teach., Doran names and
describes five "models'-~hammer, assembly-line, spoage, photographic-
developing, and agricultural--commonly implied by the teachers' talk.
The use of such models suggests that the language of talk about teaching
and learning is neither precise nor well-suited to its professional
purposes, Doran hopes that his report of the models will stimulate
teachers to reconsider their views of the nature and purpose of their
interaction with pupils. The present study goes a great deal further,
to the question of how one may assess the provision science teacher
education makes for development of views of teaching.

Analysis of teachers' views of a particular type of teaching

formed one component of a research project recently completed in England.

1Rndney L. Doran, "Hammer or Sponge?" The Science Teacher,
XLI (February, 1974), 34-35,
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The Ford Teaching Erﬂjectl at the University of East Anglia brought
together a group of teachers interested in "Inquiry/Discovery' teaching.
In discussions of what they meant by this type of teaching, the tecachevs
used a variety of other terms in conjunction with the two themes of not
telling pupils what they were to learn, and "enabling independent
reasoning.”" Teachers were interviewed individually and groups of
teachers met to discuss the various terms which appeared to be agsociated
with inquiry/discovery. Analysis of transcripts yielded five bipolar
dimensions which appeared reducible to three: (1) formal-informal,
(2) structured-unstructured, and (3) guided-open ended. An analytical
scheme with three dimensions--termed "situation,” "aims," and "methods"--
was constructed and used to examine teachers' teaching practices and
attempts to foster Independent reasoning.

The Ford Teaching Project represents a significant effort to
study teachers' views of teaching. As the project attempted to support
teachers' efforts to change their teaching behavior, it also obtained
information about the influence of views of teaching on teaching
behavior. The present study's focus on the provision made for development
of views represents an unexplored direction for considering the

development and use of views of subject matter and teaching.

The Need for the Present Study

This study is not the first to recognize or to address the
significance of views of science and views of teaching. However, it does
represent a new appvoach, based on unew perspectives on teacher education
and science education research, as explained In Chapter II. Here it is

appropriate to confirm tnat schemes suitable for assessing the interaction

1This two-year project (1973-1975) was directed by John Elliott
and funded by the Ford Foundation. For an account of the origins and
design of the project, see John Elliott and Clem Adelman, "Reflecting
Where the Action is: The Design of the Ford Teaching PIDJEEt " Education
for Teaching (Autumn, 1973), 8-20.

2Jahn Elliott and Clem Adelman, The Language and Lag1c of Informal
Teaching (Norwich, England: Centre fnr Applied Research in Education,
Uniﬁg;qlty of East Anglia, 1975), pp. 1-9. Twenty other titles have been
published in a series of booklets in which the activities and results of

the project are described and interpreted,

i8
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between claims about, and views of, science and teaching have not been
developed by previous investigators. Tor this purpose, three studies ave
examined. Two involve analysis of the nature of science; the third

analyzes research and argument relevaunt to the concept of teaching.

Analysis of the nature of science

Robinson's study, The Nature of Scieace and Science Teaching,

is one of the most significant attempts to bring considerations from
philosophy of science to bear on issues and problems of science education.
Robinson examines six views of the nature of science--views expressed by
Margenau, Frank, Bridgwan, Woodger, Beckner, and Gerard--and ultimately
synthesizes a list of "understandings" appropriate to individuals who

are "developing scientific literacy." Robinson seeks to provide a more
comprehensive analysis of scientific knowledge which can guide the
revision of science curricula.

There are several major themes in Robinson's work. He is
concerned with "the structure and organization of scientific thought," )
in the belief that these should be reflected in the teaching of science.
He seez the possiblity of developing a new view of the teaching of

science. He seems to imply that in science teacher education programs,

knowledge, in order to make similar provision for their studentsia One

of his major conclusions is that through the structure of science, methods
of scientific inquiry are united with the knowledge they produce. In the
following paragraphs, Robinson summarizes his conclusions in a manner
which can be related to the problem beiﬁg addressed in the present study.

An understanding of science is considered to be an essential
outcome of general education in contemporary society. Achieving
this educational goal requires comprehension of a useful structure
of scientific knowledge. Such a structure may be clarified by

1Jamés T. Robinson, The Nature of Science and Science Teaching,
(Belmont, California: Wadsworth Publishing Company, Inc., 1968).

zipid,, pp. 138-140. Mbid., pp. 11-12.
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making explicit the understandings that characterize scientifically
literate individuals.

An artificial dichotomy of products and processes of science
reflects the spectator-spectacle doctrine of classical physics but
1s dincompatible with twentieth century science. A shift in
perspective, especially a shift in the philosophical perspective
with vhich a teacher interprets natural phenomena to students,
requires significant shifts in the patterns of science education.!

Robinson's study provides a previously unavailable analysis of
the nature of science. The value of the study is enhanced further by
the derivation of an extensive list of "understandings' to be achieved
for scientific literacy. However, there are several respects in which
the study, and others like it, fails to solve the problem upon which the
present study is focused. Robinson's study does not address the question
of how a teacher or teacher candidate develops views of the nature of
science--how present views are held and how they may come to be modified.
It is assumed that the analysis of science presented is adequate and «
appropriate for all, and that all individuals will be able to modify
their views of science accordingly. Also, the study is set in a context
of the universality of the objective of scientific literacy. These are
not faults of Robinson's study, but these considerations do indicate that
Robinson's analysis of science does not speak directly to the concerns of
the present study.

Bridgham has developed and contrasted three conceptions of the
nature of science and used them effectively to account for the existing
diversity of claims about why science should be taught to Ehildren.g His
labels for the three conceptions of science are "rational empiricism,"
"systematic empiricism,” and "paradigmatic research." Each is regarded
as a subclass of the preceding conception, and Bridgham argues that
"paradigmatic research" is the most defensible interpretation of science.
For this conclusion, he draws upon analyses of science by Kuhn, Toulmin,

and Schwab.B With Bridgham's scheme, various claims about uutcomes of

¥Ibid!, p. li2.

‘Robert G. Bridgham, "Conceptions of Science and Learning
Science," School Reviev, LXXVIII (November, 1969), 25-40.

{ggig., pp. 26-34.
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science teaching can be separated into three groups. Bridgham is then
able to conclude that when science is interpreted as paradigmatic
research, it is defensible to claim that the teaching of science can
enable pupils to understand natural phenomena as science does and to
understand contemporary scientific research.

Bridgham's conceptions of science are useful for understanding
the several ways in which science is popularly interpreted in western
culture. While these conceptions can be related to claims about why
science should be taught to children, they have not been prepared in a
manner which can facilitate the analysis of individuals' development of
conceptions of science. Nor is Pridgham's treatment adequate for the
analysis of conceptual interaction between individuals' conceptions of
science and claims about why science should be taught, a major concern
of the present study. Bridgham concludes that the conception of science
as "paradigmatic research" is more defensible than the others, but he has
not considered altevnative conceptions of sclence, such as those
developed by other philosophers of science. In brief, with appropriate
developments his scheme could be useful if it were agreed that all
science teachers should adopt the Kuhn-Toulmin-Schwab conception of
science. This agreement has not been achieved,

There is one study which has drawn upon philosophy of science in
a manner which is more closely related to the problem at hand. Munby has
derived from philosophical considerations an analytical scheme capable of
detecting the provision made by science teaching for pupils to understand
different views of the nature of science and how scientific knowledge
claims are establishediz Of interest in the present study is the
contribution of science teacher education to a science teacher's under—
standing of the nature and significance of such consequences for pupils.

Robinson and Bridgham demonstrate concern for these and related

ligid., p. 37.

zAi Hugh Munby, 'The Provision Made for Selected Intellectual
Consequences by Science Teaching: Derivation and Application of an
Analytical Scheme" (unpublished Ph.D. dissertation, University of
Toronto, 1973).
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consequences of science education, but their studies do not take that
concern to the classrtoom, as Munby's does, or to science teacher education,
as the present study does. Several other studies vhich have related
philosophical analysis to asPEQts.ﬁf science instruction are described in
Chapter II. The investigator is not avare of any studies which have
extended philosophical analysis of the nature of science and teaching to

aspects of instruction in science teacher education programs.

Analysis of the concept of teaching

A paper by Nuthall and Snook, titled "'Contemporary Models of
Teachiﬁgj"l provides a reference point with respect to perspectives
available for the analysis of claims about teaching. The paper has as
its purpose the identification of ''. . . those conceptual structures
which have functioned as models in recent research and debate on teaching
methods."? As such, the paper reflects a recent survey of a large body
of literature relevant to the analysis of teaching.

ﬁuthall and Snook identify three models—-behavior-control,
discovery~learning, and rational-~-as dominant in contemporary research
and argument aboult teaching, They conclude that the three models sexve
to define how teaching should be viewed, for research purposes and for
planning activities of classroom teaching. They also conclude that
research conducted according to one model remains dependent upon that
model, so it is not possible to develop a "unified body of knowledge'
about teaching.

Understandably, Nuthall and Snook are more concerned with the
role of a model in guiding research than in guiding teaching, but they do
admit the latter possibility. Their conclusions suggest that the three
models are mutually exclusive, in which case the models themselves are

not likely to represeant perspectives for interpreting the development of

IGraham,Nuthall and Tvan Snook, "Contemporary Models of Teaching,"
in Robert M. W, Travers (ed.), Second Handbook of Research on Teaching

(Chicago: Rand MeNally and Company, 1973), pp. 47-76.

%lgig., p. 49. ;;Eéi., pp. 70-71.
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thought about teaching. It is possible, howcver, that the models are
contrasted according to criteria which could serve as suitable
perspectives. 1In fact, this does not appear to be the case. Each of
the three models is discussed in terms of the description of teaching
and learning it offers, associated research, and criticism to vhich it
is subjected. The behavior~control model is depicted as an application
of perspectives of behavioral psychology, and the discovery-learning
model is described as an application of perspectives of cognitive
psychology. The rational model is seen in terms of the app’ication of
analytic philosophy to issues related to teaching, wlth a rejection of
behavioral-science assumptions.

The analysis of models of teaching which Nuthall and Snook
provide is dominated by debates between two schools of psychology and
the contrast between behavioral science and philosophical analysis. The
models they report are classification devices which lack general
applicability to teaching, and the analysis of the models is not made in
terms of criteria relevant to the development of thought about teaching.
Their paper gives no indication that schemes have been constructed which

are suitable for the research problem of the present study.

An Overview of the Study

The main body of the study begins in Chapter II with discussion
of research and analysis which are indicative of the context of the study
and the premises uﬁdérlying.the manner in which the problem is being
addressed. It is the purpose of Chapter II to make explicit the
perspectives which permit recognition of the research problem and design
of the research procedure which is followed in the remainder of the study.

Chapters III and IV present the theoretical development of the

analytical scheme, In Chapter IIL, three systematic interpretations of

libid;, pp. 54-70. It does not appear necessary to reject
assumptions of behavioral science when conducting a study from philo-
sophlcal perspectives. The construction of perspectives on teaching,
in Chapter IV of the study, permits an alternative interpretation of
contemporary debates about tecaching.
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the naturc of science are examined in detail. Stephan K8rner's concept
of a "categorial framework" is used as the basis for comparing interpre-
tations of science developed by Rudolf Carnap, Karl Popper, and Thomas
Kuhn. The first portion of the analytical scheme consists of five
dimensions on which the interpretations of the naturc of science may be
compared.

In Chapter IV, five studies seeking analytic clarification of
different aspects of the concept of teaching are first described and
then interpreted in a manner which yields six dimensions suitable for
comparison of alternative perspectives on the concept of teaching.
These dimensions form the second portion of the analytical scheme. The
three perspectives are not assaciét&d with particular individuals, as in
the analysis of the nature of science. Rather, the five studies are
interpreted as expressions of a "composite" perspective which seeks to
unite and go beyond two opposing positions which give undue emphasis to
particular aspects of teaching and learning.

While the major purpose of the study is the development of the
analytical scheme for assessing the potential interaction between ways
of thinking about science teaching and claims made in a science teacher
education program, that development does not complete the study. In
Chapter V, an initial assessment is made of the applicability of the
analytical scheme. The assessment, which focuses on a selected aspect
of science teacher education programs (textbook content), demonstrates
how the analytical scheme may be applied to claims and supporting
arguments, as it also demonstrates that the scheme is a usable one.
Modifications of the analytical scheme are made in accordance with the’
results of the initial application of the scheme to textbooks which
discuss methods of teaching science.

In Chapter VI, the study is brought to its conclusion with a
summary and discussion of the applicability of the analytical scheme.

A number of avenues for further research are noted.
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Limitations of the Study

Limitations of the study are of two general types: those
associated with the theoretical development of the analytical scheme,
and those associated with the assessment of the applicability of the

scheme.

Limitations of the

theoretical development

The theoretical development of the analytical scheme has two
parts, with different limitations. The most obvious limitation of the
scheme's dimensions pertaining to the nature of science is the reference
to only three systematic interpretations of science. The selection of
the interpretations by Carnap, Péppef, and Kuhn is justified in Chapter
ITI. Here it is appropriate to note that there are many options
available to the researcher who wishes to use the literature of
philosophy of science to shed new light on questions of science
education. To this investigator, it seems more valuable to make a
reasoned selection and proceed accordingly than to search for or attempt
to construct one "best" way to relate philosophy of science to science
education. This study is limited by the theoretical boundaries of the
selected approach to philosophy of science. The approach used in the
study is only one of many possible approaches, each of which has the
potential of yielding different results. There appears to be value in
developing the application to science education of a number of different
perspectives from philosophy of science, ‘

The scheme's dimensions pertaining to the concept of teaching
are limited by the selection of papers to be analyzed, and by the
iﬂﬁéfpretaticn placed upon the arguments presented in the papers.
Justification is given in Chapter IV for the choices of papers which
subject the concept of teaching to philosophical analysis.

Philosophical analysis of educational concepts is one important
root of the research design being followed in the study. Uimitations
associated with the design may be identified in the discussion of
research styles in Chapter II. It is simultaneously a strength and a

limitation that the analytical scheme is intended for examination of the
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provision made for the development of views of science and teaching.
"Provision made" is quite different from "effects achieved," but it
makes the analysis of teaching more fruitful. When one is clear about
what provision for learning has been made, the identification of actual

learning outcomes is a more manageable task.
g g

Limitations of the assessment

of applicability

The most dimportant limitation of the assessment of the
analytical scheme's applicability is the fact that it does not include
examination of science teachers' actual views of science and teaching,
or of the development of those views. This study is limited to an
assessment of the provision made for the development of views of
science and teaching. The decision to assess the scheme's applicability
with reference to the provision made by textbooks which discuss methods
of teaching science is justified in Chapter V. The empirical component
of the study is thus limited to revealing the potential influence of the
textbool component of science teacher education programs on science
teachers' views of science and teaching. The primary purpose of the
cmpirical component is the assessment of applicability.

Every effort is made, in Chapter V, to open the assessment of
applicability to the eyes of the critical reader. Claims about the
scheme's applicability are not extended beyond the evidence available in

that chapter. 1t is not apparent that a significantly iuproved initial
use of the scheme, to obtain additional opinions. The assessment is an

initial one, intended to demonstrate that the scheme is a usable one and

to indicate some of the ways in which it can be used.
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CHAPTER 11

Introduction

It is the purpose of this chapter to develop the background of
thought and research upon which the present study is based. The two
major topics are patterns of teacher education and styles of science
education research.

A brief account of rationales and programs for science instrue-
tion and teacher education precedes the detailed examination of a new
perspective on teacher education, identified in several different
studies. This perspective accents the significance of a teacher's
understanding of the nature of science and the concept of teaching.

The discussion of styles of research begins with a review of
four styles commonly used in science education, with examples drawn
from research on science teacher education. The present format of
deriving an analytical scheme from theoretical perspectives is examined
in some detail and illustrated by examples of the application of that
style of research to questions of science education practice.

In this manner, the necessafy elaboration is made of two
points of view which are regarded as fundamental themes-of the
study. The perspectives on teacher education and science education
research complement each other and highlight the significance of the

subject and the method of the study.
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CHAPTER II

Introduction

It is the purpose of this chapter to develop the background of
thought and research upon which the present study is based. The two
major topics are patterns of teacher education and styles of science
education research.

A brief account of rationales and programs for science instrue-
tion and teacher education precedes the detailed examination of a new
perspective on teacher education, identified in several different
studies. This perspective accents the significance of a teacher's
understanding of the nature of science and the concept of teaching.

The discussion of styles of research begins with a review of
four styles commonly used in science education, with examples drawn
from research on science teacher education. The present format of
deriving an analytical scheme from theoretical perspectives is examined
in some detail and illustrated by examples of the application of that
style of research to questions of science education practice.

In this manner, the necessary elaboration is made of two
points of view which are regarded as fundamental themes-of the
study. The perspectives on teacher education and science education

subject and the method of the study.



A Review of Rationales and Practices of
gFIFﬁﬁg Te raching and 1ea;th qugatlan

The education of science teachers has not been significantly
different from the education of teachers in general, but rationales for
science instruction have had characteristics distinctively different

from rationales for instruction in other areas of the school curricu-

lum. Acc@rdingly, it seems appropriaté to review briefly the histori-
the dlscu551on of teacher education in general.

Science teaching

Two references are particularly useful for obtaining an overview

of developments in science education in this century. Hurd's Biological

Education in American Sgcpnda;ymSghoolsii;§EQ#196Q1 provides in a single

volume a comprehensive review of major American efforts to clarify and
redirect goals and methods of science instruction, with special reference
to the teaching of biology. Wall's annotated bibliography of forty-
two science education documents spanning the years 1893 to 19722 iden-
tifies sources of first-hand information about changes in the directi
of science education. From these references, a brief and selective
summary is drawn, to indicate the kinds of changes which have occurred
in rationales for teaching science.

Hurd attempts to characterize the major themes of science edu-
cation in each decade from 1890 to 1960. The result is a picture of
the various ways in which science has been molded to yield potential

contributions to the changing ideals and problems of developing demo-

1Paul DeHart Hurd, Biological Education in American Secondary

Schools, 1890-1960, Blcloglcal Sciences Curriculum Study Bulletin No. 1
(Washington, D.C.: American Institute of Biological Sciences, 1961).

ZCharles A. Wall, "An Annotated Bibliography of Historical Docu-
ments in Science Education," Science Education, LVIT (1973), 297-317.
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eratic socictics. An emphasis on prepariung sccondary students for
university entrance requirvments gave way to concern for the practical
applications of science to students' lives, as school enrollment ex-

panded after 1900. The "scicntific method" was stressed in the 1920's

wvhile the 1930's saw rencved concern with meeting students' neceds.
The contribution of seience to general education and students' under-

standing of the nature of science were thewes which preceded the con-
cern of science educators, late in the 1950's, to prepare the personnel
needed by an increasingly technological s@zietyil

Two broad impressions emerge from an examination of Hurd's
study, one related to rationales and another to methods of science
teaching. When one examines the rationales for science instruction in

previous periods, it becomes apparent that today's rationales are not
so clearly new and better as one might think. The form and context of
rationales may be different, but themes recur. For example, the poten-
tial value of focusing upon inquiry and the conceptual schemes of sci-
ence was recognized by groups examining the science component of the
school curriculum in the period between the two world wars. The second
broad impression conveyed by Hurd's study is that those who have delib-
erated rationales for teaching science have consistently complained

i=]

about the survival on a large scale of teaching which emphasizes the

simple storage and recall of information by pupils. The recognition

that the goals of "packaged" science curriculum materials are subverted
' 2 . )
quickly and easily by inappropriate teaching styles is but the latest

iriation on a theme which pervades the history of science teaching in

va
this century.

lHufdg Biological Education in American Secondary Schools, pp.
19-164,

2'I'his type of unintentional subversion of goals of the 'new"

science curricula of the 1960's was predicted by some. See Maurice
Belanger, "The Study of Teaching and the New Science Curricula," The
Science Teacher, XXXL (November, 1964), 31-35.
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The documents selected by Wall for his bibliagrapbyl refer to
both science instruction and science teacher education. One-half of
the documents are dated 1960 or later, and the bibliography is thus a
convenient source of information about developments subsequent to
Hurd's study. Growing interest in the structure of scientific knowledge
and the nature of scientific inquiry was reflected in the widely dis-
tributed statements by the National Science Teachers Association on
conceptual schemes and processes of science.

Wall cites four yearbooks of the National Society for the Study
of Education. These provide detailed statements on various aspects of
science instruction and teacher education. Published in the years 1904,
1932, 1947, and 1960, they are separated by intervals long enough to

permit recognition of significant changes in rationales and programs.

Teacher education

It is valuable to examine the development of teacher education
with a view to identifying implicit assumptions about the preparation
an individual requires for the role of science teacher. Preservice pro-
grams provide one indication of such assumptions; patterns of inservice

supervision provide another.

Preservice education

A variety of patterns for teacher education developed early in

this century to meet the needs of a rapid expansion of the school popu=
lation at both elementary and secondary levels. In the earliest stages
of public education, both Canada and the United States were influenced
by British and European patterns. Johnson records that in Canada, ele-
mentary school teachers were trained either by apprenticeship or, later
and more commonly, by one or two year's attendance at a normal school.

Secondary or grammar school teachers were regarded as qualified to teach

1Wal1, "An Annotated Bibliography."

2Ibid., p. 309.
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if they had received a bachelor's degrec at a university. These two
modes of preparation, originally alternacive and later c¢ombined, reflect
in simplest terms two themes which continue to pervade teacher education

programs: subject-matter expertise and training in techniques of in-

struetion. Teacher education began in normal schools, outside the sys-

tem of universities. In the United § es, normal schools developed
into depree-granting teachers' colleges aund state colleges and univer-

sities, as tevels of education increased generally, as greater impor-
tance was attached to "academic respectability,” and as universities
R . , , 2

instituted their own vrograms for teacher education. The normal-

school tradition continued for a much longer time in Canada.

Inservice supcrvision

As public education has expanded and developed, therc has been
a sequence of patterns for the relationship between teachers and the
individuals responsible for what happened in schools. The supervision
teachers experience may be regarded as a special aspect of teacher edu-
cation. Patterns of supervision express assumptions about the roles
teachers are expected to perform. American education in the first half
of the twentieth century has been scen as dominated by two major con-
cepts, "scientific supervision" and "supervision as democratic hum:n
ralatinnsi"a Lucio and McNeil interpret these concepts as two succes-
sive reactions against the "imposition of curriculum and method by

personal authority of administrative officevs.”

1F. Henry Johnson, A Brief History of Canadian Education
(Toronto: McGraw-Hill Company of Canada Limited, 1968).

ZSeymaur B. Sarason, Kenneth S. Davidson, and Burton Blatt, The
Preparation of Teachers (New York: John Wiley and Sons, Inc., 1962),

pp. 19-23,

Bjohnson, A Brief History of Canadian Education, Chapter 15.

éWilliam H. Lucio and John D. McNeil, Supervision: A Synthesis
of Thought and Action (New York: McGraw-Hill Book Company, Inc., 1962).

Ibid., p. 10.
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Scientific sepervision reflected the vise of the concept of
"scieutific management" and the hope that research and measurecment
would establish laws of educational practice suited to the growing cdu-
cational population. Teacher and supervisor wore scen as having sepa-
rate but complementary roles. The supervisor would acquire expertise in
knowing what procedures best suited the desived pupil development, and
the teacher would acquire expertise in applying the procedures to
achieve that development. As Lucio and McNeil point out, there is a
significant similarity in recent efforts to determine instructional
sequences which enable pupils to dev.lop with winimal teacher influ-
enze.l

Democratic supervision came to the fore i the period from 1930
to 1950. During a period of concern for "the ideals of a dewocratic
order," guidance replaced the concept of inspection, in the United
States. Stress was placed cn the maximum personal development of the
individual teacher, and "supervision became associated with precepts
respecting human personality and encouraging wide participation in the
formulation of policyi'z Lucio and McNeil advance the plausible sugges-
ferent interpretations of the nature of knowledge and of the most desi-
rable kind of society.

These discussions of teacher education indicate that assumptions
are made about how teachers should be prepared for their roles and about
how they should behave in them. These assumptions have shown change
over time. Preparation has reflected assumptions that teachers require
further study of subject matter, study of topics unique to the profesaion
of teaching, and opportunities to practice professional skills. Super-
vision has assumed that teachers should be told how to teach or that they
should be helped to develop their talents. These assumptions establish a

context for the discussion of a new perspective on teacher education.

1b1d., pp. 8-10 1bid., p. 11.

Ibid., p. 12.
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Science teachor education

Scicace teacher education bar used the question "What are the
needs ol scloace teachers preparing to teach in the schools?" to guide
its planning, and there have been several interpretations of the
question. By 1930, the turn-of-the-century emphasis on knovledge of
subject matter had given way to the view that preparation for science

teaching required a combination of liberal and professional education.

For Pﬁwerslg a liberal education implied both breadth and depnth in the
study of science, to attain 'respectable scholarship." Training in
pri-fessional metheods completed the requirements for preparation to
assume teaching responsibilities
The discussion of science teacher education in the 1947

N.5.5.E. Yearbook on sciencs education maintained the concer.i for schol-

rahi

‘m
u.-

p in science but emphasized the use of science in understanding
sorisl issuésiz Interestingly, special attention was called to the
problems of relating psychological theory about human growth and learn-
ing processes to practical settings and of providing practice in the
application of theory.B In 1960, the professional component of science

4

teacher education was organized i to the following topics.

lg. Ralph Powers, "Programs for the Education of Science
Teachers in State Teachers Colleges," A Program for Teaching Science,
The Thirty-First Yearbook of the National Society for the Study of
Education, Part I (Bloomington, Tllinois: Public School Publishing

Company, l932)§ pp. 325-344.

2“The Education of Science Teachers for Secondary Schools,"
Science Education in Americ: . Schools, The Forth-Sixth Yearbook of the

National Society for the St;ty Dfiﬁaﬁtgtlog, Part I (Chicago: The
University of Chicago Press, 1947), op. 273-2838.

bid., p. 285.

Teacher,”" Rethinking Science Educﬂtlcn, The Fifty-Ninth Yearbook of the
National Society for the Study of Education, Part I (Chicago: The
University of Chicago Press, 1960), pp. 263=266.

4Jcﬂm 5. Richardson, et al., "The Education of the Science
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1. Role of the school in society

2. Humai: growth and development

3. Nature of the learning process, from learner and teachey
viewpoints

4. Methods of teaching science

5. Student teaching

6. Guidance and counseling

Summary

This review of pat:erns and practices of teacher education, in
geueral and with specific reference to science, igla survey, not an
exhaustive analysis. It does lend credibility to the impression that
therc have been variations but not significant changes in the conceptu-
alization of science teacher education in terms of subject-matter exper-
tise and professilonal teaching skills. There have been significant
changes as well as recurrent themes in rationales for the teaching of
science. It is not clear that programs of science teacher education
correspond adequately to the instructional outcomes desired for science
students. To this investigator, it seems to be assumed that teachers
can come to understand the nature of science adequately by taking more
science courses, and that teachers can acquire necessary skills of
instruction by studying various professional topies and engaging in

periods of teaching practice.

New Perspectives on Teacher Education

been identificd which call for changes in assumptions about the nature
of toacher education. Three of the arguments are compatible, developing
in complementary ways assumptions appropriate to training teachers not
to transmit information but to enable others to develop independence of
judgment. Discussion of these new perspectives on teacher education is
followed by analysis of a fourth argument, in which the call for a dif-
ferent shift in assumptions is rejected. In the light of the assump-
tions which are accepted, development of theoretical perspectives on
science and teaching in a manner relevant to the conduct of science

teacher education can be seen as an urgent and worthwhile task.
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ag observer

cian

The teacher's role
agnostician-tacti

i

diis

In a study bascd on psychological caﬁsidesatiﬁng,l Sarason,
Davidson, and Blatt have argued that teachers should be trained for a
role as "observer—diagnostician-tactician,' while present teacher edu-
cation practice  seem better suited to training for the role of techni-
cian. They begin their study by asking whether programs of teacher
education prepare teachers for the task of bringing about "productive
learning” and communicating to pupils the "gpirits and traditions" of
the arts and sciences. This task is regarded generally as more appro-
priate than simply communicating information, and accordingly one may
ask a very basic question.

What is the relevance of the contents and procedures of teacher

training for the functions which a teacher performs by virtue of

being a content provider for, stimulant to, and supporter and over-
seer of the intellectual development of children?

To these investigators, the passivity of having teacher candidates
listen and read, and then do teaching practice which focuses on the
technical aspects of teaching, is ill-suited to the role teachers may
be expected to assume.

To simultaneously account for the mature of present practices
and illustrate the potential significance of the role for which teachers
in their view, must be prepared, the investigators present three types
of analysis: (1) a history of teacher education, including the contin-
uing debate betwecn "scholars" and "educationists," (2) an account of a
classroom day, emphasizing the demands attendant upon concern for indi-
vidual pupil differences, and (3) a report of an '"observational semi-
nar" conducted for teachers—in-training (in the third year of a four-
year concurrent program) in each of three successive academic years.

The historical account of the development of teacher aducation

in the United States establishes the context of the problem. The roots

1.

Sarason, Davidson, and Blatt, The Preparation of Teachers.

oy

2Ibid., p. 15.
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of the concern that teachers possess a liberal education are identified.
While not suggesting that one can teach a subject one does not know
well, the investigators maintain that knowledge itsclf is no guarantee
of effective communication to others, They suggest that teacher train-
ing has ignored this point, as it has ignored the in-the-classroom
significance of individual differences among pupils. The account of
one day in an elementary-school classroom speaks to this latter ne-
glect, by giving practical import to the investigators' claims that
teachers do observe selectively, make inferences from overt behavior

to covert attitudes, and make decisions about appropriate action.

Two of the three investigators designed and conducted an obser-
vational seminar, to explore their "conceptual hunches" about the se-
lectivity of the untrained observer and about the radical nature of the
change from passive learning to active learning in which one assumes
personal responsibility for what one learns. They concluded that
teachers are not prepared for the role of psychological observer and
tactician.

Unfortunately, many teachers do not possess sophistication in ob-
servation, they tend to be uncritical of the processes by which

they go from observation to action, and they are unaware of the
discrepancy between theory and practice.

This study seems particularly valuable because it provides em-
pirical illustration, of several types, of consequences associated with
the role of a teacher as observer-diagnostician~tactician, derived from
psychological considerations of diffevences between "productive learn-
ing" and learning of information. The analysis of a classroom day
illustrates how the new role can be applied to the interpretation of a
teacher's behavior. The report of the observational seminar shows how
one might go about preparing teachers differently, in the light of the
new role. -

By an analytic route, the investigators arrive at the conclusion

that teacher training relevant to the goal of "productive learning"
E F P g

Ybid., p. 73.

2
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demands specific attention to processes by which one recognizes in-
stances to which theory applies and by which one uses theory to guide
the practice of teaching. The implications are substantial for how
theory is presented and for how teaching practice is conducted in pro-
grams of teacher education. Sarason, Davidson, and Blatt are careful
to point out that they have achieved theoretical confirmation of their
premigses about an unstudied educational problem, but they have nut
thereby demonstrated that the changes they recommend would in fact en-
sure the achievement of productive learning. For that purpose, other
types of research would be required.

Conceptualizing the teacher's role as observer-diagnostician-
tactician appears to be a new and substantially different perspective
on teacher education. The role is regarded as one which can be in-
formed by theoretical perspectives on science and teaching, as developed
and applied in this study. How one observes, analyzes, and selects
further courses of action is very much a function of how one thinks
about science teaching.

The construct of a teacher's "model of teaching' has been
employed by Belanger in an analysis of preservice teacher cducation and
by Cogan in the development of a new format for inservice teacher super-
vision. Scheffler has argued that teacher education has restricted it-
self by failing to encourage teacher candidates to develop philosophical
perspectives on the subjects they teach, Their arguments are now
examined, to demonstrate how they support and extend the perspective

developed by Sarason, Davidson, and Blatt,

The construct of a "model of teaching"

From their professional experiences in teacher education,
Belanger and Cogan have formulated rationales for regarding a teacher
as having a conceptual framework for selecting and interpreting class-
room events. They refer to such a conceptual framework as a '"model of
teaching." Their arguments are presented separately and then related

to the position presented by Sarason and his colleagues.
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Belangoer's account
Belanger uses "model of teaching' as a coustyuct which sorves
to explain the "initial ceaching performances” of teacher candidates
and to suggest a ucw way of thinking ahout the vature of tcacher
education. At the Harvard-Newton Sunmer School, liberal-arts
1 , . ; - : . :
graduates” were engaged in an intensive program of supervised tcaching
practice during the summer, in preparation for a semester-long teaching
internship in a sccondary school. In an analysis of his work with
participants in the program, Belangev introduces the idea of a "modcl
of teaching,” in a discussion which stresses that the transition from
student to teacher is a very difficult ome. His premises are signifi-
cantly different from earlier assumptions about teacher education, to
the effect that teachers only need to know their subject(s) well and
study additional topics unique to the profession.
One fact that teacher trainers too often fail to take into
consideration is that a beginning education student already knows
a great deal about teaching and learning before taking any formal
course work in these areas. The student has, after all, been
observing teachers for a long time, sixteen years in the case of
our interns. He knows what school is like for that's where he has
spent most of his life. 1In no other professional area does a
student enter with a greater number of preconceived ideas about
the nature of the work of the professional. He has heen a learner
in sechool and will now leave the student chair and cross over to
the other side of the desk. This transition is by no means an easy
one as can be attested by the initial teaching performances of
interns. Early lessons range all the way from rigid script-like
lessons to loose contentless "happenings." Regardless of the
particular style of teaching carried out, the student teacher is
nevertheless operating on the basis of a conception or model of
teaching_z

lThe participants were candidates for the degree of Master of
Arts in Teaching at Harvard University; the program was conducted in
schools in Newton, Massachusetts. Belanger refers to the participants
as "interns."

ZHaurige Belanger, "A Pgychology Course Planned for the 1968
Harvard-Newton Summer School,” in Psychology in Teacher Preparation, ed.

by John Herbert and David P. Ausubel, Monograph Series No. 5 (Toronto:
The Ontario Institute for Studieg in Education, 1969), pp. 99-100.
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In the next paragraph of his analysis, Belanger outlines the
view of the nature of teacher education which follows from the inter-
pretation that candidates already have models of teaching, which must
be developed to suit the requirements of a career as a teacher.

The purpose of the Harvard-Newton Summer School, as we are
beginning to reconceive it, is to provide a clinical setting where
the intern can make more explicit his model of teaching, examine it,
have it challenged, modify and remodify it on the basis of knowl-
edge and experience. In past years rather than starting with the
intern’s conception of teaching, we at Harvard-Newton have probably
been too enamored with our own conceptions, our own knowledge, and
even our own wisdom. The teacher trainer, of whatever variety, has
built up his own complex model of teaching and learning over a period
of many years. It is not surprising, therefore, that attempts
to communicate directly items that are selected from this rich col-
lection often fail to be assimilated into the intern's own model
and are rejected as trivial and useless. What we know can be of
service to the intern if we focus not on the attempt to use this
knowledge to shape the intern's model to be congruent with our own,
but rather on what the intern now knows and believes about teaching
and learning, and use our knowledge to help him evolve more complex,
rational, and effective models. Although a teacher-training insti-
tution can provide contexts where the initial process of personal
reformulation can be accelerated, yet the process continues during
an individual's total career. Teaching is a personal invention, and
part of "being a professional” means constant reinvention.

Cogan's account
Cogan, who was also associated with teacher education programs
at Harvard University, has used the same construct of a model of teaching
in developing a rationale for "clinical" supervision of inservice
teachers. He emphasizes the importance of first identifying one's uncon-
scious model of teaching in order to be able to replace elements with
more appropriate ones as they become available and are recognized as
such. Cogan sees clinical supervision as a procedure which could make
it possible for teachers to engage in such development throughout their
careers. Note that Cogan makes specific reference to the existence of a
"popular assumption” that teacher education is a "short and simple"
process.

Lipid., p. 100.
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sstimation of the difficulties teachors [ace

The profound under
in learning how to teach and in dwmproving their teaching on the job
is at the root of some of the major problems iu the prescrvice and
inservice education of teachers. The popular assumption is that
learning to teach is easy and that the preparation [or teaching
should therefore be short and simple. The trouble with this assnump-
tion is that in a very genuine sense future teachers arrive in
college with full-fledged models of teaching already well estab-
lished in their minds. Their twelve years as students in elementary
and secondary schools has provided them with certain models of what
teachers are and what they do in class. They have unconsciously
learned styles of teaching while being taught, just as they have
learned to be parents, . . . , or law-abiding citizens or criminals
while living in a culture in which such models exist.

One consequence of learning about teaching in this most perva-
sive and persuasive way is that the models learned are learned too
well. They are difficult to uproot, to displace, to modify. As a
result, future teachers face several difficult tasks. They must
first unlearn the deeply etched patterns of teaching they arrive
with, then select for their own use appropriate elements of the
culturally "given" styles of teaching emerging today. This double
task makes the preparation of competent teachers a long, demanding,
and expensive operation. The rationale of clinical supervision
demands, therefore, that the inputs it contributes to the education
of teachers should be equal to the double task the teachers
face. . . .1

Belanger and Cogan base their chellenges to popular assumptions

about teacher education on their supervisory work with both novice and

experienced teachers. Their point is that development of a model of

teaching begins when one first goes to school, not when one is completing
a liberal education and begins specific preparation for teaching. They
regard the development of a model of teaching as an inevitable conse-
quence of school learning experiences in which frequent observation of
the behavior of teachers is both natural and inevitable.

Belanger and Cogan see teacher education not as a process of
adding information but as the much more complex process of changing
one's patterns of thought and action--one's model of teaching. Their

premises are compatible with those underlying the arguments presented by

IHofris L. Cogan, Clinical Supervision (Boston: Houghton
Mifflin Company, 1973), p. 15.
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Sarason, Davidson, and Blatt; and it seems reasonable to combine the
two perspectives. Observation and interpretation of classroom events
and selection of subsequent teaching acts can be viewed as occurring on
the basis of one's model of teaching, reflecting elements of its compo-
sition. Sarason and his colleagues can be read as identifying particu-
larly significant inadequacies of models of teaching, the development
of which must be addressed directly by teacher education programs.

The discussion turns now to another challenge to assumptions of
teacher education. Scheffler argues that subject-matter competence has’
been interpreted in a limited sense. He may be read as identifying

another important element of a model of teaching.

The importance of exploring

philosophical perspectives

Scheffler challenges assumptions about teacher education by
arguing that prevalent conceptions of subject-matter competence neglect
the potential contribution of a philosophical perspective on the subject
one teaches. 1In his paper, "Philosophy and the Curriculum,"l Scheffler
describes four ways in which the philosophy of a particular subject
could contribute to the teaching of the subject. TFor present purposes,
the details of his suggestions are less relevant than his comments about
teacher education. Scheffler takes the subject of science as his example,
and thus his remarks have double relevance to the present study.

To develop for his readers the potential contribution of philos-
ophy of science to science teaching, Scheffler explains that philosophy
of science relates in quite different ways to the work of the practicing
scientist, the philosopher of science, and the science teacher. Compe-
tence in scientific inquiry, required of the scientist, can be quite
independent of knowledge of philosophy of science. The philosopher of

science engages in reflection on the practice of scientific inquiry, an

1Israel Scheffler, "Philosophy and the Curriculum," in Israel
Scheffler, Reason and Teaching (Indianapolis: The Bobbs-Merrill Company,
Inc., 1973}, pp. 31-41.
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activity w! ch may but need not necessarily influence that practice.

The science teacher engages in the very different enterprise of handing
on the forms of scientific thought.

He needs to have a conception of the field of science as a whole,
of its aims, methods, and standards; he needs to have principles
for selecting materials and experiences suitable for inducting nov-
ices into the field, and he needs to be able to communicate both with
novices and scientific sophisticates. . . . ; his professtional pur-
pose, that is to say, can be articulated only in terms of some in-
clusive conception of scientific activity which it is his object to
foster.!
Scheffler sees the science teacher's activities as ones which require a
perspective as broad as that of the philosopher of science.’

It is Scheffler's conclusion that reflections on science, avail-
able in philosophy of science, have considerable potential to influence
science teaching practices. In the following excerpts, he stresses the
point that a teacher who has not been introduced to philosophical per-
spectives on his subject adopts and reflects "incoherent' philosophical
stances, without being aware of doing so. These remarks about teacher
education extend an earlier discussion of his students' responses to an
assignment requiring them to examine the philosophies of their teaching
subjects.

Their reaction, if indeed it can be generalized, suggests that pre-
valent conceptions of teachers training are curiously restricted,
For these conceptivns typically emphasize three features: subject-
matter competence, practice teaching, and the psychology and
methodology of teaching. Since subject-matter competence is, more-
over, interpreted as relating exclusively to the first-order pro-
ficiency of the practitioner, no attention is given to the need for
a second-order, or philosophical, perspective on the subject matter
in question. And since, as I have argued, such a perspective is
demanded by the teaching role in any event, the result is that it
is gained haphazardly and inefficiently by each teacher, without
guidance and without awareness of alternatives. Lacking a system-—
atic and critical introduction of philosophical considerations,
dogmatic and incoherent philosophical attitudes are enabled to grow
and to prolifetate.B

Lihid, pp. 35-36.  “Ibid. 1bid., pp. 36-37.
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Later in his argument, Scheffler touches on the kind of
contribution the philosophy of a subject can make to an educator.
It goes without saying that philosophies-of do not provide the
educator with firmly established views of justification; on the
contrary, they present him with an array of controversial posi-
tions. But this array, although it does not fix his direction,
liberates him from the dogmatisms of ignorance, gives him a
realistic apprehension of alternatives, and outlines relevant
considerations . . . A
Scheffler's position, based on philosophical considerations, directly
complements the argument by Sarason, Davidson, and Blatt, based on
psychological considerations. In both arguments, preparing teachers to
bring about productive learning is shown to require activities quite
different from more courses in one's subject(s) and passive study of

topics unique to the teaching profession.

An alternative view of a teacher's

use of theory and intellect

Three complementary arguments with implications for assumptions
about the nature of teacher education. have been descfibéd as a signifi-
cant new perspective. Sarason and his colleagues, Belanger and Cogan,
and Scheffler have argued that teacher education could be expected to
attend to the development of a teacher's model of teaching, in an active
manner which makes explicit the influence of that model on the concep-
tualization and the pursuit of outcomes for learners.

This perspective appears to be challenged by Jackson's study,

Life in Elassrgqmsiz which develops a potentially useful perspective on

institutional characteristics of the school. At the close of the study,
prescriptions for teacher behavior and teacher education are made which

conflict with the assumptions already discussed. The anti~intellectual

l;g;d!, pp- 38-39. The manner in which philosophical perspec-
tives on science are examined in Chapter III is consistent with the
position expressed here by Scheffler.

2 . . , ,
Philip W. Jackson, Life in Classrooms (New York: Holt, Rinehart
and Winston, Inc., 1968).
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stance which is adopted is common enough to merit detailed scrutiny.
Relevant aspects of Jackson's study are now reported and analyzed to

demonstrate the basis on which Jackson's position is rejected.

A description of Jackson's study

In Life in Classrooms Jackson explores the possibility that the

institutional constraints of school experience may rank with lesson
content and psychological characteristics of pupils as highly signif-
icant factors influencing the educational experience. First a host of
institutional characteristics which may impinge upon teachers and pupils
in their classrooms are elaborated. Then pupils' attitudes toward
school and the issues of pupil attention and involvement are considered,
in an impressive combination of sensitive personal insights and relevant
research. Finally, consideration is given to responses of fifty "good
teachers" in elementary schools to four questions intended to elicit
their views of classroom life.

Jackson reports four themes in his analysis of the teachers'
responses. ''Immediacy" refers to teachers' tendencies to judge their
own teaching on the basis of immediate pupil responses, rather than on

the basis of test results. The theme of "informality" expresses teach-
ers' views that they are more casual and less formal than teachers of
earlier times, although they recognize that they remain in authority.
"Autonomy" expresses teachers' demand for freedom from a totally pre-
scribed curriculum and from excessive evaluation by outsiders. The
theme of "individuality" summarizes the teachers' indications that
pupils' moments of individual insight and unexpected achievement provide
their greatest satisfactions with their work asAteaehers.l

Having summarized the teachers' responses, Jackson moves on to
consider the relevance of the responses to his theme of the institu-
tional demands made by the school on those in attendance. Jackson notes
"an absence of a technical vocabulary" in teachers' conversations. He

also identifies a "conceptual simplicity" which seems to have four

tbid., pp. 119-143.
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major features: (1) Teachers seem to accept simple explanations of
complex events, and to talk in terms of a "one cause-one effect" view
of causality. (2) Teachers talk about their teaching activities in
intuitive rather than rational terms, defending actions as "felt" rather
than "known" to be right. (3) Teachers strongly defend particular
teaching practices, relying upon personal experience for support.
(4) Teachers use global terms in narrowly defined waysil Finally,
Jackson speaks of the teacher's world as having "sharp existential
boundaries," limited to concrete experiences with particular students.z
Jackson sums up these points metaphorically by suggesting that a "general
myopia" characterizes "the classroom teacher's intellectual vision."™

All of these points are insightful, potentially valuable, and
worthy of serious consideration, particularly in an analysis of teacher
education. Careful justification is established by numerous references
to the recorded responses of the teachers to Jackson's questions, which
were based upon his perspective that the institutional aspects of the
school may have substantial impact upon teaching and learning in class-
rooms. What is unusual in this study is Jackson's apparent leap to the
Qonclusionrthat these characteristics of teachers' conversations may
reflect the teachers' efforts to ameliorate the institutional harshness
of the school. Jackson could be right, but the question is an empirical
one, not a logical one. Jackson provides no evidence of what happens
in the classrooms of teachers who are, for example, "more rational."
He does not demonstrate that being more rational increases institutional
harshness or that greater "myopia" produces amelioration of harshness.
His suggestion is a sharp departure frcm the analytic style of the rest
of his study, and it seems to involve the confusion of several important

distinctions.

An analysis of Jackson's claim
Jackson offers several points in his attempt to link the concep-

tual simplicity or intellectual myopia of teachers' conversations to a

Yoid., pp. 143-147.  PIvid., pp. 147-148.  CIbid., p. 148
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coping strategy for lessening the institution's harshness, for both
pupils and teachers. Jackson expresses doubt that teachers would do
better in the classroom if they were more ratiomal and open-minded.l
He also sets the rational as an alternative to the intuitive, and then
suggests that the distinction is comparable to that between "an army of
human engineers' and "our present cadre of elementary school teachers,
with all of their intellectual fuzziness and sticky.sentimentality-"z
Jackson appropriately recognizes the "engineering" perspective implicit
in the behavioral objectives movement, which may indeed reflect a return
to the "scientific movement" which progressivism sought to supersede.
Undeniably, the complexity and immediacy of classroom teaching make the
simplifications required for science-like study virtually unattainable
without loss of relevance. Yet neither of these observations can sup-
port Jackson's implicit conclusion that the process of acting on intu-
ition cannot or should not be developed rationally to the fullest extent
possible for any teacher. Such a conclusion commits the double error of
equating "scientific'" with "rational" and "intuitive" with "irratiomal."
This is the error which enables Jackson to adopt a position
about teacher education so unlike and at odds with the positions expressed
by Sazésgn and his colleagues, Belanger and Cogan, and Scheffler.
Jackson seems to say that teacher education must avoid any activity
which might modify a teacher's conceptual simplicity. Apparently, a
teacher's model of teaching should not be developed for fear of destroy-
ing adaptations which lessen institutilonal harshness. 8o cast, the
dilemma is seductive, for few could deny that institutional harshness
should be minimized. Yet it seems somewhat akin to burying one's head
in the sand to suggest that minimizing institutional harshness requires

the perpetuation of conceptual simplicity and inteilectual myopia.

1. . , , .
Jackson has a personal right to such a doubt, but it is a
personal expression, not an extension of, nor warranted by, his study.

2rhid., p. 152.

a5
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Jackson does make valuable points during his discussion of his
claim. He distinguishes between "preactive" and "interactive" esspects
of teaching, appropriately noting that the outside-the-classroom phases
of a teachers's work can be deliberative, analytic, and rational, while
a teacher's interaction with pupils seems to proceed on an intuitive
bagisil This point is extended into a distinction between a teacher's
"primary" and "ultimate" concerns. To Jackson, not learning but the
activity being conducted and sustained is the primary concern of the
interactive teacher. Learning is the ultimate concern of a teacher,
and it is considered when planning teaching activities, during
preactive periods. As he develops these and other potentially valuable
distinctions, Jackson consistently ignores and implicitly denies the pos~
sibility that a teacher may rationally develop the intuition upon which
he relies during the interactive aspects of his work. This is the pos-—
sibility which has been recognized in the arguments of Belanger, Cogan,
and Scheffler, and explored in the observational seminar conducted by
Sarason and Blatt.

Jackson realizes only too well that the professional education
of teachers does not appear to have raised their intuitive ways of
thinking above the common-sense level which develops during many years
in the classroom role of learner. To suggest that a beginning teacher
has a model of teaching is to recognize the role played by intuition.
To suggest that it can be identified and developed for the demands of
the role of teacher is to take the stance developed, from analyses of
various experiences, in the arguments of Sarason, Davidson, and Blatt;
Belanger and Cogan; and Scheffler. It is to suggest not that a téachgr's
interactive work can or should be made "sciantificg“ but that the
intuition he uses is based on prior experience and open to further
development. The present study proceeds on this interpretation.

It has been important to note and examine Jackson's conclusion _
because his is an easy and sometimes popular positilon to adopt. In

Chapter IV, the analysis of the concept of teaching includes reference

YIbid., pp. 151-152.
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to a tendency to simplify complex issues by stressing one aspect which

- requires exclusion of an apparently polar opposite. It is such a

tendency which Jackson secms to have followed, when it seemed to com-
plement his main thesis so well. When this aspect of Jackson's study
is so analyzed and removed, the remainder of the study can be inter-
preted as offering further empirical elaboration of many of the points

made by Sarason and his colleagues.

Styles of Research in Science Edq;atign

The preceding discussion has centered on perspectives on teacher
education. The second fundamental point of view indicative of the con-
text of the study 1s concerned with styles of research in science educa-
tion. As a prelude to describing the plan and rationale of the research
procedure of the study, it is appropriate to review some of the major
styles of research previously and currently used in the study of science
education problems.

Understandably, research styles are to some extent functions of
the problems which are identified and of the nature of the area of
investigation. With educational research in general, science education
research has shown an implicit faith in the research styles of science.
Two general classes of research styles can be recognized: observation
studies and achievement studies. In a manner not unlike that of natural
history, many studies have been devoted to the systematic collection and
classification of observations, opinions, and descriptive information.
Seemingly in the hope that educational research might achieve some of
the capacity science has. developed for explanation, prediction, and
control of phenomena, many studies have sought to establish cause-effect
linkages to pupils' achievement of science education objectives.

Two styles of research are identifiable within each of the two
classes. Within the observation class, there are studies recording
instructional events and studies reporting program organizations and
enrollments. Within the achievement class, some studies seek correla-
tions between classroom characteristics or events and pupil achievement,

while others compare pupil achievement obtained by alternative methods.
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Each of the four styles has been applied to both science teaching and
science teacher education. Most of the examples used here for illus-—

tration are studies related to science teacher education.

Observation studies

The two research styles within the class of observation studies
represent different levels of asking the question, "What are the current
practices (or attitudes)?" One style focuses on the recording of events
in instructional settings; the other, sometimes referred to as the
"status" study, focuses on how programs of instruction are organized.

The decade from 1960 to 1970 produced a large number of schemes
for classroom observation, as part of a wave of interest in the record-
ing of actual teaching and learning behaviors. Observation schemes
provide sets of categories related to subject-matter content, instruc-
tional techniques, or both; events are recorded in terms of the catego-
ries in a scheme. Rosenshine and Furst report that more than four

hundred schemes for observation have been dEVEleéd-z Collections of

lFor a discussion of studies of science instruction using dis-
tinctions similar to those used here, one may consult A. Hugh Munby,
"The Provision Made for Selected Intellectual Consequences by Science
Teaching: Derivation and Application of an Analytical Scheme."

Two issues of the Review of Education Research (XXXIV [June,
1964] and XXXIX [October, 1969) were devoted to science education.
The classifications of research developed here can be applied to the
many studies reported in those issues, which also illustrate other
clagsifications, related more to nature of findings than style of re-
search,

An extensive historical overview of science education research
is available in the "Curtis Digests of Investigations in the Teaching of
Science," by Francis D. Curtis, with sequels by Robert W. Boenig,

J. Nathan Swift, and Elizabeth Phelan Lawlor. Teachers College Press
published the sequels (1938 to 1957) in 1969 and 1970, and reprinted the
original three digests by Curtis (research up to 1937) in 1971.

2Barak Rosenshine and Norma Furst, "Research on Teacher Perfor-
mance Criteria,” in B. O. Smith (ed.), Research on Teacher Fducation:
Symposium (Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1971),
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observation instruments have been published under the title, Mirrors

1
for Behavior.

Any observation schema is limited by the theoretical considera-
tions from which its categorics wvere developed, and a single acheme can
consider only a small number of potential outcomes or types of behavior.
Malchenz used Flanders' scheme of "Interaction Analysis“B to compare
groups of science teacher candidates. Hough and Aniix:!onlIL used the same
scheme to permit teacher candidates to obtain feedback about their
initial teaching behaviors. In these instances, observation schemes
have been used to observe behaviors during teaching practice rather than
to observe events in classes in which teacher candidates are enrolled.

The style of the status study has been applied to a wide range
of questions about science education, from opinions about the signifi-
cance of various objectives to descriptions of curriculum organization.

Here it is relevant to note that one issue of the Journal of Research

in Science Igachipgs reported descriptions of a number of programs for

education of secondary-school science teachers in the United States.

1 ' . e o o . .
"See Anita Simon and E. Gil Boyer (eds.), Mirrors for Behavior
IIT (Wyncote, Pa.: Communication Materials Center, 1974).

zﬁenneth J. Halchén; "A Study of Changes in Intentions, Percep-
tions and Classroom Verbal Behaviors of Science Interns and Apprentices’
(unpublished Ed.D. dissertation, Harvard University, 1967).

1

BFlaﬂders' instrument is one of the earliest and most widely
known schemes for classroom observation. See Ned A. Flanders, Analyzin
Teaching Behavior (Reading, Mass.: Addison-Wesley Publishing Company,
Inc., 1970).

4J9hn B. Hough and Edmund Amidon, "“Behavioral Change in Student
Teachers," in Edmund Amidon and John B. Hough (eds.), Interaction
Analysis: Theory, Research, and Application (Reading, Mass.: Addison-

Wesley Publishing Company, 1967), pp. 307-314.

SJQutna;ﬂofﬁﬁgseafgh in Science Teaching, IIT 2 (1965).
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More recently, the Association for the Education of Teachers in Science
T . , 1
has collected similar information.

. . 2 N
The Research on Science Education Survey, conducted in 1967

and 1968, is a comprehensive status study of characteristics of science
teacher education in the United States. Two findings of this survey
should be noted for their relevance to the present study. By means of
an open-ended question, an effort was made to determine what attributes
and qualities of a science teacher are regarded as essential, by those
who teach science methods courses and by those who enroll in such
courses. While there was considerable agreement between the two groups,
there were some differences. The students gave less emphasis to "under-
standing the nature of science,” "command of pedagogical techniques,"
and "related teaching skills," and more emphasis to "love for science
and teaching' and 'desirable personality qualitiasi"g The teacher
candidates appear to attach more significance to attitudes and attributes
and less significance to skills and understandings.

Another relevant point concerns the "inquiry teaching style"
often associated with the "new" science courses of the 1960's. Almost
all methods course instructors expressed enthuslasm for this style, and
their students appeared to have recognized the high value their
instructors were attaching to inquiry teaﬁch’i,ﬂg.A These results give
some indication of how views of science and skills of teaching are
regarded by science methods course instructors and science teacher

candidates.

Achievement studies .
Two styles of research belong to the class of achievement

studies in the literatuyre of science education. One seeks to establish

1AETS Publications Committee, 1972-73, In Search of Promising
Practices in Science Teacher Education (Columbus, Ohio: ERIC
Information Analysis Center for Science, Mathematics, and Environ-
mental Education, 1973).

2David E. Newton and Fletcher G. Watson, The Research on Science
Education Survey (Cambridge, Mass.: Harvard University Graduate School
of Education, 1968).

3Ibi@., pp. v=vi. éiﬁidi, p. viid.
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correlations between classroom characteristics or events and pupil
achievement, while the other seeks to determine which of two instruc-
tional methods produces more of a desired result.

Smith has edited papers from a symposium on Research in Teacher

Educa@iqn,l providing an up-to-cdate assessment of efforts to correlate
teachers' behaviors with pupils' achievements, for the purpose of
improving teacher education. The included paper by Rosenshine and
Furst? gives particular attention to "process-product studies,"” which
seck significant correlations between observed teacher behavior and
measured pupil achievement. There is a long list of characteristics of
teacher behavior which have resisted efforts to establish relationships
with pupil achievement. Rosenshine and Furst report on eleven cate-
gories of studies which suggest that variation may produce differences
in achievement. The five variables strongly supported by the studies
revieved are "clarity," "variability," "enthusiasm,” "task-oriented
and/or businesslike behaviors," and "student opportunity to learn
criterion matériala"B Rosenshine and Furst make suggestions for
improving this type of research, to achieve more definitive results.
Characteristics of the personalities and academic backgrounds
of teachers have been studied in similar fashion, again without clear
results. A study by Perkes illustrates application of this research
style to science teachers. Science teacher behaviors regarded as

teacher-oriented correlated positively with factual recall by pupils,

B. 0. Smith (ed.), Research on Teacher Education: A Symposium,.

gBarak Rosenshine and Norma Furst, "Research on Teacher Perfor-
mance Criteria," in B. 0. Smith (ed.), Research on Teacher Education:
A Symposium, pp. 37-72.

31bid., pp. 42-55.

4Victar A. Perkes, "Junior High School Science Teacher Prepara-
tion, Teaching Behavior and Student Achievement," Journal of Research
in Science Teaching, V (1967-1968), 121-126.
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while behaviors regarded as pupil-oriented correlated positively with
application and interpretation by pupils. Three characteristics of
backgrounds of science teachers showed positive correlation with
application and intevpretation. Two characteristics correlated
positively with pupil-oriented teacher behaviors and one characteristic
correlated positively with teacher-oriented behavior.

Like many studies conducted in this style, Perkes' study raises
more questions that it answers. A host of potentially relevant vari-
ables are measured, and every significant correlation raises the
question of how the linkage can be explained so that a general rule can
be developed and tested. Until that further stage is reached, the
results of such studies are very difficult to apply to the education,
hiring, and supervision of science teachers.

A second style in the achievement class attempts to show that
one method of instruction, to science students or to science teachers,
produces a desired result more quickly or effectively than another
method. Studies by Gacrgel and Henzelz are illustrative. In this style,
significant differences tend to be elusive. A more substantial problem
is ensuring that methods are carried out as planned. If one has that
confidence and obtains significant differences between methods, one
must address the questions of whether teachers can and will change their

teaching behaviors accordingly.

An algernativgﬂrgsgarghﬁs;yle

Each of the four styles, whether of the observation or the

achievement variety, has significant strengths and limitations, some of

1Kenneth D. George, "The Effect of BSCS and Conventional Biology
on Critical Thinking," :pufﬂalﬁgf‘3%§earghrinrSﬂigﬁggmigaghing? ITI
(1965), 293-299.

ZErvin W. Menzel, "A Study of Preservice Elementary Teacher
Education in Two Processes of Science" (unpublished Ed.D. dissertation,
Temple University, 1968).
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which are apparent in the preceding discussion. None of these styles
is well suited to the problem being addressed in this study. Here a
fifth style of science education research is used, one which has been
used in a small number of studies described later in this chapter.

Why is an alternative research style necessary? A research
style determines the kinds of results one obtains. Observation studies
can be viewed as simply providing data. Achievement studies can be
viewed as providing data from which science education theories could be
developed, but this ultimate goal has eluded researchers. The present
style seeks an intermediate goal of "theoretical perspectives' which
can be used to analyze science education phenomena in systematic fashion.
The process begins with the identification of important issues related
to science education. By philosophical analysis, systematic theoretical
perspectives are developed for understanding those issues. Then an
analytical scheme is developed, to translate the perspectives into the
context of practice. Finally, the analytical scheme is applied to
achieve the desired analysis of phenomena.

This style of research recognizes the important role which con-
ceptualization plays in observation, interpretation, and decision-making
related to phenomena of education. Where formal disciplines have
developed theories, the practical discipline of education has not.
Theoretical perspectives on practical issues havé some of the advantages
of theory, yet they can be made relevant to practice. Research of this
type provides results which are not limited to the problem for which
they were developed. The results represent a conceptual basis for
empirical research and a new point of view of potential value in the
conduct of education.

The study by Sarason, Davidson, and Elattl may be interpreted
as an example of research in this style, although it is outside the
field of science education. Sarason and his colleagues vere concerned

with teachers as practitioners of educational psychology. The theoretical

1Sarasan, Davidson, and Blatt, The Preparation of Teachers.
See pages 26-28 of this study.
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perspective which they develop uses psychological rather than philo-
sophical analysis. fThey identify three roles which, on psychological
grounds, teachers may be expected to perform in bringing about productive
learning; the distinguishing features of these roles may be regarded as
their analytical scheme. In the account of a classroom day, they
demonstrate that their scheme can be applied to teachers’ classroom
behaviors. In the report of the observational seminar, they show the
pover of the scheme to suggest alternative teacher education practices,
The investigators note that they have provided a basis for empirical
research related to the actual achievement of preductive learning by
pupils.,

It should be understood that this style of research is not an
entirely new one, but that it represents an alternative to familiar
styles of research in science education. The description of familiar
Styles helps to explain why an alternative format has been chosen, to
begin an inquiry dinto the question of how science teacher education
influences views of science and teaching. To simply observe science
teacher education, or to study changes in views of science and teaching,
would leave one uncertain about how one's program achieved whatever
influence it had. Theoretical perspectives can make a link between
program and change, at the level of provision made for influence. The
derived analytical scheme can guide program planning and observation.

A basis is established for subsequent empirical research on actual

changes.

Recent Research Developing Theoretical Perspectives
on Science Edu;ati@nﬂ?hgpq@éﬁa

Consideration has been given to rationales and programs of
science instruction and teacher education and to styles of research
into issues and problems associated with those programs. The present
study has been identified as one vhich develops theoretical perspectives
on the mnature of science and the concept of teaching, and constructs a
scheme for analyzing the content and structure of argunents made in

science teacher education programs. The research problem and format

1
C
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the existence and significance of a teacher's "model of teaching," of
vhich views of science and teaching are basic elements.

It is the purpose of this final section of the chapter to
complete the analysis of the study's background and comtext by reviewing
recent research in the style of developing theoretical perspectives
relevant to practices of science education. Seven studies have been
selected for examination; five yield analytical schemes applicable to
science instruction, while the remalning twe yield schemes applicable

to science textbooks.

Studies related to

science dnstruction

Two of the studies which focus on science instruction were con-
ducted by Munby. 1In the first,l he develops and applies an analytical
scheme based on Scheffler's analysis of three "philoscophical models of
teachiﬂg."z The study serves to make Scheffler's analysis specifically
relevant to the teaching of science and to indicate how one may move
from the theorctical level of Scheffler's models to the practical level
of particular teaching acts. In his second stuﬂy,3 Munby develops and
applies an analytical scheme based on theoretical perspactives on the
nature of science and the establishment of scientific knowledge clainms.
He shows that it is possible to detect whether science instruction makes

s

provision for pupils to develop a "realdist' or an "instrumentalist” view
P pup

lA, Hugh Munby, "The Use of Three Philosophical Models of
Teaching to Analyze Selected Science Lessons® (unpublished M.A. thesls,
University of Toronto, 1969).

EIsraél Scheffler, "Philosophical Models of Teaching," Harvard
Educational Review, XXXV (Spring, 1965), 131-143. This paper is dis-

cussed in Chapter IV, in the development of theoretical perspectives on
the concept of teaching.

BA. Hugh Munby, "The Provision Made for Selected Intellectual
Consequences by Science Teaching: Derivation and Application of an

Analytical Scheme."



48

for pupils' 'Intellectual independence" or "intellectual dependence"
with respect to knovledge claims. The study makes it possible to
analyze science instruction for thege two important potential conse-~
quences for pupils studying science, Munby's mnalytical scheme has
been formulated as a scheme of observation, and is included in Mirrors

for Behavior I IT. 1

The remaining three studies developing analvtical schemes
relevant to science instruction were conducted by Prusso, Finegold, and
the present investigator. In a study of epistemological features of
science teaghingiz Prusso derives an analytical scheme with three
epistemological dimensions and five categories of scientific statements.
He then demonstrates that the scheme can be used to assess the discussion
of knowledge claims by teacher and pupils in science lessons. The result
is that the theoretical perspectives used to construct the analytical
scheme may be brought to bear on the teaching of science.

Finegold has conducted an elaborate investigation of a specific
kind of science 1nstructi@n,3 referred to as "enquiry into enquiry"
because its goal is the recovery of meaning from original reports of
scientific research. The main result of Finegold's study is an
analytical scheme which can be used to describe and evaluate the success
of enquiry discussion. Among the theoretical perspectives used in the

study is that of Schwab on the nature of scientific enquiry-4 Finegold's

7 L. Hugh Munby, "Munby System," in Anita Simon and E. Gil Boyer
(eds.), Mirrors for Behavior III, pp, 441-452.

zKennech W. Prusso, "The Development of a Scheme for Analyzing
and Describing the Epistemological Criteria Adhered to in Secondary
School Natural Science Classzoom Communication" (unpublished Ed.D.
dissertation, Temple University, 1972).

Bﬂenahém Finegold, "The Character of Classroom Discussion of
Original Research Reports as a Mode of Instruction in Physics"
(unpublished Ph.D. dissertation, University of Toronto, 1974).

4

'J. J. Schwab, "What Do Scientists Do?" Behavioral Science, V
(January, 1960), 1-27. '
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study demonstrates the application of the analytical scheme to tran-
scriptions of the particular type of sclence instruction for which it
is desipgned.

The present investigator has conducted a study of the attitude
toward authority which may be suggested by a science teacher's conduct
of an argumentil Theoretical perspectives of Peters (on authority in
Educati@n}z and Toulmin (on the pattern of argumants)B are used to
develop a scheme for analyzing arguments involving the acceptance orx
application of a scientific law. It is demonstrated that the schame
may be used to determine whether an argument could suggest to pupils a

traditional or a rational attitude toward authority.

Studies related to science
teaching materials

Two studies by Kilbourn have produced analytical schemes rele-

vant to science teaching materials. In the first34 eplstemological
perspectives are used to formulate a scheme for studying the scientific
knowledge claims presented to pupils in textbooks. Application of the
scheme to part of one sclence textbook shows that the scheme is workable
and sheds light on the difficulties students experience in reading

textbooks.

1Th@mas L. Russell, '""Towvard Understanding the Use of Argument
and Authority in Science Teaching," Backzround Paper No. 7 for the
Explanatory Modes Project (Toronto: The Ontario Institute for Studies
in Education, Department of Curriculum, 1973).

’R, S. Peters, Ethics and Education (London: GCeorge Allen &
Unwin Ltd., 1966), pp. 237-265. This perspective is discussed in
Chapter 1IV.

3St2phan Toulmin, The Uses of Argument (Cambridge: Canmbridge
University Press, 1958), pp. 94-145. This perspective is discussed in
Chapter V.

éErent Kilbourn, "'Analyzing the Basis for Knowledge Claims in
Science Textbooks: A Method and a Case Study," Background Paper No. 6
for the Explanatory Modes Project (Toronto: The Ontario Institute for
Studies in Education, Department of Curriculum, 1971).
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In his second study31 Eilbourn uscs the idea of world view to
address the science educator's understandable concerns with various
"anti-science” movements. From Pepper's theoretical perspective based
on the concept "world hypathgses,"g he derives an analytical scheme for
recognizing messapes about world views which teaching moterials project
to pupils. Kilbourn demonstrates the applicability of his scheme by

analyzing a biology textbook.

Summary

In each of the seven studies, questions of science education
pPractice are addressed by borrowing and/or developing relevant theoret-
ical perspectives for the purpcse of creating aand applying to practice
an analytical szhema.g Epistemology and various aspects of the nature
of science are the dominant concerns. Each analytical scheme makes it
possible to analyze science instruction or science teaching materials
in terms of significant learner outcomes. As many of the investigators
have noted in their studies, the schemes also have significant
implications for science teacher education. Each scheme provides a
basis for the development of particular aspects of a science teacher's

"model" of teachiag.

1Br2nt Kilbourn, "Identifying World Viaws'Prajectgd by Science
Teaching Materials: A Case Study Using Pepper's World Hypotheses to
Analyze a Biology Textbook" (Uﬂpubllghed Ph.D. dicsertation, University
of Toronto, 1974).

EStephen C. Pepper, World Hypotheses: A Study in EVLdEnEE
(Berkeley: University of California Press, 1942).

BThe descriptions of the studies are intentionally brief. More
complete descriptions of most of these studies are available in a recenc
paper which describes this research style within the context of debates
about how scilence education research should be conducted. See Douglas
A. Roberts and Thomas L. Russell, "An Alternative Approach to Science
Education Research: Drawing from Philosophical Analysis to Examine
Practice," Curriculum Theory Network, V, 2 (1975), 107-125,

o
o
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The present study may be vicwed as a dircct extension of this
type of science education research to specific aspects of scilence
teacher education. 'The study assembles additional theoretical perspec-

ives on the nature of science and the concept of teaching, in order to

develop an analytical scheme directly applicable to science teacher
eduzation programs. Application of the scheme to excerpts from scicnce
methods textbooks demonstrates how the theoretdical perspectives may he
brought to bear on one aspect of science teacher education practilce,
Thus the study continues a productive line of research and extends its

application within the domain of science education.

60



CHAPTER I1II

ANALYSIS OF THREE PERSPECTIVES

ON THE NATURE OF SCIENCE

Introduction

This chapter and the next present, in two stages, the development
of an analytical scheme for arguments about how and why secience should
be taught to children. Dimensions relevant to the nature of science are
developed in this chapter; those relevant to the concept of teaching are
developed in Chapter IV. The present chapter describes and analyzes
three interpretations of science developed by Rudolf Carnap, Karl Popper,
and Thomas Kuhn. This introduction explains how the interpretations were

selected and how they are to be analyzed.

Selection of interpretations
of science

The nature of science can be explored in a number of ways, and
several alternatives have been considered in planning the argument which
follows. Although philosophy of science has a relatively short history
as a distinct branch of philosophy, concepts and issues treated by
philosophers of science have a long and detailed histary extending back
at least as far as the writings of Plato and Aristotle. For present

purposes, it is not necessary to survey that entire history.

and positions in the course of arguing for the acceptance of one

e . s g , . 1
particular position as an adequate basis for understanding science.

lfwc examples are Stephen Toulmin, The Philosophy of Science: An

Introduction (New York: Harper & Row, 1960) and R. Harrd, The Phllas—'

ophies of Science: An Introductory Survey (London: Oxford Unlverslty

Fress, 1972).
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From personal experiences of examining the nature of science and from
expericences of working with teachers who were studying the nature of
science, the investigator has developed a preference for original
interpretations of science. These provide first-hand evidence and, in
the long run, they scem to produce less '"philosophical confusion" among
individuals who have not had extensive training in philosophy.

Significant developments in the early history of modern science
are associated with the names of Copernicus, Galileo, and Newton. The
work of Newton in particular came to dominate western thought to the
extent that we now speak of the surviving influences of the "Newtonian
worldview." E. A. Burtt, who has traced in detail the development of
the metaphysical assvmptions of that worldview, gives the following
assessment of its central issues.

We have ohserved that the heart of the new scientific mata-
physics is to be found in the ascription of ultimate reality and
causal efficaecy to the world of mathematiecs, which world is iden-
tified with the realm of material bodies moving in space and time.
Expressed somewhat more fully, three essential points are to be
distinguished in the transformation which issued in the victory of
this metaphysical view; there is a change in the prevailing con-
Eéptiiﬂ (1) of reality, (2) of causality, and (3) of the human
mind.

At the turn of the century several new developments, primarily
associuted with logic and with physics, generated effective challenges
to the view of science derived from the then-unquestjoned Newtonian per-
spective. One of the most famous and fundamental challenges was begun
by Einstein in his 1905 paper which presented the special theoxry of

s 2 : ) , , , . .
relativity. New accounts of the nature of science have been developed
in the wake of those challenges. Among the most significant are the

e

three accounts of science which have been selected for examination in

1 o .,
“Edwin A. Burtt, The Metaphysical Foundations of Modern Science
(Garden City, N.Y.: Doubleday & Company, Inc., 1954), p. 303.

zAlbezt Einstein, "On the Electrodynamics of Moving Bodies," in
H. A. Lorentz et al., The Principle of Relativity (New York: Dover
Publications, Inc., 1923), pp. 37-71.
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, s - 1
this study. These ure of the World,™

Popper's The Logic DfASE;Eﬂ;iEiQVDiS£pVQEy;J and Kuhn's The Structure of

o s s - g 3 . ; . , :
Scientifie Revolutions. Consideration of three accounts provides some

assurance of breadth while emphasizing that the interpretation of
science is not limited either to perfecting one account or to determin-
ing which of two alternatives is correct.

The concept of a "categorial

£;§qgwq;k" as a basis for analysis

Stephan Kirner's concept of a "eategorial frﬁmawafk"4 has boen
selected as a common basis for analysis of the three accounts of science.
The need for such a perspective to facilitate systematic comparison of
the accounts is illustrated by an issue from the analysis which follows.
To the question of how science may be demarcated from non-science, Carnap
replies that sciei.tific statements are verifiable, while Popper-argues
that scientific statements are falsifiable. Kuhn's answer is that
scientists engage in solving puzzles which are identified in teorms of the
disciplinary matrix shared by a community of scientists. Each of these
asscrtions belongs to an internally consistent account of the nature of
Scilence, yet they are obviously different.

"Which of these replies is true?" is a fruitless, if not absurd,
questicn. Yet the differences are clear, and they invite and demand
further analysis. The investigator has considered constructing an
original scheme for comparing the aceounts, but has selected Kérncr's

concept for its generality and its appropriateness to analysis of

lRudﬂlf Carnap, The Logical Structure of the World & Pseudoprob~

lems in Philosophy, trans. hy Rolf A. George (Berlaley. University of

California Press, 1969).

ZKarl R. Popper, The Logic of Scientific Discovery (2nd Harper
Torchbook edition; New York: Harper & Row, Publishers, 1968).

BThamas S. Kuhn, The Structure of Scientific Revolutions (2nd ed.
enlarged; Chicago: The University of Chlcagu Press, 1970).

4Stéphan Korner, Categorial Frameworks (Oxford: Basil Blackwell,

1970).
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philosophical and metaphysical arguments. In particular, analysis in
terms of categorial frameworks can deal with the fact that statements
which seem unquestionable in one context become vulnerable to nany .
forms of criticism in other contexts. In his very systematic analysis,
Kérner uses the terms "incorrigible" and “corrigible" to refer to this
difference. Part of KSrner's rationale for developing the "categorial
framework" concept is indicated in the following statement.

Because of a natural inclination to elevate the peculiarities of
one's own thinking into universal characteristics of all rational
thought, philosophers tend to regard categorial frameworks as only
apparently different and as reducible to a common standard type.

If we are to avoid the distortions resulting from this point of

view we must try to understand the sense in which, and the extent

to which, the propositions and distinctions which ave characteristic
of a categorial framework are tneorrigible 1if aifmgd from the inside
and corrigible if viewved from the outside of it.-

Kérner's concept of a categorial framework serves to make
explicit the existential and logical assumptions which an individual is
likely to regard as unquestionable. It is used for that purpose in the
following presentations of accounts of science developed by Carnap,
Popper, and Kuhn. Accordingly, the first section of the chapter presents

a summary of the argument in K&rner's boaok Categorial Frameworlks.
Y & s LAlLCcyol S AMEWOarLs

Kérner's Concept of a Categorial Framework

Overview of the argument

Kérner's argument develops and demonstrates the thesis that an
individual's categorization of experience has significant relationships
to his metaphysical beliefs and his explanatory standards. The opening
lines of the preface speak clearly to this point.

The manner in which a person classifies the objects of his
experience Into highest classes or categories, the standards of
intelligibility which he applies, and the metaphysical beliefs which
he holds are intimately related. To give an obvious example, the
employment of the category of causally determined events, the demand
that all or some explanations be causal, and the belief that nature
is at least partly a deterministic system so involve each other that
they are either all present in a person's thinking or else all absent

1lbid;, p- l4. Italics added.
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from it. Groups of persons, societiecs, and whole civilizations
exbibit, in so far as they can be said to think, a similar
correlation between their categories, standards of intelligibilicy
and metaphysical beliefs,™

It is necessary to follow Kdrner's text closely because a number
of specialized terms are introduced, based on considerations familiar to
students of philosophy. In this overview of the argument, some of the
terms are introduced and discussed very briefly. TFurther details are
provided in the discussion of ecach step in the argument.

Kdrner begins by explaining the basic elements of a categorial
frameworlk:

1. ‘''Highest categories" (or "maximal kinds") of objects of
experience. Familiar examples from philosophy are "minds," “bodies,"
and "physical events."

2. '"Constitutive" and "individuating" principles associated
with the highest categories (maximal kinds). These principles serve ro
make a classification explicit by indicating critical attributes of
particulars of a maximal kind. TFor example, Newton's principle of
inertia expresses a "constitutive" attyibute of particulars of the
maximal kind, '"material objects.” ‘'Beiang a material object logically
implies being capable of moving . . . with uniform speed in a straight
1ina."2

3. The underlying logic of an individual's thinking, according
to which the lcgical validity of propositions is determined. '"Classical"
logic is the most familiar, but other logics are possible.

Korner's second step is consideration of differences betweer
perspectives "internal' and "external" to a categorial framework. He
argues that the "constitutive" and "individuating" principles of a frame-
work are internally but not externally "incorrigible."

The final step in the argument establishes the "intimate
relationship" mentioned in the opening sentence of the preface, quoted
above. Kdrner argues that the "constitutive" and "individuating" princi-

ples of a categorial framework are metaphysical principles, which also

lKEfner, Categorial Frameworks, p. ix.

%Ib1d., p. 67.

<
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function as standards of intelligibility, or explanation, for the
individual holding the {ramework. Then, rellecting back on his argument,

Korner considers the important topic of cateporial change, and discusses

, . c g - 1
the influence of philosophical argument on such ehange.

the concept of a cateporial framework

Kérner specifies precisely the elements included in a "eategorial
framework." Hach of the three elements requires separate discussion.

To indicate a thinkar's categorial frameworl is to make explicit
(i) his categorization of objects, (ii) the constitutive and
individuating principles associated with the maximal kiuds of
his categorization, (iii) the logic underlying his thinking.®

Categorization of objects

ense of the

]

The term "categorization" is used in the special
"higher levels of a total classification," set out in a series of parti-
tions which acknowledge or reject two distinctions. The first is
between particulars and attributes: particulars are "logically ultimate"
objects which have, but are not themselves, characteristics. The second
distinction is beiween independent and dependent particulars or attri-
butes: independent objects are "ontologically fundamental," existing

"apart from and independently of other objects."”

lln working one's way into Kdrner's terminology and through his
argument, it may be helpful to recall the context developed by the
discussion of new perspectives on teacher education, in Chapter II.
There are significant parallels betwsen "model of teaching'" and "cate-
gorial framework," although it is not possible to axplore the parallols
in this study. The broad intuitive notion of a "model of teaching,"
sketched by Belanger and Cogan, may correspond directly to Kérner's
carefully developed concept of a "categorial framework." Sarason and
his colleagues focused on the selective nature of obsarvatiun and
interpretation, and this selectivity might be analyzed in terms of the
statements an individual regards as "internally incorrigible." Also,
Scheffler's conclusion about the value of philosophical perspectives
on the subject one teaches seems to correspond to Kdrner's point that
philosophical argument contributes to the clarification of categorial
frameworks.

2. . ;
Korner, Categorial Frameworks, p. 10,

tbid., pp. 2-6.
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Kérner mentions the example of a categorization of objects which
takes "minds" and "bodies" as particulars. Both may be regarded as
independent particulars, either may be regarded as independent and the
other as dependent, or both may be taken to be dependent particulars
(with some other particular[s] taken to be indapéndent),l

Logically, these two distinctions can generate four classes,
although "empty" classes are possible in a categorizarion of objects.
Any of the classes may or may not be partitioned into two or more
"maximal classes,'" or "maximal kinds,“z K8rner's primary interest is in

the various possible maximal kinds of particulars; whether they are

independent or dependent particulars is a secondary inl;erest-3

Constitutive and individuating
principles
In the following passage, K8rner distinguishes between constitu-
tive and individuating attributes of maximal kinds of particulars. He
also indicates that they function to make axplicit the principles by
which a person makes categorizations.
Frequently, , ., . , these instinctive classifications and identifica-
tions can be made more explicit, especially by indicating (a) attri-
vutes which characterize a particular as a member of a maximal kind
and (b) attributes which characterize a particular which is a member
of a maximal kind as a distinct, individual member of it. In accor-
dance with traditional usage--or at least without grossly violating
it-~the former aﬁtributﬁs will be called 'constitutive' and the
latter 'individuating'.”

5

For example, the proposition that dogs have immortal saulss

implies that having an immortal soul is a constitutive attribute of the

maximal kind, "animals."” For the maximal kind, "physical objects,"

location in space and time would be an individuating attribute. A

constitutive or individuating principle is a proposition the assertion

YMbid., p. 5. Ibid., p. 4.

Ibid., pp. 5-6. é;b;di, p. 7.

5The examples are K&rner's.
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of which asserts that a certain attribute is either constitutive or
R , L . 1 1
individuating for the particulars of a maximal kind.

Underlying logic

Finally, the underlying logic of a categorial framework is that
logic with respect to which the logical vaiidity of propositions is
determined, including the logical implications applied in a categoriza-
tion of cbjects into maximal kinds. Just as there are many actual and
possible categorizations and associated categorial principles, so there
are many possible logics. Classical logic is the most familiar.
"Constructive" logic admits propositions whose truth-value (true or
false) is indefinite. K8rner also discusses "extensions" of these logics

2 .. , , .
as. Korner tormally examines
3
it

to admit inexact as well as exact attribut
these logics in his appendix, "Some logical systems.
Before examining arguments in which the "categorial framework"
concept is put to use, it should be noted that K8rner makes explicitc an
important point: "To employ a categorial framework" does not mean
". . . to be explicitly and continually aware of the distinctions and
assumptions to which the term 'categorial framework' réfersi"é The
distinctions may not be as definite as his defiritions suggest, they may
be changed, and it may even be possible to think without using a

. 5
categorial framework."

Categorial frameworks

and_incorr}

gibility

As mentioned earlier, "incorrigibility" is an impo ant issue for
Kérner. Strictly speaking, a proposition is "incorrigi’ with respect
to a categorial framework if rejection of the proposition constitutes
abandonment of the framework. '"Internal" incorrigibility, or incor-—

rigibility with respect to one particular categorial framework, may be

1K6§ner5 Cateporial Frameworks, p. 7.

21bid., pp. 8~10. 3Ibid., pp. 75-81.

“bid., p. 12. ’Ibid., pp. 12-13.
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distinguished from "external" incorrigibility, or incorrigibility with
respect to any actual or possible framevork. The distinction is of
fundamental importance for Kérner, who argues consistently that internal
incorrigibilizy does not imply external incgrrigibilityil

Kérner uses the "dogs have immortal souls" example to illustrate
the distinctlon. If the propositions characterizing a categorial frame—
work (“incorrigibly existential" and "'incorrigibly logical® propositions,
as defined below) logically imply that dogs have immortal souls, then
that framework includes a maximal kind "animals" with a constitutive
attribute "having an immortal soul." The external corrigibility of the
internally incorrigible proposition "Dogs have immortal souls" is
denonstrated by presenting another categorial framework whose character—
izing propositions do not imply that dogs have immortal souls. The
divergence between the two frameworks may involve their categorization of
objects (and associated constitutive and individuating principles), their
underlying logiecs, or bétbiz

One important reason for demonstrating that internal incorrigi-
bility does not imply external dincorrigibility dis that existential and
logical assumptions are so often regarded as unquestionable, K&rner
applies the dncorrigibility distinction to existential and logical
propositions, to the classification of particulars as independent or
dependent, and to the classification of logical systems as primary or
secondary.

Kérner gives complex definitions of dincorrigibly existential and
logical propositions. An existential proposition, implying the existence
of one or more particulars, is ewxistential with respect to a categoriql
Jramework (F) if it is ". . . consistent with the proposition that mno
maxinal kind of F is empty and that every particular belongs to one of
tham‘,“3 That proposition expresses the "basic existential thesis" of the
framework. An existential proposition is incorrigibly existential if it

is logically implied by the basic existential thesis of the framewatk.4

Yyhid., pp. 14-16, E;bi@.

3;bia., pp. 12-13, “Ibid., p. 17.
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Of the logical propositions which are incorrigible with respect
to a categorial framework (F), Kérner gives the following account.
Lf 8 1s the logic underlying F then the logical propositions which
are incorrigible with respect to F are (i) the logical principles of
§ which characterize the logically valid propositions of S in terms
of propositional forms and their substitution instances; and (ii) the
logically valid propositions themselves.
After demonstrating that internally incorrigible existential or
logical propositions are not externally incorrigible, Kdrner acknowledges
a debt to terminology developed by Kant.

The notions of internally incorrigible, dnternally incorrigible
existential and internally incorrigible logical propositions are to
some extent relativized versions of Kant's q priori, a priori
synthetic, and a priori analytic propositions,

Kdérner explains'that every constitutive or individuating principle of 2
categorial framevork is an internally dncorrigible existential proposi-
tion, because every such principle is a conjunction of an internally
incorrigible existential proposition and an internally incorrigible
logical prapésiﬁianiz

To complete his discussion, Kdrner cautions against confusing
internal incorrigibility with truth. Incorrigibility is defined with
respect to the conjunction of propositions which duscribe a framework,
but ". . . the truth of at least some propositions depends on thedir
relation to non-propositional en,titieas."tgl An internally incorrigible
proposition can be fals:, true, neither verifiable nor falsifiable, or
even lacking in truth value if the primary logic is “gcnstfﬁctive;"j
"Most, if not all, propositions which are regarded as 'metaphysical' are

internally incorrigible, unverifiable and [un]falsifiable propositions."

Feur significant types of thinking

K&rner continues his explication of the concapt of a categorial
framework by showing how different types of thinking influence the
structure of categorial frameworks. K&rner's main points are simply

noted, for they do not bear directly on the present study.

bid., p. 18. Ibid., p. 19. bid.

“1bid., P. 24. Ibid. 61bid., p. 25.
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Kérner's first distinction is bhetween "constructive" thinking,
associated with an‘underlying intuitionist logic, and "factual" thinking,

associated with an underlying classical logic. '"Practical" thinking is
1

examined as a particularly interesting type of constructive thinking.
Kémer's second distinction is between ''commonsense' and "scientific"
thinking; the distinction is applicable to both factual and constructive
thinking. Inexactness of attributes and indefiniteness of propositioms
are characteristics of commonsense thinking which are execluded from
scientific thinking based on classical Lagiciz From Kérner's perspective
emphasizing external corrigibility, it is moxe worthwhile to understand
the relationships between different types of logic than to try to decide
which type is ontologically primary. As with decisions about the onto-
Logical primacy of different object types, ". . . , the proper logico-

episterological attditude is again one of tolerant impartiality;“3

Metaphysical principles_and
explanatory standards

To begin to bring his argument to a close, KSrner turns his
attention from diEférégces within frameyorks to differences between
frameworks, K8rmer first considers how divergent interpretations and
divergent idealizatioms can generate differences between categorial
frameworks, including frameworks arising from the same set of par-
ticulars and attributes. Divergent intexpretations result from different
ways of adding non-descriptive elements to a description, as in the'
interpretation that a sequence of situations is causal. Divergent
idealizations result from different ways of modifying a description,
as in moving from statements about a perceptual triangle to ones about
a Euclidean triangle.é

The basic sources of divergence are the different ways of
including non-perceptual content in interpretative and idealizing
attributes. Three types of interpretative attributes seem to be
particularly significant.

In a2 mure detailed study of interpretative attributes the follow-
ing three types would deserve special attention as characteristic of

Ytbid., pp. 26-38.  2Ibid., pp. 39-50.  3Ibid., p. 49.

“Ibid., p. 55. The examples are K&mer's.
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most—-possibly all--categorial frameworks so far employed. These

are attributes which, roughly speaking, serve the transformation of

a plurality of particulars into a unified particular of a mew kind;

attributes which serve the transformation of private partlculars into

public particulars; and attributes which serve the transformation

of transient into permanent particulars.l
It is Kbrner's view that divergent interpretations, divergent ideal-
izations, and alternative categorizations are the most important fac-
tors in accounting for the variety of categorial frameworks, actual and

. 2
possible.

Kérner links categorial frameworks with metaphysics by suggesting

that principles of rategorial frameworks are pavt of the elass of meta-

¥,

physical principles, He points out that mos: m2:aphysicians and episte-
mologists ". . . have been chiefly interested i constitutive and indi-
viduating attributes which are non-perceptual ot contain nan=pefcépéual
ingredi ..ts and in the framework-principles corresponding to such
attributesgg

Whatever else it may be, metaphysics aims at the exhibition of
implicitly accepted categorial frameworks, at their c.’2i¢:]

s o . £
examination and, sometimes, also at their modification.
Kérner reports that four common characteristics of metaphysical principles
are those of being non-empirical, not logically true, comprehensive in

omahow

L]

applicability and ". . . "prior to experience' in the sense of

determining the structure of experience, ratlier than Eeing determined

by it."§
Admitting the vagueness of these conditions, especially of the last,
wve must, I think, also admit that if thev are satisfied at all, they
are satisfied by f:amawarképtingiples.ﬁ

To complete the development of his central thesis, K8rner argues
that there is a relationship between an individual's categorial framework

(¥) and his standards= . f explanation. A proposition is regarded as

libid., pp. 53-56- %Ibid., p. 58.

bid. 1bid., p. 59.

>1bid, ®1bid.
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explanatory of something for someone if failure to believe the proposi-
tion would render that something unintelligible for that person. A
person's standards of explanation will include many criteria, and among
them will be compatibility with the internally incorrigible principles of
his categorial framework.
In so far as the compatibility of any proposition g with the

internally incorrigible principles of F is a necessary condition

of the proposition's explaining anything, these principles represent

for the person who employs F not only metaphysical beliefs, but

also standards of intelligibilirty.‘

Categorial change and the

at e ar
influence of philosophical argument

Komer concludes his discussion of categorial frameworks with an
exploration of the topic of categorial change. He first distinguishes
the informative from the explanatory function of a categorial framework,
arguing that ". . . , explanation is framework-bound whereas information
is natg“s Ignoring this characteristic can lead to two different errors
which may confuse the topic of categorial change. Inferring from the
fact that explanation is framework-bound that informationm is also frame—
work-bound ". . . tends to support an anthropologism which exapgsrates
cultural relativity to a point where any voderstanding of the users of
one categorial framework by those of another is completely ruled oui:a“4
Inferring from the fact that information is not framework~bound thar
explanation is not framework-bound ". . . tends to support a scientism
which equates increase of information with improvement of explanation
. " 0n chis view, quantity of information could [erroneously] be
identified with quality of explanation.

To K&rner, the experience of categorial change may be comparable
t
from approval to disapproval, but a change of belief is also involved.

s}

the perceptual change of a Gestalt switch or to the change of attitude

libid., pp. 61-62. 1big., p. 62. Jbid. | p.64.

“Ibid., p. 65, 3Ibid.
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Yet a categorial change is not, or not only, a change in perception
or evaluative atbitude. It results in nodifying a prior categoriza-
tion, its associated constitutive or individuating principles or its
underlying logic, and is thercfore also a change of belief--from
belief in one set of propositions to belief in another.l

Three examples of changes in constitutive princlples are illustrative of
features of categorial change. Kérner discusses the challenges posed to
existing frameworks by the introduction of Darwin's concept of species,
Newton's concept of inertia, and tue quantum-mechanical concept of an
event. Such challénges may be resolved by rejecting the new thesis,
granting it the status of a heuristic principle, or accepting it, with
corresponding consequences for the status of the original maximal kindiz
Philosophical arguments may be employed in attempts to preserve,
change, or reject an accepted categorial framework. Regardless of the
outcome of such arguments, they also serve ". . . to clarify the structure
of the categorial frameworks whose cholee, change, or preservation is at
issue, or to present new thought-possibilitiles previously not available
or not récggﬁized,"s
Ké&rner characterizes several types of methods of philosophical
argument and notes the usual effect of each on categorial frameworks.
He declines the task of didentifying all the varieties of philosophical
argument and showing that each is incapable of establishing the truth
of one categorial framework. Inmstead he notes that such arguments for
uniqueness involve either the circularity of using a given framework
to establish criteria for the uniqueness of that same framework, or the
impossible task of examining ". . . a potentially infinite set of
categorial framevorks, saﬁe of which are not even kﬁéﬁﬁ-"é Yet Kdrner
has recognized that all types of philosophical argument may contribute
to clarification, and to the creation and re.ognition of new possibili-

ties. Accordingly, he closes his argument by ertending his posture of

Libid. ’Ibid., pp. 66-68.

3bid., p. 69. “Ibid., pp. 70-73.
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tolerance to ". . . metaphysical thought-experiments by metaphysicians
.ol He hopas that these will be encouraged for their potential

contribution to the coutinuing creation of new categorial frameworks.

Summary

As developad L, Kﬁrﬁerj the concept of a categorial framework
includes a categorization of objects of experience, associated constitu-
tive and individvating principles, and an underlying logie. Ké6rner
argues that there are close and important relationships among an individ-
ual’s categorial framework, his metaphysical beliefs, and his explanatory
standards. Specifically, he argues that the principles (constitutive,
individuating, and logical) of a categorial framework are metaphysical
principles which also function as standards of intelligibility.

In the remainder of this chapter, three different interpretations
of the nature of science are described. Carnap, Popper, and Kuhn have
developed coherent, internally consistent positions which permit different
solutions to various metaphysical problems. For each of the three
accounts, the following general format is followed. First, the basic
features of the povition are described in detail sufficient to permit
an outline of the implicit categorial framework. Then the solutions to
metaphysical problems are outlined. This format permits each analysis
to illustrate to some extent the relationships between the categorial

framework and the associated metaphysical beliefs.

Carnap's Analysis of Science

Introduction
In The Logical Structure of the World, Carnap applies achievements

in logic and mathematics to scientific analysis in a manner intended to
eliminate metaphysical issues from the domain of science. Carnap argues

that all the "objects' of science can be "constructed" from a small number

L |
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of "baslc objects." The latter are derived from ‘'the individual stream
of experience," which is taken as given and for which neither reality nor
nonreality Is claimEd.l

Carnap is concerned with the justification of statements in
science, not with their discovery or development. Accordingly, his
argument bears primarily upon epistemological features of science.
In the preface of his work, Carnap identifies some general features of
his point of view. The method provided by developments in logic and
mathematics is said to make it possible to develop . . . a uniform
reductional system of the concepts which occur in scie&cg,"z and thus
to answer the question of how cognitions may be reduced to one another.
Carnap declares that every thesis of science requires ". . . a purely
empirical-rational justificationi“z He speaks of the goal he shared with
others in the group now referred to as the Vienna Circle as a ". . .
call for clarity, for a science that is free from metaphysics, . . Rl
While emotion and intuition may be involved in handling problems and
discovering solutions, the justification of statements must be purely
intellectual.

The opening chapters describe the objective and the plan of the
study. The opening paragraphs of the study are particularly indicative
of Carnap's goal. 7

The present investigations aim to establish a "constructional
system", that is, an epistemic-logical system of objects or concepts.
The word "object" is here always used in its widest sense, namely,
for anything about which a statement can be made. Thus, among
objects we count not only things, but also properties and classes,
relations in extension and intension, states and events, what is
actual as well as what is not.

Unlike other conceptual systems, a constructional system under-—
takes more than the division of concepts into various kinds and the
investigation of the differences and mutual relations between these
kinds. In addition, it attempts a step-by-step derivation or
"construction" of all concepts from certain fundamental concepts, so

Carnap, The Logical Structure of the World, pp. 101-107.
3 4

Ibid., p. xvii. ‘Thid.

Ibid., p. xvi. D
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that a genealogy of concepts results in which each one has its
definite place. It is the main thesis of construction theory that
all concepts can in this way be derived from a few fundamental
concepts, and it is in this respect that it differs from most other
ontologies.l

Carnap refers to his study as ". . . an attempt to apply the
theory of relations to the task of analyaing P&gliﬁg."z Methodologically,
he sees himself bringing together two rather independent branches of
science--symbolic logic and the reduction of reality to the given--which
are both required for further scientific prngSS;S With a view to
eliminating metaphysical issues from science, Carnap points out that
the language of construction theory is regarded as completely reutral.

He sees no logical difference between "concept" and "object," only a
psychological difference. His theory is to be neutral with respect to
the controversy between idealism and realism, between objects created
by thought and objects apprehended by though!;g4 ,

Carnap develops his argument with care, attempting to identify
and explain each move required for progress toward his objective of a
constructional system of concepts or objects. His argum~at is summarized
here by examining in detail three topics which are dominant and funda-
mental: (1) the thesis that scientific statements are transformable
to structure statements, by the method of purely structural definite
descriptions, (2) the thesis that a new constructional level is reached
by giving a "definition in use" to define the extension of a propositional
function, and (3) the thesis that a constructional system requires only
a small number of basic relations taken as undefined basic objects. Each

of these topics is examined in turn.

The nature of scientific statements

Carnap's discussion of the nature of sclentific statements indicates

a fundamental aspect of his approach. The thesis which he maintains, and

=}
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is seeking to establish, is ". . . that seience deals éﬁZy with the
deseription of structural p?ﬁégrtigs of ébjé&tga"l The goal thus set
for all scilentific statements is to indicate formal (structural)
properties only, to the exclusion of individual (material) properties.
This requirement is made to insure the objectivity of sclence by removing
the subjectivity'uf any reference to material, It is recognlzed that
empirical science uses material entities initially, with an ultimate goal
of purely structural definite dgscfiptians.z
The concept of a structure begins with the distinction betwean
a property description and a relation description. The former indi..tes
properties of individual objects; the latter indicates relations between
objects, making no assertion about the objects as individuals. A
relation description which speeifies neither properties ner relations

but only the structure of the relation is called a structure description.

Thus, our thesis; namely that scientific statements relate only to
structural properties, amounts to the assertion that scientific
statements speak only of forms without stating what the elemeats and
the relations of these forms are.

Arguing that definite descriptions which are purely structural are
possible, Carnap submits that scientific discrimination is limited to
the possibility of definite description through pure structure statements.

It becomes clear from the preceding investigations about strue-
tural definite descriptions that each object name which appears in
a sclentific statement can in principle (if enough information is
,available) be replaced by a structural definite description cf the
object, together with an indication of the object domain to which the
description refers. This holds, not only for the names of jadividual
objects, but also for general names, that is, for names of concepts,
classes, relations . . . . Thus each scientific statement can in
principle be transformed into a statement which contains only
structural properties and the indication of one or more object domains,
Now, the fundamental thesis of construction'theory . . . , which we
will attempt to demonstrate in the following investigation, asserts
that fundamentally there is only one object domain and that each
scientific statement is about the objects in this domain. Thus, it
becomes unnecessary to Indicate for each statement the object domain,
and the result is that each scientific stalement ean in principle be
so tranzformed that it is nothing but a structure statement. But this

11bid., p. 19. “Ibid., pp. 19-23. 3bia., p. 23.
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transformation 1s not only possible, it is imperative. For science
wants to speak about what is objective, and whatever does not belong
to the structure but to the material (i.e., anything caat can be
_pointed out in a concrete ostensive definition) is, in the final
analysis, subjective.l
In concluding his remarks on the possibility of purely structural
definite descriptions, Carnap recognizes a distinction between a con-
structional form and a linguistic form of scientific statements.
« « + 5 for science, it is possible and at the same time necessary
to restrict itself to structure statements. This is what we asserted
in our thesis. It is nevertheless evident from what has been said
[earlier] that scientific statements may have the linguistic form
of a material relation description or even the form of a property
description.

Developing a constructional system

The two remaining topics selected for detailed examination cover
what Carnap describes as the four main problems of construction theory.
The problems of basis (cholce of lowest level), object form (construction
of objects of various types), and system form (overall form prﬁﬂuéed by
stratified arrangement of object types) are interrelated and are sald to
involve “extralogical" consideratiomns. First Carnap treats the fourth,
"formal-logical" problem of ascension forms, which will be used :épeatédiy

to "ascend" to higher levels in the systém;S

Reaching new constructional levels

Carnap regards virtually all objects of science as "quasi objects"
which are incomplete symbols used as though they designated objects as
object names do. At issue here is the relationship between linguistie
signs and the objects they designate. Following Frege, Russell used the
term "incomplete symbol" for a symbol which has no meaning in isolation,

but only in certain contexts in which its use is ﬂéfiﬁédgé The incomplete

11bid., pp. 28-29. 2Ibid., p. 30.  SIbid., pp. 47-48.

AAQN, Whitehead and B. Russell, Principia Mathematica (2nd ed.;
London: Cambridge University Press, 1935), I, 66.
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symbol which remains when names of objects and quasi objects (the
arguments) are deleted from a sentence (that is, deleted from the

argument positions) I- .... *w designate a propositional {unction. Two

types vl p.oupositizoa’ . crions are distinguished. A ‘preperty (or
property conczpt) Pas oane argument position; a relation (or relationsl
concept) hus two or more argument positions,

The "extensional procedure' for producing the extension of a
propositional funection involves assigning the same symbol to propositional -
functions which are satisfied by exactly the same arguments and thus said
to be coextensive. This condition is achieved when every object (or pair
or triple of objects, etc.) which satisfies one of the propositional
functions satisfies all the others (that is, results in a true sentence).
The symbols assigned to coextensive propositional functions are called
"extension symbols." Used as though there were objects (extensions)
which they designate, extension symbols have no independent meaning and
thus are termed incouplete symbols. When using the =xtension symbol
produced in an extensional procedure, ". . . we obviously disregard
all points of difference between coextensive propositional functions and
express only those factors in which they agraa,“g Two types of extensions
of ﬁrgﬁositioﬁal functions are distinguished. A class 1s an extension

of a property; a relation extension is an extension of a relation.

To construct a concept from notiers ': . .adicate its "construc-
tiorial definition" using only those concejc: .6 w.ich the constructed
. rq & . o, ,

concept is sald to be reducible. Two types of constructional definition

are distinguished. An explicit definition gives to a new symbol the same .

meaning as a combination of known symbols. A definition in use intro-

duces a symbol which lacks independent meaning by explaining how the
symbol is used in complete sentences. A definition in use equates the
expressions for two propositional functicns, one containing the new
(constructad) object name and the other containing only previously

5

constructed names, both containing the same variables.

3bid., pp. 57-60.

lbid., pp. 50-51. %Ibid., p. 56.

“Ibid., pp. 60-61.  “Ibid., pp. 65-67.
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The "ascension' to a new constructional level requires a definition
in use. Hence this type of definition is of central importance for the
task Carnap has sct. A definition in use establishes that two proposit-
ional functions have the same meaning, that is, they are satisfied by
the same objects. 'ne propositional function which includes the new
symbol will be associated with all propositional functions coextensive
with the established propositional function used in the definition. A
definition in use always defines either a class or a relation extension,

depending on the number of argument PQEitiGﬁS-l

Selecting basic objects for
a constructional system

The third topic of central importance in a description of
Carnap's interpretation of science concerns the selection of "basic
objects" from which all other objects are to be constructed. To
explain his choice of "basiec relations" for this purpose, Carnap first
explains his use of an "epistemic" system form in which objects are
constructed from others which are "epistemically primary." While either
a physical or a psychological basis seems to be available, Carnap regards
autopsychological objects (one's own psychological processes) as
epistemically primary in relation to physical objects. He sees the
follcwing epistemic sequence of important object types: autopsycholog-
ical, physical, heteropsychological (other person's psychological
processes), and cultural abjectsiz

Carnap argues that objectilvity in an intersubjective sense is
possible with an autopsychological basis because, ". . . , even though
the material of individual streams of experience is completely differeant,
. « . , certain structural properties are analogous for all streams of
expatienge_'; The necessary objectivity is possible because structure

is the essential concern of science.

1. . o 2 , : ,
Ibid., pp. 67-70.  ZIbid., pp. 88-94. 3bid., p. 107.
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As "basic elements'--the members of the basic relations--of
a constructional system, Carnap selects "elementary expariences,' units
of "experiences of the Self;?l These are "essentially enoalyzable
units" which cannot be analyzed by construction wit" tig available
ascension forms. Carnap describes a synthetic irocedure termed "quasi
analysis" to ". . . overcome the difficulty which results from the fact

. i . 2 C e S
that elementary experiences are unanalyzable."™ As initial ordering

concepts of his constructional system, Carnap selects basic relations
rather than basic classes, since only the basic relations are of tha
form required to make assertions about the basic elements, the
elementary experiences.B

The basic relations, not the basic elements, are the "undefined
basic objects" or concepts from which all other objects of the system
are constructed. Carnap argues that one basic relation called "recol-
lection of similarity" appears to be sufficient as the basic relation
of a constructional system with an autopsychological basis, but this

claim is recognized as havirg the status of a conjecture.

The outline of a

,gaqstrﬁgtiaﬁélfgystem

The interpretation of scientific statements as structure state-—
ments, the explanation of the definition in use as an ascension form,
and the selection of basic relations among elementary experiences as
the undefined basic objects of the constructional System are three
fundamental aspects of Carnap's argument. In the concluding sections

of The Logical Strggtgfgﬂqfrthehﬁéglﬁ, Carnap outlines g constructional

system and then examines various philosophical problems in the light
of the results of his study. A brief description of the outline of a

constructional system precedes the statement of Carnap's categorial

Ibid., pp. 107-109, ®Ibid., p. 110.

1

bid., p. 122. “Thid., p. 134.
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framevork. Gatnaé's philosophical reflections are cited subczquentiy, to
permit observation of the interaction between Carnap's cataegorination of
objects of experience and his metaphysical beliefs and explanatory stan-—
dards.

Carnap introduces the outline of a constructioral system with a
reminder of the purpose for which it is presented. His remarks raflect
Russell's sharp distinction between analytic and empirical statements.
The lstter indicate ". , . the rclations between constructed objects
which can be ascertained only through expe:ience."l Note in the following
that Carnap's concern is not with the "complete macerial correctness"
of empirical findings but with the problem of translating empirical
findings into a constructional system.

As concerns the content of our corn. .uction: . system, let us
emphasize again that it is only a ten® -ive example, The content
depends upon the material findings of the empirical sciences; for the
lower levels in particular upon the findings of the phenomenology
of perception, and psychology. The results of these sciences ave
themselves subject to debate; since a constructional syst’ 3 merely
the translation of such findings, its complete material c: .ctness
cannot be guaranteed. The actual purpose of our exposition of
eonstruetion theory is to pose the problem of a constructional
system, and to carry out a logical investigation of the method which
will lead to such a system; the formulation of the system is not
itself part of the actual purpose. We have nevertheless formulated
some levels of the system and have irndicated further levels. We have

done this m@sglyrto illustréée the problem, rather than to att.upt
a begloning of its solution.”
Carnap bejins his outlin~ with logical objects and the illus-
trative construction of an autop ychological object. Discussion of a
possible procedure for constructing physical objects proceeds from
space-time through the visual and other senses to the objects of
physics and biology. Relations required to construct heteropsychological
and cultural objects, and empirical problems associated with the relations,
complete the outline. : :
In describing the comstruction of cultural chjects, Carnap

reiterates the absence of metaphysical implications and the exclusive

Ypid., p. 176. 2 Ibid.
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concern of scientific statements with '"formal-logical® relacions
between object typég_l Having outlined a constructional system in

a preliminary fashion, Carnap assumes the possibility of achieving

the system with a basis in elementary experiences, in order fo c.isider
the contributions of such an achievement to a variety of philosophical
problems. His assessment of those contributions is examined after

the following summary of the categorial framework indicated hy his

arguments.

Carnap's categorial framework

In K8rner's analysis, indication of a categorial framework
calls for the identification of a thinker's categorization of objects,
the associated constitutive and individuating principles. and the

underlying logic. Carnap's =rgument takes "objects of reference" and
"elementary experiences" as waximal kinds of independent particulars din
a categorization of objects of experience. Cc..stitutive and individuat--
ing attributes associated with these maximal kinds are indicated by

the following statements which are internally incorrigible in Carnap's
argument.

1. Objects of reference have structural properties.

2. Scientific st ants are empirical descrf-+tions of
structural properties ¢ i 5 of reference.

3. Structural de. Zjion proceeds accordin . ?sgellian
logic, inciuding the definition in use (property and relacion
extensions).

4. Elementary experiences are epistemically primary and
or constituents).

5. By a procedure of quasi analysis, derived from the Frege-
Russell "principle of abstraction,' structural properties may be

assigned to elementary experiences,

Ybid., p. 233.
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ing attributes associated with these maximal kinds are indicated by

the following statements which are internally incorrigible in Carnap's
argument.

1. Objects of reference have structural properties.

2. Scientific st ants are empirical descrf-+tions of
structural properties ¢ i 5 of reference.

3. Structural de. Zjion proceeds accordin . ?sgellian
logic, including the definition in use (property and relacion
extensions).

4. Elementary experiences are epistemically primary and
or constituents).

5. By a procedure of quasi analysis, derived from the Frege-
Russell "principle of abstraction,' structural properties may be

assigned to elementary experiences,

Ybid., p. 233.
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6. There is an absolute ccatrast between 'structure' and
entent' (batween formal and ma o tial propertias.)

7. There is an absolute contrast between analytic statements and
cmpirical statements.

8. In the final analysis, the truth of scientific statements is
determined by correlating basic relations among elementary expzriences,
perhaps only of the form of recollections of similarity.

Classical logic is the primary logic underlying Carnap's

categorial framework.

Carnap's metaphysical stance

Carnap considers a number of philosophical problems and in each
case states the perspective afforded by the possibility of a construc—
tional system. The following statement summarizes basic points im his
argument while illustrating that philosophical problems are approached
with a sharp distinction between science and metaphysics. !

The constructional system shows that all objects <an be con-
structed from "my elementary experiences" as basic elements. In
other words (and this is what is meant by the expression "to
construct"), all (scientific) statements can be transformed into
statements about my experiences {more precisely, into  tatements
about relations between my experiences) where the logical value is
retained.. Thus, each object which is not itself one of my experi-
ences, 1s a quasi nbject; I usc its name as a convenien® abbrevia-
tion in or: r to speak about my experiences. In fact, within
construction theory, and thus within rational science, its name is
nothing but an abbreviation. Whether, in addition, it also
designates something which "exists by itself" is a question of
metaphysics which has no place in science. . . .1

The same approach to philosophical problems is found in the
following passage in which Carnap dis .“nguishes the "constructional
essence"” of w1 object from the "metaphysical essence" of an object.

The first i~ cencerned with the derivation of an object from the basic
objects of the constructional system. Metap'ysical essence is concerned
with the "object-in-itself," and questions of this type are neither

Justified nor meaningful in science.

YMbid., p. 25s.
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Strictly speaking, the question [of the essence of an object]

should not be phiased as "What is the nominatum of this object
sign?", but "Which sentences in which this object sign can occur

are true?" e can make an unambiguous assessment only of the truth
or falsity of a sentence, not of the nominatum of a sign, not even
of ' object sign. Thus, the indication of the essence of an object
or, what amounts to the same, the indication of the nominutua of the
sign of an object, consists in an indication of the truth criteria
for those sentences in which the sign of this ohjcct can occur.

Such criteria can be formulated in various different ways; these
various ways then indicate the respective character of the essence
description in cuestion. If the constructional =2ssence of an

object is to be indicated, the criterion consists in the construc—
tional formula of the object, which is a transformation rule that
allows us to translate step hy step «very sentence in which the sign
of the object occurs into sentences about objects on a lower
constructional level and, finally, into a sentence about the basic

relation(s) alone.!

The problem of the parallelism between autopsychological and
physici~gical events, termed the "psychophysical' problem, is
considered i~ r.rms of a sharp distinction between determining the
nature and extent of "paralicl sequences" within & constructional system
and subscquer’ .y cirlaZvang what is determined tc be the case. Only the
former acti- .-~ within science.’

In exploring t*e problem of reality, Carnap first specifies
criteria for distinguishing between reality aid non-reality within a
constructional system. All real objects belong to comprehensive systems;
are intersubjective in some sense, and have position in the temporal
order.” From this distinction, Carnap proceeds to the metaphyrical
problem of reality, where the question is asked whether "reality" in
some special sense (typically, "independence from the cognizing
cénsciﬁusﬂess"é) must be ascribed to objects which are real in the
constructional or empirical sense. Here a distinction is made between
"empirical reality" and "metaphysical reality." Carnap argues that

the three schools of realism, idealism, and phenomenalism diverge from

bid., pp. 256-257. 21bid., p. 270.

31bid., pp. 275-276. “Ibid., p. 281.
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each other only when they go beyond the boundaries of construction theory
to take posiiions concerning me* <hysical reality, rositions among which
no experience can decide. Construction theory is seen as expressing the
common content of these divergent positions. Construction theory regards
metaphysical rea’ ity as meaningless, and it achieves objectivity by
Stopping at the determinatiocn of "lawl: e regularities."

The sharp demarcation between empirical science and mel.aphysics
continues into Carnap's summary of his account of science. '"The aim of
science consists in fiading and ordering the true sStatements about the
objects of cognition . ., . _"2 This involves first constructing objects
and then ¢! ¢ : ng their empirical proverties and relatioms. The
indicated .. is logical, not chronological. The process of estab—
lishing by convention the "constructional formula" of an object is the
only way to give ". . . a verifiable meaning to such statements [about
an object], for verification means testing on the basis of experiencesi”g

Following the position of Wittgenstein in the Tractatus Logico-

Phi;959ph§2u5§ Carnap describes science as having no limits. By this

he means that ". . .there is no question whose answer is in principle
unattainable by ssignég.“S his pesition is, most bLriefly, that if a
question can be asked at all, it can in principle be answered. "In the
strictly logical sens:, to pose a question is to give = statement
together with the task cof deciding whether this statement or its negation
is truéﬂ"é A1l the questions which can be asked in the specified sense
fall within the domain of unified science. This formulation of aims and
limits of s~ience indicates the bacis of the term "logical empiricism"
which 1s often applied to Carnap's position.

This brief review of implications of a ccnatructlanal system

for the resol' 'nn of ceriain philosophical problems completes the
1. . 2. . _ mnc 3 — 5aa
Ibid. .. 281-287. Ibid., p. 288. Ibid., p. 289,

4L Wittgenstein, Tractatus nglcﬁ=?hilasophicus, trans. by D.F.
Pears and B.F. McGuinness (London: Routledge & Kegan Paul Ltd., 1961).

>Carnap, op. cit., p. 290. S1b1d.
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present examination of The Logical Structure of the World. Carnap's

problem-solutions illustrate the manner in which principles of a
categorial framework function as metaphysical principles and explanatory
standards, as argued by K8rner. Carnap has modified ard develéped his
position since writing his first major work. To examine criticisms of
this work and the subsequent development of Carnap's work in philosophy
of science would take the discussion well beyond the scope of the present
study_l Carnap's study is here regarded as a clear and significant

argument concerning the nature of scientific knowledge.

Popper's Analysis of Science

Introduction

In T™e Logic of Scientific Discovery, Popper develops an account of

science in which “'fajsifiability" is adopted as a criterion of demar-
cation for distinguishing empirical science from metaphysics. FPopper
thus recognizes the problem which Carnap attempted to solve by adopt-
ing wverifiaebility as a criterion of meaningfuiness, but he strongly
and explicitly disagrees with the proposed solution. Popper rejects
inductive logic in favor of the testing of consequences deductively
derived frem theories. Theories are regarded av ..iiversal statements
which can be falsified by single contradictory instances, as in the
familiar example in which accepting the report of one b7~ * swan
dismiszes the generalization that all swans are wl ine, t

zirves to

W

An inltial : . mmary of major issues raised by Popper
identify some of the significant differences betweer the positions
of Popper and Carnap and to provide a background for the subsequent

detailed analysis of Popper's account of science. The initial issues

133@ Paul Arthur Schilpp (ed.), The Philosophy of Rudolf Carnap
LaSalle, Illinois: The Open Court Publishing Co., 1963 for Carnmap's
"Intellectual Autobiography," discussions of his work by other
philosophers, and Carnap's replies to those discussions.
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are the testing of scientific statements, the demarcation of science from

\1

o

non-science, the objectivity of scientific statements, and the scope of

a theory of scientifie method.

The method of testing
scientific statements

The Logic of Scientific Discovery is a systematic development of

a position based on daductive testing of theories, and it demonstrates
the solutions of epistemological problems which that position permits,
With the phrase "logic of scientific discovery," Popper refers to
logical analysis of the procedure by which a scientist constructs and
tests aypotheses. Those who would characterize empirical science by its
use of inductive methods would regard the loyi. of scienrific discovery
as the logic of those inductive methods by which the truth of universal
statements is based on experience. Popper cites Hume's analysis of the
principle of induction and explains lins own view that inductive Ingic
involves a number of difficulties which he regards as insurmcuntable.l
Popper describes his own theory as that of the "deductive method
of testing" empirical hypotheses which are put forward for aECEPE?ﬂEEaZ
Although his view of the distinctive features of science is very diffcrent
from Carnap's view, Popper shares with Carnap an interest in logical
justification of statements. In different ways, both exclude attempts
to analyze psychological facts associated with an individual's develop-
mentt of a new hypcthesis.B Popper describes four ways in which conclu-
sions deduced from a t.atative hypothesis can be examined: (1) checking
for internal consiscency among conclusions, (2) determining that the
hypothesis is empirical, (3) determining whether rle hypothesis represents
an advanc< over other theories, and (4) testing empirical applications of
the hypothesis. Verification of singular conclusions establishes neither
the truth nor the probability of a theory, in Popper's view, only temporary
support which he refers to as ''corroboration."

u

f Scientific Discovery, pp. 27-29.

21bid., p. 30. ibid., pp. 31-32. “1bid., pp. 32-34.
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The criterion of demarcation

£ -

when considering how his rejection of inducticn infli,. a8 thm
view that the method of induction distinguistiezs empirical s.ionce {rom
metaphysics, Popper submits that the problem of demarcation is more
fundamental than the problem of induction. He criticizes positiviscs
for their "naturalistic"” interpretation that demarcatiop is a problem ot
natural sc once, to be solved by finding an existing difference betwern
empiriz:.’ wscic :e and metaphysics. Popper contends that Wittgenstein's
critericn ¢ .eaningfulness, which coincides with induction as a criterion
of demarcation, actually excludes natural laws (universal statements)
from science. Popper describes his own goal.not as the exclusion of
metaphysics but as the characterization of the statements of empirical
science. He sees himself proposing a convention which should be assessed
on the basis of its logical cﬂnsequancesil

In place of verifiability, Popper proposes that the

falsifiability of a theoretical system be regarded as a criterion of

derarcation. This view of an empirical or sciearif!.- :ystem is a
negative rather than a positive one, as Popper demands that the logical
form of a scientific system must permit the refutation of the system by
experience. Popper suggests that "experience' may be viewed as a method.
This method rather than the inductive method is characteristiec of the
theoretical system of empirical science, which must be distinguishable
a5 representing "our world of experience." For Popper this requires

the application of the deductive method of testing which he analyzes in
the main body of his argument. Falsification is compatible with Popper's
daductive methcd because it is possible to argzue deductively from the
truth of a singular st itement to the conclusion that a universal state-
ment is-false. Logical evasion of falsification, by ad hoc modification

of a system, is to be explicitly excluded by characterizing the empirical

1Ibid;; PP. 34-139.
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method as one which exposes a system to falsification "in every con-

.. o1
ceivable way."

The objectivity orf
scientific statements.

Popper realizes that thore s#7e problems with the empirical
nature of singular statements which he must answer in his analysis.
His solution includes a distinction betwuen '"subjective" psychological
ferlings of conviction and "objective" logical relations. Popper agrees
with Carnap that feelings of coaviction cannot justify a statement, but
Popper takes the view ", . . that the objectivity of scientific statements
lies in the fact that they ran be inter-suljectively ﬁéstéd,"g Popper
requires that '"basic statements—--those which can serve as premises in
empirical falsifications--be intersubjectively testable like all other
(objective) scientific statements. This leads Popper to the conclusion,
markedly diffevent from Carnap's, that science has no ultimate statements
and that tiere is no logical way ". . . to reduce the truth ¢f scientific
statemewns £o our expe:iencas."z Rather, while all scientific statements

must be testable, some can be accepted without actually having been

tested.

The need for methodological rules

Popper sees the theory of scientific method~-whick he identifies
with .p.. :mulogy or the logic of scientific discovery--as a theosry
which treats not only the logical analysis of relations among statements
but: also the selection of methods for dealin; with scientifi~ statements.
Methods, or iulasg selected for his "empirical method" are to be cmes
which énsure the falsifiability of statements in Scienge.4 Where posi-
tivist: see logical criteria (verifiability, meaningfulness) as charac~
teristic of scientific statements, Popper regards "susceptibility to
revision" as their distinctive characteristic. Civen that scientific

statements can be ciiticized and replaced by better ones, Popper's goal

YIbid., pp. 39-42. Ibid,, p. 44.

S1bid., pp. 46-47. “rn1a., o 49,

01



O

ERIC

Aruitoxt provided by Eic:

83

is to analyze how cholces are made between conflicting theories, choices
which result in the progress of scientific knowledge.’

Popper's objections to a purely logical analysis of scientific
statements stem from the inability of such analysis to exclude the
possibility that an obsolete theory will be defended as true. He
characterizes the positivistic view of methodology as naturalistic,
involving empirical study of scientists' behaviors or scientific pro-
cedures. Popper regards this position as one which follows from the view

that logical tautologies and empirical statements are the only two kinds

of statements. Popper's view, in contrast, is that methodological rulau
are conventions, adopted when analysis of their consequences shows that
they are helpful and cannot be omitted without loss. He inten. . require
that methodological rules be such that scientifir statements :
protected from falsification but rather are exposed to it.2
Popper concludes his introductory remarks with the declaration
that he is proposing falsifiability as a criterion of demarcation
because of its value in clarifying problems of the theory of knowledge.
Thus his goal is similar to Carnap's, yet his perspective is very dif-
ferent., The discussion turns now to the details of Popper's argument
and the subsequent statement of the categorial framework indicated by
his analys.s of the form and the testing of scientific statements.
His account is examined in terms of three topies which capture funda-
mental features of his position. The first topic is the logical form of
theories and of the statements required for their deductive testing.
It ig followed by consideratic.. of the empirical basis of science and

the comparison of alternative scientific theories.

The logical form of universal and
singular sclentific statements

Popper characterizes scientific hypotheses as strictly universal

statements, an! "basic" statements required for their deductive testing

1. : e i . , , L
Ibid., pp. 49-50. This interest of Popper's is shared by Kuhn,
whose alternative interpretation is examined later in this chapter.

222;5-, pp. 50-54.
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as singular existential statements. To explain these characterizations,

Popper elaborates several relauced distinelionz. Synthetie statemants,
which make assertions about realitiv, are either universal or singular.
Prediction requires the conjunction of statements of both kinds: deduc-
tion of a siagular statement (a specific prediction) from a universal
staten-- (a natural law} requires a singular statement of the charac-
rzristics of a specific ¢ oat (the initial conditions). Universality
may be either strict or ™ =rical. A strictly universal statement is a
". . . universal asse 't an unlimited number of individuals."

untiversal state-=

It i. asserted for ¢ slaces ¢ 'd times.
ment refers to ". . a 7 ~ite lass of specific elements within a finite
individual (or parti~ ’nr) sp -io-temporal region.'" Popper regards a
numerically universal stuaicment as equivalent to a singular statement,
for it is din principle possible to enumerate each individual in a
finite class.

Whether the universality of natural laws is str” . or numerical
is, for Popper, a question to be settled not by argument bukt by agree-
ment or convention. His methodological decision is that it is

. . both useful and fruitful to regard natural laws as synthetic
and strictly universal statements ('all-statements'). This is

to regard them as non-verifiable statements which can be put in
the form: 'Of all noints in space and time (or in all regiouns of
space and time) it is true that . . .'., By contrast, ctatements
which velate only to certain finite regions oi space and time I
call ' necifie' or 'singular' statements.®

“h- nivtinction hetween universal and singular statements demands
a distinction br.ween universal aud individual concepts or names. The

R . . qoa 1 p 3 . . . )
latter distinection is excluded by Carnap,” and Popper explicit.y declares

, N " PN S i
his rejection of Carnap's position.  To Popper, it is impossible to

Yb1d., pp. 59-63. 21bid., p. 63.

BCarnap, The Logical Structure of the World, y. i0 and p. 247.

APQPPéf, The Logic of Scientific Discovery, p. 67.
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determine " . whether there are any individual things corresponding
: g P g

to a descriptica by means of universal names, and ii so how many, . . .V
Similarly, Popper rejects the possibility of defining universal names
with the help of individuil ones, just as he earlier rejected the possi-
bility of moving by induction from singular to universal statements.
He specifically rejects the possibility of solving either the problem of
induction or the problem of universals by applying tec-niques of symbelic
lggiciz

There are, Popper points out, two types of statements which lack
individual names or concepts. In addition to the strictly universal
statements already discussed, there are strictly existential statements.
Each is equivalent to the negation of the other, and strictly universal
Statements may be said to have the logical form of "non-existence" state-
ments. Popper illustrates with the example of the black raven. Negation
of the strictly universal "All ravens are black" (which denies the exig—
tence of non~black ravens) yields "Not all ravens are black," which
is equivalent to the strictly existential "There are non-black ravens.™-
Strictly exnistential statements cannot be falsified by any singular
étaﬁemeﬁts concerning an observed event. Hence they are regarded as
metaphysical (non-empirical) Dy ihe criterion of demarcation. As Popper
explains, recognition that s:yic_ly universal statements are non-
existence statements permits i+ comparison ~f natural iaws to pro~
hibitions. Because it explicit.y ¢.:ludes carrain possibilities, a
strictly universal statement is - sl iakl. »v the acceptanc: of a
singular statement reporting the prouibited écautréﬁcqu

Characterization of the "basic" statements to he used in

deductive testing of universal statements requires a distinction between

‘singular existential and singular nov - .stential statements, also

equivalent to negations of each other. Singular existentisl statements

make an assertion about a particular region of “ime and space, while

1. ,
“Ibid., p. 66, Ibid., p. 63.

91



36

singular non-existential statrments wake a comparable denial. The

formal requirements that a basic starement must be able to contradict

a universal statement (for falsification) and that -om a universal
statement lacking initial conditiens it must not be possible to deduce
a basic statement demand that basic statements have che logical form of
singular existential statementsi:

The empirical basis of science

All gingular statements meet the formal requirements of basic
statements. Popper also specifies a material requirement to ensure
that basic statements are ". . . testable, intersubjectively, by
'observatian'i"z Popper requires " . . . that every basic statement
must either be itself a statement about relative positions of physical
bodies, or thiat it must be equivalent to some basic statement ¢ this
'mechanistic' or 'materialistic’ kindi"B More concisely, the -
which a basic statement asserts is czcﬁring in a specified regior of
space and time must be "observable."4

Basic statements play a role both in characterizing a theoret-

ical system as falsifiable and in specifying the conditions required for

falsification of a theoretical system. Popper examires and rejects

several ways of characterizing a theory as "empirical” by its relation

to singular statements. M= then proposes the following criterion of

falsifiability.

A theory is to be cali:d "empivical' or 'falsifiable' if it divides
the class of all possible basic statements unambiguously into the
following two non-empty subclasses. TFirst, the class of all those
basic statements with whiech if is inconsistent (or which it rule.
out, or prohibits): we call this the cl.ss of the potertial
falsifiers of the theory:; and secondly, the class of those basic
statements which it does not contradict (er which it "permits").

We can put this more briefly by saying: a theory 1s falsifiable

if the class of its potential falsifiers is not empty.-

Falsification is quite different from falsifiability. It requires
reference not to all logically possible basic statements but to basic

Mhid., pp. 100-102. ®Ibid., p. 102. *ihid., p. 173

4Ibid. Popper denies that he is using the term "abscrvable
event" in a psychologistic sense. He regards the term as one which is
undefined and learned in use, by examples.

’Ibid., p. 86.
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statements which have been accepted as "corroborating" a "falsifying
hypothesis," Falsification demands the discovery of " . . . a repioduc-

. L i _ 1 3
fu Popper's words, ". . . wve only

thie efject vt ich refutes the theocy."
accept :l¢ falsification if 2 low-level supirical hypothesis which
describes such an effect is proposed and rorroborated.”

It is Poprer's position that experiences can never justify basic
Statements bat they can motivate decisions to accept basic statements.
Any basic stotement can always be the subject of further tests. To bring
the procedur: of deductive testing to a temporary conclusion requires that
the testing stop at statements which are such that intersubjective agree-
ment on acceptance or rejection is relatively easy to obtain. This view
that basic statements are accepted by decision requires a methodological
rule that basic statements only be accepted in the process of testing
theories. Theories provide viewpoints and problers which establish contexts
for the acceptance of basic statements.

Agrecuent upon the acceptance or rejection of basic statements
is reach , as a rule, on the occasion of applying a theory; the
agreement, in fact, is part of an application which puts the theory
to the test. Coming to an agreement upon basic statements is, like
other kinds of applications, to perform a purposeful action, guided
by various theoretical considerations.?2

Critgg;arﬁﬂrrggmpgring
scientific hypotheses

Popper extends his account of the deductive method of testing by
identifying a number.éf criteria for the cowmparison of different theories.
Of particular interest are comparisons of alternative theories which are
competing for acceptance as the "better” _heory. %hc -wo most important
criteria for comparing theories are "empirical content" and "degree of
corroboration."

Theories may be distinguished by the amount of empirical
information they convey. Popper gives the following introduction of the

phrases "empirical content" and "degree of falsifiability."

Yibia. %1big,
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A theory is [alsifiable,. . . , il the class of its potential
falsifiers is not cmpty. . . . if the class ol porential falsiliers
of one theory is "larger’ than that of another, there will be more
opportunities for the firnt theory to be refuted by experience; thus
cumpaféd with the second theory, the first theory may be sald to be

"Talsifiahble in a higher desree'. This also means that the flrst
theory says more about the world of experience than the second theory,
for it rules oubk a larczer class of basic statements . . . . Thus 1t
can be said that the amount of cmpirical information conveyed by a
theory, or its empirical content, increases with its degree of
falsifiablility. 1

In these terms Popper elaborates a methodological requirement that
scientific theories have the greatest possible empirical contant. ILevel
of universality and degree of precislon are two attributes of thearies
wiileh are partlecularly relevaat to that gool, for on increase in either
increases a theory's falsifiability or tegtability_z

falss fi-

.

‘Elm

The cmpirical content of a theory is associated with it

ability and the class of all logically possible basic statements. In

o

contrast, the "depree of corroboration” of a theory is associated with
its testing and thus with the class of basic statements vhich are

accepted in that process. As an alternative to discu ssions of the

probability of an hypothesis, Popper suggests tha assessment of how far
3
a theory has been corroborated.

The appraisal of the corroboration [of a theory]. . can be derived
if we are given the theory as well as the acceptad basic statements.
1t asserts the fact that these basic statcments do not contradict the
theory, and it doe. this with due regard to the degree of testability
of the theory, and to the severity of the tests to which the theory
has been subjected, up to a stated period of time.

lxbig,, pp. 112-113. E;bid., pp. 121-123.

of prmbabLllty mhloh is JDL Examlned here. AE tha tlma Pappef was wrltlng,
difficulties associated with establishing complete verification had
prompted analyses of the probability of hypotheses. The topic of proba-
bility is regardcd as more specialized than the present study requires.
Popper uses "corroboration" to avoid the context of proof ard verification
associated with the term "confirmation."

Aibid., p. 266.
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5. sceieatifoe hypotheses prohibit, for all regions of space aund
, § - a e .
tiwe, at least one event.  They have the logieal form of strictly

universal statementn,
4, Individuals can agree to adopt methodological rules fox
dealing with scicentific statements, includiang the rule that all other

methodological wulcs must be desipgned so that no secientific statement is

protected from falsirication.

7. Basic statements are accepted cr rejacted by agreement anocag

i

ndividuals concerning ecxperiences which test decuctive consequances of

a scientific hypothesis.

8. Scientific hypotheses can be compared in terms of size of

ciass of potemtiul faloirfiers. sbhose with the highest "'degres of

falsiviability" are prefevred.

9. Scientific hynotheses can be compared in terms of the
severity of pessible and actual testing of their deductive consequences.
Thos~ vith the highest "degree of corroboration" are preferred.

Classical logic is the primary logic underlying Pcpper's
catesorial framzwork. Deductive testing is based upon the modus tollens

of classical logic: ''. . . : 'If p is derivable from ¢, and if » is

)

falsa, then t is alsc false.'"” 1In the terms used by Popper, the
acceptanca of a basic statement which negates a prediction deduced from
a conjunction of an hypothezis and initial conditions negates that
conjunction of hypothesis and initial conditions.

The resolution of metaphysical issues

Several aspects of Popper's metaphysical position were indicated
im the introductory remarks, in notations that Popper would develop alter-
native answers to several questions which were also of concern to Carnap.

Popper's argument extends the criterion that statements of empirical

1 , ; , . -
“An "event" denotes what is universal about an occurrence. Jbid.,

zIbid_, p. 76,

e
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aeieuca pust be falsificble by experience. Popper thus rejects the view
thii 1adeat ive verification distinguishes scientific from metaphysical
statenents, This concluding segment of the analysis of Popper's argument
examines ip somewhat greater detail his treatment of three issues already
mentioncd: the .achievenment of objectivity in sclence, the nature of the
empirical basis ol scicnce, and the nature of scientific progress.

Paopper achieves an objecrive, non-psychologistic perspective by
requiring that al’ scientific statements be intersubjectively testable.
When he tonsiders the views of Carnap, Neurath, and Reininger, he finds
them Jacking because they ask how experience can be defended against

doubt, or justified. Carnap in particvlar is characterized by Popper as

trarslas
maintaining that sentences which descrise "the contents of immediate
experience” do not require corfirmation. Popper's alternative proposal
calls for a sharp distinction betwaen ohjective science and our knowledge
of facts by observation. For Popper, "our knowledge" does not establish
the truth of any statemant. Accordingly, the epistemological question
is not "On what does onr knowledge rest?" but rather "How do we test
scientific statements by their ﬂEduEtiVE:CQHSEquEHCES?"l In a footnote
to the English translation, Popper poses this question as "How can we
best eritielsz2 our theories (our hypotheses, our guesses), rather than
defend them against déubi?”z

Pupper sees his account of the empirical basis of sclence as one
which distinguishes him from both positivists and conventionalists., The
testing of theories depends upon decisions to acecept or reject basie
statements, not upon tha justification of basic statements by our
immediate experidences as positivists maintain, and not upon decision to
accept universal statements as conventionalists maintain.g Topper does
not require "final certatnty" of science. Instead, as already indicated,
Popper wishes to account for our cholces between competing theories and

for the processos by whiech new theoretical systems supersede previocusly

)
Libid., pp. 96-98. %rpid., p. 98. *Ibid., p. 109.
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accepted ones. The following metaphor conveys some sense of Poppey's
associated view of the empirical basis of sclence.

The empirical basis of objective scignee has thus nothing
'absolute' about it. Science does not rest upon solid bedrock.
The bold structure of its theories rises, as it were, above a swamg,
It is like a building erected on piles. The piles are driven dow:
from above into the swamp, but not down to any natural or 'given'
base: and if we stop driving the piles deeper, it 1s not because
we have reached firm ground. We simply stop when we are satisfied
that the piles are firm emough to carry the structure, at least
for the time being.

In the context of his discussien of empirical content, Popper
provides an interesting analysis of the comcept of "simplicity." He
notes that philosophers of science have often attached considerable
importance to simplicity without critically examining its use. Topper
jdentifies three senses of simplicity--aesthetic, pragmatic. and epis-
temological--and rejects the first two as "extra-logical' uses of the
concept. Epistemological simpliclty raises questions which can be
answered, from Popper's perspective, by equating this sense of simplicity
with degree of falsifiability.z "Simple statements, if kncwliedge is our
ob ject, are to be prized more highly than less simple ones Dbecause they
tell us more; because their empirical contert 1.8 greater; and because
they are better ﬁéSﬁ&EZé;"g

Popper concludes his analysis of science in The Logic of

Scientific Discovery with a summary of his view of how science progresses.

He regards the successive replacement of theories by better ones as
advances not by induction but by achievement of greater degrees of
falsifiability and corroboration. While the greatest possible
universality is desired of theories, the need to test new theories

demands that they also address the existing scientific "p@cblem sitvation."
Popper readily admits the potential contribution of metaphysics to the
solving of problems, yet he consistently emphasizes the importance of

testability for reaching empirical decisions between competing EhEﬂfies;é

11bid., p. 111. ’Ibid., pp. 136-145.
31bid., p. 142- “1bid., pp. 276-278.
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Conjectures ov hypetheses for solving proble

Tl

defended but rather eriticizoed by attenpts to demonatyate thedr
Y

rofutation. As his cloaing renacks indicate, Popper has itterpreted

scionce in a way which enp-aslzos criticism and rejeets the -view of

progrress toward certzinty.

The old scieatific ideal of cpistemp——of absolutely certain,
demonstrable laowledge~-has proved to be an idol. The demand for
scientific objectivity makes it inevitable that cvery scientific
stakement must rema’an tentative ’ Lt may indeed be corrob-
orated, but every corroboration is relative to other statements
which, again, are tentative. Only in onr subjective experiences
of conviction, in cur subjective faith, can we be 'absolutely
c

~crizain . s &« = = W s ® - + & = = = = = . s = = & = £ 3 =B = . LI ] -

. . . Science never pursues the illusory aim of making its answers
final, or even prohable. Its advance is, rather, towards an infinite
yet attainable air; that of ever discovering new, deeper, and more
general problems, and of subjecting our ever tentative ansvers to
ever rencwad and aver more rigorous Lests.”

i
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Kuhn's Analysis of Sci

ure of Scientific Revolutions, Kuhn presents an
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argument that science has developed by the occurrence of revolution-like

changes in research perspectives shared by communitZIes of scientists.

]
it

His concern with epistemological issues in science is secondary to his
rom ". . . the

-y

atated aim to outline a conception of science drawn
ne
- n*

historical record of the research activity itself Kuhn regards his

11bid., pp. 280-281.

Zﬁuhn, The Structure of Scientific Revolutions, p. 1. Kuhn's work
was first published in 1062, a time of major curriculum development
projects in the natural sciences. Its argument has received considerable
attention in education as well as in history and in philosophy. Among
recently trained science teachers, ruhn's book may be the best-known
work of a philosophical nature which is not addressed directly to the
teaching of science. O0f such works addressed directly to scilence
teaching, those of Joseph Schwab may be the best known. Schwab's
categories of "stable" and "fluld" science in The Teaching of Science as
Enquiry (Cambridge: Harvard University Press, 1962) have been compared tc
Kuhn's categories of 'normal” and Uoxtraordinacy''science. Schwab's work
and the issues associated with that comparison are not treated here.
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work as the expression of a nev historlographic perspective which inter—
prets rejected theories of science as cohierent in their own time, not as
"myths" from which a fewv lasting contributions have survived to the present.
Accordingly, Kuhn rejects the view that sciecnce develops by an accumulation
of true conclusions reached by following methods unlquely appropriate to
scientific rescarch. Kuhn argues that science develops by "revolutions"
in which a comnunity of scientists accepts a new "paradigm" as the basis
for its further research.

The concept of '"paradigm" plays two essential and quite different

roles in Kuhn's argument. The second edition of The Structure of

) & == - E o 2 i = 1. i g .x & o
Scientific Revolutions contains a "postscript"™ in which Kuhn explicitly

distingulshes the two senses of "paradign" by introducing the terms
"examplar'' and '"disciplinary matrix." The description of Kuhn's
argument. begins with a sketch of the major features of Kuhn's original
perspective on the development ot science. In that sketch, the term

"paradign” is used temporarily; its two senses are examined in the

detailed analysis which follows.

An initial outline

Kuln's interpretation of the historical development of science

o
iy}

based upon the identification of periods of "normal science,"
separated by periods of "extraordinary sclence." 1In periods of normal

science, a community of scientists is united in the acceptance of a set

of previous achievements as an adequate basis for its research. Normal
science is regarded as "puzzle-solving." The shared paradigm suggests
that nature will behave in certain ways which scientists seek to
demonstrate. The three major puzzle-solving sétivities are deter-
mlnation of important facts, matching facts to theory, and further
development of theory.

Normal science, or the conduct of research according to a shared

Ybid., pp. 174-210.

gIbiﬂ., pp. 22-34.
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paradigm, is taken by Kuln as a sign of maturlty in a particular scien-
tifie field. The Individual scientist faces research puzzles rather than

dehate over fundamentals. The paradigm represents accepted achlevoments

vhich he may take for granted and use to guide his work, be it concerned

. 1 . ; i .
wlth data, theory, or both.,” The concept of paradigm draws together all
the non-observational commitments shared by a community of sclentista.
These include laws, concepts, and theories; preferred types and uses of
inatrumentation; methodological commitments; and metaphysical commitments
about the fundamental constituents of the universe.

Kuhn argues that the puzzle-solving of normal science eventually
and inevitably encounters gnomalous phenomena which cannot be explained
by the rules of the existing paradigm. The resulting "erisis" marks a
period of Yextraordinary science'" in which the paradigm is called into
question and new candidates for the status of paradigm are developed and
compared as part of the effort to resolve the crisis. A 'scientific
revolution' oceurs when a community of scientlsts accepts a new paradigm
and thereby rejects the shared commitments which previously guided its
research.

A1l erises begln with the blurring of a paradigm and the consequent
loosening of the rules for normal research. In this respect research
during crisis very much resembles research during the pre-paradigm
period, except that in the former the locus of difference is both
smaller and more clearly defined. And all crises close in one of
three ways. Sometimes normal science ultimately proves able to
handle the crisis-provoking problem despite the despair of those
who have seen it as the end of an existing paradigm. On other
occasions the problem resists even apparently radical new approaches.
Then scientists may conclude that no solution will be forthcoming in
the presen: state of their field. The problem is labelled and set
aside for a future generation with more developed tools. Or, finally,
the case that will most concern us here, a crisis may end with the
emergence of a nev candidate for paradigm and with the ensuing battle
over its acceptance. . . .

The transition from a paradignm in crisis to a new one from which
a new tradition of normal science can emerge is far from a cumulative
process, one achieved by an articulation or extension of the old
paradigm. Rather, it is a reconstruction of the field from new

tb1a., pp. 10-22. 21bid., pp. 40-42.
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fundamentals, a reconstruction that changes some of the field's most
alizations as well as nony of dits paradigm

elementary theorvetical gener
methods and applications,:

RKuhn suggests that different paradigns are comparable to different
views of the world., They cannot be used to judge each other, and they
can only be "tested" in competition for acceptance by a community as the
basis for its subsequent research. Such testing does not seek to deter-~
wine which paradigm is "right." A new paradigm may be favored if it is
able to resolve the crisis, predict unexpected phenomena, or achicve some
form of simplifigatian!2 Thus progress in science occurs as the result
of professional decision within the insulated community which shares a
paradigm. "The very existence of science depends upon vesting the
power to choose between paradigms in the members of a special kind of
copmunity."

Kuhn's argumeat is richly illustrated and buttressed with
historical episodes which cannot be included in the present analysis,
The reader is urged to consult Kuhn's text for the contribution of the
historical evidence to understanding and evaluating his argument. Kuhn
has followed a position in historiography to its logical implications
for understanding the nature of science. He finds that normal science
consists of solving puzzles identified in terms of a paradigm shared
by a community of scientists. Such a community inevitably encounters’
crises in which unexpected phenomena seem inexplicable within the
boundaries of the paradigm. Among the possible outcomes of a period
of extraordinary science is a scientific revolution, in which the
community #ccepts a new paradigm to guide its research.

Four topics require further analysis in the present examination
of Kuhn's account of science. Closer scrutiny of three aspects of the
original concept of paradigm precedes a statement of Kuhn's categorial
framework. Following that statement, additional topics are examined
to illustrate how important aspects cf this position are related to the
categorial framework, The additional topics are Kuhn's view of the

logic of scientific inquiry and his interpretation of educational issues

E 7 . i A 3 ) 3 .
tbid., pp. 84-85. %1pid., pp. 153-155. Ibid., p. 167.
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directly related to his account of science. The question of how a
disciplinary matrix comparves to Kirnev's concept of a categorial frame-

work is also considerod.

Kuhn's two distinct uses

S R W viama 13 orr
of the term "paradigm"

In the first edition of his work Kuhn used the term "paradigun"
in a variety of different ways.l Kuhn maintains that two distinctly
different uses of the term remain if stylistic variations are dis-
Eégﬂfdedaz He proposes the term "disciplinary matrix" to identify his

e nof paradigm to refer to all the shared non-observatjonal commitments

i

u

of a sclentific community, the totality of beliefs which may be revised

when a nev basls for research is accepted. He proposes the term

"exemplar" to identify his use of paradigm to refer to that component
of a disciplinary matrix vhich bears directly on the process of
perception. Separate discussions of these two terms are followed by
specific consideration of the relationship between a community of

gcientists aud its disciplinary matrix.

Paradigm as disciplinary matrix
Kuhn suggests the term "disciplinary matrix' because it indicates

that there are several types of commitments shared by the researchers

in a particular area of specialization. The concept seems to involve
what KSrner refers to as a "unifying attribute." In this case, four
separate particulars are unified by being shared by a community of
scientists as a basis for research.

The first and most obvious type of commitment is a scientific

chr an elaborate analysis of this variety of uses, see
Margaret Masterman, ''The Nature of a Paradigm," in Imre Lakatos and
Alan Musgrave (eds.), Criticism and the Growth of Knowledge (Cambridge:

Canbridge University Press, 1970), pp. 59-89.

2Kuhr1S The Structure of Scientific Revolutions, pp. 181-182.
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theory or group ol theories—-natural laws and the concepts assoclated

with them. In his postseript, Kuhn speaks of symbolic gen

s ". . . the formal or the readily formalizable components of the dis-
ciplinavy mﬂtfiﬁ.”l One important role of symbolic generalizations is
to permit the use of logic and mathematics in the course of puzzle-
solving. They also contribute to the idcntificétiﬂﬁ of puzzles and to
the acceptance of solutions. Kulin gees these generalizations functioning
not only as natural laws but also as definitions of some of their
included symbols.

The commitments which Kuhin originally described as metaphysical and
methodelogical have subsequently been described as shared beliefs in

particular mode nither heuristic or ontological. Kuhn sees shared

wedels as the source of a group's ". . . preferred or permissible

Y

o , 1
analogies and metaphors."

As such, they also contribute to the
identification of puzzles and the recognition of adequate solutions.
The third type of shared commitment is the vaiues which are used
to judge predictions and theories. Here Kuhn is thinking of criteria
euch as accuracy, quantitative form, consistency, compatibility with
other theories, and simplicity. These are commitments associated more
with science in general than with particular seientific specialities.
llence values cre likely to be shared across a number of communities of

cientists. Values are particularly significant in the recognition of

plud

g

.risis and in the selection by a community of one disciplinary matrix
over another. To explain the fact that these processes are not
characterized by group unanimity, particularly in their initial stages,
Kuhn points out that values can be shared by a group of individuals and

yet lead to different individual judgments in their actual applicati0ﬂs.5

1

Ibid., p. 182. 21bid., p. 40 and pp. 182-184.

3bid., p. 186. “Ibid., pp. 41-42 and p. 184.

5Ibid., p. 42 and pp. 184-186.
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The fourth component of a disciplinary matrix was originally
indicated by the term "paradigm," as was the entire disciplinary matrix
of which it is a part. With the term "exawmplar" Kuhn refers to a
"problem-solution" which illustrates how a symbolic generalization is

applied to phenomena.

Paradigm as exemplar
Kuhn regards his concept of "exemplar,'" or "shared example,' as
one of the major contributions of his analysis of science. The concept
reinterprecs a particular characteristic of the education of sclentists
and indicates an important aspect of the way Kuhn views the process of
perception. Kuhn contends that solutions to a variety of problems
provide not practice in the application of theory alrezd, lecarned, as
commonly thought, but rather additional scientific knowledge or - form
which cannot be expressed in rules and criteria. At issue is the
question of how a student of science learns ". . . how the scientists
of the community attach the expression [of a symbolic general ization]
to ﬁature,"l Kuhn's answer is that doing exemplary problems results
in ". . . ability to see a variety of situations as like each other,
as subjects for f£ = ma or some other symbolic gemeralization, . . i"z
Having completed a number of exemplary problems, the student of sclence
has come to share with other members of a community '". . . a time-tested
and group-licensed way of seeing,"z .
Kuhn's broader point is that members of a community of scientists
have learned, by means of exemplars, to see different situations ". . .
as like each other, as subjects for the same scientific law or law-
Skétﬂh."é In his original argument for the priority of paradigms (in
the disciplinary matrix sense) over shared rules, Kuhn cites
Wittgenstein's concept of a "family resemblance" and Polanyi's concept
of "tacit knowledge" acquired by practice and not fully analyzable in

terms of rules for practice,s In his postcript, Kuhn explicitly indicates

Ibid., p. 188. 21bid., p. 189. >Ibid.

S1pid., pp. Gh-45.

[

“bid., p. 190.
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that he is dissatisfied witﬁ the position, descended from Descartes,
that perception is an unconscious but interpretive process. Kuhn
rejects the one-to-one ldentification of stimuli with sensations and
argues that ". . . the route from stimulus to sensation is in part
conditioned by Educatian,“l Kuhn takes the position that '"the knowledge
of nature embedded in the stimulus-to-sensation route" cannot be fully
expressed in rules or generalizations, but otherwise has all the
characteristics of knowledge. Such knowledge is transmitted by the
study of the shared exemplars of a particular c@m@uﬂity;z ", . . what
perception leaves for interpretation to complete depends drastically on

the nature and amount of prior experience and :I’.-aarniing.':’i3

The relationship of a disciplinary
matrix to a community of scientists

One further issue remains, concerning the relationship between a
community of scientists and its disciplinary matrix. As Kubn has pointed

out, his original use of paradigm is circular, for a paradigm is shared

said to be composed of those who share a [:»a::éu:’i,igrtx.'[l

Breaking this circularity indicates the ontological status of
these two particulars and the meﬁh@ds by which they are identified in
the historical records of science. A community of sclentists is
ontologically fundamental in Kuhn's account. Identifying the disci~-
plinary matrix of a particular community is dependent upon the prior
isolation of the community which shared or shares the matrix. Engaging
in puzzle-solving research Is a constitutive attribute of a community
of scientists. Kuhn suggests a number of characteristics which could
gerve as individuating attributes. Among these are area of research
specializa;iﬁn; pattern of education and entrance intc‘thébsaieﬂtific 9”
profession, technical literature, and formal and infqrmal networks Gf:

communigatiangs Once a community of scientists has EEEﬁ idEﬁtifiEd,

l1bid., p. 193. 21bid., p. 196, 31bid., p. 198.
2 ) g ‘ » e .
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historical reconstruction of its disciplinary matrix may proceed by
studying that community to determine the relevant attributes of its

research and its members' education.

Kuhn's categorial framework

Kuhn's analysis of science takes material objects, individuals,
and communities of scientists as maximal kinds of independent par- .
ticulars. The following internally incorrigible propositions express
constitutive and individuating attributes associated with the maximal
kinds employed by Kuhn. ‘

1. A community of scientists shares a disciplinary matrix which
serves as the basis for research, by providing individual members with
criteria for identifying puzzles and evaluating proposed solutdions.

2. A disciplinary matrix has four components, each of which
contributes suggestions about the behavior of nature-—the properties
of material objects and the characteristics of their interactions.

4. "the formalizable natural laws and their associated
concepts," referred to as "symbolic generalizations'

b. beliefs in particular heuristic and ontological models

c. values used to judge predictions and theories

d. "problem-solutions which illustrate how a symbolic
generalization is applied to material objects," referred to as
"exemplars"

3. Exemplars represent scientific knowledge not expressable in
rules and criteria, and this knowledge conditions an individual's per-
ception of phenomena.

4. The generation of alternative matrices by individuals occurs
most actively when the currently-accepted matrix fails to permit a
puzzle—solution.

5. A community of scientists selects from among competing
matrices the one most adequate for its further research,

classical loglc is the primary logic underlying Kuhn's categorial

framework.
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Kuhn's view of the logpic
of scientific inquiry

From Kuhn's perspective, epistemological issues come to the fore
during periods of crisis, the only times when-it is either possible or
appropriate to "test" paradigms. It is part of his concept of normal
science that the members of a community agree not to challenge or criti-
cize the disciplinary matrix upon which they have agreed, in order that
puzzle-solving may proceed without restriction. Kuhn suggests that
attempts to develop procedures of verification or falsification have
failed to recognize a distinction which his account of science identifies:
the distinction between anomaly and subsequent crisis on the one hand
and matrix competition and selection on the other.

Kuhn rejects theories of verification, whether absolute or
probabilistic, on the grounds that they require 'pure or neutral
observalion languages' which he regards as una;hievable-L This position
1s related to his thesis about perception, which rejects the view that
sensations are fixed and meutral. Kuhn contends that any such language
will contain some expectations about nature.

Kuhn's argument against Popper's emphasis of the importance of
falsification reflects the differences in thedir categorizations; only
Kuhn takes communitles of scientlsts as a maximal kind of particular.
Kuhn sees a parallel between falsification and the anomalous ex-
periences which can lead to crises, but he expresses doubt that fal-
sifying experiences exist at a11.3 This is but one point in an exten-
sive and continuing debate between Popper and Kuhn. One of their major
disagreements concerns the place of criticism, vhich Kuhn limits to
extraordinary sclence but which Popper maintains must continually be
part of a scientist's attitude. Kuhn tends to argue that his account
of scilence 1s the sociological counterpart of Popper's perspective,
perhaps the other side of the same coin. Popper rejects such an inter-

pretation on the grounds that there are fundamental differences which

>Ibid., p. 146.

1 bid., pp. 145-146. “Ibid., pp. 126-127.
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separate them.l

Kuhn suggests that elewments of both verification and falsificatdion
are preserved in his account of extraordinary scilence and scientific
revolutions. Anomalies, which may provoke crises and the generation of
alternative disciplinary matrices, raise the issue of falsification cf
the current matrix. Then, the actual occurrence of a scientific revo-
lution by a community's decision to reject one matrix and accept another
could be viewed as an event invslving both verification and falsificatianiz
concept of truth in the context of theory-competition. Similarly, Kuhn
rejects the notlon that scientific progress re;resents movement toward
the true representatior of "the real world." At the close of his
original edition, he suggests that development night be better viewed

as "evolutlon from" rather than "evolution towsrd."

The educational issues in
Kuhn's analy'is of science

Kuhn's perspective on the natuire and comsequences of aducatiorn is
influenced by his attitude toward the process of perception and his
thesis that a disciplinary matrix dis shared by members of a community of
sclentists. Three related issues arise in the course of his argument:
(1) that knowledge is embedded in exemplars suggests a reinterpretation
of the functlon served by problem solutions, (2) most sclentific text-
books mask scientific revolutions, and (3) existing patterns of edu-

cation are well-suilted to the training cf scientists

Lihe debate between Popper and Kuhn and their respective adherents
is well expressed in the essays included in Imre Lakatos and Alan
Musgrave (eds.), Criticism and the Growth of Knowledge.

ZEuhﬁ;:ThE Structure of Scientific Revolutions, p. 147.

BTbid., pp. 170-173. See also Kuhn's essay, "Reflections on my
Critics,” in Lakatos and Musgrave (eds.), Criticism and the Growth of
Knowledge, pp. 264-265. .
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The first issue has already been discussed in some detail.

Problem solutions are seen as giving empirical content to theories,
not practice in the application of theorics. Along with his rejection
of attempts to demonstrate the verification of an individual theory (or
disciplinary matrix), Kuhn rejects tlie idea that problem solutions in
textbooks provide a studeat with evidence for a theory and reasons for
believing it.

But science students accept theories on the authority of teacher and

text, not because of evidence, What alternatives have they, or what

competence? The applications given in texts are not there as evidence

but because learning them is part of learning the paradigm at the

base of current practice. If applications were set forth as evidence,

then the very failure of texts to suggest alternative interpretations

or to discuss problems for which scientists have failed to produce

paradigm solutlons would convict their authors of extreme bias.

There is not the slightest reason for such an indictnent.l

The topic of the influemce of scientific textbooks is part of

Kuhn's viev that science develops by revolution, not by accumulation.
Textbooks are credited with perpetuating the idea of accumulation so
effectively that the revolutions Kuhn finds so numerous have gone un-
noticed by historians and philosophers, who often relied upon textbcoks,
The task of transmitting the current disciplinary matrix, including

exemplars, is well served by textbooks, and for that task of transmission
there is no need to ideatify discarded nmatrices. One significant
result is the neglect of evidence for revolutions.

Partly by selection and partly by distortion, the scientists of
earlier ages are implicitly represented as having worked upon the
same set of fixed problems and in accordance with the same set of
fixed canons that the most recent revolution in scientlfic theory
and method has made seem scientific. No wonder that textbooks and
the historical tradition they imply have to be rewritten after
each scientific revelution. And no wonder that, as they are
rewritten, science once again comes to seem largely cumulative.

The third issue follows directly from the second. Ewven though

textbooks conceal the existence of revolutions, the use of textbooks in

lKuhnj The Structure of Scientific Revolutions, pp. 80-81.

1bid., p. 138.
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the training of scientists has been highly effective. DBy implication,
training~by-textbooks should continue, despite its rigidity and narrow
scope. Most scientists engage in puzzle-solving, and it is not likely
that one could train individuals to invent alternatives in the absence
of anomaly and crisis. Thus Kuhn is permitted the luxury of condoning
the use of textbooks which mask revolutions by his position that a
crisis occurs in a community of scientists, inevitably and beyond the
influence of individuals to bring it about intentionally.

One is left to speculate about what Kuhn expects scientists to
make of his perspective on science and how he would have scilence taught
to non-sclentists. It seems that scientists are to continue as they
always have, perhaps deriving some satisfaction from being toid that
crises must be expected to occur at intervals. It is clearly beyond
Kuhn's task to speak directly to the question of general rather than
professional education in science. Kuhn's analysis suggests that
textbooks for professional education will not serve the neesds of
general education. The analysie also identifies many issues to be
examined by those who seek to understand science rather than engage

in scientific research.

Disciplinary matrix and categorial
framework: a comparison

Kuhn déscribes a disciplinary matrix as the shared non-
observational and non—experiential commitments in which the members
of a sclentific community believe. This is one of several features of
his analysis which indicate the appropriateness of asking how a
disciplinary matrix is different from a categorial framework. On brief
reflection it secms reasonable that there should be significaﬂﬁ
similarities between the arguments made by Kuhn and by Kdrner. Both
suggest that the individual experlence of change at the levels with
which they are concernc i may be comparable to the experience of a

Gestalt-switch and that the experience involves a change of bEliEES_l

lkuhn, The Structure of Sclentific Revolutions, pp. 111-112

and pp. 198-204, and K8rner, Categorial Frameworks, p. 65.
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.Kuhn's remark that a model may have a status ranging from ontological
Y ging :

to heuristic seems directly comparable to K8rner's point that confliet
betveen framework-principles may result in rejection of one or the other
or in adoption of the less acceptable one as a heuristic principlé.l

That there arc and should be differences is suggested by compari-
son of the tasks addressed in the two studies. As noted earliaf, Kémer -
examines the relationships among an individual's classification of the
objects of his experience, his standards of explanation, and his meta-
physical beliefs. Tor that task he elaborates the concept of a cate-
gorial framework. Kuhn's interests, wvhile similar, are directed
specifically to science and the nature of its progress. The concepts
of disciplinary matrix and exemplar emerge from his efforts to interpret
the historical development of science and the influence of scientists'
professional education,

Perhaps the most interesting and relevant divergence betwe: a
Kuhn and K8rner concerus the question of vhether different belie”
systems are commensurable. For Kuhn they are not, yet for Kérnar
they clearly are. Korner's concept of categorial framework is in-
tended to permit the acnievement of that possibillity.

Kuhn's argument about incommensurability is closely related to
his concept of exemplar and the associated thesis about perception.
Dominant in his discussion is the claim that there are attributes vhich
cannot be expressed in rules, that there are sinmilarities which one
can learn to recognize but which cannot be statedig The following
passage is indicative of the manner in which Kuhn frames the problem.

“wo men who perceive the same situation differently but nevertheless
employ the same vocabulary in its discuzsion must be using woxds
differently. They speak, that is, from what I have called incom—

nensurable viewpoints. How can they even hope to talk together
much less to be persuasive. . .

The practice of nmormal science depends on the ability, acquired
from exemplars, to group objects and situations into similarity sets

1K6fner, $§;gg§r;§;gFr§mewgfks} p. 66.
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which are primitive in the sense that the grouping is done without

an answer to the question "Similar with respect to what?" One central
aspect of any revolution is, then, that some of the similarity rela-
tions change. Objects that vere grouped in the same set before are
grouped in different ones afterward and vice versa.™

Kulln suggests that translation between language communities is
an appropriate context from which to draw techniques for resolving the
"breakdown" of communication associated with eritically different exem-
plars, and this suggestion seems helpful. In the end, Kubn clearly
acknow' edges that translation can overcome the difficulties impozed by
the fact that standards of explanation are influenced by the beliefs
expressed in different matrices or frameworks.

As translation proceeds, furthermore, some members of each
community may also begin vicariously to understand how a statement
previously opaque could seem an explanation to members of the
opposing grgupgz

Kuhn is never clear about whether information is similarly influenced by
differences between matrices. His thesis about perception seems to
imply that it is.

As noted earlier, it is part of K&rmer's basic thesis that an
individual's explanatory standards and his categorial framevork are
"intimately related." K&rner distinguishes clearly between information
and explanation and concludes that ". . . explanation is framework-bound
whereas information is uaﬁ,"g He goes on to identify two possible
ervors associated with the false premise that there is no difference
between information and explanation. Clearly, Kuhn is not suggesting
that neither explanation nor information is framework-bound. Much less
clear is whether Kuhn errs (from K8rner's perspective) in the opposite
direction of concluding that information is framework-bound.. As Korner
notes, that conclusion supports the position that users af'different
frameworks cannot understand each ather;ﬁ This conclusion is a theme

in Kuhn's discussions of the nature of sclentific revelutions,.

l1pad. 21bid., p. 203.

L

K&rner, Categorial Frameworks, P. 64.

“1bid., p. 65.
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K8rner and Kuhn approach this question quite differently. Ko&rner
argues that "common informative content' is possible even when the
propositions expressing it for each of two individuals are respectively
incompatible with the framework of the atber!l Kuhn argues that there
are differences, which one cannot fully express in propositions, which
can create differences at the level of information. The issue captures
a fundamental difference between the two concepts, disciplinary matrix
and categorial framework. K8rner's perspective permits the observation

that the difference is only internally but not externally incorrigible.

Dimensions of the Analytical Scheme:
The Nature of Science

. Three accounts of the nature of science, by Carnap, Popper, and
Kuhn, have been described and analyzed in terms of Kérner's concept of y
a categorial framework. While the results of the analysis are interesting
in their own right, the analysis has been conducted for the purpose of
generating a scheme which may be used to analyze the provision an argu-
ment makes for the development of views of the nature of science.
Following K8rner, the categorization of objects by Carnap,
Popper, .and Kuhn has been the basic point of comparison. Five other
issues have been predominant in. the preceding analysis, and they appear
appropriate for use as dimensions of the nature of science in the
analytical schene. The five issues are (1) demarcation of science from
non-science, (2) how the empirical content of science increases, (3)
how objectivity is achieved in science, (4) the relationship of science
to truth, and (5) how progress is achieved in science.
The dimensions are presented in Table 1, preceded by the 1ssue
of categorization of objects. On each dimension, the positions taken . ..
by the three analysts of science have been stated concisely. Thus TableAij
1 serves both as a summary of the analysis af_three:ae;éunts of the nature

of science and as a statement of dimensions of the analytiéal scheme

l1p1d., p. 64
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relevant to the nature of science. In Chapter IV, additional
dimensions of the analytical scheme are constructed in terms of

arguments which examine the concept of teaching.
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CHAPTER IV

DEVELOPMENT OF THREE PERSPECTIVES

ON THE CONCEPT OF TEACHING

Introduction

This chapter develops dimensions of the anmalytical scheme rele-
vant to the concept of teaching, thereby completing the task begun in
Chapter IIT. Application of the entire anmalytical scheme to assess its
usefulness in the analysis of arguments about the teaching of science
is carried out in Chapter V. The argument in this chapter has two
distinct phases. In the first, descriptive phase, five analyses of the
concept of teaching are reported in considerable detail. In the second,
interpretive phase, perspectives on the concept of teaching are developed
and then contrasted on various dimensions which constitute the portion

of the amalytical scheme relevant to the conce;t of teaching.

Selection waiﬁtétéggﬁgﬁigps
of teaching '

The literature in which techniques of philosophical analysis
are applied to educational concepts has grown rapidly in recent years,
with some impressive achievemants.} Within that literature the investi-
gator has identified more than thirty papers which focus attention on
the concept of teaching. From these, five have been selected for descrip-
tion and analysis in this chapter. Each of the five papers develops a
clear and distinctive contribution to the analytic clarification of

the concept of teaching.

lThis topic is considered in several of the essays by Israel’
Scheffler in Reason and Teaching (Indianapolis, Indiana: The Bobbs=
Merrill Company, Inc., 1973). That collection of essays illustrates the
intellectual development of one important contributor to philosophical
analysis of educational concepts and issues. :

112
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As with the preceding analysis of the nature of science, it
seems neither necessary nor appropriate to survey the extemsive history
of philosophical analysis of the aims and techniques of Edugatiﬂﬂ-1
However, it is appropriate to identify the type of analysis to which
the concept of teaching is being subjected. In contrast to the diver-
génce of the three accounts of the nature of science examined in Chap-
ter ITI, the interpretations of teaching which are examined here have a
great deal in common. .

This analysis of the concept of teaching emphasizes one of sevaral
possible perspectives on education. Reference to two different ways
of categorizing perspectives on the nature of aéucatiﬁn facilitates
ijdentification of the perspective being emphasized. Eisnex and Vallance
examined recent literature in the field of curriculum and developed a
set of five categories to identify different, somewhat conflicting sets
of assumptions which writers tend to take for granted in their argu—
mEﬂ;s.z Curriculum is alternately viewed din terms of (1) development
of cognitive processes, (2) technology, (3) self-actualization, (4)
social relevance or reconstruction, or (5) academic rationalism. These
labels effectively indicate the general nature of the divergent
perspectives recognized by Eisner and Vallance; elaboration of the
categories is unnecessary for present purposes.

A related but shorter list of perspectives is presented by
Crittenden in a paper which explores the relationship of assumptions

about the social context and the processes of education to the conduct

1Dne valuable source of informatiom om the histoxical develop-
ment of the concept of teaching is Harry $. Broudy and John R. Palmer,
Egemp}ars,GE”Teachiﬂg7Métbaﬂ:(Chicage: Rand McNally & Company, 1965).

2Ellicst W. Eisner and Elizabeth Vallance, "Five Conceptions of
Curriculum: Their Roots and Implications for Curriculum Planning," in
Conflicting Conceptions of Curriculum, ed. by Elliot W. Eisner and
Elizabeth Vallance (Berkeley, California: McCutchan Publishing Corpo-
ration, 1974), pp. 1-18.
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of teacher educationil Crittenden discusses interpretations of educa-
tion as (1) "a process of socialization," (2) "growth through the satis-
faction of felt need and interests," and (3) "initiation into public
traditions of human understanding." These interpretations se=m to cor-
respond respectively to the c..cegories of social relevance or recom-
struction, self-actualization, and academic rationalism in the Eisner
and Vallance analysis.

The following analysis of the concept of teaching is dominated
by the perspective of academic rationalism or "initiation into public
traditrions of human understanding." This perspective is most comple-
mentary to the preceding analysis of the nature of science. It is also

the perspective which provides strongest support for philosophical

the others in arguments seeking analytic clarification of the concept.
Because conflicting views on teaching are discussed within each of the
five arguments selected for examination, it is possible to develop
alternative positions from arguments which share a common perspective

on the nature of education.

the concept of teaching

Consistent with the study's focus on teacher education, the
analysis of the concept of teaching assumes the perspective of the
teacher and considers both ends and means--what the teacher is trying to
achieve and how he goes about it. The nature cof knowledge and the posi-
tion of the learner or pupil are related to the role of a teacher within
the general school setting.

The sequence in which the five interpretations are presented is

quite deliberate. Michael Oakeshott's essay, "Learning and Teaching;"z

lBrian Crittenden, "Some Prior Questions in the Reform of
Teacher Education," Interchange, IV, 2/3 (1973), 1-11.

zﬂichael Oakeshott, "Learning and Teaching," in The Concept of
Education, ed. by R. S. Peters (London: Routledge & Kegan Paul, 1967),

pp. 156-176.
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provides an initial, general discussion of those two activities when
knowledge is viewed as an inhevitance of distinctively human achieve-
ments. combining information and judgment. Israel Scheffler's essay,
"pPhilosophical Models of Teaching,"l develops simiiar points within a
specific focus on the concept of teaching. Thrce models are sketched;
two have shortcomings which are remedied in the third. Douglas Roberts
and Dolores Silva reach compatible conclusions in a paper titled "'Cur-
riculun Design, Teaching Styles, and Consequences for Pupils,“z From

a perspective of alternate schemes for reprasenting and explaining ob-
servations, they Q@nsider'the consequences of different teaching styles.

The discussion by Roberts and Silva of the different prevoga-
tives of teacher and pupil introduces the broad topic of authority
which is explored in detail by R. §. Peters in his essay, "Authority
and Edugationi"z In the last of the five papers, titled "Socratic
Method, Platonic Method, and Authofity,"é James Ogilvy explores the
relationship between teaching style and authority and develops yet
another important dimension of the concept of teaching.

Each of the five interpretations provides a gignificant perspec-
tive which is used in the subsequent construction of a "composite
interpretation of the concept of teaching. Korner's concept of a cate=
gorial framework is employed in the analysis of two alternate ways of
deviating from the composite interpretation. The chapter closes with

presentation of the teaching dimensions of the analytical scheme.

llsrael Scheffler, "Philosophical Models of Teaching," Harvard
Educational Review, XXXV, 2 (Spring 1965), 131-143.

zDauglas A. Roberts and Dolores Silva, "Curriculum Design,
Teaching Styles, and Consequences for Pupils,"” Samplings [Journal of
the Future Schools Study Project, Albuquerque, New Mexico] I, 4 (July
1968), 16-28.

BRi S. Peters, Ethics and Edgcgtjap,(Londan: George Allen &
Unwin Ltd, 1966), pp. 237-265.

&nges A. Ogilvy, "Socratic Method, Platonic Method, and .
Authority," Educational Theory, XXI, 1 (Winter 1971), 3-16.
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Oakeshott: Knowledge as an Inheritance

,£ Human AFhLPVEmeﬂt%

The theme of Michael Oakeshott's essay, "Learning and Teaching,"
is that the interpretation of knowledge as "a manifold of different
Tabilities'," each a conjunctiop of information and judgment, has sig-
nificant consequences for one's uudevstanding of learning and teaching.
Specifically, Oakeshott argues thzc teaching must be understood to in-
volve two different forms of communication--"instructing," or commun-
icating information; and “imparting," or communicating judgment. The
two aspects of knowledge can be communicatcd and acquired, bur not in

the same manner and not on separate occasions.

Basic premises of the argument

Oakeshott begins by identifying what may be regarded as his basic
premises about learning and teaching and about the general nature of
teacher and pupil roles. This is a useful exercise in which Oakeshott
declares his stand with tespect to some familiar metaphors and issues.

Oakeshott regards learning as . . . an activity possible only to
an intelligence capable of choice and self-direction in relation to his
own impulses and to the world around him.“z His claim is that an activ-
ity of which "understanding and being able to explain' can be a part is
different in all respects from an activity of which they cannot be a
p:u‘r:i'3 Two basic points are made about teaching. "The coanterpart of

the teacher is not the learner in general, but the pupil. nh This state-
ment indicates that attention is focused upon learning which occurs in

response to teaching. Oakeshott also specifies his concept of what a

1Michael Oakeshott, "Learning and Teaching," in The Concept of
Education, ed. by Peters, pp. 170-176.

21bid., p. 156. 31bid., p. 157.
“1pid.
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teacher communicates to a pupil. '"Every human being is born an heir to
an inheritance of human achievements, of 'expressions' of human minds
to which he can succeed only in a process of learning."

With these and related remarks Oakeshott makes it quite clear
that he regards teaching and learning as concepts to be understood from
consideration of the nature of knowledge developed by preceding gener-
ations. He maintains that teaching involves planned rather than acci-
dental communication, in the presence of a pupil regarded as ready to
learn what is communicated to him. 2 "Teaching is the deliberate and
intentional initjation of a pupil into the world of human achievement,

or some part of it,"s Specifically, Oakeshott maintains that a
teacher is one who studies his pupil, that the initiation he undertakes
is one which has a deliberated order and arrangement, and that, as well
as knowing what he designs to transmit, he has considered the manner of
transmission."

Oakeshott completes his opening statement of premises by
indicating his understanding of the nature of the "inheritance" which a
teacher communicates to his pupil. The inherited achievements are seen
as contingent, not necessary, and neither finished nor unfinished. They
are more likely to be confusing than clear, and they suggest rather than
dictate ways of thinking. Oakeshott recognizes that a teacher may
desire some guarantee of the value and permanence of the inheritance, but

; . . , . , 5
he maintains that such security is not availahle from any source. .

1bid., p. 158.

2Turther developments of this point are available in B. Paul
Komisar, "Teaching: Act and Enterprise," in Concepts of Teaching:
Philosophical Essays, ed. by C. J. B. Macmillan and Thomas W. Nelson
(Chicago: Rand McNally & Company, 1968), pp. 63- .88, and in Paul Hirst,
"What is Teaching?", Journal of Curriculum Studies, III, 1 (May 1971),
5-18. ’

BDakeshott, "Learning and Teaching," p. 159.

“Tbid., p. 160.

’Ibid., p. 162.
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Knowiuwdnoo as a conjunction of

information and |

The detniled accounting of the introduction toa Oakeshott's argu—
ment in "Learning and Teaching" serves to indicate both the assumptions
of his perspective and his careful attention to consistency and compre-
hensiveness. Against this background, his main argument can be deseribed
more concisely. Ik has been notad that Oakeshotc considers what is
known in terms of abilities comprised of both information and judgmei..

This conjuncticn, in a concept of 'abilities', of what we know

and the use we make of it, is not designed to prove anything, but
merely to indicate the way in which we carry about with us what we
may be said te know. . . . What we know constitutes an equipment
which we possess in terms of what it enables us to do or to under-—
stand. ~

Tnformation, "the explicit iungredient of knowledge," is composed
of facts which provide ". . . rules ox rule-like propositions relating

fas s 2 L - . . :
to abilities." These rules represent either information which is re-
quired for doing something or criteria for recognizing that something
has been done incorrectly. Information which explains a performance is
a third type of rule-like proposition, but this type of information

", is never a component of the knowledge which constitutes the per-

formance."”

Judsment, in Oakeshott's view, is the "implicit" ingredient of
| 3 ¥ p 2

knowledge, since it cannot be specified in propositions. "gefore any
concrote skill or ability can appeat, information must be partnered by
'judgment, ' "knowing how' must be added to the 'knowing what' of infor-
mation."

. . . , I do not think we can avoid reecngnizing what I have
called 'judgment' as a partner, not only in those abilities we call
skills, but in all abilities whatever, and, indeed, more particu-
larly in those abilities which are almost exclusively concerned with
mental operations.-

lipid., p. 164.  Ibid., pp. 164-165. 3bid., pp. L64-167.

Aigid., p. 167. rbid., p. 168.
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In short, in every 'ability' there is an ingredient of knowl-
edge which cannot he resolved into information, and in some skills
this may be the greater part of the knowledgr required for their

practice.

» and learning

Implications

From his premises about the concern of teacher and learner with
knowledge as an inbhericance of human achievement, and from his view of
knowledge as abilities in which information and judgment are united,
Oakeshott derives implications for understanding the activities of
teaching and learning. Both activities are regarded as twofold.

. . . teaching may be said to be a twofold activity of communicating
"information' (which I shall call 'instructing') and communicating
'judgment' (which I shall call 'imparting'); and learning may be

said to be a twofold activity of acquiring 'information' and coming
2

to possess 'judgment'.?

The information-communicating aspect of teaching is e familiar
one. Oakeshott's contribution to the analysis of this aspect of teach-
ing derives from his earlier premises. It is a reacher's responsibil-
ity to select the information to be communicated and to orzanize the
information to reveal its "rule-like character." The teacher must also
order the infurmation to %2 communicated and provide exercises by which
pupils will come to recognize the information in other forms and recall
it in appropriate c@ntexts,B These are familiar aspects of the activity
of teaching which Oakeshott has given cohercnce with hic view of infor-
mation as part of a pupil's inheritance of human achievemerts, into
which a teache. strives to initiate him.

Oal-eshott's greater contribution to the analysis of teaching is
revealed in his discussion of the judgment-communicating aspect of teach-
ing. In the following passage he extends his earlier discussion of
judgment, pointing out that one must learn to think in particular ways,

but that this 1s not done in the same manner as one learns information.

Ybid., p. 169. 2fbid., p. 170.

Sbid., p. 172.
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penerates knowledge or 'ability' to do, to make, or to understand
and explain. It is being able to think--not to think in no manner
in particular, but to think vith an appreciation of the considera-
tions which belong to different modes of thought. This, of course
is something which must be learned; it does not belong to the pupil
by the iight of nature, and it is as much a part of our civilized
inheritance as the information which is its counterpart. But since
learning o think is not acquiring inforwation it cannot be pursued
iu the sam2 way as we add to our stock of information.

Judrmenz is on ability lcarned in the course of acquiring infor-
mation, and it can ouly be imparted by a teacher as he is instructing.
It is by the ability of judgment that one moves from information to per-
mitted or prohibited conclusions. Thus judgment may be rwost clearly
imparted at moments when pupils become aware of 'concrete situations' in
which facts are not simply displayed but organized by being used in an

, 2 , , , s - 1
example or argument. Oakeshott sees the acquiring of judgment not only
as learning to interpret and use information but also as "learning to
recognize and enjoy the intellectual virtues'" and acquiring "the ability
to detect the individual intelligence which is at work in every utter-
ance, even in those which convey impersonal information."

The difficulties associated with identifying and describing the
concept of judgment account for Oakeshott's rather elaborate prepara-
tions for these conclusions about how teaching and learning may be
understood. These remarks about learning are restricted to learning
which is.the counterpart of teaching. The two activities of learning
and teaching are diccussed with r.ference to knowledge viewed as a con~
tingent inheritance of human achievements, against which a pupil comes
to see himself as uniquely human, and into a portion of which a teacher
strives to initiate his pupils. From the view of knowledge as abilities
comprised of information and judgment, Oakeshott argues that teaching

simultaneously includes instructing in information and imparting

judzment.

Lipid., p. 173. 21b1d., pp. 175-176. 3Ibid., p. 174.
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Oakeshott's argument is firmly rcoted in the perspective of
academic rationalism. 7To some, aspects of his positior will seem
unduly neglectful of pupils' personal experiences. His argument is
particularly valuable for the contribution he discussion of judgment
makes to understanding important aspects of teaching, ranging from dif-
ferences among modcs of thought to critical characteristics of different
styles of teaching. Attenvion shifts now to the second interpretation
of teaching, developed by Scheffler in a quite different manner.
Scheffler's position is compatible with Oakeshott's, particularly in
terms of viewing knowledge as an inheritance and teaching as an activity
concerned with communicating simultaneously both information and

j le gmei‘it -

Scheffler: / Metaphor of
Principled Deliberation

In "Philosophical Models of Teaching," Israel Schefiler sets out
to provide an "indirect" response to normative, epistemological, aud em-
pirical questions about teaching. His technique is to present and crit-
jcize three 'philosophical models' of teaching, designated the impres-
sion, insight, and rule models. As the argument unfolds, it becomes
clear that the models are not jegarded as equally defensible. The rule
model is deemed most appropriate because it best captures certain essen-
tial features of knowledge.

In his argument Scheffler suggests that the insight model is an
improvement upon the impression model, and the rule model in turn an im=
provement upon the insight model. This suggestion is convenient to the
"inductive" development of the claims being made, but it is not essen-
tial to the validity of the argument. Here it is more valuable to con-
sider the impression and insight models for their contributions to un-
derstanding the rule model. In the subsequent derivation of the teach-
ing dimensions of the analytical scheme, the impression and insight
models are interpreted as attempts to simplify the concept of teaching
by overemphasizing some features and neglecting others which are
preserved and balanced in the rule model.

Scheffler associates each of the three models with a particular

philosopher, in an attempt to indicate more clearly some of the unique
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features of each model. Unfortunately, these associations cannot be
regardad as indicative of the historical roots of wvach model, and the
associations generate some problems as they resolve others. The inves-
tigator here reports those details of the three models which are most
relevant to the present task of examining distinctive analyses of the
concept of teaching.

Scheffler opens his argument with a definition which expresses
his view that teaching is an intentional activity which must respect
the learner's own judgments. 'Teaching may be characterized as an ac-
tivity aimed at the achievement of learning, and practiced in such man-
ner as to respect the studaﬂc's intellectual integrity and capacity for
independent judngnﬁi"l Yet this definition does not indicate for a
teacher what learning he should try to achieve, what constitutes such
learning, and how one should go about trying to achieve it. Presenta-
tion of the three models is intended to develop answers to these

questions.

The impression model of teaching

Scheffler's first model of teaching regards knowledge as something
to be transmitted by a teacher for storage by a pupil.

The impression model is perhaps the simplest and most widespread
of the three, picturing the mind essentially as sifting and storing
the external impressions to which it is receptive. The desired end
result of teaching is an accumulation in the learner of basic ele-
ments fed in from without, organized and processed in standard ways,
but, in any event, not generated by the learner himself.”

Scheffler presents two versions of this model. One is termed "empiri-
cist" and associated with Locke. The second is termed “yverbal' because
it recognizes that ". . . not only sense experience but language, and,
moreover, accepted theary"a are to be impressed on the mind. In both
cases, knowledge is construed as the "stored accumulation" of whatever

is presented to the learner.

1Isfael Scheffler, "Philosophical Models of Teaching," p. 131.

31b1d., p. 134,

21bid., p. 132.
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Scheffler credits the impression model with recognizing the
importance of experience, yet he sees the model as misdirected. Its
suggestion that the learner need only store and accumulate what is
prosented fails to tecognize that the learner must be able to use what
he learns. It also fails to recognize the possibility and importance

of "innovation' by the learner.

The insight model of teachiug

The sccond model of teaching is based upon a view of knowledge
as "vision" or "imsight into meaning."

. . . the "“insight model" . . . represents a radically different
approach. Where the impression model supposes the teachexr to be
conveying ideas or bits of knowledge into the student's mental trea-
sury, the insight model denies the very possibility of such convey-
ance. Knowledge, it insists, is a matter of visionm, and vision
cannot be dissected into elementary sensory or verbal units that
can be conveyed from one person to another.®

The teacher can only "prompt" or "stimulate;” if such learning does
occur, it goes beyond what the teacher has done. And it is this
"insight into meaning" which is required for underst.nding and using
knowledge, in contrast to storing it for recaliaB

Scheffler analyzes the prompting theory in St. Augustine's dia-
logue, "The Teacher," and subsequently makes a distinction between in-
formation and knowledge. To know is not only to understand and accapﬁ
information but also ". . . to have earned the right, through one's own
effort or position, to an assurance of its truth_"é Ultimately,
Scheffler finds that the insight model has called attention to important
points yet, like the impression model, it ig incomplete. The impression
model stresses "conservation" of knowledge in its public, collective
sense. The insight model stresses "imnovation" and accounts for creativ-
ity by marking the importance of the individual learner's efforts to
personally come to know. Yet, Scheffler explains, "yision of reality"
is not the right metaphor for truths other than those based upon obser-

vation or introspection. For propositions in the sciences, politics,

bia. 21bid., p. 135.

bid. “Ibid., p. 137
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history, or law, 'principled deliberation' seems a better metaphor, per-

mitting reference to reasons, evidence, principles, and decisions in
coming to understand what is distinctive about knowledge.

Beyond the cognitive insight, lies the fundamental commitment to
principles by which insights are to be criticized and assessed, in
the light of publicly available evidence or reasons. In sum, then,
the shortcoming of the insight model may be said to lie in the fact
that it provides no role for the concept of principles, and the
associatod concept of reasons.

The rule model of teaching

The third model of teaching interprets knowledge through the
metaphor of principled deliberation, tempering individual insight with
adherence to rules which exist within traditions of scholarship.

In contrast to the insight model, the rule model clearly empha-
sizes the role of principles in the exercise of cognitive judgment.
The strong point of the insight model can thus be preserved: The
knower must indeed satisfy a further condition beyond the mere re-
ceiving and storing of a bit of information. But this condition
need not, as in the insight model, be taken to involve simply the
vision of an underlying reality; rather, it generally involves the
capacity for a principled assessment of reasons bearing on justifi-
cation of the belief in question. The knower, in short, must typi-
cally earn the right to confidence in his belief by acquiring ghe
capacity to make a reasonable case for the belief in question.

Scheffler associates the rule model with Kant's emphasis on rea-
son and the adheremce to rules or principles. The rule model, he argues,
recognizes and respects the autonomous judgment of the learner or knower,
who has a ". . . right to seek reasons in support of claims upon his ecred-
ihilities and loyalties, and [a] correlative obligation to deal with
such reasons in a principled manner, " ,

Ultimately, Scheffler makes explicit a point which is implicit
throughout his argument. The impression and insight models have both
strengths and shortcomings in their conceptions of knowledge and the

nature of teaching and learning. The rule model can be regarded as

Y1pid., p. 138. 21pid., p. 139.
3 4

Ibid., p. 140,

Ibid., p. 141.
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providing a supplement to those points which were appropriately stressed
by each of the other two models. Scheffler expresses this feature of
the ruie model in the following way.

, intermediate between the public treasury of accumulated
1ﬂre mirrored by the impression model, and the personal and intui-
tive grasp of the student mirrored by the insight model, it places

general principles of rational judgment capable of linking them.
Thus Scheffler's rule model of teaching indicates that a teacher's task,

in its fullest dev ik, is to make it possible for a learner to enter

into living traditions of scholarship. Knowledge must be preserved,
yet cach lzarner must make it his own. He can do so only by respecting
the tradition of principles from which the knowledge has emerged,

By a different route, Scheffler reaches conclusious which are
consistent with the position developed by Oakeshott. Scheffler moves
through several metaphors and philosophical positions to a stance which
reflects the same concept of "inheritance" with which Oakeshott begins
his argument. The parallels between information and impressions on the
one hand, and between judgment and vision on the other, are not coinci-
dental. Scheffler's account concludes with a synthesizing metaphor
expressing the position Oakeshott argued from the start. Scheffler's
argument gives fuller attention to conceptions of teaching which stress
either information or judgment at the expense of the other.

The idea of an inheritance of human achievements and evolving
traditions of public scholarship which pervades the first two interpre-
tations of teaching is also prominent in the third, developed by Roberts
and Silva. Their argument presents an epistemological position at the
outset, as Oakeshott's did, and it later identifies two unsatisfactory
"teaching styles" which parallel Scheffler's impression and insight

models of teaching.

Roberts and Silva: Representations
and Explanatlans of Phenomena

The third interpretation of teaching is expressed in a dis-

cussion of curriculum-planning considerations, titled "Curriculum Design,
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Teaching Styles, and Consequences for Pupils." Douglas Roberts and
Dolores Silva huve selected a title which indicates their avareness

that reorganization of part of a school's curriculum requires informa-
tion not only about what experiences are considered desirable for pupils
but also about the "teaching style" required to achileve the intended
outcomes for pupils. Roberts and Silva use the phrase "teaching style"
to characterize ". . . a teacher's unique way of patterning teaching

: . , o - 1
acts that arve predictable under specificd conditiors.”

Ordering schemes and
consequences for pupils

The authors' epistemological position is indicated in their dis-
cussion of consequences for pupils. They approach the school curriculum
from the perspective that there is something intellectual which is worth=
while for pupils. They are specifically interested in ". . . cognitive
capacities and processes, . . . interpreted in terms of huwaan capacity
to order diverse observations and the function of these orderiug pro-
cesses in the human search for order and meaniﬁgfulness“"z Their con-
cern is with the diversity of observations which are experienced by in-
dividuals and in which individuals seek order and meaning by selecting
observations and developing "representations and/or explanations."

In discussing certain aspects inherent in curriculum building,

we believe that it is useful to view human history, at least in part,
as a record of the i?v%ntion and use of gr?ering schemes for repre-
senting and/or explaining diverse observations.

The end which Roberts and Silva have in view is a curriculum
which permits the student to learn ". . . responsible freedom of choice
for how he thiﬁksi“4 They argue that pupil experiences appropriate to
that end would include ordering diverse observations, becoming aware
that they are doing so, learning that there are alternative ways to

order the same observations, and realizing that éa:ticula: consequences

1Dauglas A. Roberts and Dolores Silva, "Curriculum Design,
Teaching Styles, and Consequences for Pupils," p, 16.

%1pid., pp. 17-18. 1bid., p. 18.

1p1d., p. 19.
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. 1 .
follow from cach choice of a way to order observations,  Particularly
interesting is the manner in which the authors express the view that a
teacher's task is to iuntroduce pupils to knowledge developed by their
predecessors, knowledge which includes both information and judgment.
We view pupils as having a great deal oi experilence to process in
the course of a lifetime, and the human race as having a great deal
to offer for use in that task. At the heart of our ideology is the
notion of choice among alternatives, but responsible choice. . . .
The task of the school, according to our position, is to be sure
the pupil is aware of alternative representational and explanatory
schemes, and of a set of criteria for choosing among these based on
informed judgment of the consequences and implications of each to
the individual pupil and to others.

When that task has been achieved, the final and personal decision among

alternatives is left to the pupilis

Teaching styles

After examiring in detail how the content of such a curriculum
might be organized, Roberts and Silva discuss the teaching style which
they regard as appropriate for achieving the goals of that curriculum.
Their model involves information processing, communication, and the
prerogatives of teacher and pupil in both. In what they term the
"trialogue" style, both teacher and pupils have access to the "domain
of observable phangmaaa.“é The authors present a very useful statement
of the different prerogatives which teacher and pupil must retain in the
teaching-learning interaction. '

On the one hand, the teacher has greater expertise than the pupil at
representing and/or explaining observations by virtue of his longer
study of what the human race has available for that purpose. As the
teacher receives observations from the domain of observable phenom-
ena, he has a substantial arsenal of representations and/or expla-
nations for those, and he must retain the prerogative of insisting
that the pupil try them when it is appropriate. On the other hand,
the pupil is in the position of knowing which observations he has
made within the domain, and thus he knows better than the teacher
which observations need to be represented and/or explained in his

Yibia. 21bid., pp. 19-20.
3 , 0. . ,
Ibid., p. 20. Ibid., p. 23.
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personal experience. It remains the pupil's prerogative, then, to
make use of representations and/or explanations, according to wthh:r
or not they are relevant to his growth of personal knowledge.”

In the trialogue teaching style, communication between teacher and pupil
involves a mutual exchange of observations and representations and/or
explanations. Respect is maintained both for the teacher's prerogative
to introduce the achievements of the human race and for the pupil's
prerogative to make his own attempts to process information in achieving
personal knowledge.

To emphasize the features of the trialogue style, which is con-
sidered appropriate for achieving the curricular consequences they
describe, Roberts and Silva sketch two other teaching styles and explain
why they are regarded as inappropriate. They characterize an "imposi-
tion" style as one which denies pupils access to the domain of observ-
able phenomena while the teacher communicates to pupils the represen-
tations and/or explanations developed by the human racé.z More gener-
ally, even if pupils were granted access to the domain of observable
phenomena, the teacher's prerogative would be overemphasized if he
refused to consider pupils' attempts to represent and explain phenomena
relevant to their own experiences.

A second inappropriate teaching style is termed an "abandonment"
style. 1t overemphasizes the pupil's prerogative to represent and ex-
plain what is relevant to his experience, ignoring the potential contri-
bution of the teacher's expertise to that task. Denied his basic prerog-
ative, the teacher is in an unsatisfying position, while the pupil is
"abandoned" to retrace on his own the ordering achievements by which his
predecessors developed what 1s now kﬂDWn.B

The imposition and abandonment styles indicate the inadequate
alternatives to which one can be led by failure to respect and balance
both teacher and pupil prerogatives in the teaching-learning situation.
The trialogue teaching style attempts to preserve that respect and bal-
ance, in order to achieve certain pupil outcomes associated with the

existence of alternative ways to represent and explain observations

ibid., pp. 23-24. 21bid., p. 25. 3bid., pp. 25-26.
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An Interim Summary

In the three interpretations of teaching just examined, the
position is taken that teaching and learning cannot be understood
properly and adequately without reference to the intellectual achievements
which are presarveé and extended in various forms of knowledge and
associated styl. of inquiry. Oakeshott casts this knowledge as an
inheritance of human achlevements, interpreted as abilities blending
information and judgment. Scheffler speaks of ongoing traditioas of
rationality to which learners must be introduced. Roberts and Silva
emphasize the finding of order and meaning in observations Ey the invention
of ways to represent and/or explain phenomena. The three accounts
complement each other as ways to interpret knowledge. They jointly
maintain that what teacher and pupil seek to achieve and how they go about
it must be based upon an adequate conceptualization of knowledge.

Roberts and Silva give the most explicit attention to teaching
style, although Scheffler and Oakeshott also offer clear suggestions
for how a teacher should go about achieving the initiation of a pupil
into an inherited tradition of knowledge. There are important
parallels between the inappropriate teaching styles sketched by Roberts
and Silva and the inadequate models of teaching described by Scheffler.
The imposition style corresonds to the impression model and an emphasis -
on what Oakeshott called "instructing." The abandonment style
corresponds to the insight model in certain respects. Later in this
chapter, these parallels are examined further in the derivation of
dimensions of the analytical scheme relevant to the concept of teaching.

Roberts and Silva go beyond epistemological considerations to
introduce the concept of teacher and pupil prerogatives in teaching-
learning communication. They carefully note that these prerogatives are
not equal. Only the teacher, who has already developed expertise in the
knowledge te be communicated to his pupils, can make certain decisions
which influence the overall course of teacher-learner interaction. This
fundamental feature of the concept of teaching gives rise to the issue

of authority, to which the discussion now turns.
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‘That students currently tend to react quite negatively to behav-
ior which they perceive to be "authoritarian' reminds one that there
are a host of other considerations besides "initiation into an inheri-
tance' which can in fact dominate the teaching-learning situation and
obscure that essential feature discussed above. One purpose of this
exploration of the concept of teaching is to establish a perspective
from vhich logically distinctive characteristics of the activity of

teaching may be recognized.

Peters: The Teacher as

an Authority in Authority

The two remaining interpretations of teaching are developed
with specific reference to the concept of authority. The first is
developed by R, 5. Peters in the essay, "Authority and Educatiom," in

his book titled Ethics and Education. Peters' essay is particularly

valuable for its analysis of several general types of authority, in an
attempt to be very clear about the several ways in which the concept

bears on the activity of teaching.

Two applications of the
concept of authority

Peters begins his analysis by noting that ". . . the concept of

authority is inseparably connected with a rule-governed form of 1ife."l
The concept is most frequently encountered in systems of social control,
vhere it is appropriate to speak of an individual being in authority and
thereby being "authorized" to make decisions involving the application
of some set of rules. The concept of authority also has application
outside the context of social control. In the domain of knowledge we
may properly speak of an individual being an authority.

There are two essential differences between these two applica-

ions of the concept of authority. With respect to social control, one

r

is in authority by appointment and the appeal is to rules. With

lR. S, Peters, "Authority and Education," p. 238.
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respect to knowledge, one is an authority by prior training
. . 1
and success, and the appeal is to reasons and evidence.

Authority is a particularly significant concept for the activity of

teaching, because in our modern educational context, ". . . the teacher

. ; L . 2

is an authority figure in both the above senses."
He is put in authority to do a certain job for the community and to
maintain social control in the school while he is doing it. He
must also be an authority on some aspect of the culture which he is
employed to transmit. It is also expected that, to a certain ex-
tent, he will be an expert on the behaviour and development of the
children over whom he is in authority, and on methods of teaching
them. 3

There is a further distinction about authority which Peters is

careful to note at the outset, the distinction between formal and actual

authority. In every situation of a formal appointment to authority,
there are associated expectations related to the actual exercise of that
authority.é Teachers are not excepted from the significance of this
distinction, and it may be that they are particularly subject to its

significance in times when authoritarian behavior tends to be resented.

Authority as analyzed by Weber

Peters' discussion retraces the analysis of authority by'Max

Weber, who distinguished between authority based on tradition and that
based om a legal-rational system. A traditional base of auﬁhﬂrity typi-
cally confers status in all contexts and is regarded as ungquestionable

by those who recognize it. In contrast, a legal-rational base of author-
ity confers status only witﬁin the individual's "sphere of competence"
and it reflects a belief in the legality of the rules by which persons
are placed in positions of exercising authcrity.E Outside the context

of social control, in the area of knowledge, one can be recognized as

ibia., pp. 238-240. 21bid., p. 240.
bid. f1bid., p. 241.

Ibid., pp. 242-243.
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an authority without the support of either inherited status or legal
appointment. In our present educational context, a teacher is typically
appointed legally on evidence of being an authority in some field of
knowledge. ™

Peters reports that Weber was particularly interested in the
phenomenon of "charismatic" authority, which blends being an authority
with being in actual authority, and perhaps in formal authority as well.
The position of teacher represents an instance in which one who is an
authority is placed in authority for the purpose of transmitting to

others the valued knowledge on which he is an authority. The concept

gularly effective in the actual exercise of authority.z

These several distinctions about authority are relevant and
necessary because Western culture in particular has experienced over
several centuries a replacement of traditional authority by rational
authority in various aspects of life. This replacement brings with it
the notion that authority is something which requires justification.
Peters notes that authority in the adult-child and teacher-pupil rela-
tionships no longer rests on a traditional base. He concludes that
", . . the case for authority in the sphere of knowledge . . . must be
regarded at best as a provisional Expédiant;"B The final appeal in
matters of knowledge can never be to an individual but only to reasons
and evidence and public procedures for criticizing them. Provisional
authority in matters of knowledge is granted so that knowledge may be
applied to matters of everyday life and so that it can be transmitted
to succeeding generations. For this latter purpose the insticution of

the school has been ésﬁaﬁlished.a

Three senses of authority for a teacher

Peters concludes his analysis by discussing the authority of a
teacher in three senses already mentioned. A teacher is given formal

authority to achieve certain educational goals. Then, in the actual

Yybid., p. 244, 21bid., pp. 245-247,
31bid., p. 250. “Ibid., pp. 250-251.

—— [ b ]
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exercise of authority, the teacher must maintain social control while he
is initiating his pupils into the area of knowledge in which he has ex-
pertise. It is at this point that Paters blends ideals with practical
concerns in an analysis which raises a number of issues associated with

the various senses of a teacher's authority.

Formal authority by appointment

Peters suggests that there are several purposes for which a
teacher is formally appointed to authority. In addition to the primary
sically worthwhile, he can also contribute to the instrumental functions
of training and selecting individuals for the various types of work re-
quired in the society as a whole. Peters' comparison of American and
English systems of education in terms of weighting of these two purposes
raises some interesting questions. Fundamentally, Peters asks whether
the authorizing community regards teachers as 'experts on means' of
transmitting the culture or as "authorities on ends" valued by the com-
munity-l His discussion is valuable for pointing out that it is possi-
ble, in practice, to appoint a teacher to a position of authority for
reasons which neglect or minimize the authority of expertise in some
field of knowledge. It has been argued that this latter authority is

logically associated with the concept of teaching in schools.

Actual authority: knowledge

Peters returns to the primary sense of a teacher as an authority
when he considers the actual authority of a teacher. Noting that pupils
have no say in selecting teachers, and noting that pupils are required
to attend school, Peters sees a clear challenge for the teacher. "The
task is basically to get the pupils to identify themselves with the aim
of the school, to share the teacher's concern for what is being handed
ﬂn."z Coercion may lead tolalienaticn, while extrinsic values may fall
short of the mark. ". . . what is intrinsic to the activities and forms

of awareness must be vividly intimated with arfaganeg.g

1tbid,, pp. 252-258.  Ibid., p. 258.  “Ibid., p. 259.
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That one is never more than a provisional authority with respect
to knowledge provides another reason why a teacher must guard against
being perceived as authoritarian. “His pupils must not only come to see
the world in terms of a particular form of knowledge but also become
able to eriticize the associated assumptions.

Paradoxically enough a teacher must both be an authority and
teach in such a way that pupils become capable of showing him
where he is wrong. The teacher 1s an agent gflﬂhanga and
challenge as well as of cultural conservation.

Actual authority: social control

Finally, on the matter of social control, Peters explainms that
the task of the teacher in authority " . . is complicated to a varying
degree by the necessity of preserving conditions of order which are
necessary conditions of its performanzei“z Peters is careful to observe
that one need mot abandon authority in general because one reacts
strongly against the repressive use of authority. A teacher in author-
ity is neither a prison warden nor a "benign child-minder" who simply
appeals to the interest of zhildfenis

Peters argues that authority in social control must be rational~
ized, not abandoned. Eventually, constraints put up by the teacher are
to be internalized by pupils. This internalization requires that the
exercise of authority be rational and "task-oriented." Authority which
appears to have a traditional base will be rejected, quite rightly, by
pupils. "In brief, teachers and parents have to learn to be in authority
without being authoritarian."

Thus it is Peters' position that a teacher is an authority who is
placed in authority for the basic purpose of transmitting the knowledge
on which he is an authority. When a teacher exercises the authority of

the position to which he has been appointed, he does so for its

Y1pid., p. 261. 2
1bid. “1bid., p. 265.

Ibid., p. 263.
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contribution to enabling pupils to move toward becoming authorities
Peters' general analysis of authority in the context of
education is complemented by the specific analysis of authority and
teaching methods in the fifth interpretation of teaching. Ogilvy's
interpretation is consistent with the views of knowledge drawn by
Oakeshott and Scheffler, and it portrays the teacher and pupil prerog-
atives discussed by Roberts and Silva in a context complementary to

that established by Peters.

Ogilvy: An Incomplete Theory
as the Best Question

In his paper titled "Socratic Method, Platonic Method, and
Authority," James Ogilvy examines closely the teaching techniques of
Socrates and Plato, to forge a construct which can illuminate the
contemporary issue of authority in teaching. He develops a character-
ization of teaching method which specifically recognizes that a
teacher's expertise is to be used in a way which permits each learner
to rely upon his own intellectual resources. Ogilvy ultinately argues
for a clear distinction between educational authority and political
authority.

Socratic method and the
learner experience

Ogilvy begins his analysis by posing a perceptive question: "Why
is the Socratic method praised so much more than it is pfacciced?"z

Noting that one frequently hears a "Socratic technique" spoken of as an

lThe distinction between authority of knowledge and authoricy of
position has been incorporated into a classroom observation procedure by
Greta Morine, Robert S§. Spaulding, and Selma Greenberg in their book
titled Discovering New Dimensions in the Teaching Process (Secranton,
Pennsylvania: International Textbook Company, 1971). On pages 110-114
they discuss seven teacher roles: intellectual authority, guide, or
arbiter; social authority, guide, or arbiter; and elerical worker.

ZJames A. Ogilvy, "Socratic Method, Platonic Method, and
Authority," p. 3.
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appropriate teaching meLhod, Ogilvy points out that such a method of
teaching can be characterized superficially, adopted without being

fully understood, and then rejected becausc it did not achieve the
anticipated goals, even though one cannot explain the failure. Taken

to extremes, a superficial characterization of the Socratic method can
suggest that the teacher is superfluous (because any "midwife" can draw
out the knowledge already present in the learner's mind) and that there
is no professional expertise in education (which would, if it existed,
speak against 'participatory damocracy" in éducationél decision-making).

To develop characterizations which are not superficial, Ogilvy
returns to the works of Socrates and Plato. In particular, he explores
the apparent shift in Plato's later dialogues away from the "Socratic"
characteristics of his early dialogues. The Socratic teaching technique
was quite cpecifically one of questioning in a one-to-one relationship
which permitted the teacher to adapt the dialogue to the individual
characteristics of the learner, in an cffort to bring about a particular
kind of learnmer experience. Ogilvy observes that Plato's early dialogues
try to create Socratic dialogue in writing. Ogilvy suggests that in the
medium of writing rather thau speech, this dialogue form generates
attempts to understand the dialogue itself. Quite different is the
learner's experience within the actual dialogue, an experience typically
involving discovery of one's ignorance.

Citing the analogy of adapting a literary work to the different
media of film or theater, Ogilvy points out that the goal is to achieve
the same effect as the original work, not to be slavishly true to it.

He suggests that Plato faced the similar task of achieving in writing
rather than speech the same learner experience as the spoken Socratic
dialogue. The task is twofold. What is written must require the learner
to cmploy his own "inte:ilectual resources' yet it must also "épsak
differently" to different readers, to respect each learner's particular
characteristics. Ogilvy suggests that it was Plato's remarkable solution,

in the later dialogues, to introduce "complex but incompletely worked out

lIbi(ﬂf: ¥ pp 13 3*5 » zz[bj:d = 3 pp . 556 L]
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theories."  These require each lecarner to be active, yet they permit

each to respond differently.
Plato's later dialogues are successful surrogates for Socrates
because Plato saw that an appealing, genuinely intriguiug theory
is the best counterpart for oral questioning. In the written
medium, an incomplete theory is the best question. In its
openendedness, an incomplete theory flexes to the intellectual
resources of each reader.

A third alternative for
the classroom teacher

With this insight into the potential value of an "incomplete

theory," Ogilvy turns to tha’situagian of the classroom teacher.

Dealing with many pupils at once, not in succession, a teacher who
wishes to use the "maieutic" method shares Plato's problem of making

the same words "speak differently to different students." If a teacher
uses questions to bring out different responses from various pupils, he
is authoritarian in a sense if he "guides" the course of his questioning
to conclusions he had in mind at the start. In dialogues like the Meno,
Socrates was able to avoid this authoritarian imposition of the teacher's
views because of the one-to-one relationship. Guided questioning seems
authoritarian and un-Socratic because pupils are not able to arrive at
conclusions on their own.’

Like Peters, Ogilvy is sensitive to the fact that pupile have
reason to ". . . resent an authority who acts like an authority but will
not own up to being an autharity."4 Placed in such a dilemma and having
failed to achieve the "maieutic" goals, many teachers turn to the only
other alternative they recognize--the completely structured (and author-
itarian) style of the lecturer. Ogilvy submits that teachers may find a

viable "middle ground" in the Platonic form of the maleutic method.

Lbid., p. 9. 2{b1d., p. 10. 3Ibid., p. 12.
éIbiﬂ. lere Ogilvy uses "an authority" in the sense of one who
is in a position to control the interaction. This is the in-authority
sense in Peters' interpretation.
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According to the Platonic method, an interesting and engaging theory
serves as the best question., If a teacher takes the time and effort
to 'lay something on the table’ the way Plato does in his later

dialogues, then inquiry and education may proceed neither in the
vacuum created by a totally unstructured situation, nor in the highly
structured Procrustean bed of a lecture or guided series of questions
and answers.

Such a method may permit a teacher to respect the importance of the
learner experience without rejecting the fact that his subject-matter
expertise gives him more to ''lay on the table" than anyone else in the
classroom. A teacher maintaining the authoritarian stance of a lecturer
would expect what he says to be repeated by his pupils in their work; a
teacher attempting to use the Platonic method would expect pupils to

. s . . 2
examine and criticize what he says-

Educational and political authority

Ogilvy concludes his essay by outlining his own "interesting and
engaging theory" about the nature of educational authority. He specu-
lates that the Platonic method may provide an other-than-political way
to view the relationship of one teacher to a group of pupils. "In
terms of the Platonic method, legitimate educational authority will
depend on an ability to practice the maieutic method in a one-to-many
relatianghip.“B From this point of view, subject matter is more
important at the university level not because the subject matter is
placed above the intellectual development of the learner but because
it is essential to the task of challenging students who have reached 7
the university level "toward further personal and intellectual gfowﬁh;"é
Noting the high calibre of Plato's intellect, Ogilvy remarks that "the

theories he introduced succeed as questions only to the extent that

their intrinsic plausibility elicits attempts to answer the questions
5
they raise."”
By relating subject-matter expertise to the ability to achieve

a particular kind of learmer experience, Ogilvy's construct of a

libid., p. 13, 21pid. bid., p. 14.
“1big. ’Ibid.
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"platonic method" permits the authority asscciated with subject-matter
competence to be viewed as educationally rather than politically
siguificant. Ogilvy further suggests that thiis perspective on the
contribution of scholarship to the teaching-learning situation might
help both faculty and students to avoid making political responses to
strictly educational issues. On this view, 'participatory democracy"
is not a viable alternative to the exercise of authority for educational
purposes by those who have achieved scholarly gampetgnceﬁl

Ogilvy's particular contribution in this paper is the isolation
of the importance of the "learner experience' and the suggestion that
there is a method by which a teacher may strive to achieve that type of
experience for all the pupils in his classroom. Subject-matter
expertise does not licence autharitarian behavior, yet its educational
significance cannot be denjed. Ogilvy has described a teaching method
by which expertise may be interpreted in terms of its contribution to

achieving uniquely educational goals.

Derivation of an Analytical Scheme
for the Concept of Teaching

To this point, the investigator has described significant
characteristics of five analyses of the concept of teaching, and
indicated their gén%fal compatibility. 1In the remainder of the chapter,
the discourse is interpretive rather -than descriptive, From the common
core of the five analyses, a "composite perspective' on the concept of
teaching can be seen. It 1s viewed by the investigator as embodying a -
comprehensive set of categories for thought about teaching.

Each of the five analyses has suggested that there are two ways
of deviating from a teaching strategy consistent with the composite
perspective. That is, the five arguments described seem to have been
written, in part, as attempts to resolve a conflict between an
overemphasis on accumulated public knowledge, on the one hand, and on

overemphasis on the development of personal judgment, on the other.
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Thus two alternate perspectives are also suggested by the analyses
themselves, as discussed below.

The portion of the analytical scheme relevant to the concept
of teaching is developed by contrasting the three perspectives on
teaching (the composite perspective and the two alternates) according
to six dimensions which capture important features of the arguments

described above.

Perspectives on teaching

Before presenting the three perspectives on teaching which make

it possible to develop additional dimensions of the analytical schene,
it is appropriate to clarify what, if any, relationship the three
perspectives have to models of teaching. The phrase "model(s) of
teaching” has been used in this study in a number of different ways.
In Ghaptar I, the phrase "models of teaching" appears in the
report of how Nuthall and Snook have categorized research on teaching.
The three models—-behavior-control, discovery-learning, and rational--
are "conceptual structures" which have guided research on teaching.
In Chapter II, the phrase '"model of teaching" appears in the reports
by Belanger and Cogan of a new perspective on teacher education. The
word "model" is used to refer to an individual's conceptual framework
for plapning and interpreting classroom events, and it includes
knowledge and beliefs about teaching and learning. Then, earlier in
this chapter, the phrase "philosophical models of teaching" appears in

the description of an argument by Scheffler. The three models=-=

impression, insight, and rule--consist of different sets of assumptions
about the nature of knowledge, reflected in teachers' goals, behaviors,
and achievements.

Possibly more familiar than any of these is a fourth use of the
phrase "model of teaching," to refer to a complete prescription for.
teacher behavior derived from a selected theoretical position, frequently

but not exclusively psychological. Many models of this type are
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described and compared in Models of Teaching, by Joyce and Weil. This

use of "model' is similar to the term "method" of teaching--a general
technique reflecting accumulated experiences of the profession--in the
sense that models and methods are rather complete guides for how one
should behave as a teacher.

| Each of the four is an appropriate use of the word '"model," as
a conceptual framework which can guide behavior, yet there are some
significant differences among the four. The perspectives on teaching
described below bear little resemblance to a model of teaching which
guides research (Nuthall and Snook) or prescribes teaching behaviors
(Joyce and Weil). It is not necessarily the case that any of the
perspectives actually exists as a model of teaching in someone's head
(Belanger and Cogan). The greatest similarity is between the perspec-
tives described below and philosophical models of teaching (Scheffler):
both are intended to facilitate the evolution of an individual’s model
of teaching (Belanger and Cogan).

The following discussion uses Kdrner's concept of a "categorial
framework" to interpret the five analyses of the concept of teaching.
The term "'perspective," rather than "model," marks the focus on
categories available for thought about teaching, based on analytical
rather than empirical findings. The dimensions of teaching presented
below, in the second portion of the analytical scheme, identify three
alternatives on different elements of a teaching strategy. Thus a
dimension is narrower than a method or model (Joyce and Weil) of teaching,
and it is intended to stimulate thought and alternative actions rather
than to prescribe actions. The three perspectives on teaching serve as
bases for generating the alternative positions on each of the dimensions

included in the analytical scheme.

lBruce Joyce and Marsha Weil, Models of Teaching (Englewood
Cliffs, New Jersey: Prentice-Hall, Inc., 1972). )
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A composite perspective on
the concept of teaching

The couwposite perspactive seen in the five analyses of the
concept of teachlng can be described in terms of the maximal lkinds of
particulars which it provides for the categorization of experience. It
is convenient to didentify at the same time the sense in which each of
the five analyses of teaching argues for a balance which is more
comprehensive than either of the two positions it seeks to unite.

Oakeshott stresses the significance of judgment as a component
of knowledge which must be communicated while communicating information,
but in a different way. Scheffler presents the rule model of teaching
as a synthesis of models stressing accumulated information and individual
judgment, a synthesis achieved by including deliberation according to
principles of traditions of inquiry. Roberts and S5ilva describe a
trialogue teaching style which balances teacher and pupil prezogatives
in coumunication by recognizing the different relation of each to

phenomena and to representations and explanations of phenomnena.

n

Peters maintains that a teacher must be "an authority in

authority" without being authoritarian. This is possible when a teacher
employs his expertise in the service of pupils' development, a conclusion
also reached by Ogilvy. To the classroom teacher who has limited himself
to a choice between the Socratic method (inadequately understood} and the
lecture, Ogilvy offers a "'Platonic” method more adequate than either one
alone.

The common core of these aﬂalyses of teachiung can be expressed
by reference to five maximal kinds of particulars—-objects of experience,
individuals, communities of inquirers, personal categorial frameworks,
and disciplinary frameworks. The attributes of these maximal kinds are
indicated in the following statements.

1. Individuals can develop the ability to exercise judgment in
the use of information. 1In so doing, they develop and apply personal
frameworks for the interpretation of experience.

2. A community of inquirers shares a disciplinary framework
vhich it preserves and extends by applying the framework to theorctical

and/or practical problems in the interpretation of objects of experience.

k.
(¥
[
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3. The attributes of a personal framework are those associated
with K&rner's concept of a categorial framework. A disciplinary
framework is taken as the categorial framework which is shared by a
community of inquirers.

This formulation reflects the use in Chapter IIT of Kérnex's

concept of a categorial framework and Kuhn's concept of a community of
inquirers. No suggestion is intended that the five analyses of teaching
presuppose Kérner's and Kuhn's arguments. Rather, those arguments are
seen as comntributing suggestions to one possible expression of a
comprehensive perspective drawn from the five analyses.

Teaching and the counterpart activity of learning are here
regarded as activities which are most comprehensively understood in
terms of the five maximal kinds identified above. A teacher is a member
of a community of inquirers in the sense that he has achieved expertise
in a particular tradition of deliberative principles and explanatory
standards. In teaching, his objectives include using that expertise to
enable learners to develop personal frameworks. Thus a learner is seen
as an individual whose goal is to achieve knawlédgeL and thereby develop
a personal framework in the light of frameworks developed individually
and collectively by his predecessors. Both teacher and learnmer have
personal frameworks and the potential to contribute to the development
and application of disciplinary frameworks. The role of teacher
emphasizes individual expertise in a particular disciplipary framework
and the ability to bring that expertise to bear on the personal
development of learners. The role of learner emphasizes development of
a personal categorial framework for interpreting experience, in the
light of first many and later several or perhaps a single disciplinary
framework, if the learner aspires to membership in a community of

inquirers.

11t seems unfortunate that the terms “"knowledge' and "information"
have come to be used interchangeably in educational discourse. Here
"knowledge" is used in the sense expressed by Oakeshott, Scheffler, and
Roberts and Silwva. :
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Failure to include all five maximal kiads available in the
composite perspoctive generates a limited perspective on the concept
of teaching. Two such perspectives, with limitations identified below,
are quite familiav. One overemphasizes the development of personal
frameworks by learners, while the other overemphasizes the presexrvation
of disciplinary framzworks. These two interdependent aspects of teaching
are balanced in the conposite perspective. The term "information
emphnsis' dis used to identify the overemphasis of public disciplinary

framewvorks, often inadequately portrayed as collections of dinformation.

=Ty

The term "dinsight emphasis'' is used to identify the overemphasis of
individual development, often inadequately portrayed with little or no

refercence to disciplinary frameworks.

The information emphasis

Teaching based upen the information emphasis would be likely to
stress unduly the task of the teacher to transmit what he kuows to his
pupils. The fact that teacherz must communicate with many pupils
generates a number of problems which nay be minimized, but not resolved,
by this emphasis. Teaching by lecture is associated vith this emphasis,
Teaching problems tend to fall dinto such areas as devising appropriate
sequences for the presentatien of information and maintaining order and
attention during presentation. The number of pupils seems to prohibit
investigating the unique responses of each. Knowledge may come to be
viewed as an accunulation of publicly accepted facts which are preserved
by having nev generations commit them to memory. Teaching behaviors
patterned on this emphasis could appear authoritarian in two senses, as
the teacher controls both the coatent and the process of communicatiom.

This familiar interpretation of teaching is now the subject of
widespread criticism. Certainly it is rigid and authoritarian. It may
never be implemented in the extreme, for a teacher is not likely to
neglect conpletely the personal development of all his pupils. Teaching
patterned on this emphasis can be said to work in the sense that it can
achieve certain minimum levels of effectiveness in transmitting bdasic
skills and content. This cmphasis is associated vith "information" in

153




O

ERIC

PAFuiTex providod by eric [

145

Oakoshott's discussion, Scheffler's impression model, the imposition
style described by Roberts and Silva, Peters' refcreuce to the complete
authority of a prison wurden, and Ogilvy's refercnce to Lhe political

authority suggested by the lecturce method.

The insight emphasis

The familiar alternative, widely acclaimed in recent years, is
a concept of tecaching which seems to be based on the insight emphasis.
This view stresses the task of the teacher ro cansiier the character-
istics and behaviors of each individual pupil and to stimulate pupils
to make their own judgments and thereby achieve insights into the nature
of their experiences. When linked with phrases such as “"Socratic method"
and "discovery," these goals may be interpreted as ones attainable
without reference to formal disciplines of knowledge. Problems tend to
focus on stimulating pupils without actually telling them what they are
to learn. What pupils do learn is likely to be personally relevant, and
it is unlikely that the behavior of the teacher would be interpreted as
authoritarian.

In its extreme form, also rare and improbable, teaching
patterned on the insight emphasis would become an exchange of opinions
among equals. If recognized at all, the expertise of a teacher viewed
as lacking authority only becomes available to pupils by request.
Teaching patterned on this emphasis can be said to work in the sense
that pupils are able to learn to some extent when encouraged to explore
a rich environment.

Roberts and Silva use the term "abandomment to capture the
sense of withholding from pupils the achievements of the past. Similarly,
Peters spoke of the "benign child-minder." Ogilvy noted that this
emphasis on insight suggests the political alternative of participatory
democracy and denies that expertise can enter into educational decision-

making.

Maximal kinds of particulars in the
information and insight emphases

The perspective on teaching suggested by the information emphasis
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secms to reflect only three maximal kinds--objects of cxperience,
individuals, and a cotegorial framework to be sharved by all individuals.
The perspective suggested by the dnsight emphasis also scems to reflect
only three maximal kinds--objects of expericnce, individuals, and
personal cateporial framcworks. As noted earlier, the composite per—
spective also inelndes communities of inquirers and disciplinary
frameworks.

Compririson of the three perspectives in terms of included
maximal kinds helps to explain some of their differences. Neither the
information cuphasis noc the insight emphasis recognizes adequately the
significance of communities of inquirers. Accordingly, both fail to
distinguish the two senses--personal and disciplinary--in which
categorial frameworks may be recognized. The information emphasis tends
to stress shared frameworks while failing to recognize the diversity of
such frameworks. The insight emphasis tends to stress personal frameworks.
Ogilvy are interpreted here as alternative ways of indicating the need
to reucognize the significance for the concept of teaching of communitiecs
of inquirers and the related distinction between personal and shared
categorial framevorks.

Before stating formally the teaching dimensions of the analytical
schewe, it is worth noting that this analysis permits one to accouni for
the shortcomings of a familiar attempt to resolve the information-insight
tension. A teaching strategy which may be termed "guided discovery"
turne the teacher's statements into questions to achieve pupil partici-
pation, Oéilvy described this variation as Socratic questioning which
the tcacher guides by accepting only those answers which are "right."l
It can be satisfying to both teacher and pupils to achieve more pupil
involvement than is likely in,a lecturc. Yet the maximal kinds of
particulars remain those of the information emphasis, as recognized by
the alternative label some use for this strategy, namely "substitute

lecture." Pupil involvement is not of the kind achieved by the insight

lﬂgiivy? “Socratic Method, Platonic Method, and Authority," p. 12.
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emphasis. As Opilvy noted, pupils rightly veseat a pretense of non-
authority by a teacher who cffectively controle the content and process
of communication, as in the iunformation emphasis.

The teaching component of

the analytical scheme

Three perspectives on the concept of teaching have been
developed. The composite perspective provides the most comprehensive
set of categories for thought about teaching. The composite perspective
is regarded as a synthesis of the information and insight emphases in
the sense that it includes the maximal kinds of both. The composite
synthesis is more comprehensive than the simple sum of the two, however,
because it is achieved by incorporating maximal kinds not adequately
recognized in either the information or the insight emphasis.

The composite perspective is not a solution to the search for
one hest teaching method or style. Yet by providing a greater number
of categories for thought about teaching, it comprehends a greater
number of teaching methods, including ones not available within the
information emphasis, the insignt emphasis, or some simple combination
of the two. Scheffler's rule model, the trialogue style constructed by
Roberts and Silva, and Ogilvy's Platonic method are all taken as
examples of teaching styles which can only be interpreted fully with
the catcgorization included in the composite perspective on teaching.

Six dimensions are used in the teaching component of the
analytical scheme to contrast the three perspectives on the concept of
teaching. The three interdependent categories of "knowledge," "learning,"
and "teaching" provide comparisons related to the objectives of teaching.
Three other dimensions, designated by the terms "communication,"
"authority,”" and "use of expertise'" provide comparisons related to the

conduct of teachinz. The six dimensions are set out in Table 2.
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CHAPTER V
AN ASSESSHENT OF THE APPLICABILITY
OF THE ANALYTICAL SCU™ME

Introduction

This chapter presents the second phase of the investigation, an
assessment of the applicability of the analytical scheme developed in
Chapters IIT and IV. Passages selected from four textbooks on the
teaching of science are analyzed for content and structure, using the
dimensions of the analytical scheme supplemented by Toulmin's concept
of an "argument~pattern', described below. The general question asked
in this chapter is "What information does application of the analytical
scheme provide about the scheme's acceptability for examining arguments
about the teaching of science?"

First the procedure used to select the four passages is described. Then
Toulmin's concept of the pattern of an argument is introduced and its
relevance to the analysis is explained. Finally, a short example of
analysis of an argument is presented and discussed, to make the reader
familiar with the Format of the full analysis of four separate passages.

The chapter concludes with a summary of the results of the
analysis and a discussion of their implications for assessing the
applicability of the analytical scheme. The following questions are
of particular interest.

1. 1s each of the dimensions of the scheme relevant to some
portion of at least one of the selected passages? If not, is this a
reflection on the analytical scheme?

2. Are the range and detail of each dimension adequate for use
in analysis of arguments? Are modifications to dimensions required or
suggested?

3. Does anzlysis of aa argument according to dimensions of the
analytical scheme parmit one to determine whether issues are addressed
clearly, distinctly, and comprehensively in the argument?

4., Does analysis of an argument according to dimensions of the
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analytical scheme facilitate ddentification of the authority upon which
the argument rests?

5. Do significant issues arise in the selected passages which

cannot be apalyzed in terms of dimensions of the analytical scheme? Are

additional dimensions required or suggested?

Se:lection of Data for Analysis

The investigator has identified a set of textbooks on methods of

sources of data in this initial assessment

[

teaching science, for use a
of the analytical scheme. Ultimately, the analytical scheme may prove
useful in the analysis of how science teachers think about science 1
teaching, as indicated in their teaching, in their talk about their
teaching, and in preservice and inservice training. However, printed
materials offer certain advantages over transcriptions of conversations
and instructional discourse, in an initial assessment. In some respects
data collection is simpler, and the analysis of printed materials does
not invelve certain types of inference about the context and inteation
of speech, Finally, textbooks on methods of teaching science provide an
element of generality. They are a regular feature of science teacher

education programs, regardless of the variations one would expect amnng

programs at different vniversities.

Identification of textbooks

In May, 1973, the investigator surveyed the individuals respon-
sible for teaching curriculum and instruction courses for preservice
secondary-school science teachers at the three locations in Dntariol
where such courses are offered. Of the twenty-eight methods textbooks
in use or cited on reading lists, eight were reported so much more
frequently than the others that they were obviously central. This sample
was accepted as being large enough to insure diversity yet small enough
to permit analysis of some portion of each book. The eight textbooks

are listed in Table 3. The decision to examine books iia use in Ontario

lIhe Faculties of Education at Queen's University, the University
of Toronto, and the University of Western Ontario.
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TADLE 3

SCIENCE METHODS TEXTBOOKS IDENTIFIED
A5 SOURCES OF DATA FOR ANALYSIS

Andersen, Hans 0., aund Koutnik, Paul G. Toward More Ef fagt;vg Science
Instruction in uccqﬁdjly quzatlgn New York: The Hacmillan
Company, L1972,

Brandwein, Paul F.; Watson, Fletcher G G.; and Blackwood, Paul E. Teaching

High School Scicnce: A Book of Methods. New Yark Harcourt,
Brace & World, Inc., 1958.

Collette, A.T. Science Teaching in the Secondary School. Boston: Allyn
and Bacon, 1973.

Massey, Norman Bland. Patterns for the Teaching of Science. Revised ed.
Toronto: The Macmillan Company of Canada Limited, 1969.

Romey, William D. IﬂqullgffELhﬂlquES for Teaching Science. Englewood
Cliffs, N.J. Prentice-Hall, Inc., 1968.

Sund, Robert B., and Trowbridge, Leslie W. Teaching Science by Inquiry

in the Secondary School. Columbus, Ohio: Charles E. derrill
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is solely onc of convenience for isolation of a sample. No claims ave

made about the books themselves, individually or collectively.

Sclection of passages

After completing the initial development of the analytical
scheme, the investigator surveyed the contents of each of the eight text-
books and selected two passages from cach--one relevant to the nature of
science and another more concerned with how science is taught. After
estimating the potential offered by the sixtcen passagés for application

of the analytical scheme, the investigator selected eight passages with

]

the greatest potential. One was sclected from each textbook. The sample
is approximataly balanced between a focus on science and a focus on
teaching.

The cight passuges, labeled as Selections A to H, were
analyzed in detail. Your selections (B, D, E, and G) which illustrate
most broadly the applicatinn of the analytical scheme vere chosen for use
in the wain body of the investigation. The remaining four selections
{A, C, ¥, and H) are presented in Appendix A. Their analysis corrobo-
rates the findings in the main body of the investigation. No claim is
nade, or intended, to the effect that one selection is in any way
representative of an entirc textbook. To maintain the focus on assess-
ment of the scheme's applicability, the authorship of a selection is
identified only in the opening comments of each analysis, when the

context in which the passage was written is described.

A Procedure for Examining the

Structure of An Argument

As explained in Chapter I, the investigation is concerned with
the provision made for science teachers to accept arguments on rational
authority, as well as with the provision made for teachers to understand
the significance of any particular characteristic of science or teaching.
Both the content and structure of arguments are of interest and ralevance.
The various dimensions of the analytical scheme are to be tested for '
their contributions to recognizing the significance of content, but alone

they cannot deal fully with the structure of an argument.
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To permit a more complete analys of arguments, the investigator

has adoptead Toulmin's procadure for determining the pattern of an arpu-=
ment. This procedure also serves two other purposes. It provides a
common Format for the analysis of arguments in each of the four selected
passages. It also 'opens' each avgument tc analysis by helping to

.sues are examined in

W

o
clarify just what is at issue, before specific i

Toulmin's argument-patter

' o 1 :
Toulmin has EtgﬁﬁaiLd in The Uses of Argument, that six

argument-elenents provide an adequate basis for scruti izing arguments in
any field of inquiry. Toulmin's is an analysis of rvational a.guments in
general, using the field of jurisprudence as a guide. His interests

ed in arguments aund

‘L"]\

include the different functions of propositions u
the relevance of diffcrent criticisms of arguments. In one part of his

study, loulmin develops a pattern for the analvsis of arguments, and this

ructure of an argument.

m

pattern can serve as a basis Tor assessing the
The six elements of Toulmin's argument-pattern are D
Conclusion or Claim, Dacking, Qualifier, and conditions of Rebuttal.
Data support the Conclusion (or Claim) of an argument by virtue of the
Warrant which permits the inference from Data to Conclusiorn (or Claim}.
A Warrant derives its Backing (or its authority) from a particular
position characteristic of the Field within which the argument is made.
When present in an argument, a \ Qualifier indicates the strength of the
conclusion (or Claim), while conditions of Rebuttal indicate when the
Conclusion (or Claim) may be set aside because the Warrant lacks
authority in the circumstances of that particular atgument.a Toulmin

expresses the pattern of rational arguments by linking the six elements

as shown in Figure 1.

lSchhen Toulmin, Thgrﬂsgg_qfwArgum33§,(Fambfidga: Cambridge
University Press, 1958) .

2C1p1tﬂ]]!dtiﬁﬂ of these six terms is used in the analyses which
follow to signal that the words are being used in this sense of Touluin 'g

BTgulmin, The Uses of Avpument, Ppp. 97-107.
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DATA +omeommm e oo reeemneie S0, QUALLILER, CONCLUSTON

1

{or CLATf)

Since, Unless,
WARRAHT CONDITIONS
OF REBUTTAL

On account of,
BACKING

. . ; 1
Fig. 1.-=Toulwin's argument-pattern

This pattern is applicable both to Warrant—using arguments, in
which Data and Warrant permit a particular Claim, and to Warrant-
establisiing arguments, in which known Conclusions dre used to support
a new way of Zrawing inferences from Dataiz The category of Backing
refers to the general grounds on which a Warrant is acceptable ard rele-
vant. OFften taken for granted or regarded as self-evident by the person
who makas an argument, the Backing for the Warrant is particularly rele-
vant to a critical assessment of an argument.

A brief illustration adds to the meaning of these remarks about
the relationship of Backing to Warrant. Toulmin cites three Warrants of
classification which are authorized by very different Packings.

1. "A shale will be a mammal."
2. VA Bermudan will be a Briton."

3. '"A Saudi Arabian will be a Muslim."

The first Warrant is su.ported by a scheme of taxonomic classification,
the second is based upon a set of legal statutes, while the thiid is

o : , - Miafe 3
backed by statistics relating nationaliiy and religious beliefe. These

libid., p. 104.
?;Qigig pp. 120-122. "Warrant-using' and "yarrant-establishing”
are Toulmin's terms. The investigatorx has found it ouvenient to use the
term "Claim" in the pattern of a Wacrant-using arc ot and the term
"conclusion" in the pattern of a Warrant—establi. .3 argument. This
differentiation helps one to keep in mind which type of argument one is

aﬂai}x éi’ﬂg .

BTDulmiﬁ, The Uses of Argument, pp. 103-104.

lfRJk:‘ | 134
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dl fferences at the level of Backiug contribute to recopwizing the

particular field ol inquiry to Witch each Warrant belongs.

Use of the arpunent-pattern

What is the specific contribution of Toulmin's argument—pattern
to analysis of the manner in wvhich an argument is expressed? Tor
purposes of the amalyses which follow, the contribution is two=fold.

When analyzing a portion of an argument in which a position about science
or teaching is expressed, it is helpful to know the particular role that
portion plays in the argument as a whole. Prior identification of
elements of the argument makes the information available. Also, the
argument—pattern can be used to determine whether am argument is complete,
¢ince the pattern described by Toulmin indicates what elements may be
expected in a rational arguwent. Data, Warrant, Conclusion (or Claim),
and Backing are regarded as essential elements of all rational arguments;
Qualifiers and conditions of Rebuttal may or may not be required,
according to the content of the argument.

The distinction between elements which are alvays required and
those which are required according to the content of an argument can be
anticipated logically fxom the definitions of the elements. Not all
Conclusions (or Claims) require explicit Qualifiers, not do all Varrants
require explicit conditions of Rebuttal. That this is the case has been
demonstrated in an earlier study in which the investigator analyzed
arguments presented to students by science teazhers.;

The analyses of Selections A to 1 are conducted from the position
that making provision for a reader to accept an argument on rational
authority requires making available all the elewents required for the
argument in question. This position assumes that acceptance of an argu-
ment on rational authority must always be preceded by a critical assess-

ment of the complete argument by the individual contemplating acceptance.

1Thﬂmas L. Russell, "Toward Understanding the Use of Argument and
Authority in Science Teaching," Background Faper No. 7 for the Explana-
tory Modes Project (Toronto: The Ontario Imstitute for Studies in
Education, Departme:: of Curriculum, 1973).

1385
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The first step in meeting these conditions is providing a comple te

argument; the second step involves developing the argument in a manner

which will meet the standards of the assessment.

An Tllustration ofrthc Format
of the Analysis

Each analysis of a selection has three parts: initial analysis,
detailed analysis, and a commentary on the amnalysis. The initdial
analysis identifies argument-pattern elements and suggests potentially
relevant dimensions of the analytical scheme. Initial analysis is
presented with the text of the selection, using a two-column format.

The first paragraph of Selection F is prese nted to illustrate
the format. Line numbers in the left margin are used during the

analysis to refer to particular portions of a selection.

TERT INTTTAL ANALYSIS

THE GOALS OF SCLENCE

Theories and Scientific.
Principles

(Three paragraphs onmitted)

Theories are based on facts The discussion of science in
which are derived from observa- lines 1-21 focuses on the unend-
tion and experimentation. As ing nature of theory-building.
our experimentation progresses In lines 1-9, four distinct.cace-

5 and reveals new information, gories are indicated: phenomena,
theories often have to be facts, theories, and individuals
modified. Scientists search who experimcut and theorize.
for theories and principles The Conclusion that theory devel-
which are true and unchanging, opment has no end in science

10 but the history of sclence has (lines 16-19) relies on the
shown that therc 1s o cer- Warrant that theories are modi-
tainty in science but only fied as nev information demands
probability. Because theories (Lines 3-7 and 13-15). Data are
evolve and are modified as our drawn from the history of

15 knowledge of nature increases, science (lines 7-13). The Pro-
the goals [sic] of science in gress of science dimension is
formulating broad, encompassing relevant to the account of theory

chbert B. Sund and Leslie V. Trowbridge, Teaching ! yeience by
Inquiry in the Secondary School (Columbus, Ohio: Charles E. Mexrill

Books, Inc., 1967), p- 10.

166



158

ideas of knowledge~—theories-- modification (lines 3-7), while
never ends. There is always the Relationship of science to

20 an assignment Eor the next truth dimension seems relevant to
generation. the choice between certainty and

probabllity (Lines 7-13).

The detailed analysis of a selection presents the patterns of
major arguments in a selectiom, before undertaking the basic task of
analysis: examining the relationship between the content of each argu -
ment and the analytical scheme, accordiiig to dimensions noted in the
initial analysis. As an illustration, the argument-pattern of the

preceding excerpt from Selection F is presented.

DATA: The history of science - ——>- S0, CLALM: Scientific theories

records many instances in which are probable, not certain,
theories regarded as true and and may be said to evolve,
certain were modified at a so that the development of
later time. theory has no end.

Since, WARRANT: When new informa-
tion is obtained [which con-
flicts with an accepted
thaory] it is necessary
[and possible] to modify the
theory to accommodate the
new information.

On account of, BACKING (hypothesized): The
status of theories and the nature
of their development may be deter-—
mined from the histoxy of science.

Fig. 2.--The argument-pattern of the first major argument of
Selection F, with Warrant expanded and Backing hypothesized.

Finally, a commentary on the analysis is provided to sumpariz:

the detailed analysis and to note some of the more gignificant results

of application of the analytical scheme.

Notes on the use of
the argument-pattern

The actual process of determining the patterm of an argument is

not as straightforvard as the éreceding discussion might suggest. The
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results are probably dependent tc some extent on the person performing
the analysis. Once a tentative identification of pattern—elements has
been made, reviewing the required relaticaships may indicate that the
argument could be interpreted in alternative ways. It is not umusual to
make several adjustments in the representation of an argument's pattern,
before a '"best fit" is achieved.

The argument in the preceding excerpt from Selection F does not
include any statements which may be regarded as Backing. For purposes
of presenting the argument's pattern, the investigator has hypothesized
what the Backing might have been, had it been provided by the authors.
This practice is followed when important elements appear to be absent.

The simplest criterion of provisioﬁ for acceptance of an argument
on rational authority, rather than the personal authority of the
author(s), is the presence of all necessary elemeats. In the case of
the example above, the absence of Backing is sufiicient to-conclude that
provision has not been made for a reader to accepi the argument on
rational authority. Detailed analysis prousces in such instances, to
capltali on the opportunity to assess the applicability of the
analytical scheme.

A second criterion is the clear and correci indication of the
relationships of elemants of the argument to each other. This .- = more
difficult criterion to apply, since theve is no single ox best way to
indicate relationships or to present the elements of an argument. Notice,
in the text above, that the Warrant (lines 3 to 7) is given before the
Data (lines 7 to 13) and repeated (lines 13 to 13) before the Claim is
stated (lines 16 to 19). The contrast between the need to modify
theories (lines 6 and 7) and the search for theories which are unchanging
(lines 7 to 9) could be regarded as initiating a second argument, but it
has been interpreted here as raising a second issue-—the relationship of
science to truth. In lines 3 to 13, there are no clues to differentiate
the Warrant from the Data. The word "because" in line 13 does signal

correctly the presentaion of the Warrant of the argument.

Notes on the use of the
apalytical schems

The ways in which a dimension of the analytical scheme can be
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relevant to an argument are functions of both the dimension and the
argument. The detailed analysis of a selected passage is intended to
determine as fully as possible what a relevant dimension can indicate
about an argument and what that application can indicate about the
dimension. Normally, one would be interested only in what the dimensions
of the scheme indicate about the argument being made. lere the primary
interest is in bringing out as much information as possible about the
applicability of dimensions of the analytical scheme.

As noted earlier, dimensions of the scheme are intended to serve
as criteria for assessing those portions of arguments in which positions
about science and teaching are expressed. Examination of the applica-
bility of the analytical scheme involves at least three general issues:
(1) the relevance and adequacy of each dimension, (2) the general useful-
ness of the scheme across arguments, and (3) the capacity of the scheme
to address all dissues raised within arguments to which it is appropri-
ately applied.

With respect to the illustrative text and analysis above, it-is
possible at this point only to note, not to confirm, that two different
dimensions of the nature of science appear to be relevant to the content
of the text, and that no issues are raised which cannot be related to
dimensions available within the analytical scheme. Detailed analysis
tests the actual relevance and the adequacy of the dimensions, while
comparison across selections tests the general usefulness of the scheme.

It is possible to anticipate the argument-elements to whiih ;
application of the analytical scheme will b» of most significance fa an
overall assessment of an argument. In a Warrant-using argument, which
ends in a Claim, it is the adequacy of the Data and Sacking which are of
greatest importance. In a Warrant-establishing argument, which ends in
a Warrant, the adequacy of Data, Conclusion, and Backing are of particu-

lar interest.

Application of the Analytical Scheme
tg"FaqgrSe;gctgd‘Eéssaggs

The analytical scheme is now applied to four of the eight passages
selected from eight textbooks on the teaching of science. Application of

the scheme to the remaining four passages is presented in Appendix A, as
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noted earlier. The results of the following application of the scheme
are summarized and interpreted in the final section of the present
chapter. Comments about the subsidiary analysis of four passages in

Appendix A also appear in that section.

Selection B

Initial inspection of ngﬁhiﬁgrﬁigh;SQhaol Science: A Book of

Methods, by Brandwein, Watson, and Blackwood, suggested that it would

be particularly appropriate to analyze the first chapter, "Ways of the
Sgientist."l The chapter discusses many aspects of the work of scientists
and it offers several opportunities to test the applicability of science
dimensions of the analytical schenme.

Identifying a convenient selection from the chapter proved to be
more complex in this case than in most others. Because the entire chapter
forms one argument, it is necessary to include the opening and closing
paragraphs as well as one full sectivn of the Qhaptéf.z This is the
longest of the elght selections., As the following analysis reveals, in-

dividual arguments are elaborated quite fully.

TEXT INITIAL ANALYSIS
A note at the beginning: We This first paragraph of the three-
have at hand 42 syllabuses, from paragraph introductory note (lines
37 states, for general science, 1-48) provides Data for an argument
biology, pnysics, chemistry, which spans the entire chapter.

5 earth science, and physical The last sentence (lines 9-13)
science courses. They have foreshadows the argument's Clainm,
one thing in common; all pro- which appears in lines 249-275
pose to teach the scientific of the text, below.
method. Forty-one of them seen

10 to deal with the "empirical
approach", the slowest, least
effective way of '"problem
solving."

1Pau1 G. Drandwein, Fletcher G. Watson, and Paul L. Blackwood,
Teaching High School Science:? A”Bgakjcf,ﬁeghadg (New York: Harcourt, Brace
% World, Inc., 1958), pp- 11-35.
21pid., pp. 11, 28-30, and 32.

-
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Actually the word "science

15 stands for such a complex vari-
cty of information, abilities,
and operations that none of the
many published definitions seems
wholly adequate., We hesitate to

20 add one more effort to compress
the grandeur of science and
scientifiz work into a brief
pattern of worxds. However,
perhaps we can clarify what

25 science isn't, and suggost ex-
plicitly what it fnvolves. Mary
eminent scientists on’ philoso-
phers have written about the
nature of science; those readers

30 who wish to go beyond our dis-
cussion may find the books
listed at the end of the chapter
helpful.

One peculiarity of ours will
35 certainly not escape you: we
tend to think of science more as
a verb than as a noun; we tend
to think of the way a scientist
works rather than what science
is. We think that science is
more conceruned with the process
by which a body of reliable
knowledge is obtained than with
the resulting body of knowledgze
45 itself. Comsequently when we
talk of science, we shall really
be talking about ways in which
scientists seek concepts.

40

(Five sections of chapter
omitted)
ngcgpﬁ”sgeking—fthe_waympf”tﬁg
50 §;igntist;§n§ the way of
his world

Science, it seems, 1s more
than empiricism, more than
problem solving, certainly more

55 than a method, or methods, even
more than an attitude; it is a
use of intelligence in a very
complex, and at present little
understood, cerebration in an

60 attempt to make sense of this
world, Its patterns of inves-

162

The second and third paragraphs
provide some indication of the
approach the authors take to the
analysis of science. They are
reluctant to create another defi-
nition of science (lines 14-16).
Also, they are more inclined to
consider what scientisis do, not
what they obtain by their efforts
(lines 34-45). This view is con-
sistent with the earlier refer-
ence to "the scientific method"
(lines 8-9).

These statements of basic per-
spective are indicative of the
Backing for the argument. It is
important to note that the reader
is advised of the availability of
a substantial body of literature
(lines 26-33), with which he
could compare the Backing or
basic assumptions of the authors.
The last sentence (lines 45-48)
announces a basic theme of the
chapter, one which is closely
related to Conant's analysis of
science, upon which the authors
rely heavily.

The first paragraph (lines 52-
77) of the chapter section chosen
for analysis repeats several
themes developed in preceding
sections, particularly the
immediately preceding one.

The Demarcation of science
dinension may be relevant to lines
52-65., The remainder of the para-
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70

75

85

20

100

105

110

tigation and its operations in
investigation are an attempt to
discover the regularities, if
any, of nature. The way of the
scientist is designed to deter-

-mine the way the world works.

"Sciencing," as Bridgman has
it, is a total operation. It
really has no beginning as such
and no end as such. It is, in
a sense, the seeking of con-
cepts--concepts and conceptual
schemes which man builds to
help him understand man and the
universe. One concept leads
but to another.

In On Understanding Science,
Conant emphasized the cumula-
tive nature of science in con-~
trast to other fields of
creative effort. Suppose
Michelangelo, Raphael, Chardin,
and Rembrandt were to come on
the present scene to answer the
question, '"Has painting advanced
since our times?" We could
visualize some interesting dis-
cussions, but hardly agreement.
And what might Beethoven, Bach,
Brahms, Schumann, and Wagner say
of modern music?

What, however, would Newton,
Galileo, Archimedes, Dalton,
Vesalius, Grew, and Mendel say
of modern science? Surely they
would agree that science had
advanced. And in analyzing why
this advance might be so pal-
pably clear, Conant derives
what to him appears a consis~
tently clear characteristic of
sclentific aceomplishment:
Science is both cumulative and
self-correcting, )

In examining the work of re-
gsearch scientists and in analyz-
ing their reports, Conant ob-
serves that the end result of a
scientist's work, if indeed, the
word "result" may be used, is
but another problem or several,

"Conant., .

172

163

graph (lines 65-~77) indicates a com~
patibility between Bridgman's position,
previously presented, and that of

The following sentence appeared
in the previous section: "This is

what Conant meant when he defined
science as 'a series of concepts or
conceptual schemes (theories) arising
out of experiment or cbservation and
leading to new experiments and observa-
tions.'"™ This appears to be the source
of the position expressed in lines

71 to 77. -

The first argument of this sectiom
of the chapter appears in lines
78-105. As Data, the reader is
asked to hypothesize that great
individuals in three creative fields--
painting, music, and science--could
examine their respective fields
at the present time and comment on
whether the changes they note con-
stitute advances (lines 78-96).

As stated, the Claim that (only)
the scientists would recognize
advances seems to be regarded as
self-evident. (See lines 87-92
and 96-~98.) However, the next
sentence (lines 98-105) indicates
that there is a Warrant for this
Claim, one which takes Conant's
analysis of science ag Backing.
The Warrant expresses two char-
acteristics of szcience.

First to be explained is the
Warrant that science is cumula-
tive. The Data for the argument
appear to be the starting points
and end results identifiable in
the work and reports of research
sclentists. Comparison supports




sot a conclusion or a '"new"
discovery, but a breathing space

164

the Conclusion that solving
problems always generates nev

ones (Llines 106-115). Thus the
Warrant is established that the
work of a scicntist is unending

and science is cumulative. ' That
the Progress of seience is relevant
is clear from the Claim of the
previous argument (lines 96-98).

115 on the way to another concept.
The scientist's way is an unend-
ing quest, unending conceptual-
ization, or unending concept
attainment; science is truly an

120 "endless frontier."

(One paragraph omitted)

A subsequent paragraph extends
this point by providing illus-

The scientist's aim, conscious
or otherwise, is a hunt for the
conceptual scheme, for a spatial trative examples of conceptual
pattern in the infinite jigsaw schemes of science (lines 121-

125 puzzle of how the world works. 136). The use of Conant's
A few such schemes (each based terminology suggests that Conant's
on many discrete facts, princi- definition of science (reported
ples, and concepts) are given by above, opposite lines 67-73 of
way of illustration: text) may be regarded as Backing
130 The earth is surrounded by an for the Warrant.
ocean of air. o ’

Some diseases are caused by
microorganisms. T
~Existing organisms are the

135 rasult of evolutionary changes
during the earth's history.

The transition to the Warrant
that science is self-correcting
is begun by citing a previously
established Clain about the
activities which vesult in con-
ceptual schexes (lines 138-141).
Usefulness is said to require
reliability, which must be
achieved by self-correction
"since man is not always reli-
able" (lines 141-149). This
position may be regarded as part
of the Backing for the Warrant
about to be explained.

These conceptual schemes,
which we admire and use, re-
sulted from observation and

140 experiment, interwoven with
creative mental effort. If
observations and experiments
are to lead to conceptual
schemes which are to be a useful

145 picture of the real world, they
need to be reliable. But since
man is not always reliable, the
investigations must somehow be
self-correcting. How is this

150 self-correction by unremitting
investigation built into the
scientist's way of work?

The argument for the Warrant
that science is self-correcting
is achieved by citing both Data
and Conclusions. Included in the
Data are the facts that all men
are fallible, that scientists are
"acutely aware of thelr falli-
bility" and inherently skeptical

All men are fallible, even
sclentists., They, however, are
155 acutely aware of their falli-
bility, as the quotation from
Bridgman has shown. A major
question then is how scientists
dealing with incomplete and im-
160 perfect data are able to estab-

El{llC 173
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170

175

180

185

190

195

200

205

210

lish general statements on
which they put great reliance.
This is accomplished because
scientists, conscicus of their
limitations, are inhercntly
skeptical, in the best sense

of the word, of their own work
and that of others. Any single
scientist's work must be con-
firmed. This open~endedness of
an investigation, the realiza-
tion that conclusions are not
final, always provides oppor=-
tunity for reconsideration of a
result when new data become
available.  (New tools may

play a major role in providing
such new data.) The scientist
must accept some ambiguity in
his knowlaedge even as he strives
to lessen the ambigulty.

Bridgman has stressed the
importance of using the correct
operation in making observa-
tions, This involves the appro-
priate choice and arrangement of
tools. We would all agree that
a ruler is appropriate for
measuring height, but not for
measuring intelligence. What
constitutes the '"correct' opera-
tion is always somewhat in
doubt; one does the best he can
and leaves to his colleagues now
and later the task of criticism.

Thus scientific work is never
ended; it can always be extended
and improved. For instance,
Piltdown Man, long a debatable
construct of the anthropologist,
is now recognized as a classic
hoax. How the fraud was finally
exposed is a fine example of the
self-correcting nature of scien-
tific study. The original
papers are worth reading.
would serve well to illus-
trate many aspects of how the
scientist works., They also
illustrate how the scientist is
constantly scrutinizing his
Yoperations," "concepts,' and

They

174

165

of their work, and that their

investigations are open-ended

(lines 153-157, 163-173). (In
the quotation, Dridgman dis-

~cusses 'scientific method" and

raises the topics of truth,
verification, and objectivity.

He concludes, in part, that
"geience is what scientists do.'")
The relevant Conclusions are that
one scientist's work must be con-
firmed by others, that there are
always opportunities for recon-
sidering results, and that some
ambiguity always remains in
scientific knowledge (linss 168-
170, 173-181). These points
appear to be regarded as suffi-
cient to establish the Warrant
that scilence is self-correcting.

The parenthetical remarl
in lines 176-178 is expanded in
a brief reference to Bridgman's
position that instruments of
observation have significance
for scientists' work. Apparently,
one aspect of self-correction
involves agreement that the
instrumentation was correct, and
development of nev instrumenta-
tion, if it seems to be needed.

An example is provided of a
situation in which science was
self-correcting (lines 198-202).
The reader is referred to docu-
ments which provide detailed
evidence. As one would expect,
the documents are said to Illus-
trate the scientist's self-
scrutiny, which can be associated
with the inherent skepticism
previously mentioned (lines 163-
168). Indication is given that
the history of science is a good
source of evidence relevant to
this Warrant concerning self-
correction (lines 218-226).
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"conceptual schemes.'" He is
constantly asking:

What do we know?

How do we kunow it?

How well do we know it?
As a scientist consistently
asks questions of this nature,
he introduces a self-correcting
clement into his ways of work.
Scientists, we repeat, can and
do meke mistakes. Anyone who is
familiar with the history of
science can cite chapter and
verse. But the scientist's way
is self-correcting mainly be-
cause confirmation of observa-
tion is made by many others who
arc free, to a reasonable extent,
of the personal bias which may
have influenced the original
statement., In scilence, too
many cooks do not spoil the
broth. The meal is prepared by
many cooks working in many
different kitchens. Hence, any
conclusion, confirmed as it is
by different men, with different
intent and in different situa-
tions, tends to approximate the
"¢yuth." And hence, when the
conditions are better known and
the operation is appropriate,
future results are increasingly
vredictable.

(One paragraph and one section
of the chapter omitted)

Teaching the ways of the
scientist

We began this chapter with a
mention of 42 syllabuses at
hand. Only one of them implies
that there are many methods of
science; 41 of them clearly
imply that the sclentific method
is what we have called here "the
empirical’ or "try it and see"
approach., Some of the syllabus-
es call this approach 'problem
solving." This tendency to
simplify a complex subject, to
seek a single approach to sci-
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The self-correcting aspect of
a scientist's method is said to
depend most heavily on the fact
that other scientists must con=
firm observations. The reference
to elimination of personal bias
(lines 230-233) suggests that the
Objectivity of science dimension
may be relevant. The authors
seem to regard it as self-evident
that scientific conclusions tend
to approximate the "truth." The
Relationship of ecience to truth
dimension may be relevant. The
double use of "Hence" (lines 237
and 242) implies a direct logical
1ink from confirmation by others
through approximation of the
truth to increasing powers of
prediction.

The concluding paragraph of the
overall argument of the chapter
is ecited to complete the context
provided by lines 1-48, above.
The Claim of the overall argument
is given ir lines 263-270, while
the initial Data are referred to
in lines. 249-259. The reference
to concept seeking (lines 270~
275), introduced by the phrase
"of course," is again indicative
of the Backing which the authors
adopt from Conant's work. The
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ence, is undewstandable but it
can be very mislecading. Actu-
ally, as we have seen, the

reduction of the many methods of

science to one is regarded by the
authors as potentially "mislead-

ing" (liunes 259-263).

265 hiphly cmpiri ‘}_tﬂv;gf<grﬁblcm
solving is but one approach of
ﬁhe &rl&ntlnt, and it is a very
slow one, used as a last resort
when we have no better guides to

270 action. And, of course, sclen-
tists seek and solve v ¢hlems in
order to find ecor -+ ., Tuamnce
mighu rvier be oo l.ed as
coazept sezkan . .7 2T than

275 proLler solvirg.

(One paragraph omitted)

Detalled analysis

Preparing argument-patterns of the arguments in Selection B is
a rather involved process, but it does help to indicate the inter-—
relationships of the arguments. Figures 3 and 4 refer, respectively,
to the argument of the entire chapter and to the arguments in the
section selected for complete analysis. The Warrant in Figure 3 is
established withiu sections of the chapter which precede the gection
analyzed here. Once established, the Warrant can be used to reach the

indicated Claim,

DATA: Forty-two science syllabuses —— 7>~ So, CLAIM: Empirical
proposec to teach the scientific problem-solving is but one
method--the empirical approach to approach used by research
problem~solving. Only one syllabus scientists.
implies that there are many methods
of science.

Since, WARRANT: L are many

methods of sctieri.e, ralch have

been described and discussed.

 On account af,,ﬁACKING: What
scientists do wher doing research,
as reported and interpreted by 1
Conant and Bridgman. Argument B-1
Fig. 3.--The argument-pactern of the chapter
from which Selection B is taken.

Each argument in a selection is assigned a number to facilitate later
refcrences to the argument.

176
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DATA: Assume groat pailnters,— e CLATM:  The great scientists
would agree that their field

composers, sclentists wvere alive
to answer whethcr their fields has advanced.

have advanced.
Since, WARRANT: Science is
cumulative and selfécaffecting Argument B-2
A !
' \ :
DATA: Starting—p—CONCLUSION: DATA: Scientists —> CONCLUSION:
points and end ST Comparison shows are fallible, T one sclentist's
results of that solutions avare of their vork must be
research and generate new fallibility, and zonfirmed by
reports problems inherently skep- others.
¢ tical. Investi- Results can
! gations are always be re-
openﬁendédé\ considered.
; § Some ambiguity
| always remains.

Sinca, WARRANT: Since, WARRANT:
Science is Science is self-
cumulative Argument B-8 c@:rectin%j Argument B-4¢

On account of, BACKING:
Scientists seek concepts
or conceptual schemes for
the way the world works
(Conant)

Fig. 4.--The arguments in the main portion of
gelection B, shown in their inter-relationship

Perhaps the most important of the relationships revealed by these
diagrams is the fact that the arguments in Figure 4 elaborate the
Backing for the overall argument in Figure 3. Specifically, the Warrant
that science is cumulative and self-correcting is developed from Conant's
analysis of scientists’ research patterns. As the dotted lines in Figure

4 indicate, a Varrant about science is obtained by uniting two separate

‘Warrant-establishing arguments. That Warrant is used to justify a

Clain (to the effect that former scientists would recognize an advance
in modern sclence) which seems jntended to generate interest in the
subsequent explanation of how the two Warrants were established.

In the initial analysis, four science dimenslons are cited as

potentially applicable to gelection B. The possible application of the

177
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Damarcation of sctence dimension to lines 52 to 65 is suggested by the
form of the sentences: ''Science, it seems, is . . .," and "Its ﬁatterns
. . . and its operations . . . are . . - " Issentially, the authors
seem to say that science is an attempt to discover regularities in
nature, by a complex and incomblately understood use of intelligence.
Then science is deseribed in Conant's terms, as the seeking of concepts
and conceptual schemes.

The differences améﬁg the three positions on the Demarcation cf
seience dimension do lend support to the view that science is not com-
pletely understood. Beyond that, the authors' view . 7 :science as the
seeﬁing of conceptual schemes whirh express regularities is nect as
carefully detailed as the positions on this dimension of the analytical
scheme. The authors describe a process, rather than a result, so their
statement has closer affinity to the form in which Kuhn's position is
expressed. - _

The argument for the Warrant that science is cumulative (B-3; lines
106 to 136) readily suggests comparison with positions on the Progress of
seience dimension. The most significant content of the argument is the
Conclusion that ending work on cne problem generates work om one or more
additional problems. Thera is nothing in the argument to suggest that
the authors do not see accumulation as a continuous process. While the
authors' position could be compatible with either Carnap's or Popper’s
position, the criteria provided in the argument itself are not specific
enough to permit one t< vecognize one of the positions on this dimension.

In the argument that science 18 self-correcting, (B-4; lines 137
to 246) the phrase "self-correcting" is suggestive of both objectivity and
truth. The relevance of the dimensions of Objeetivity of science and
Relationship of science to truth becomes most apparent in the closing
statements of the argument (lines 226 to 246). With respect to the Objectivity o
of science, the authors stress that personal bias is avoided by having '
others confirm the findings of any one sclentist (lines 226 to 233). Inter-—
subjectivity is an element of Pcéper's position, but his analysis stresses
the form of scilentific statements, not the form of scientists' actions.

The other Claims (lines 170 to 181) made by the authors in this argument

suggest application of the Relationship of sctence to truth dimension.
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The references to open-endedness and ambiguily show similarity te Popper's
position, with one iwmportant difference. The statement in lin=s 237 to
242 suggests that a posiltion with respect to objectivity leads directly

to a position about the relationship of science to truth. The analye.os

of scicnce by Carnnp, Popper, and Kuhn do not suggest that one dimenzin:
is a sub-dimension of the other, as the authors' argument does. Groat s
detail would be required in this argument to make further comparisons

with positions on cither of these dimensions of the ana%?tiﬁal scheme.

Commentary on the analysis

Analysis of Selection B indicates that the authors have attempted
to prescat their arguments fully ard to identify fcr readers the basic
principles underlying their position. They acknowledge their dependence
upon Conant’s view of science as the seeking of concepts and conceptual
schemes. They also point out that it is possible to go beyond their
discussion, and they identify some of the . aurces nvailable for doing
so.

Application of the analytical scheme is made to the Data and Con-
clusions of two Warrant-establishing arguments. in which the authors
elaborate the Backing of a Warrant-using argument to the effect that
great scientists of the past would interpret modern science as
advance over the science of their times. These arguments, which are
outlined in Figure 4, serve in turn to elaborate the Backing of the
argument which is outlined in Figuvre 3, and which spans an entire chapter.

Four dimensions of the nature of science are relevant to the
arguments in Selection B. In general, application of the analytical
scheme to these arsuments indicates that the authors do not provide a
degree of detail comparable to { . which is available within the
sources for the dimensions of the scheme. Thus complete comparison is
not possible. The authors raise a number of significant issues and
discuss them at some length, yet details of their position are lacking
and they do not illustrate the ﬁossibilizy of alternative interpretations.

One specific cgmﬁariscn can be made. With the Warrant that
science is self-correcting, the authors appear to treat simultaneously

the topics of scientific objectivity and the relationship of science to



truth. In cuntrast, construction of the analytical schieme has indicated
that there is value in treating these issues separately., The pattera of

this argument, shown in Figure 4, provides clues for explaining hov the

two issucs came to be merged. In the Data, fallibility and skepticisn
are grouped together as characteristics of scientists, vhile in the Con-
clusions, intersubjective confirmation and the acceptance of some ambi-
ek x i e . . A . P B S e v g - . T S S 5 R, x 3
guity in results .;c similarly grouped as characteristics of scienfists

work. 'The failure to treat these two issues separately may arise froa

these groupings or, more simply, from the decision to use the single
elf-c

”f.}"_L

term, correcting.” The siwnultaneous treatment of two dmportant
{ssues is regarded as a limitation of the argument, identified Dby

application of tha analytical scheme.

Selection D
In contrast to Selection B, in which the arguments focus on the
nature of science, the argument in Selection D is related to the concept of

teaching. The selection is from Massey's text, Patterns for che Teaching of

Science. As its title, "The Hidi~a Niﬁé“TéﬁthS;"l suggests, the chapter
stresses the importance of a teacner's before-class planning, planning of
which pupils recmain largely unaware. Part of the chapter identifies
different aspects of planning and provides some practical suggestions. The
portion titled "Before Beginmning to Plan"z describes three teaching patterns,
or approaches. It seems an obvious choice for analysis because the

patterns refer directly to se ral of the teaching dimer-~ions of the

analytical scheme.

Presentatlion of thr: ing patterns consti ¢ the larger
portion of the excerpted passiu,.. The balance contains statementas about
conditions bearing on a teacher's adoption and pragéice of a phile . cephy
of education, The point of the passage seems to be %o idencify three
basic alternatives available to a teacher, with the recommendation that

inning teacher should select one of them. Dimensions of the

a be

i)

1Narman Bland Massey, Patterns for the Teaching of Science (Revised
ed.: Toronto: The Macmillan Company of Canada Limited, 1969), pp. 34-37.

2Ibid., pp. 34-35.
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analytical scheme can be nsed to analyze the three teachine patterns,

which constitute ths Duata ol the arpum

[y

10
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ol
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35

40

TEXT

Before Beginning to Plan

1

© ot oo teacher cap begin to

course, have decided on a
teaching method, and this Sill
depend on his philosophy of
education. This may Lo some
extent be controlled by the
phtilosophy of the schonl in
which he is teaching, as well
as by the philosophy of the
echool system, but it is
largely the teacher who deter-
mines how he will teach the
students in his classroom.

The nature of his role is, to
a great extent, of his own
making. Will he choose the
more traditional pattern, in
which the teacher is the cen-
tral, dominant figure, decid=
ing, with the help of the
syllabus, what will be taught
and how it will be taught? Or
will he adopt a more modern,
approach,

plas YTessons, Lo mask, ul

or 'progiessive',
that views the classroom as
pupil-centred, anl the tcacher
as a guide to assist the pupils
in the investigations they
themselves have inltiated? In
the former the =mphasis 1s on
the teaching; ‘un the latter it
is on the iearning. With the
traditional approach the teach-
or has the advantage of thor-
ough planuing and a fair degree
of predictability of his suc-
cess. The vodern approach does
not perwmit this to any great
extent, for the class is large-
1y allewved ro follow its own
interest. If the class, OT
part of the class, becomes

181

b

INITIAL ANAYSIS

The opening statements
1-17) ecstablish a coutext. L
of the first sentence (lines 1-4)
provides the Warrant for the
implicd Claim that a beginning
science teacher should personally
select one of three possible
teaching approaches. The rest of
the first sentence (lines 4-6)
indicates that selection is made
according to one's philosophy.
The balance of the introduction
(lines 6-17) prcvides a Qualifier
on the Claim that a teacher
shiould make a completely personal
choice of teaching approach.

An initial description (lines

17-30) of the "traditional" and
"progressive' approaches is fol-
lowed by elaboration of these two
patterns. The phrases "Will he
choose . 2" (line 17) and "Or
will he adopt . . . ?" (lines 23-
24) suggest the apparent Claim of
the argument, that a teacher
should select from amcng the
three approaches which constitute
the Data (lines 17-54 and 63-95)
of the argument.

The Communication and Use of
expertise dimensions are relevanc
to the presentation of the first
two teaching approachis. In
lines 30-33, special uses of
words are introduced; the Nature
of learming and Nature of teach-
ing dimensions are relevant. In
lines 33-54, additional Data
sbout the two approaches are
provided from experience.
Thorough planning and predicta-
bility for the teacher are set in
opposition to following interests
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interested in micrometeorc o .
for example, it can study it
aspect in some depth. Becausz
careful planning is not ordi-
narily possible under these
circumstances, the teacher must
have a good background knowl-
edge of his subject and be con-
stantly alert tc opportunities
for learning, if his guidance
is to be effective. The
following chapters contain
many elements of the tradition-
al type of teaching, for this
is the method adopted by most
tzachers at the beginning of
their careers, but the possi-
bilities of the olher approach
are not overlooked.

In recent years there has
been an increasing emphasis on

173

nf pupils. The example in lines
42-46 suggests that control of
subject-matter content is a

‘basic consideration.

the scholarly aspect of science.

Pupils have been made acquaint-
ed with the actual way in which
scientists work. They have be-
come aware of the existence of
~he various ¢isciplines of
science, r{ tne scientirt's
methods, and of the structurs
of scientific kuowledgs Seci-
ence c.ass . hawvs beruvme places
where the i ~4n investi-
gate some i toe pin womena of
this world in more ir less the
same fashion as the research
scientist., Some of these ia-
vestigation. might be original;
some gf the problems mig! t not
even hta capable of solution.
Others might be designed to
lead the young student aloug
the same path of discovery

that some famous scientist once
followed. The aim of this
approach is, in part, to give
students a realistic apprecia-
tion of the role of the re-
search scientist and to en-
courage young people to con-
sider science as a career. It
is essentially an academically

182

In lines 46-54, a rationale is
given to explain why the "pro-
gressive' apprcach requires .ore
background knowledge. The Nature
of teaching and Use of expertise
dimensions are relevant to this.
and the preceding point.

In lines 54-62, subsidiary Data
are provided about the method
chosen by most beginning teachers
and about the appearance of the
two approaches in subsequent
chapters of the book.

Discussion of a third teaching
approach in lines 63=-95 completes
the presentation of Data. The
third approach is referred to as
an "academically centred
approach" (lines 94-95).

It seems most appropriata to
interpret each teaching approach
as a Warrant for a teacher to use
in planning and interpreting
classroom events. One's philoso-
phy of education would be the
Backing for the Warrant. This
third teaching approach is de-
ecrib.d indirectly at first
(lines 66-73), by reporting scme
outcomes pupils have achieved
wlith the pattern. Emphasis is
on how scientists work and on the
structure of scientific knowledge.
These general phrases suggest
comparison with the Na.re of
knowledye, Nature of learning,
and Nature of teaching
dimensions.

The discussion in lines 73-87
is more directly indicative of
the characteristics of the
"academically centred approach.”
Lines 87-93 extend the indirect
description in lines 66-73.

Lines 95-98 provida additional
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95 centred approach.  Soma cle- subheidiary Data about subscquent

ments of this way of tcaching chapters,
scicnce are also to be found
in this book.
Although the teacher mist Upon completion of the pre-
100 have some plilosophy of science sentation of Data, the discu
education |- ‘ore he can under: returns to the remainder of the

Lon

take any losson plamming, this argument, The Varrant is

philosophy will, no doubt, be repeated (lines 99-102) and then
changed as his teaclilng carcer extended to include probable

105 advances. It will be modified development subsequent to the use
by other school of thought of an initial teaching approach.
and probably it will becom: a
composite of the traditional,
the progressive, and the

110 academic.

Whatuever the approach The final paragraph (lines 111-
adopted, however, the teacher 122) seems to offer Conditions of
will or' caed 1F he learns Rebuttal relevant to all argu-

to resp oo . pupils as indi- ments which predict success for
viduals. i must trust each any teaching pattern oOr approach.
of them, expect a measure of

success from each of them, and

recognize the p onal worth

of eacih of them, if he is to

ablisih a basis for the

ctice of his philosophy

e
’—ﬂ‘
[y

-
[
==

Detailed analysis

As the initial analysis indicates, it seems appropriate to treat

w

this passage as a single argu~ent which is supplementel by related

Claims and Data. This is a Warrant-using argument for the Claim that 1
beginning science teacual should select one of three approaches available
for teachirg scicace. Diagrammatically, the argument may be summarized

in the following way.
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DATA: There are three ——--—>— S0, QUALLE TTER: - - ——-- CLATI[: A beginuing
conmon dpptﬂﬂ(hé for i Within the (iinor) teacher should choose
teaching sodence-- ; limits imposed by one of three available
traditiveal, propgroes— the philosophies approaches, according to
sive, and acodamically of the school and his personal philosophy
centroed. school syston of education.

Since, WARRAWT: A
teacher must select his
teaching approach before
ha can begin to plan
lessons.

On account of, BACKING

(hypothesizad): Teacher

tend to use a single

approach to teaching. Argument D=1

Fig. 5.--The argument-pattern of Selection D,
with Backing hypothesized.

The argqumeni provides a context within which the author can present

three approaches to teaching science. The actual presentation of the

approac’.es is the wajor purpose of this passage, if the proportion of

space devoted to ihe presentation is indicative of its importance. The
Claim of the argument may provide motivation for intended readers to
consider them carefully.

Many of the concept-of-teaching dimensions of the analytical
schome can be applied to the presentation of three patterns of teaching,
here interpreted as tha Data of the argument. The content of lines

19 to 46 s ..csots that the "traditional' approa corresponds closely

to what oo been termed an information emphasis, while the "progressive"
apprc .. i corre-ponds to the insight emphas in #he a3l " -2l scheme.
The dimensions of Communication and Use of Expsr;isg ars at clearly
indicative of tiuis correspondence. Reference in lines i) to 23 to the
teacher's being dominant--moking decisions about what and how to teach-=-
corresponds to the information emphasis on those dimensions. Reference

in lines 27 to 30 to pupils initiating investigations which they pursue

m

with the tcacher's guidance corresponds to the insight emphasis.
Both the Nature of learning and the Nature of teaching dimensions

apply to the Claim, made in lines 30 to 33, that the traditional

184



O

ERIC

Aruitoxt provided by Eic:

176

approach emphasizes teaching while the progressive approach emphasizes
learning, This Claim restricts excessivzly the meanings of the words
"teaching" and "learning". Such a simplistic approach is avoided by
using the information and insight emphases to develop the portion of the
analytical scheme which relates to the concept of teaching.

The reference in lines 33 to 38 to thorough planning and predict-
able success suggests the considerable or complete structure of the
information emphasis. The points developed in lines 38 to 54 seem to
indicate a departure from the correspondence between the progressive
(or "modern") approach and the insight emphasis. This portion of the
Data corresponds more closely to the composite perspective on the Use of
expertise dimension. That is, the author clearly indicates that a teacher
must be prepared to use his knowledge of a subject to guide his efforts
to make learning possible. In short, these shifting meanings could be
quite zonfusing for a reader. '
seem to correspond closely to certain features of the composite per-
spective. References to how scientiste work, in lines 66 tc 68 and
75 to 79, are suggestive of, but n»i s complete as, the composite
perspective position on the Nature of teaching dimension. The composite
perspective position on the Nature of knowledge dimension is suggested by
the reference 'to disciplines of science in lines 70 and 71. Finally,
into the reference to methods and structure of kiowledge in lines 71 to
73, one may'read the combination of information and judgment expressed
in the composite perspective position on the Nature of learnirg and Nature

of teaching dimensions.

Commentary on the analvsis ,

With the zxception of the Authority dimension, all dimensions of
the concept of teaching are relevant to analysis of this selection,
All of the issuves raised within the presentation of three approaches to
science teaching can be interpreted adequately by application of the
analytical scheme.

Use of the scheme to analyze the content of this argument raises

two points particularly relevant to an assessment of the applicability

(=]
\w\
e
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of the scheme. In lines 30 to 33, the words "teachiag” and "learning"

A1

are used quite differently than elsewhere in the arpument-—almost in a

=

[N

slogan sense. Application of the analytical scheme readily identiflies

[

e

this diflcrent usage. The analytical scheme enables one to identify
the traditional and progressive approaches with the info..ation and

insight emphases in a straightforward manner.

A sccond comment on the applicability of the analytie.
emerges  rom the use of the Comnuateation and Use of egpectin . .. ica-

sions to analyze lines 19 to 42. While both dimensions do . Levany

to thwet portion of the argument, there is some ambiguity in disting.iah-

ing the applicability of one dimension from t hat of the other. The
differences herween the two dimensions need to be expressed more cleariy;
modific.r 5 to the scheme are suggested at the end of the chapter.

. uo' . oreviously, the analytical scheme is applicable only ve
the Data of Lo argument in Selection D. Application of the scheme suggests
that the traditional, prugressive, and academically centred approaches
correspondence Lo the information emphasis, the insight

and the composi.te perspective. The correspondence iz a limited

one. Points of opposition between the traditicnal and progressive
approaches appear more as différenges of opinion than as systematic
ferences. The various dimensions of the analyticel s cheme represent
ferent and cxplicit ways of comparing the three perspectives on
teaching.

A variety of limitations have been identified in the presentation

he Dara. Backing for the Warrant is not made available. Acco ordingly,

i~
L

U‘,

it is judged that the argument falls short of making provision for aczap-

tance on rational authority.

Selecrion X

section in Romey's Inquiry Techniques for Teaching

: , . e I N
Science itled, "What is Science?"” The passage combines discussions
of what 2nd how science is and should be taught, to reach the

1W111iam D. Romey, Inquiry Techniques for Teaching Science (Englewood
Cliffs, N,J.: Prentice=Hall, Inc., 1968), pp. 3-4,

136
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conclusion that science teaching should emphasize the processes and

methods of sclentisrs, continuously and frowm an garly age.

Application of Toulmin's concept of an argument-pattern suggests

that parts of twelve different argumcnts appeart in this selection, with
Conclusions of some arguments serving as Datn Ior succeeding ones. When

reading the passage, it is sigpificant to nole that six of the arguments

employ or generate pairs of mutually exclusive alternatives. Once these

alternatives have been esta: lished, the overali Claim appears to be

reached by an amplicit Warrant to the effect tio” when one of two alter-

natives has wany shortcomings, one should proceed according to the other.

Because so many arguments appear in a short space, the initial

spalysis accompanying the selected passage is somewhat sketchy. HMore

complete analysis follows.

TEX'T INITIAL ANALYSIS

What is Science?

The preferred definition of
scicnce appears in lines 99-104.
Tt is contrasted with the defi-~
nition in line 14, to create one
alternative relevant to the
overall Claim of the passage.

Books about methods of teach-
ing science invariably begin
with a section that defines
"goience,' Perhaps this is the

5 best place to begin.

Ii you should examine most
college science courses, you
might have to conclude that
science is primarily a large

10 body of knowledge. College
tcachers scem willing to accept
without any objection the
‘cipinal meaning of the Latin
wacd scientiaj knowledge.

1% F. -ators believe that begin-
4.y teachers generally imi-
tate the person they consider
to have becn their own best
teacher. This often leads to a

The first argument (lines 6-14)
seems to use an implicit Warrant
that a teacher's teaching re-
flects his understarding of his
subject. The Nature of knowledge
and Demarcation cf science dimen-
sions are ralevant. The second
argument {(lines 15-22) seems in-
tended to explain why begioning
teachers lecture, in prefeience
to lah@ratcry work and discussion.
The Nature of tweaching dimension
is relevant. ThL2 fz‘ZJPQtJ
ttie thir.
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20 series of lectures supported by dimension applies o
a small amount of laboratory argument (lines 22-26", which
werk and group discussion. In extends the first two. In turm.

25

euch a framawork the teacher
becomes a figure of authority,
whose main function is to dis-
pense knovledge. Teaching is
then a matter of the teacher's

it is extended by the fourth
argument (lines 26- -29). The
arguments in lines 22~ .29 seem to
use implicit Warrants concerning
popular peireptions of specific
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demonstrating to his students
how much he knows.

A number of years ago, after
the author had handed in a
mediocre report in field geol-
ogy, the course instructor in-
formed the author that geology
vas more an art than a science.
llowever, as the author contin-
ued graduate study he found
that the courses he took empha-
sized more and more the facts
of geology and the conclusions
of other geologists. As do
nost students in science
courses, he had to memorize
factual information and then
reproduce it on examinations.

Then the author found he had
to work on a thesis project for
which there was no authority
vith a set of neatly prepared
answers. Most of the knowledge
he had gaired in his courses
was .useful only as a tool to
find answers to problems. He
had to discover even the prob-
lems themselves. How much
mental strife might have been
avoided had his training in
course work been almed more at
the recognition of problems,
the formulation of hypotheses,
the gathering and analysis of
data, and the arrival at con—-
clusivas.

In a sense, the teaching of
sclence can he compared to the
teaching of art. Some art
schools stress the history of
art, whereas others ar: more
concerned with studio art;
actual painting or sculpture.
The difference between the two
approaches is that one produces
art historians whereas the
other produces artists. The
game is true of science. At
present, macy of our secondary
schools and colleges are teach-
ing the history of science

179

behaviors. The Use of exparlise
dimension iz velevant to the
fourth argument.

ihe [ifth argument (lincs 30-
63) builds on Data from the
author's experience as a graduate
student. The argument develops a
contrast between an emphagis on
facts and memorization and an em-—
phasis on the identification aund
solution of problems. The fifch
argument is interrupted by the
sixth, for wiich only the Claim
is presented (lines 41-45). xNo
Data beyond the author’s own
experiences are presented. The
fifth argument seems to use an
implicit Warrant to the effect
that prior training could reduce
the "mental strife associan«d
with not knowing what to do in
an unfamiliar sitwatic~. The
Ciaim is made (lines - '} that
the author could hav < "ad
much mental strife h. neen
trained in particular ° ' .an-
tific) processes., The Demarca-
tion of science and How empirical
contnt ineragses dimensions
appear to be relevant.

On the Backing of the author's
opinion, the seventh argument
(1ines 64~79) relies upon a
Warrant (lines 64-66 and 74-75)
that art teaching and science
teaching are comparable in the.
types of outcomes achieved Gty
different instructional patterns.
A contrast is set up between the
history and the actual practice
of a discipline. The Nature of
teaching dimension is relevant.

In lines 79-84, oplv the Claim
of the eighth argument. is pre-
sented, extending the history-
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rather than science it

We practice contrast and 1LLr;buthg
80 burden students with fac asis on

a disadvantage to an oo

knowledge, but few studonts get facts. The Use of ecwperlige ar
to do science until they reach Hatuve of learning Jdiwensions are
the JEVUJ wiiere they must write relevant to this and the next

a master's or doctor's thesis. argument.

85 Asking a highschool or college The ninth argument (lines
undergraduate to learn science 93) uses a Warrant that teach’
from a book or from 2 sooc of nusic and teaching scieuce are
lectures is a little like ask- sligf’ly similar, again on the
inz ic student to learn acking of the author's personal

90 the notes to a composition for @ Implicit is a Claim th:t
the piano before he has been it is absurd to learn science as

taught how to play the instru- facts from books and lectures.
Recent curriculum =tudies The tenth argument (lines 94-

95 make it clear that v:sng 99) reports a Claim for which
children, cven at ~Temen— "recent curriculum studies' are
tary school leve N nable the source of Data, Warrant, and
of doing simplc - .encill Backing. The eleventh argument
work. The wor . oiontifi (lines 99-104) provides a Claim

100 comes from the two . .tin = -rds which contrasts with that of the
scientia, know. cdie, and first argument, again using a
facere, to make. e cien- Warrant that meanings may be
tific" refers to the creating derived from Latin roots. The
of knowledge. Students need Demarcation of seiencz and Pro-

105 not wait un tll gESuuaLL achool greas of scilence dimensions may
¢ work in be helpful in examining this
Cn the con- arpument.

‘w

t as on the process= The twelfth .~ gument takes all
es and mQLhDd“ of scientists the preceding arguments as Data
110 should begin in the clementary and moves to the Claim expressed
school and continue throughout in lines 104-112, with an impli-
the student’s academic career. cit Warrant that the better al-
s ) . p ternative is the one without
The main problem with which . i ]
disadvantages. Again, the

this book deals is how to make

; i , Bacling seems to he the author's
115 the teaching of scicnce more Backing seems tﬂ o= -ror

i own opinions about how science
scientific. U o ) o ]

may be defined and how it should
be taught.

Detailed aralr sis

Tweive different arguments are identified in the in.tial analysis.
Each of eleven arguments contributes to the passage's overall Claim,
which is taken to be part of a twelfth argumeni:. All of the arguments
appear to be Warrant-using arguments, contributing Claims which sexve as
Data for the final Claim that science teaching should alays stress the

processes and methods of scientists, from the elementary ievel on. The

o 189
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Ficd in tho anniid] i lysls (bel, fima, ekt /.

DATA: Enowiedee (facts) OR E=1 e S0, CLATM: From tihe
croating knowledge (processes  1-0, nentary level thtnuwh
and methods - f seicnco) 7-11 of educa-

tion, science teaching
should emphasize the
processes and mathods

OR laveratory and

guions =2

Teacher an aubthority of scientists.
fipure CR not such a E-3,
figure B-d

Beeall facts OR identify

and solve problems E-5
History of science OR

actual practice of science E-7
Most

riz E-6
Facts burden students -8

Young children can do science F-10

All the fact-oriented E-1

alternatives have undesirable  through

consequences for puplis E-9,
E-11

Since, VAUURANT (hypothesizad): When one
of two clear alternatives has many
disadvantages, select rhe other.

On account of, BA(Ni:: {(hypothesized): The
avhon 's experience indicates it
app.oprizte to conceptualize
cinnce and teaching in
ohebeous terms. Argument

bR
i
)

Fig. 6.--The argume::.~;tiern ».: the overall arzument of
Selection E, with Warrant and Backing hypothesized.

In the first, fifth, and eleventh arguments, the author of

Selection E refers in several viiss to a difference between knowledge

itself and the processes by which knowledge is =reated. - In the first
and eleventh arguments (iines 6 to 14 and 99 to 104), the question of

Lai*n ronts of "science" and "scientific" is raised. Since the author

O
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apoearvs Lo be exanining vhether hnowledre or the processcs by whiieh it

tho

iu achioved is indientive of the unlque nature of sclo

of szicnes dimension appears relovant. That relfcvence

to Latin roots in not fonnd in the three positions on this dimencisn

UJ

of the analytical seheme is not as significant as the fact that the
author scems to force a choica between looking at scicentiiic statelaents
and looking at scientists’ actlo. . Desplte the eobhvious and dimpovtoal

.d by - vnap, Popper, and

r_y

diffore boetwecon the posiftiong cxpresse

Kuln, ecach position czpresses a way to reldte wiint scientists do
fi

to the acceptance or rejecticn of sclentific statements. In thie

(1]

the author's approach to the demarcation of science appears to be
inadequate,

The fifth argument (lines 30 to 63) adds nothing new to analysis
of the demarcation of science, but it does raise the question of how
scientists seek, and can be trained to seek, knowledge. When one
considers the possible relevance of the dimension How empirical content

.5 cited by the author as a focus for trainine

1, the proce

(Tines 59 to 63) arc found to be unrelated to the issues r’ |sod

Carn .p, Poppar, and Kuhn. The processes rentioned by the - or aze
broad and general, and suggestive of a "method" of research, while
this dimension of the analytical wucheme raises specific questions about
how additional knuwvledge is lﬂcolpﬂdeLd into science.

fhe author's phrase, "the creating of knovledge' (lines 103 to

rence to the Progress of science

(_)L}) ugps

1y {7
figz ™

dimension. Here again it is evident that the three available positiuns

rolate ascientists' mothods to sc cientific statemerts, wvhile the author

to be scekian a sharp distinctlon between processes and resuits

appe
in his analysis of

o]

;eicnee.

Thus, with each of three relevant dimensions concerning the
nature of svience, similar results are obtained: it s
author is presenting an unusual position without developing in dstail
whatever support may be available for his position.

Of the dimensions of the concept of teaching, the Noiurz of
knowledge dimension is the first to which the content of Selection E may

be compared. This dimension is rolevant to the argument in lines 6 to 14

El{fc 101
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(E-1), where the author sugpests that collepe teachars accept a pos sition

close to the information cmphasis position. The same dimension i

=
L]

]

: notk

relevant to the arcoument in lines /7 to 104 (E-11), where it is

possible to distinpulsh clearly bolweon the positions of the dinsight

e

emphasis and the composite perspe etive. In arpument E-11, ass ociated
remarks about the capabilities of youung children (lines 94 to 99) and
about the time for begioning to do scicentific work (lines 1G4 to 107) do

o their owe. Thus it scems more

sean to strnss what indd

like'y that the Insight enpha
dimension would be suggested.

The discussion in lines 15 to 29 is clearly dindicative of the
information emphasis, on the dimensions of Nature of teaching, Authority,
and Uge o) expertise. The same position on the Nature of learning dimen-
sion i: suggested in lines 36 to 45. The author is ecritical of these
positicns, and the overall argument seems to be intended to achieve a
rejection of the information emphasis by a recader.

It is not as easy to determine whether the insight emphasis or
the composite perspective is to be regarded as the desirable alternative.
The Anthority dimension of the scheme is relavant to the statement in
lines 46 to 50, where the wording suggests the complete unavailability of
authorite in the scnse asscclated with the information emphasis. The
statement in lines 55 to 63 is difficult to interpret on the Nature of
learning dimension, for the author does not provide sufficient criteria
to permit distivgulshing what one i3 able to do personally from what
one may ba able to do with the support of a discipline.

The argument continurs to be less than definitive in lines %4 to
93, wherc the Nature of learniny, Nature of teaching, and Use of cxzper-
tise dimensions are relevant. In particular, the author fails to
consider what a teacher must do to enable a pupll to "do science" (line
82). Rejection of teaching the history of a dlSClpllﬂE suggests that
the passage is more likely ko be isociated .ith the insight éméhasis
than with the composite.perspective. To the investigator, these points
and the presentation of pairs of mutually exclusive alternatives in
arguments about how science should and should not be taught (lines 15 to
29 and 36 to 93) indicate that the ﬁassaga-as a whole is likely to

suggest positions on the insight emphasis.
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Commontary on tho analysiy
pecause the overall avcument in Sclection ¥ ods interpreted as a
Warrant—using argument, oue muslk consider the Data, Bhacking, and Warrant

sing the provision made foxr acceptance on

of the argnment in ass
rational authority. The analysis identificg several polnts at which
partz of the eleven avguments providing Data are omitted, and so onsz
could argue immadiately that there are shortcomings in this argument.
Simllarly, because the Uarcant of the argument had to be hypothesized

and because the Backing does not appear to go beyond the author's own

experiences, this arguanent appeavs to rely heavily upon the personal

2

suthority of tue author.
hvplication of the analytical scheme to Seleccion B, which
invo lves both nature-of -science and concept-of—tcaching dimensions,

provides an assessment of the acceptability of the Data of the argunen .

Although limitations of the argument's provision for acceptance on
rational authority have boan identified above, there is value in review—

Reference to thrae sclience

ing the results of the detailed analye

dimensions indicates that the azuthor is attempting to view science only

in terms of the methods of scientists, without reference to the nature
of scientific knowledge. Various dinznsions of the concept of teaching

indicate rejection of the dnformation emphasis, with apparent acceptance

of the in%ight umphaﬁiz as the only desirable alternative.

2f the concept nf teaching axre more clearly and

P
a
=
I
:1
‘r..
9
,_J

[he

extensively appligablg to the Da*a of the argument. OF particular

(1]
L

significance is the close correspondence between the author's expressed

ence and the insight emphasis on the Nature of knouledge

views of
dimension-—="personally achieved insight o r judgment.” Given the clecar
rejection of an cuphasis on "factual information" and the clear expressiom

of an "either-or" posture characteristic of the tension between information

t seems pDSSLblE that a reader could view the

‘D’I

and insight emphases
analysis of sclence as dependent upon the analysis of teaching. Thus the
assessnent of the Data by reference to dimensions of the analytical schenme
sugpests that even if other, more obvious, shortcomings were resolved, it

would still not be possible to accept the argument on rational authority.
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A paunapr eoncerned with b

selected from o chapter titded "o

There arve bwo arguments in Sclectlon G amd voth

cgtablishing avguments,  In thes

[ I B AL ros P I - L .
headed "Teachiug Principles and Genaralisa

-easoiing and the nature
, ) 2
to the teaching of selence.”

nerhad of

M

Induc-
DT 05

such do not quulre Lh@ tc ;

of conclizions. Armchair phi-
5 Lasgﬂhera, including some well-

knows scientists, have made

valuable centribuzions and alsc

interesting mistales by depend—

ing upon these types of reason—
10 ing alone.

1), 2 seientific method of
reas ning invelves alemern
both the indurtive and ded.c-
tive processes and demands

15 addition careful checking of
conclusions. ‘The method is
net limited io science or to
scientists, nor does it have a
stereotyped pattern. All

20 care (ul thinkers use it.

(An example in which science
students studled the photo-
tropic behavior of one type
of fly is omicted.)

Unconsclously, this class
was making use of the sclen-—
tific metrod. The pupils had a

aoar gunonts, L

P

tansit hus baen

.

; boys aund Givls Leayn Scicnce,” Ln

wo oo donce shoeld he

Lboola, by Thurber and Colle

ar to b viaveant-

','J\

c1 from oa seclivn

cizntillic

- R i1 R
rions, the

of sclentilic theorics arc related

INTLIAL ANALYS 1S

The first two pacagraphs (lines
1-20) develcey the Data cf the first
argunienhit . The scientific methed
1S 011

is described ms a method of
ing, in vhicl tezting of conclu-—
sions 1u added to inductive and
dednetivs veasoning,  The corments
about this method, in lines 16-20,

seem more likely to form part of
the Bacling. The dimensiun How

empirical. content Tacrec may be

relevant to the Data.

The Jdiscnssion in lines 21-33
provides an example which seems to
rve two fancticns. It adds

1W A. Thurber and A.T. Collette, Teaching Science ia Tadgy 5

Secondary Schools (3rd ed.; Boston:

gggiﬂ., pp. 58-50.

Allyn and Bacon, 1968), pp- 318-70.
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arobiom asd Lacy puopesud sonn

R TR AT ENY:
I

solut lanas.,  They
inFerpition, in ti

I inenat

erpar et s, awd

;1 teniative conclusg

tested by furthor

aorvol tons,  Continned tosling
cansced tnzn te podily thu fiual

Lhat veomed

2iyone,

wlatemant Lo ong

rotory to <

The sclentific wethod of
reasoning as a procedurs In
ing hwis mach to command
ounght 3t dewriads
time for sab il
!Lve1n9m£1L the resulting

Terpradagn icund - Pupils
know thic L wmeaning of the
paereral state snt, they know
its applications, and thoy

it Jimitatlon=n.
tlxgllwil the sclevtd
od of

el
not

*(1‘ahlﬂw

OO Bunse 3
that can be

i

ot a
boegiuning

I cfentific
doenands Gnsive prac-

o in a wide vasiety of situ-
ations, IL nead ol be formal-
ized by listing it iv sequential

VEUr,

steps; dndeed s formalization
may interf{ere with the thinxing
of pupils. Pupils arc generally
intelligent emough te work out

satd dJures for
each particular situation with-
out reference to a formal list.

The teaching
Theories are
that have been fﬁTmula od to
explain a set of conditions.
Some theorics are widely ac-—
cepted and some are in dispute.
All theories arc susceptible to
molification and even to aban-
donment. The tlhinking person
may accept a theory but he al-
ways does sc with reservations.
Many of the gweat contributions

1905

deseription
a160

provious

,hud Tr

Joeprifies what ds
ﬂﬁrvt by tha
that this method way hc

AR Aats

35-3

fegifdnd a8

a teaching procedura.

34-37 is

: the Warrant
b;lnr c%t;bllah~ﬂ in the arpument.
It is imnediately followed by the
Conclusion, in lines 37-44, that
this teaching procoedure produces
£0 "Jearnines.' The Haturz of
4 dimension may be rclevaut
to the rewarks in lines &40-44.

and

The final paragraph (lines 45-62)

of the first argument seams (o
pravide Sﬁveral items whicl are

level of Backing,
Three points

levant a4t the
than Data.

‘or to the scientific neLnnd and
ability

‘ourth refers to pupils’
apply the scientific method. In
\is dinterpretation, all cowments
1Pau? the scientific method are
,gardgd as Backing for the Warrant;
only the description of what the
asthors take that method to be is
regarded as providing Data.

The second argument begins with
presentation of Data. In lines 64-
78, several chavacteriscies of

theories are set out. The Relation-
ship of science to truth dimension
may be relevant.
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{5 oot esee bave beep o v by
Folyaed Lo
Lol e

e e avcoept
blind by tie

at i Liuee.

prevailing

the wedonnes: pro-=

Mo opark ol
o treat-

LLOM e 2nE more Careful
than the toacling ol

et

theories, Tt is all too

to iuliucnce youns winds into
acrepling theorlcs as fac
gither clos pids p

manentbly oe it dif
oz the minds Lo be change

Pupils should be cnasclous
of the theories dealt with I
the science prozvam. They
2 ghown why the theory
ley sheould be

wds usgod in

should b

was proposed,
given the data that
its foraulation, and thoy

“Lould know the eyidence that

has accunulated in I suUpnNOTE
and any medifdications that the
theory has undergona, The
limitations of the thzory
should be nada elear.

ned to evaluate

. operl
can agcht chinge.
that ldctla i3
field of scieuce.

tand the challenge

They realize
Lnown in the
They unders

of :ciwnga They may be
tomorrow's Kepplers [sic] and

Darvins and Binsteins.

Unfortunately, teachers nust
do a good deal of sifting to

isolate theories from facts.
Far too many authors and teach-

ignora the distinction.
Books commonly use the expre;
sion, "The Molecular Theory,"
without pointing out in the
slightest how the accompanying
information differs from fact-
ual material presented in
other portions of the book.

m
i
0

196

7

The statements which follow the
Data seem Lo explo
at the level of Backing (lines 79-
87). They indicate why it is
iwportant to develop a posi ion on
the teaching of theories.

considoerations

The statements in linez £8-100
are interpretecd as providing the
Warrant being established. The
meaning of the first sentence
(lines 88-90) is expanded by the
zecond and third sentences (lines
30-100). ‘'The Comnninteation dimen-
sion may be relevant to this

Warrant for the teaching of
theories.

Lines 101-107 provide the Con-
clusion which is dintended to support
rhe Warrant already prescnted
(lines 88-100). Four desirable
characteristics are associated with
pupils frained to evaluate theories.
Thﬂ 1ast sentence (lines 107-109)
sems to be intended to enhance the
lue
The last paragraph included in
this selection (lines 110-121)
jdentifies a practical problem
associated with the apﬂlicaglan of
the Warrant. The point is related
to the Backing already indicated
(lines 82-87).

[y

<
!F'-'" ﬂ
‘m \m\

of the preceding characteristics.



betailed analysls
e Authors of Seleckion € have provided the Four baslc
elemonts for cach of the two atgnments. In both ins tauee s, comnenis

t of th. Backing for the

about the bata sevn Lest dnterpretoed as pa
vivrant belng established, The two Uarrant: speak to how science

b

should ba tausht, and the comnents interproted as Dacking indi

vl ficance of characrevistics of science for a science veacher,

the uiyp ) :
These fontures are displayed in the argument—patterns in Figures 7 and 3.

e e e §0, CONCLUSION: Lz a
! teaching procedure, the
‘ seiaptific method requires

DATA: The ¢
of rensoning
tive and deduct

and carefal te time but produces scund

clus onsg.

Since, WARRAWL: The gejentific
method is a commendable teaching

procadure. l

On account of, BACKING: ALl

careFul thinkers use the scien-

tific method, which is little

nore Chan coumon sense, but

which requives extensive practice. Argunant G-1

7.-=The argument-pattern of the first
argument in Selection G.
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and limitations.

|
On account of, BACKING: Theories
are easily accepted as facts, with
undesirable results for students.
How theories are taught requires
caroful treatment. Argument G~2

Fig. 8.--The argument—pattern of the second
argument in Selection G.

The discussion of the "scientific method" introduces the Data of

)]
o

argument G-1. The authors' description of the scientific method (lines
11 to 33) is a general one—-problem, hypotheses, experimental data,
tentative conclusion, and modification by continued testing. It seems
appropriate to come tc an understanding of this method with reference
to science before interpreting it as a method of teaching. When one
reviews the titles of the dimensions relevant to the nature of science,
the dimension How empirical content increases seems likely to be ‘
relevant. Positions on this dimension speak specifically and in detail
to the acceptance of conclusions into the body of scientific knowledge.
Positions on the Progress of science dimension celate to the issue of
continued testing, while questions of whether and in what sense a
conclusion is tentative are addressed by the dimension Relationship of
setence to truth.

Two results may be drawn from this comparison between the text
and the analytical scheme. The authors touch on a number of issues in

‘their references to the scientific¢ method, and they do not examine these

o

ssues in detail sufficient to permit their positions to be compared to

those on the several relevant dimensions. The impression that significant

O
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issues are not boeing developed by the authors Ls borne out by their
subzcquent cxpress on of the view that "the scientific method of

reasoning is little more than common sense' (Lines 45 to 47). Reference

to the analytical schome permits one to conclude that several i
associated with the Data of the argument have not been identified
cxplicitly or addressed comprehensively.

The several characteristics of theories which serve as Data in

argunent G-2 susgest that comparison to pesitions on the Relationship

of seicnee to truls dimension would be appropriate. Even though the
authors do not mentlon the concept of truth explicitly, the references
to modification, abandonment, and acceptance with reservations indicate
that this dimension is relevant to the content of the argument.  The
authors' position shows wore similarity to Kukn's than to the position
of Carnap and Popper. However, the position is not developed to an
extent which would permlt close arison, The authors do express
particular intcrest in the differences between theories and facts
(1ines 84 and 110 to 114), but they appear to regard the differences
nore as self-explanatory than as deserving of study. Reference to the
analytical scheme confirms that the authors have not developed tiese
differences as they could have.

The Conclusion of the first argument and the Warrant of the second
argument are expressed in terms which hint at issues associated with
two dimensions of the concept of teaching. The evidence is limited and
inconclusive, but the possible applicatici descrves brief consideration.
In lines 40 to 44, the authors expand their reference in line 40 to

"sound" learnings. Pupils are said to "know" exact meanings, applica-

tions, and limitations of what they learn., These characteristics could
be associated with the composit pergpective on the Neture of learning
dimension. However, the position has been asserted, not supported empiri-
cally. In the second argument, in lines 90 to 100, the verbs used to

expand the meaning of being "conscious of the theories" (lines 88 and 89)
convey a message about how a teacher relates to students. The passive

mode of expression (lines 91, 92 and 93, and 100) seems closest to the

d 9
information cupbasis on the Communication dimension. In both instances,

£ .=

the evidence is limited and the identification of a position is oniy
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tentative. Refercunce to these two dimensions docs supgest that Losuds
are raised which merit further examination for full understanding of the

authors'

position.

Finally, in concluding the detailed analysis, il is interesting to
note that the same order of presentation of argument—elements occurs

in both arguments. The elements of Data and Backing precede the Warrant
being cstablished, and the Uarrant is followed by the known Conclusion.
One might speculate ohout whether such a sequence invites the careful
serutiny a reader might be expected to give the arguments if he i to

accept them on rational authority.

Commentary on the analys

g

Three dimensions of the nature of science contribute to analysis
of the Data of the two Warrant-establishing arguments in Selection G.
Two dimensions of the concept of teaching appear relevant to the manner
in which other elements of the arguments are stated.

The issues raised by the discussions of the scientific method and
the nature of theorics can be dnterpreted adequately by reference to the

analytical scheme., Application of the scheme demonstrates that the scheme

o

does have the capability to permit one to recognize that issuesz associ-

ated with the nature of scienc

]
o

. are not being addressed clearly or
comprechensively.

The authors do appear to provide the elements required for
complete arguments. lowever, significant issues associated with the
Data presented in each argument are not developed for the reader.

Rl

Ypoallw

support for the Conclusions about how children learn is not provided
these Warrant-establishing arguments. Thus the authors cannot be said

to make provision for acceptance of the arguments on rational authority.

Interpretation of the Results of Application
~ of the Analytlqu Scheme

In this final section of the chapter, the various kinds of informa-

tion obtained in the preceding analysis are summarized and interpreted.

o]

h osed in the introduction to the chapter serve as a

five questions p

e =
]
—

~uide. Attention is given to both the content and the structure of
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argaments. Later in the scction, comments dre included about the sub-

sidinry analysis of additional textbook passages, presented in Appendix A,
everal broad generalizations provide points of reference for

examining the vesults first in terms of dimensions of thce scheme and

thon across all Four selections to which the scheme has been applied.

Application of dimensions of the nature of seience has often produced

conclusion that an issue is not presented in decail sufficient to

&

permit a satisfactory comparison between a position in an argument and
the positions on a relevant dimcnsion. At times the detail is suffi-
cient to permit recognition of similarities, but positions within the

dimensions are never clearly identifiable in the analyzed passages.

In contrast, application of dinensions of the concept of teaching has

frequently resulted in recognition within arguments of positions

expressed within relevant dimensions. However, positions associated
with the composite perspective are never fuily expressed in the

analyzed passages. In the two selections which discuss extensively how

]

seience is taught (D and £), development of arguments involves the

ontrast between the information and insight emphases of various dimensions

"

o)

Results of
JﬂdLVldqu

1. Is each of the dimensions of the scheme relevant to some

t one of the selected passages? If not, 18 this a

portion of at leas

veflection on the analylical scheme?

{ithin the sample of Selections B, D, B, and G, each dimension
of the analytical scheme is relevant at least once, and most dimensions
are applicable to more than one argument. Table 4 summarizes the
results relevant to this question by indicating the particular argu-
ments to which cach dimension has been found to be applicable.

2. Arve the range and detail of each dimension adequate for use
in analysis of arguments? Ave modificctions to dimensions required or
suggested?

The most appropriate means for dealing with this question is to
sunmar.ze the results on a dimension-by-dimension basis.

The Demarcation of science dimension is relevant to arguments B-1,

E-1, F-5, and E-11. 1In both Selection B and Selection E, the authors appear
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TABLE 4

ARGUMENTS RELEVANT TO EACH DIMENSION
OF THE ANALYTICAL SCHEME
(Selections L, D, E, and G)

Demarcation of scievce B-1 E~1, E-5,
and E-11

How empirical content increases E-5 G-1

Objectivity of science B=4

T

&

[p
3w

Relationship of science to truth

oy >}
[
Ll |

Progress of science B-3 E-11

Nature of kncw.edge D=1 E-1

Nature of learning D-1 E-8, E-9 G-1
Nature of teaching D-1 E-2, E-7
Communication D-1 G-2
Authority E-3

Use of expertige D-1 E-4, E-8,
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Lo be developing a position about characteristics wuique to scilence.  The
authors" positions are not well developed, vhen compared to positions
on this dimension of the analytical scheme,  Thus theve is no reason to
consider altering this diwensfon of tho schemne.

Argumants 1-5 and G-1 afford opportunitics to apply the dimension

Lrical conlent which is regavded by the iuwvestigator

Hena g

as the most appropriate dimension for analysis of discussions of a
Mgeientific method." In these two arpguments, no direct comparisons are
possible. Buecause tie concept of a "seientific method" tends not to
be reparded as philosophically productive, this result is not regarded
as an indication that the range of positions might be inadequate.
Objectivily of seience dimension is applied only once. In
arsument B-4, a position eimilar to one of the positions on this dimen-
sion is developed. The Kelationship of science %o truth dimension is
applicable to the coutent of avguments B~4, G=1, and G-2. In the first,
some similarity to Popper's position on this dinension is found; in the
last, a slight similarity to ¥uhn's position is identifiable. In these
iustances of similarity to one position on a diwansion, there is no
reason to regard the range of available positions as inadequate.

Arguments B-3, E-11, and G-1 provide opportunities Lo apply the

schone's final dinension of the nature of science, Progress of science.

The content of these arguments does not appear to echallenge the ranzge
};' ,} (=] 3

of available positions. Argument 1-11 deserves special note: there a

W

position is suggested (though not deve loped) which separates the processe
of science from their results. Construction of the analytical schene
has given no indication that such a position might be appropriate. Thus
the content of argument E-11 also does not appear (o challenge the range
of available positions on this dimens sion of the aun;yt;cal scheme.

With each of the six dimensions of the concept of teaching, it
is possible to identify one or more of a dimension's three positions in
the arguments to which a dimension is applicable. The Nature of knowledge

dimension is applicable to arguments D-1 and E-1; in the former, the

Eﬂ'ﬂ

composite perspective is suggested, and in the latter, the information

emphasis. The Nature of learning diwension is applicable to arguments

pD-1, E-8, E-9, and G-1, while the Nature of teaching dimension is
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applicable to arguments D=1, 1=2, and ¥=7. All three positions of
both dimensions are identifinble within theue several applications.
The range and detadl of the dinensions scem adequate and no wodifiea-
tions are suggested,

Arguments D-1 and G-2 permit application of the Communication
dimension, and tvo of its positions are identifiable. The application
to avgument D-1 identlfies a difficulty in distinguishing between the
relevance of this and the Use of ecpertise dimension, particularly with
respect to the informationm emphasis.

The Aushovity dimension finds application only in argument E-3,
where the positior, associated with the information emphasis is
recognized,

The Use of expertise dimension is relevant to arguments D-1, E-4,
E~8, and E-9. All three positions on this dimension are idcntifiable
within these arguments. As moted in the discussion of the Communication
dimension, the application to axrgument D-1 indicates a need to distin-
guish moxe c¢learly betveen Lhese two dimensions, and to ensure that
there is a significant differeace which justifies two separate dimen-
sions.

One source of confusilon is readily identifiable: the word
Vexpertise! appears in the positions of the Use of eaxpertise dimension and
in the information cmphasis position of the Commnication dimension (refer
to Table 2, page 149). There are indeed significant differences between
the dimensions, as shown in their derivation in Chapter IV and confirmed in
the application of the scheme. The Comminication dimension calls attention
to an important aspect of teaching involving expertise in. the processing of
information, 7There are other types of expertise possessed by teachers,
and issues other than communication are involved in their use. 7Two
specific suggestions for improving the clarity of these dimensions emerge
from applylng the scheme. In the revised statement of the analytical
scheme, in Appendix B, the Communication dimension is stated after the
Use of expertise dimension, to give visual suppoxt to the fact that the
former is Lo some extent a sub-dimension of the latter. Also, the phrase,
"expertise in processing information" Ls changed to "abllity to process
information." The new yording parallels the wording of the insight-

emphasis position on the Communication dimension. It has the same meaning,
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in essence, but it indicates moxe clearldy Lhat the particular concern
of this dimension is the processing of dnf ormatdon by teacher and
pupils, not the general uset Of expertise by the teaclier. This is
the only modification suggested or requited by the results of applica-

tion of the analytical scheme to these argumenls about the teaching of

0]

cience.

o
o

Results of analysis across
the four selections

3. Does analysis of an argument according to dimensions of the
amalytical scheme permit one to determizie wvhether issues are addressed
clearly, distinetly, ard comprehersively n the argument?

This question can be ansvered affirmatively, with the support of
instances in which issues are pot aldressed clearly, distinctly, or
comprehensively, There are several cases in wihilch issues are not
addressed distinctly. In argument B-4, scientific objectivity and the
status of scientific coneclusdorrs with respect €0 truth are treated
simultaneously, as a single dsgue. In argument D-1, the vords ''teaching"
and "learning' are given res tricted meanirgs for a brief time, without
addressing the more basic question of different emphases in the inter-
pretation of both wvords, In gselection E, analysis indicates a possibility
that the position about the mature of science could appear to be derived
from the position about the corxcept of teaching.

There are also instances dn vwhich issues are not addressed

comprehensively. Perhaps the clearest case occurs in argument D-1, in

vhich the author develops three "approaches' to teaching which initially
secned to be similar to che three perspectives on the concept of teaching.
In developing his argument the author s less than conprehensive. He
focuses attention on contrasting tvo approaches but neither is compared
to the third.

There are several cases L1 which one concludes from the
analysls that lssues are not addressed clearly - Argument G-1 illus-
trates a failure to address issues elther cleaxly ox comprehensively.
In a single sentence (limes 25 to 30), the author touches upon issues
associated with three dimensipoms of the nature of secience without
clearly identifying them a8 Issues OF providing details of his position

onn those dssues.
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L. Does analysis of an arqument according to dimensiorns of the
analytical scheme j’aeili&saézg identification of the cuthority upon which
the argument resis

This question can be answexed af firmatively in the llght of
criteria set down in the illustration of the format of the analysis,
earlier in the chapter. In each of the four selections, analysis
focuses on a particular and significant element of argument. In
Selection B, apalysis addresses the Backing of argument B-2, arud,
ultimately, of argument B-1 as vell. In Selectiom D, analysis provides
an assessment of the Data of the argument. Analysis of Selection [
provides many perspectives on the Data of argument E-12, vhile in
Selection G, analysis provides an assessunent of the Data of arguments
G-1 and G-7. 1In each instance, results of analysis of am impoxtant
element of an argument contribute to a conclusion about the authority
upon which the argument rests.

5. Do significant issues arise in the selected passuges which
cannot be analyzed in texms of dimensions of the analytical scheme? Are
additional dimemsions required ox suggested?

The four selections do not present issues about scieénce oX
teaching which cannot be analyzed in terms of dimensions already
included in the amalytical scheme. Accordingly, mo dimensions are added
to the scheme at this point. This decision is not meant to suggest that
the scheme is or has been shown to be complete. Hovwewer, this indtial
assessment of the applicability of the scheme does mot denand or suggest

additional- dimensions.

Results of analysis relevant

to arfument—structufa

tion obtained about the content of the four sale;ti@n§ which have been
analyzed. It is also appropriate to examine the information obtained
about the structure of arguments, through use of the fargument-pa ttern"
concept., | |

Selection B is characterized by complete arguments vhich are
elaborated rather extemsively. Argument B-1 begins yith Data and

Backing; the Backing 1s developed during the chaptey, as the Warrant is
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established which peraits the Claim presented at the end. The relation-
ship of arguments B-3 and B-4 to B-2 probably accounts for the observed
sequence of argument-elements. Argument B~2 begins with Backing and
Data. Then the Claim is presented, before the Warrant which permits it
had been established. The Warrant is established by presenting the
Data and Conclusions of arguments B-3 and B-4.

Selection D is dominated by presentation of the Data of the argu-
ment, for which no Backing is identifiable. Warrant and Qualifier
precede the Data, and the three elements together permit one to recog-
nize an implicit Claim. The Warrant being used is repeated at the end
of the argument, which closes with conditions of Rebuttal.

In Selection E, many arguments are presented, and some are both
brief and incomplete. When one interprets the first eleven arguments
as Data ol the argument for the final Claim, it is necessary to infer
both Warrant and Backing from the expression of the Data.

*inally, the two arguments in Selection G are characterized by
the same sequence of elements. Data and Backing precede each Warrant
being established. Only after the Warrant is stated is the supporting
Conclusion presented.

There are no instances of explicit referemces to argument struc-
ture in the four selections; the authors argue without commenting on
the ways they argue. The variations among these four sélectians; in
terms of presence, sequence, and elaboration of elements, indicate
significant diversity among the authors' styles for structuring an
argument . The scheme permits one to detect various failures to make
provision for ac:eptaucé on rational authority. Provision would be
nade by presenting and elaborating all necessary elements in a sequence
which leads up to the Claim (of a VWarrant-using argument) or the Warrant
(of a Warrant-establishing argument). ’

As a final note, one use of the schene had not been anticipated,
one in which there is direct interaction between the structure of an
argument and dimansians of the scheme itself. Selection G provides tvo
{nstances in which the authors' manner of expanding the meaning of an
element of the argument seems to imply a position on a dimension of the
concept of teaching. Only limited application of a dimension is possible

in these instances.
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Comments on the subsidiary
analysis in Appendix A

By initial inspection, the four selectioms in Ap@ezdig A were set
asside for subsidiary analysis because they did not provide as strong and

comprehensive a test for the scheme as the selections analyzed and dis-

- cussed above. Reference to Table 5 shows that there are not as many

opportunities to apply the scheme in Selections 4, C, F, and H.

Application of the analytical scheme reveals that several of the
arguments make quite limited stipulations, without reference to other
significant aspects of sclence or teaching. Inadequacies in the Data
about science or teaching and shortcomings at the lovel of Backing can
only result in unacceptable Claims or Warrants for ﬁhe teaching of
science.

Nothing has been found in the subsidiary analysis which adds to
or deviates from the findings of the main analysis in this chapter. The
joint application of the Communication and Use of eaperiise dimensions
does not arise in the subsidiary analysis; modifications to those dimen-
sions are based solely on the amalysis of Selection D. In short,
analysis of Selections A, C, F, and H corroborates the main findings

reported above from analysis of Selections B, D, E, and G,

§umma:z

In this chapter, four passages have been selected from textbooks
on the teaching of science, and the content and structure of arguments in
those passages have been analyzed by applying the analytical scheme, in '
conjunction with Toulmin's argument-pattern. Results of this main
analysis, and of the subsidiary analysis of an additiun&i four passagas
presented in Appendix A, have been raviewed and. interpreted.

. The overall purpose has been to apply the amalytiaal gcheme and -
intexpret the resulting inicrmatiﬂn for purpnses of enhaﬂcing the .
applizabili;y of the scheme. One significant mndificatian of the Echéme
has been made as a result. Tha modified analytical schmme is presented

in Appendix B.
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TABLE 5

ARGUMENTS RELEVANT TO EACH DIMENSION
OF THE ANALYTICAL SCHEME
(Selections A, C, F, and 1)

Demarcation of science A-2

How empiriecal content increases

Objectivity of science F-2
Relationship of seierce to truth c-1 F-1

Progress cf science A-1 c-2 F-1

Nature of krowledge

Nature of learning

Nature of teaching c-1. C-2

Communication ' c-1, C-2 -1
Authority H-1

Use of expertise




CHAPTER VI

CONCLUSION OF THE STUDY

Introduction

In this study, the investigator has derived and demonstrated
the applicability of an analytical scheme relevant to a significant but
previously unstudied aspect of science teacher education programs--the
provision made for the development of views of science and teaching.
This final chapter begins with a review of the study's major components;
formulation of the research problem, analysis of relevant literature,
development of theoretical perspectives on sciencz and teaching, and
derivation and application of an analytical scheme. In the second
section of the chapter, specific conclvusions are drawn about the direct
applicability of the analytical scheme to planning and evaluation of
several aspects of science teacher education programs. The chapter
closes with identification of areas for further research based upon

the analytical scheme which is made availlable by the study.

A Review of the Study

In the opening chapter of the study, it is argued that views of
science and teaching held by teachers have consequences for both pupils
and teachers, Views of science and teaching can iﬂfluence a teacher's
selection and interpretation of objectives, his planningkand presenta-
tion of teaching behaviors to pupils, and the criteria he uses to
interpret pupils’ behaviors and his own influence:aﬂ’thgﬁ;:'Vieﬁs of
the nature of science and the concept cf'téaehing éghfbéféipeetéd to
influence the range of pﬂssiblelpupil auteéméé cffs;igﬁcélingcru;ticn

and the teacher's ability to monitor his professional actions. .
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The investigator argues that science teacher education programs
are an appropriate forum for the devalﬂﬁmgﬁt of views of sclence and
teaching by prospective and experienced science teachers. llowever,
little is known about the potential or actual influence of science
teacher education ﬁrggrams on teachers' ways of thinking or subsequent
teaching behaviors. It is the Purécse of the study to take a significant
first step in the analysis of this complex question. The study addresses
the problem of developing a way to examine the potential conceptual
interaction between claims made about why and how science should be
taught and views already held by those to whom the claims are presented.
Both the kinds of claims made (conclusions of arguments) and the ways

they are made (structure of arguments) are of interest and importance.

Ccn;ggtrgfgﬁhgmptéb;em

Recognition of the research problea is influenced by new ﬁerspezﬁ
tives on teacher education. The problem is fcimulated on the pramise
that how teachers teach is a matter not only of techniques but of ways of
thinking. The manner in which the problem is studied is influenzed by
new perspectives on research in science education. The research style
has the specific purpose of making theoretical perspectives relevant to
matters of educational practice.

These new perspectives on teacher education and research are
examined in Chapter II of the study. Egtianales for science instruction
and science teacher education in this century are reviewed in broad
terms, to lend credibility to the interpretation that science instruction
has been intended to achieve more than Eiﬁ?lé transmission of scientific
knowledge to pupils. As argued earlier, haweveﬁ, teacher -education has
seemed to assume that further dgvalapmgﬁt of subject-matter éxﬁartisa
and study of instructional techniques are the necessary and sufficient
elements of proparation for teaching.

Three new perspectives are exanined as ﬁraduative challenges to
long-standing assumétians about the nature of teacher educatiom. Their
common theme is that teachers and teacher candidates have ways of think-
ing which influence their teaching behaviors and vhich require develﬂps
ment aﬁpfgériate to the various duties and tesﬁansibilities of a teacher.
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From psychological considerations, Sarason, Davidson, and Blatt have
constructed and tested analytically the fasiticn that teachers require
specific preparation relevant to observation and interpretation of pupil
behavior and selection of subsequent teacher actions. From an analysis
of teacher education experiences, Belanger and Cogan have argued that
teachers and teacher candidates hold and use views about how teachers
behave in classrooms, so that teacher education must be directed toward
developing more effective "nudels of teaching." Scheffler has argued
that t.e responsibilities of a teacher canmnot be addressed fully and
adequately without an informed philosa§h1231 perspective on the subject
one teaches.

Familiar styles of science education research are reviewed in
broad terms to provide evidence for the conclusion that none is well-
suited to the research problem identified in terms of the new perspec-
rives on teacher education. An alternative to styles based on observa-
tion or achicvement is described and examples are discussed. The
alternative is the development of theoretical perspectives relevant to
issues in science education, with explicit derivation of an analytical
scheme which permits one to study science education phenomena in terms of
the selected theoretical perspectives. The alternative is similar in
some Tespects to existing types of observation studies, but quite differ-
ent in its emphasis on bringing new perspectives to bear on the analysis

of educational events.

Development of theoretical
perspectives

Views of science and teaching are taken, a priori, as elements
of thought which have significant potential for influencing outcomes of
science instruction, both for pupils and for teachers. The theorctical
perspectives developed in the study are concerned with the nature of

science and the concept of teaching.
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Theoretical perspectives on science are the subject of Chapter
III. The analytical device of a "categorial framework,” developed by
Kérrer, is used as the basis for an examination of systematic accounts
cf science put forth by Carnap, Popper, and Kuhn. Kdrner argues con-
vincingly that individuals' explanatory standards and metaphysical
beliefs are closely related to their ways of classifying objects of
experience. K&rner's argument lends further support to the position
that ways of thinking about science and teaching may be expected to
influence teachers' interpretations of their teaching.

Kérner's device proves useful for its intended purpose. Each
of the three accounts of science is summarized with a statement of the
implied categorial framework, which renders more intelligible various
"metaphysical" issues associated with the particular position. The
comparative analysis of the accounts of science suggests five signif-
icant issues on which the accounts differ. The i1ssues are adopted as
five dimensions of the analytical scheme, on the interpretation that
the issues represent ways of expressing significant features of views
of science. The views of Carnap, Popper, and Kuhn are stated concisely
on each dimension, as positions to which less formally stated views of
science may be compared.

As one might expect from the obvious differences between
"science" as an area of disciplined intellectual inquiry and "teaching'
as an activity which may enable others to participate in inquiry, the
development of theoretical perspectives on teaching proceeds in a
different manner in Chapter IV. Philosophical analysis of purposes
and activities of teaching has been conducted from numerous vantage
points. From issues raised in five different analyses selected as
offering distinct and significant contributions, six more dimensions
of the analytical scheme are derived.

For the dimensions relevant to the concept of teaching,

alternative positions are obtained not by contrasting the different
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authors' views but by developing a common feature of their arguments.
Each analysis suggests that there are two typical divergences from a
comprehensive perspective on teaching, one overemphasizing iniormation
(termed the "information emphasis") and another overemphasizing
individual judgment (termed the "insight emphasis"). The two emphases
and the '"composite perspective" (as it was named) are used to develop
statements of three alternative positions to which views of teaching

relevant to a particular dimension may be compared.

Application of the analytical scheme

The manner in which theoretical perspectives on science and
teaching are developed yields an analytical scheme of eleven dimensions,
with three alternative positions stated on each dimension. It is the
task of Chapter V to demonstrate application of the analytical scheme in
the context of making an initial assessment of the scheme's applicability.

Dimensions of the analytical scheme are appropriate for examining
the content of views of science and teaching, but they do not touch
directly on the manner in which views are held or expressed, To permit
application of the scheme to take account of the structure of arguments
as well as their content, the analytical device of an "argument-pattern"
for rational arguments is used, as developed by Toulmin. Supplemented by
the argument-pattern, the analytical scheme is used to examine passages
selected from textbooks which discuss rationales and methods of science
teaching. Four passages are analyzed in Chapter V aﬁd judgments about
the scheme's applicability are made on the basis of the results. Passages
from the remaining four of eight textbooks initially selected as sources -
of data are analyzed in Appendix A, to which readers may refer for purpﬂsesi-

of further assessment of the scheme's applicability.

Conclusions Related to the Applicability
' of the Analytical Scheme

The application of the analytical scheme to excgfﬁts from science : i
methods textbooks permits the statement of a number of conclusions about -
the aﬁplicability of the scheme. The answers to the questions which
guided the assessment of the scheme's a?plicabiliﬁy ﬁrcvida the most

straightforward conclusions,
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Each of the eleven dimensions of the analytical scheme is found

to be relevant to at least one of the arguments analyzed in Chapter V.
From the evidence available each dimension appears to have sufficient
range and detail to be useful in the analysis of arguments about why and
how science should be taught. A?éligatian of the scheme indicates that
the scheme's clarity is improved by one modification which is shown in

the revised version of the scheme in Aﬁéen&ix B.

Analysis of arguments according to dimensions of the analytical
scheme does permit one to make inferences about the extent to which
issues are addressed clearly, distinctly, and comprehensively in an argu-
ment. The content of the analyzed passages does not demand or suggest
additional dimensions for the scheme, and the dimensions developed
initially appear to have the comprehensive coverage appropriate to such
a scheme. -

Application of the analytical scheme also facilitates identifica-
tion of the authority upon which an argument appears to rest. Toulmin's
argument~-pattern is shown to be a valuable supplement to the scheme,
particularly for analysis of provision made foi an argument to be
accepted on rational authority. Variations in the structure of arguments
can be detected in the course of application of the analytical scheme.

Two broader generalizations may be drawn from the evidence avail-
able in Chapter V. In the twenty-nine applications of a dimension to an
argument in the main analysis (see Table 4, page 193), there is not one
clear identification of a position expressed by Popper, Carnap, or Kuhn
with respect to science or of the positions interpreted as elements of a
comprehensive perspective on teaching. (This result is corroborated by p
the subsidiary analysis.) This "non-result" suggests the hypothesis that :’E"

textbooks concerned with methods of teaching science have not incorpo-

rated significantly or successfully the achievements of philosophy of

'science or philosophical analysis of teaching. The hypothesis, which
merits investigation, conforms to expactatiﬂﬂs one might derive from the‘v'
traditional assumptiﬁns whlch,appear to have been made about requirements
of teacher education programs.

A second generalizaticn concerns the structure of argumeuts.A

The evidence in Chapter V suggests the h';ptbegig that the structure ﬁf‘_"
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an argument is not taken into account explicitly by the authors of
science methods textbooks. Each of the four styles examined in the main
analysis has shortcomings when assessed on criteria derived from the
argument-pattern construct developed by Toulmin. The variability of
authors' styles suggests that the structures of arguments are more
idiosyncratic than intentional or systematic. The absence of explicit
references to the structure of arguments is an absence of direct attempts
by authors to attend to the manner in which their claims are perceived by
readers. (On this point, evidence in the subsidiary analysis is consis-
tent with the evidence in Ghaéteﬁ v.)

This study has focused on the question of the provision nmade by
science teacher education ﬁrcgfams for the development of views of
science and teaching. The study illustrates how the analytical scheme
may be used to assess the ?ravisimn made by science methods textbooks.
Science teacher educators could use the analytical scheme in other ways
as well. The scheme could be used as an analytic device for making
experiences consistent and comprehensive in a program of science teacher
education. From the scheme one might develop questions relevant to the
identification of individuals' views of science and teaching. The scheme
may help determine appropriate directions for development of views of
science and teaching. Finally, it may even be appropriate to teach the

substance of the analytical scheme to prospective science teachers.

Topics for Further Research

The analytical scheme developed and applied in this study has
passed an initial test of its value for examining the potential concep~-
tual interaction between claims about the teaching of science and the
views of science and teaching which a prospective science teacher might
hold. The most direct research extension of the study would be to
various aspects of science teacher education pfggrams other than text-
books-—for example, verbal interactlnn in various preparatory courses.
The theafétical pErSpEGEiVES dEVElQpEd in the study should also prcvide

a ggnceptgal basis for research concerned with views of science and

teaching actually held by teachers, views implied by their teaching

behaviors, and processes by which views or teaching behaviors actually
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do change. Each of these extensions beyond the analysis of written

claims in textbooks on the teaching of science merits brief discussion.

The provision for development
made by verbal 1ﬂteraﬂtlon

As already mentianed it would be apprép;iate to assess the

analytical scheme's appli;ability to other elements of science teacher
education programs. Additional considerations may arise in the analysis
of the medium of verbal interaction. The most obvious formal setting
which involves verbal interaction is the class meeting of a preservice
or inservice course for science teachers. A meeting held for the
analysis of teaching practice may be of special importance because it
deals with events in which the teacher or teacher candidate is an
influential participant. Although supervision of beginning and experi-
enced teachers has been analyzed in many ways, it has not been studied for
the development of elements of a teacher's "model of teaching," such as
views of the nature of science and views of the concept of teaching. It
would be valuable to determine the usefulness of the analytical scheme

for that purpose.

Analysis of individuals' views
and teaching behaviors
Intentionally, the study has been limited to the provision made

for the development of views of science and teaching. Views actualiy
held by prospective and experienced science teachers and views implied by
their teaching behaviors are obvious and significant areas for extenmsion
of the work begun in this study.

As noted in Chapter I, there is a small body of research in which
teachers' views of science and teaching have been investigated. The
analytical scheme appears to represent a sound basis for an alternative
approach to the study of teachers' views, To what extent views of science
and teaching actually held by 1ndiv1duals can be identified with the aid
of the scheme developed in this study is an interesting and impcrtant

empirical question.
Another research topic to which the study may contribute is

analysis of science teachers' behaviors for their implied views of science’

217




O

ERIC

Aruitoxt provided by Eic:

209

and teaching. The analytical scheme developed here is an addition to the
group of instruments described in Chapter LI as products of research
conducted in the same manumer as the present study. The perspectives on
science and teaching expressed in the analytical scheme should be useful
in the observation and interpretation of science instruction.

Comparison of teachers' professed views of science and teaching
with the views implied or suggested by their teaching behaviors is yet
another topic of potential interest. The comparison of words and actions
also suggests itself as a technique which could be assessed for its
contribution to the development of views of science and teaching by
science teachers.

Confidence in techniques for identifying views held by teachers
or implied by teaching behaviors would permit ome to injitiate longitudi-
nal studies Foxr the purpose of detecting changes in professed views and
changes in teaching behaviors. Both the content of changes and the
processes by which changes occuxr would be of interest, with direct
implications for the preparation and supervision of science teachers,

These topics for further research are sugpested not with a view
to the eventual control of teachers' views ox behaviors, but with a
view to informing those who are in positions to make provision for
science teachers to develop more complex and effective models of
teaching. It is expected that such development would have significant
implications for outcomes actually achieved by students of science and

for the professional maturity achieved by teachers of science.

Sumnar:

This study develops and assesses the applicability of an
analytlcal gscheme for examining the provision made by science teacher
education programs for the development of teachers' views of the
nature of science and the activity of teaching. The scheme may be
applied to the design and to the interﬁ:atatiéﬁ or evaluation of
arguments making claims about rationales and methods of science
Instruction, Both the content and the structure of arguments may be
analyzed. Sevefil signifizant topics for Further research arise from

the theoraetical PEISPEEtLVES developed in the study.

218




210

The study develops implications of viewins a teacher as an
[ P 3

autonomous professional rather than a technician. The corrcsponding
task of teacher cducation is the identification and development of an
individual's model of teaching, by processes which are systematic but
not routine. The study demo, “rates the application of an alternative
form of science education research to issues and practices of scilence

teacher education.

il
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Sulrntion A

Toward tore Effective Science Instruction in Secondary Education,

by Andersen and Koutnik, begins with a chapter titled, "A Definition of

. , , . . o \ .
Science Relevant to Science Teaching.'™ Selcction A is taken from a
section of the chapter headed "Scientific Objectives for Learners."

The first of two main arguments develops a position related Lo how

w

the topic of recognizing a "scientific' subject area.

science should be taught.

The second argument develops a pesition on

One dimensilon of

the analytical scheme is relevant to cach argument.

15

20

TEXT

Scientific Objectives
for Lcarners

We have given atteniion to the
"lifferent way of looking" at
common things that has probably
accounted for some of the most
significant breakthroughs in
science. Then we considered and
rejected patterned scientific
method, which left applying,
understanding, and valuing (atti-
tude) the "basic skills" of
scientists and inquirers. (Re-
call that the "basic skills" we
refer to include such operations
as interpreting, observing,
hypothesizing, designing and
executing investigations, and
defining problems, though not
necessarily in a reliable order
of occurrence,) What we have is
a combination of creative and
critical thinking (that is, the
divergent view and inquiry
skills).

Science Instruction in Secondary Education (New York:

INITIAL ANALYSIS

The first paragraph (lines 1-
23) contains the Data used in the
first argument. The authors re-
peat, in some detail, the Claims
of two previous arguments. In
their analysis, science has pro-
gressed by looking at commoa
things in new ways (lines 1-6)
and by creative, divergent think-
ing (lines 19-22). Scientists'
methods include "basic skills" of
inquiry or critical thinking, not
one patterned method (lines 6=-23)
The Progress of science dimension
is likely to be relevant to this
position on the nature of science.

1Hans 0. Andersen and Paul G. Koutnik, Toward More Effective

The Macmillan

Company, 1972), pp. 1-9.

21§id., pp. 6-8.
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Tt should follow if The second paragraph (lines 24—

25 acience instruction to pro- 45) completes the first argument.

vide learners with a realistic The Claim is made (lines 27-38)

view of seience, it should pro- that science instruction should

vide opportunitics and active encourage understanding and use

support for comprehension and of both basic skills and diver-~
30 application of basic skills to gent observation. The stateménts
the acquisition of irecreased that science instruction should
understanding. Turiiiermore, it provide a realistic view of
nust euncourage divergence and science (lines 24-27), for pur-
the development of predisposi- poses of increased understanding
tions to view issues from vari- (lines 38-45) seem to serve as '
ous perspectives, including Racking for an implicd Warrant
thoso of other individuals or that science instruction should
groups. In such instruction the be patterned on characteristics
learner's primary objective is of science.
40 increased understanding. (As

such, no stigma need be attached

to being "wrong' or accepting

gsomeone's opinion other than

one's own if increased ‘inder-
45 standing results.)

(]
hr

We hypothesize that the suc- The Final portion {lines 46-56)
cess and reward experiences of discussicn velevant to the
associated with application of first argum:nt seems "o suggest a
basic skills and divergent ob- Warrant which could be astab-

50 servation in an environment li=hed if certain learner out-
relatively free of threats to comes are achieved as a result of
the self are likely to aid teaching science according to the
learners to be sensitive to and Claim already presented (lines
objective about information, 22-38). References to success,

55 ideas, ideologies, and institu- revard, and freedom from threats
tions in society. . - . seem too general for comparison

to dimensions of the analytical

scheame.

= = 1 = L = - - E: L = & = * L =

Science Can be Many Things
in Schrol
Science, defined as a combi-~ ] The second argument (lines 58-
nation of applied inquiry skills 76) begins by indicating that
60 and predisposition to view viewing science as a combination
available things from unusual of inquiry skills and creative
perspectives, is more of a thought is regarded as a defini-
generalizable collection of tion of science (lines 58-62).
behaviors, understandings, and The balance of the first sentence
65 attitudes than a group of (lines 62-68) appears to provide
academic disciplines with both Data and Conclusion. As
"scientific" names ending in Data, the authors indicate that
-ology or -ies. As such we science is often viewed as a
offer the proposition that any group of academic disciplines.
70 subject matter area in which As Conclusion, they indicate a
inquiry and divergent observa- view that science is "more of a
tion have operatcd together to generalizable collection of
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80

85

906

95

100

have produced the generally
recegnized major increments in
development of the arvea may be a
scientific one. Without oo
much trouble one could, accept-
ing this, nruduce an argument
for nearly the whole curriculum
of the sclool beiag science and
inquiry oriented, where the same
student sk.!ls avre objectives of
the many disziplines and the
total prog-an of & school is
coordinated co develop creative
and critical thinkers.

P

Your initial teaching assign-
ment may not be in such a center
of inquiry, but this need not
release you from the obligation
to represent your area of sci-
ence in a way consistent with
s :ience itself. Other parts of
this book will deal with
theories and technologies of
science instruction. It is
enough here to advocate learn-
ing objectives in the creative
and eritical thinking domains
of science ak we have attempted
to Jdefine it.

Detailed analysis

the basic argument-ei=ments.
argument;
of these arguments are displayed in Figures 9 and 10.

argument A-

examining the authors'

In both arguments, it is

The

the second is a Warrant-establishing argument.

behaviors, understandings, and
attitudes.”" These scrve to
establish the Warrant that any
subject orea may be scientific

if it develops by inquiry and
divergent observation (lines 68~
76). So interpreted, the Backing
of the argument is the definition
of secience (lines 58-62). The
Demarcation of science dimension
seems rolevan:t to this argument.

=B

The remainder of Selection A
(1ines 76-101) extends the
results of the first two argu-
ments to the school curriculum
and to the teacher's role. These
are subsidiary arguments vhich do
not appear to raise new issues.

possible to identify or infer directly

“irst argument is'a Warrant-using

The patterns
The Data of

1 and the Backing of argument A-2 are identical.

The Progress of science dimension provides perspectives for

statement, in argument A-l, that science seems to

develop as a result of divergent or creative thinking and critical

thinking.
dimension's three positions, it does not coincide

That is, Carnap, Popper, and Kuhn have different interpretations of what

While the authors' position does not conflict with the

with any either.

is involved in the progrcss of sclence, while the authors of Selection

A seem to regard recognition of progress as unproblematic. Analysis

225

ERIC

Aruitoxt provided by Eic:




DATA:

by a combination of creative
(divergent) thinking and
critical thinking (using

"inquiry skills').

Since,

On account of,

Fig. 9.--The

Science has progrossed -

Ab

CLAIM: Science instruction
ghould encouvagz the under-
standing and use of basic
skilis and divergent obser-
vation.

S 50,

WARPANT: One should teach
science according to char-
acreristics of science.

BACKING: Science instruc-—
tion should provide a

realistic view of science. Argument A-1

pattern of the first main argument

of Selection A, with Warrant made explicit.

DATA:
viewed as a group of
academic disciplinas.

Since,

On account of,

Fig. 10.--The

O

ERIC
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Science is often ————— S 5

is
col-

, CONCLUSION: Science
more a generalizable
lection of behaviors,
understandings, and
attitudes,

o

WARRANT: Any subject area
may be scientific if it
develops by the use of
inquiry and divergent
observation.

BACKING: Science may be
defined as a combination of
applied inquiry skills and a
predisposition to divergent

observation. Argument A-2

pattern of the second main argument
of Selection A.

226



O

ERIC

Aruitoxt provided by Eic:

AT

in terms of the Prograss of sctledse dimension helps to establish Just
what is and is not implied by the authors' analysis of sclence.
flow the authors' definition of science stands up as a criterion
for the demarcation of science is an interesting question. The authors
appear to have followed an approach similar to Kulm's in the sense that
they have looked at how science has progressed. Their result is differ-
ifi

ant difference is what

e}
=

ent from Kuhn's position, but the more sign

they make of their result. Having formulated a criterion of demarcation,

Carnap, Popper, and Kuhn do not attempt to use it to extend what is

recognized as science. While the authors' definition of sci

‘D“

g
L
o

(]

s !
= ;
j s

o

e

e

p=t

rdn

ot

relevant to the question of demarcation, their use of the
argument A-2 differs from the customary use of a criterion of demarcation.
it appears that they have identified several significant characteristics

of science, but not a definitive set of characteristics.

Commentary on the analysis

In Seleciion A, two dimensions of the nature of scilence may ba
applied to the authors' interpretation that science involves a combination
of creative and critical thinking. In argument A~1l, their view serves as
Data and is related to the question of the progress of science. In argu-

is used as Backing in establishing a Warrant vhich

o

ment A-2, the view
scems comparable to a criterion for the demarcation of science.

Reference to different positions on the dimensions of Progress of
seience and Demarcation of ccience suggests that the authors' interpre-

is

il

a limited and oversimplified ome. While the argu-

m«

tation of scienc
ments appear to be complete, they do nol meet the standards of assessment
suggested by two dimensions of the analytical scheme. No modification

of the scheme is suggested by analysis of this selection.
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the passage selected from Collette's Scicnce Teaching in L

L
Wi

which the author discusses the nature

provides an

},

[RES

, bt T , ) . 1.
a chapter titled "The Nature of Science,"” in

of science as a Lody of knowledpe,

a way of investigating, and as a way of thinking. The passage

example of an argument which moves from actual character-

istics of science to desirable characteristics of science teaching.

Sejection C has more to say about characteristics of science than

about characteristics of teaching.

science ch

The discussion focuses on the fact that

anges and on the existence of various processes and methods of

inquiry. 7The language used to express conclusions about how science should

be

[y

10

20

25

taught appears to imply a position about the nature of teaching.

TEXT

The Implications of the Nature
of Science for Science Teaching

What are the implications of
the nature of science for
science tecaching in this
day and age? Science is
necessarily a dynamic,
changing enterprise and thus
should be presented as such
in our modern science teach-
ing. Not only will this
emphasis on the dynamic nature
of science give a "truexr"
picture of science but
hopefully it will help young
people to expect changes, to
have positive attitudes
towards change, and to pre-
pare them for the future.
Traditional or conventional
type scilence courses, which
present science as an
immutable budy of disparate
facts, become outdated qguickly
and therefore do not provide
the experiences needed for
understanding and coping with
change. Neither do these
courses present a good pilcture
ST AP

1

INITIAL ANALYSIS

The first argument (lines 1-28)
uses Data that science is dynamic
and changing (lines 4-6). This
point is followed immediately by
the Claim t at science teaching
should present science as dynamic
and changing (lines 6-9). Sub-
sequent remarks indicate the
nature of the Warrant available
in support of the Claim. Empha-
gizing the dynamic nature is more
accurate (lines 9-12), and it is
hoped that it will prepare pupils

to cope with change (lines 13-17).
The author does not rely on a

Warrant which has been established
previously. He does report with con-
fidence that teaching scilence as un-
changing has been tried and found
wanting. This related argument seems
to be based on a Warrant that it is
logically impossible for a "conven~
tional" course to achieve the results
he desires, (lines 23-26)., The con-
trast between "changing" (line 6)

and "immutable" (line 21) may raise
jssues on the Relationship of science

i

*A.T. Collette, Science Teaching in the,Se:pndafy;Sﬂhgcl

(Boston: Allyn and Bacon, 1973), pp. 1-24.

iy

21@1&., pp. 22-23.
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of the sciertific enterprise.

Science is an ongoing, self-
corrective inquiry process,
It is a means for studying
the environment. Science
teaching, therefore, should
raflect the processes and
methods of modern science.

It should be emphasized in
our teaching that there is

no single method and no
formalized set of procedures
which lead to discovery.
Although there are general
procedures such as question-
ing, observing, hypothesiz-
ing, collecting, and inter-
preting data, theorizing, etc.,
which are common to all
sciences, the specific
processes and procedures

used vary from one scilence

to another., Whatever the
science taught, the general
and specific sclence processes
and methods of inquiry should
be emphasized. Hopefully,
through this emphasis the
student will not only come to
better understand the nature
cf sgience but w11l acquiré
whleh make it passible far
him to organize his thinking,
recognize and use relevant
information, and in general,
perform as an intelligent and
rational human being.

[An omitted argument concludes
that science teaching should be
based on conceptual schemes, to
show the order and stracture of
scientific knowledge.]

In summary, a high school
gscience course should
emphasize the methods of
modern sclence and its
conceptual framework. In
order to understand science,

‘the student must not only

have the knowledge of the
concepts, theories,
principles, and laws of the

229

lack of support for the Warrants

’interpreted as Eagking for the '

to truth dimension.

The se«ond argument (lines 29~
65) uses Data about the processes
and methods of scientific inquiry
(lines 29-32, 37-40, and 41-50).
The Claim appears to be stated

twice, first in terms of 're-

flecting" scientific processes
(lines 33-35) and then in terms
of "emphasizing' them (lines 36-
40 and 50-54). Again the Warrant
is expressed as a hope (line 54).

The two Warrants have certain
common features. The word "hope”
is associated with both, and both
mention understanding science
accurately and acquiring skills
useful in information~processing.
It may be inferred that the Back-
ing of both arguments includes
the opinion that representing
characteristics of science accu-
rately will contribute to the
objectives which the Warrants
share,

The second argument's focus on
procedures or processes of
inquilry seems relevant to the
Progress of science dimension.

The final paragraph begins by
summarizing the Claims of :
three arguments, one of which has
been omitted from the text of the.
selection, Lines 70-83 seem to -
provide an overall ratianale for
the arguments. -In view of the,,

used, these statements may be

=
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discipline, he must appreci-
ate how his knowledge is
obtained and how it fits
into a structural frame-

80 work. A scicnce course
should convey the revision-
ary nature and incertitudes
of scientific knowledge.

Detailed analysis

Several features of the arguments in

Warrants.
(lines

The last sentence
80-83) secms to rephrase

the Data used in the firsc

argument.

glection C merit comment.

In both arguments, the Clalm is presented imwediately after the Data,

before the Warrant is provided.

hopa,

which the Warrants have been established.

Also, each Warrant is expressed as a
suggesting that the author may not be able to provide arguments in

In these circumstances,

Backing is particularly important; the two arguments have a common Back-

ing which is prese:

Argument C-1

D: Science igs ——5=(C: Science
changing and teaching should
dynamic. Con- present science
ventionally, it as dynamic and
has been taught changing.

as dmmutable.

Since, WARRANT: Emphasizing the
dynamic nature of science
is more accurate and (hope-
fully) more likely to

wwad at the end of the selected passage.

Argument C-2

D: Secience is —

an on-going
self-corrective
inquiry process.
Some procedures
are common £o
all sciences;
some atre unique
to each.

Since, WARRANT:

>C: Science
teaching shculd
emphasize
general and
specific pro-
cesses and
methods of
inquiry.

Emphasizing

processes and methods of
science will (hopefully)

produce better understand-

ing of sci
déslfable

prepare students to cope
with change.

ence and develop
skills,

On account of, BACKING: Presenting characteristics
of sclence completely and accurately
should enable students to understand
sclence and use its information-
processing methods.

Fig. 11.--Argument-patterns from Selection C
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The position exprossed by interpreting science as dynamic,
changing, and revisionaly (rather than immutable) scems more relevant
to the Relalionship of science Lo tyuth dimension than to any other.

Both Popper and Kuhn consider the characteristic of change in science,
but they place this characteristic in relation to others. The author of
Seloction C seems concerned with the recognition of revision and change
as a feature of science, and he does not amnalyze the characteristic
further.

Recognizing that scientific dinyuiry may involve a number of
"procedures and processes' is, again, different from analyzing the
characteristic in relation to other characteristics of science. This
characteristic could relate to two dimensions of the analytical scheme,
How empivical content inereases or Progress of science, although the
latter seems more likely. That it is not possible to be more specific
and to relate the characteristic noted by the author to the three posi-
tions in the scheme seems to result from the fact that the author puts
a characteristic forward without analysis or illustration.

Selection C seems Lo express implicitly a position related to
the Communication and Nature of teaching dimensions. "present" (lines
7, 20, 27) and Yemphasize' (lines 10, 36, 54, 55, 68) are the two words
most frequently used in assocliation with the phrase "gcience teaching
should" or its equivalent. "give" (line 11), "help" (line 13), "provides"
(line 23), "reflect" (line 34), and "convey" (line 81) are also used with
the same phrase. On the two dimensions noted above, these words seem
more likely to connote positions associated with the information emphasis.
The author may not have intended to express this or any position about
the nature of teaching, but the repetitive use of a few related words
does suggest positions which may be placed on dimensions of the analyti-

cal schenme.

Commentary on the analysis ,

Analysis of Selection C reveals two arguments in which a charac-
teristic of science is identified but not elaborated or related to other
features of science. Reference to relevant dimensions of the analytical
scheme highlights the fact that characteristics are stated but not dis-

cussed. The author presents each characteristic as one which has not
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been recognized in “conventional'' scicnce teaching (lines 18 to 26 and

1

36 to 40) and moves divectly to a Claim that the charvacteristic should
be refloected in science teaching. The Warrants are tentative, and their
Backiug is a position concerning outcomes of particular methods of

scicnce teaching.

The structure of the arguments is complete, but the Warrants and
Backing are not adequate to support the Claims made by the author. The
uninformalbive results of reference to dimensions of the analytical scheme
calls attention to the limited nature of the Data provided in each

argument. No modification to the scheme is suggested.

=
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Selection ¥

Teaching Science by Inquiry in the Secondary School, by Sund and

Trowbridge, begins with a chapter titled "What is Science?"t Included ir

the broad range of topics are the nature of theory development in science

and the importance of objectivity in scientific research. The selected

passage includes the final paragraphs of a section titled '"The Goals of

Science," and the entirety of the following section, titled "Research."?

The discussions of the two topics in this selection proceed in

similar fashion. In both instances, a fairly complete argument estab=-

lishing the authors' pbsitian is followed by several unsupported claims

on subsidiary issues. As the initial analysis indicates, dimensions of

the analytical scheme are applicable only to the two primary arguments.

TEXT
THE GOALS OF SCIENCE

Theories and Scientific
Principles

(Three paragraphs omitted)

Theories are based on facts
which are derived from observa-
tion and experimentation. As
our experimentation progresses

5 and reveals new information,
theories often have to be
modified. Sclentists search
for theories and principles
which are true and unchanging,

10 but the history of science has
shown that there is no cer-
tainty in science but only
probability. Because theories
evolve and are modified as our

15 knowledge of nature increases,

- the goals [sic] of science in
formulating broad, encompassing
ideas of knowledge--theories—-

INITIAL ANALYSIS

The discussion of science in
lines 1-37 focuses on the unend-
ing nature of theory-building.

In lines 1-9, four distinct cate-
gories are indicated: phenomena,
facts, theories, and individuals
who experiment and theorize.

The Claim that theory devel-
opment has no end in science
(lines 16-19) relies on the
Warrant that theories are modi-
fied as new information demands
(lines 3-7 and 13-15). Data are
drawn from the history of

science (lines 7-13). The Pro-
gress of science dimension is
relevant to the account of theory
modification (lines 3-7), while

oot

- LRobert B. Sund and Leslie W. Trowbridge, Teaching Science by

Inquiry in the Secondary School (Columbus, Ohio: Charles E. Merrill.

Books, Inc., 1967), pp. 1-24.
2
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never ends. There is always
an assignment for the next
generation.

With this realizatiocn, a
scientist is humble about what
he knows and thinks he knows.
At first thcught, it seems that
the futile . :arch for certainty
would be frustrating, but there
is joy in the discovery that
knowledge is unending. There
is always more to do and learn
and more problems to solve.
Life itself is a process of
gsolving problems, and a scien-
tist enriches his life and his
self-concept by being involved
in problems of value to all
men.

RESEARCH

Students often confuse science
with research--not all science
is research, as was previously
indicated in this chapter.
Research may be defined as an
attempt to collect unbiased
information about observed
phenomena. Research implies
active involvement in the
solving of a problem not
previously answered by man. A
student may follow sclentific
procedures in solving a problem,
the answer to which he does not
know; however, if the answer
has been determined previously
by a scientist, the student is
scientific but he is not doing
research. Since man is often
biased, the scientifiec pro-
cesses have been devised to
insure that he is objective in
his decision making and in his
approaches to a problem. It
would seem to be easy for a
novice to de research, but the
untrained mind seldom has
learned the techniques of
guarding against unbiased de-
cisions. Training in the pro-

231

the Relationship of science to
truth dimension seems relevant to
the choice between certainty and
probability (lines 7-13). '

The second paragraph (lines 22-
37) contains three Claims about
the attitudes of scientists
toward the unending nature of
theory development. These atti-
tudes are humility (lines 22-24),
joy (lines 25-29), and enrichment
of life and self-concept (lines
32-37). None of these Claims is
supported by additional argument-
elements. Dimensions of the
analytical scheme are not applic-
able.

The Objectivity of science
dimension is relevant to the dis-
cussion in the final paragraph
(lines 38-72). The discussion
begins with criteria for recog-
nizing research, and the defini-
tion is applied in an example
which distinguishes between
"being scientific" and "doing
research" (lines 48-56).
"Unbiased" and "not previously
answered" are the essential®
characteristics of research. The
definition (lines 42-48) serves
as Backing for the argument which
takes man's frequent bias as ‘
Datum (lines 56-57) and moves to-
the Claim that "scientific
processes' have been developed to
insure objectivity (lines 57-61),.

Two incomplete arguments concludei,

the discussion (lines 61-72). v
The authors prSEﬂt Claims abﬁut B
the rgsearnhareadiness of a ’
person with an untrained nind

and about the length and value af', 

training to do problem-solving.
Dimensions gflthe‘scheme are not
applicable.
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cesses and technlques of solv-
ing problems intelligently

70 requires a long period of
education but one having value
beyond calculation.

Detailed analysis

Initial analysis of Selection F indicates that there are two
major Warrant-using arguments, concerned with the nature of scientific
theory development and with the objectivity of scientific research.
Presentation of the patterns of these two arguments is useful preparation
for the task of applying relevant dimensions of the analytical scheme to
the content of the passage.

The arguments appear relatively straightforward when displayed
as in Figures 12 and 13. The Backing of the first argument is not
presented explicitly, but the Backing hypothesized in Figure 12 is
certainly implicit in the prééentaticn of the argument. Thus it is
reasonable to suggest that these arguments could be accepted by a reader
on rational authority rather than the personal authority of the author.
Such decisions to accept or reject on rational authority depend on the
acceptability of the Backing of each argument. Dimensions of the
analytical scheme provide criteria for assessing the acceptability.

Two dimensions are relevant to the content of the first argument.
The sentence in lines 7 to 13 raises the issue of the Relationship of
seience to truth. It also associates truth with certainty, and suggests
that what is not certain is probable. The sentences in lines 3 to 7 and
13 to 19 indicate that scientific theories are modified in the light of
new information or knowledge of nature, This topic 1s considered in the
Progress of science dimension.

The authors of Selection F suggest that scientists would prefer
to develop theories characterized by truth and certainty, but that
history shows they must be content to settle for probable theories which
evolve over time, as new information is obtained (lines 7 to 15 and 25 to
29). Reference to positions on the Relationship of secience to truth
dimension suggests that Gatnaéj Popper, and Kuhn have gone well beyond

the history of science for their analyses of this question. In different
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DATA: The history of science —- —— 50, CLALM: Scientific theories
records many instances in which are probable, not certain,
theories regarded as true and and may be said to evolve,
certain were modified at a so that the development of
later time. theory has no end.

Since, WARRANT: When new informa-
tion is obtained [which con-
flicts with an accepted
theory], it is necessary
[and pasglblej to modify the
theory to accommodate the
new information.

On account of, BACKING (hypothesized): The status
of theories and the nature of their
development may be determined from
the historical record of science. Argument F-1

Fig. 12.--The argument-pattern of the first major
argument of Selection F, with Warrant
expanded and Backing hypatheslzed.

DATUM: "Man is often ——— w3 S0, CLAIM: Seientific processes
biased." have been devised to insure
that [man] is objective in his
decision making and in his
approaches to a problem."

Since, WARRANT: Research must be
done objectively, without
bias.

On account of, BACKING: '"Research may be
defined as an attempt to collect
unbiased information about
observed phenomena." Argument F-2

Fig. 13.--The argument=pattarn of the second major
argument of Selection F.
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ways, Carnap and Popper intecpret scientific statements so as to preserve
the usefulness of the concept of truth. Kuhn argues that no reference to
the concept of truth is necessary. Interestingly, the issues raised by
the subsidiary Claims in lines 22 to 37 seem insignificant if one adopts
any of the three positions on this dimension of thé analytical scheme.
Reference to this dimension suggests that a less complex view of the
question is being taken by the authors. The efforts to turn disappoint-
ment into satisfaction (lines 22 to 37) lend support to a view that the
authors di;count the possibility of alternative interpretations of, and
inquiry into, the relationship of science to truth.

The authors' account of theory modification also appears less
complex than those accounts expressed in positions on the Progress of
science dimension. Statements in Selection F (lines 1 to 7 and 13 to 19)
seem to imply»that once one accepts that theories change, it is easy to
agree about how they change: by modifying theories to accommodate new
information obtained without reference to theory. Carnap, Popper, and
considerations other than the need to incorporate new information, and
possibilities other than modification and continuous theory evolution.
Again, reference to a dimension of the analytical scheme indicates that
there are significant issues which are not called to the reader's
attention by the authors.

A third dimension, Objectivity of science, is relevant to the
content of argument F-2, which seems intended to explain why certain
unspecified "scientific processes’ must be followed. . The authors
identify lack of bias, or objectivity, as an essentlal criterion of
research, which is again interpreted as information collection (lines 42
to 45). Unfortunately, the procedures, processes, or techniques (lines
50, 57 and 58, 65, and 67 and 68) are not specified. Two positions on
the Objectivity of science dimension establish objectivity without
reference to a list of research procedures, while the third questions the
possibility of achieving objectivity. The unsuﬁpgrted subsidiary Claims
(lines 61 to 72) seem pale in the light of the more fully developed

positions on this dimension of the analytical scheme.
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Perhaps because the Claims are straightforward and uncomplicated,
application of three dimensions of the analytical scheme to the arguments
in Selection F demonstrates clearly the capacity of the scheme to facili-
tate assessment of the Backings which the authors provide. The patterns
of the two major arguments scem reasonably complete, permitting an
assessment that the authors do permit a reader to exercise independence
of judgment-

For each of the three relevant dimensions, comparing positions
within a dimension to the position indicated by the authors suggests that
the issues raised are not being addressed comprehensively. At no point
do the authors hint that there are issues to explore or alternatives to
consider, at the level of Backing. The dimensions of the analytical
scheme provide an indication of the potential range of interpretations
at that level. Provision of Backing for an argument does permit a
reader some measure of independence, but it in no way insures that a
reader will be avare of alternative points of view.

The results of analysis do not suggest any modifications of the

analytical scheme.
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Selection I

"Methods and Resources of Science Instruction" is the title of

one of the four parts of Washton's textbook, Tegﬁhiﬁgiscicgcg_EFeatng11

in the Sccondary Schools.

Thinking and Dging?ul

The chapter titled 'Science as a Way of

includes a section which develops a contrast

, . o R e . 2
between "developmental" and "authoritative' teaching approaches.

Although the argument has some implications for the nature of science,

its main point is related to the concept of teaching.

10

15

20

25

TEXT

Developmental versus
authoritative approach

As long as the science teacher
uses the variety of methods and
materials that are usually
available through demonstra-
tions, open-ended laboratory
experiments and pupil research
projects, it is likely that the
developmental approach is
dominating the instruction.
Occasionally, there is a need
for a lecture or a narrative or
an explanation by the teacher.
Explanations by the teacher
which last for only a part of
the period may occur more
frequently. Lectures are
classified under the authori-
tative approach since students
are expected to accept the in-
formation, including any con-
clusions that are presented.

If one of the major objectives
of teaching science is to
develop in pupils the ability to
solve problems, think scientif-
ically, and acquire scientific
attitudes, then the developmen—
tal approach to teaching science

INITIAL ANALYSIS

In the first paragraph (lines
1-21) the author introduces a
distinction between '"develop-
mental” and "authoritative"
approaches. The distinction is
cast in terms of methods, with
demonstrations, open—ended exper-
iments, and pupil research pro-
jects seen as significantly
different from lecture, narrative,
and teacher explanation. Then,
in the last sentence (lines 16—
21), the authoritative approach
is associated with expecting
students to accept information
so presented. These distinctions
are used in the argument which
follows. The Authority and
Communication dimensions appear
relevant.

In the second paragraph (lines
22-41) the author expresses the
core of his argument by saying
that if one has certain objec-
tives, one should use certain
methods. The first sentence
provides both Data (lines 22-27)

lNathan 5. Washton, Ieaching‘Sgign;e,Creativelyfin the Secondary

%1bid., pp. 222-223.
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5 authoritative manner.
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should dominate in the various
instructional methods. The
trend is to favor the process
of inquiry and problem sclving.
The developmental procedures
enable students to distinguish

5 between observations and inter-

pretations, to propose and
screen hypotheses, to design and
perform experiments, to evaluate
data critically, to formulate
conclusions, and/or to suspend
judgment.

The developmental approach
places the emphasis on deductive
and inductive reasoning from
which students drav the conclu-
sions. In the straight lecture
or complete narration by the
teacher, the students are told
what conclusions to accept.
There are certain basic scien-
tific facts and symbols that
require acceptance and under
many conditions will be
presented by the teacher in an
However,
in general, the overview of the
use of methods of teaching
science should be for develop-
mental purposes, and concepts
should be taught for meaning
and understanding.

For many topics it is essen-
tial to plan the sequential
order of ideas from simple to
complex so that what was
previously learned may be
applied in learning new con-
cepts or understandings. For
example, students need to
understand mitosis and meiosis
before they can understand the
various laws of inheritance.
The meaning of haploidy and
diploidy are required to under-
stand genetic parental contri-
butions to offspring. A
knowledge of the structure of
the atom and the molecule is
basic to understanding bonding

240

and Claim (lines 27-30). The
next two sentences cxpress Lwo
different Warrants. The first

is a "trend" (lines 30-32), while
the second and more substantial
Warrant states a direct relation-
ship between methods and objec-
tives (lines 33-41). It is
assumed that the objectives
(lines 24-27) and the abilities
(lines 24-41) will be seen to
correspond directly. The view

of science implied seems too
broad to suggest specific
dimensions.

In lines 42-49, the author
repeats one distinction made in
lines 1-21, between students
drawing conclusions (developmen-
tal) and students being told what
conclusions to accept (authorita-
tive). Then he introduces a
Qualifier (lines 50-55) which
states the specific circumstances
in which the teacher may authori-
tatively tell students what to
accept. The Claim, first ex-
pressed in lines 27-30, is
repeated in lines 55-61. Here
the term "developmental" (lines
58-59) is applied to purposes
rather than methods.

The final paragraph (lines 62-
86) is interpreted as a supple-
ment to the main argument. In
lines 62-68, s sequential devel-
opment of ideas is taken as
necessary for learning. The
three illustrations (lines 68-80)
could be interpreted as Data-
Conclusion pairings which estab-
1ish a Warrant. In lines 80-86,
tne topic of sequence is linked
to the developmental approach
stressed in the main argument.

.Here the teacher is referred to

as a "guide" for the learmer.
This term is not sufficiently
clear to identify the teacher's
role with a position an any
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80 in chemical change. The dimension of the analytical
learner is guided by the teacher scheme.

to make observations, deductions,
and inductions as part of the
developmental approach in a

85 planned sequential order of
expericnce.

Detailed analysis

Although there are two arguments in Selection H, initial analysis
suggests that one is subsidiary to the other. Only the first argument
lends itself to detailed analysis. It is a Warrant-using argument, which
can be diagrammed as in Figure 14. The classification of methods as
developmental or authoritative and the discussion of the distinction
itself seem to serve as Backing for the Warrant used to establish the
Claim that one particular approach should be dominant in the methods
used to teach science.

The main argument of Selection H is complete. The Backing for
the Warrant involves a conceptual distinction rather tham an empirical
demonstration, and the acceptability of argument H-1 depends largely on
the acceptability of the Backing.

As noted in the initial analysis of the first paragraph (lines
1 to 21), two dimensions of the analytical scheme contribute to an
assessment of the Backing. The Communication dimension is relevant to
the actual grouping of methods into two classes; the Authority dimension
is relevant to the words "authoritative' and "developmental,” used to
identify the two classes.

Lecture, narrative, and teacher explanation are methods one would
associate with the information emphasis, on the Communication dimension.
Demonstrations, open-ended experiments, and pupil research projects could
be associated with either the insight emphasis or the composite perspec-
tive. The terms "authoritative" and "developmental” do not clearly
connote contrasting positions on the Authority dimension, but the
author's elaboration of his meaning (lines 42 to 49) indicates that he is
concerned with whether students are told what conclusions to accept
("authoritative") or draw their own conclusions ("developmental").

Simply telling students what conclusions to accept connotes the informa-
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DATUM: It is a major -————————>»— 50, QUALIFIER: ———— CLAIM: The
objective to develop in While certain developmental
pupils the ability to basic facts and  approach
solve problems, think symbols of sci-  should domi-
scientifically, and ence must be nate in the
acquire scientific accepted by instructional
attitudes. students, methods used.

Since, WARRANT: Developmental
procedures enable students
to perform a variety of
tasks associated with the
objective of thinking
scientifically.

On account of, BACKING: Teaching methods
may be classified as
developmental or authorita-
tive, according to how
students reach conclusions. Argument H-1

Fig. 14.--Argument-pattern of the main argument
of Selection H.

tion emphasis on the Authority dimension, since no reference is made to
the manner in which students are told, Simply having students draw con-
clusions suggests the insight emphasis. (Further discussion by the
author might permit more definitive placement of his position.) The
Qualifier which follows (lines 50 to 55) suggests that there is only one
exception to the general rule of having students draw theif own
conclusions. )

The author appears to have compressed two dimensions into one.
A reader could interpret the Backing of this argument to mean that
whether the teacher talks at considerable length is a necessary and

sufficient condition for determining how students perceive the teacher

to be using his authority. There may well be a correlation between these

two aspects of teaching, as suggested by their association on the infor-
mation emﬁhasis in the analytical scheme. However, reference to the

theoretical ﬁersﬁectives used to construct the scheme confirms that the
two issues of "communication' and "authority" are more apérapriately

regarded as independent variables in teaching.
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No one science dimension is clearly relevant to the various
abilities associated with objectives for teaching science, in the second
paragraph (lines 24 to 27 and 34 to 41) of Selection H. These are
general abilities often assoclated with a scientific aﬁgr@ach to solving

problems, but they could also be thought of as "critical thinking" skills.

On the Demarcation of science dimension, only Kuhn's position refers to
what scientists do, but his position also refers to characteristics of

' While the author's references to

science which are not “abilities.'
science have implications for the understanding of science, they are
neither detailed nor directly relevant to the argument about methods.
Thus further reference to science dimensions of the scheme is not

likely to be informative.

Commentary on the analysis

Although the structure of the argument in Selection H is
complete, the investigator finds that the argument as a whole arrives
at its Claim in a disturbing manner. Application of the analytical
scheme identifies a significant limitation. Two dimensions are relevant
to the classification of teaching methods which serves as Backing for
the Warrant. Analysis reveals that two distinct issues have been
collapsed into one. In the resulting confusion of terminology, the
author leaps to a Claim which lacks an adequate Warrant. No modifica-

tions of the scheme are suggested by this analysis. :
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