
ED 130.836.

AUTHOR
TITIS

INSITTUTION

PUB DATE
NOTE
IVAILABtE FROH

DOCURENT REBUS

St 021 _325

Hunby, 1. Hugh
Analyzing Science Teachings A Case Study Based on
Throe Philosophical Hodels of Teaching. The
Explanatory Nodes Project, Background Paper No..5..
Ontario Inst..for Studies in Education, Toronto.,
Dept. of Curriculum..
75
82p.; Por related documents, see SE 021 323-327
Explanatory Hodes Project, Ontario Inst..for Studies
in Education, 252 Bloor St., West, Toronto 181,
Ontario, Canada (no price quoted)

EDRS PRICE NP-$0.83 HC-$4.67 Plus Postage.
DESCRIPTORS Classroom Communication; *Classroom Observation

Techniques; *Educational Research; *Instruction;
Physical Sciences; *Science Education; Secondary
Education; Secondary School_Science; *Teaching
Rodels; *Teaching Styles

IDENTIFIERS Research Reports-

ABSTRACT
The development of a category sdheme for the

systematic analysis of science classroom discourse is described..
Three teaching models are discussed: the Impression Hodel, which
depicts the mind of a student as receiving and storing external
impreqpions; the Insight Hodel, which denies the possibility that
ideasIbr knowledge can be conveyed by language, and describes
knowledge to be the-reiult of insight into meaning; and the Rule
Hodel, whici describes the intent of teaching to be the acquisition
of knowledge. The characteristic features of these models constitute
the.analytical scheme which is used to identify the teaching models
in transcribed chemistry and physics lessons in grades 11, 12, and
13. (NH)

***********************************************************************
Documents acquired by ERIC include many informal unpublished

* materials not available from other sources. ERIC makes every effort *
* to obtain the-besi copy available. Nevertheless, Items of marginal *
* reproducibility are often encountered and this affects_the quality *
* of the microfiche and hardcopy reproductions ERIC makes.available *
* via the ERIC Document Reproduction Service (EDRS). EDRS is not
* responsible for the quality of the original document. Reproductions *
* supplied by EDRS are the best that can be made from the original.. *
***********************************************************************



ANALYZING SCIENCE TEACHING: A CASE STUDY BASED ON

THREE PHILOSOPHICAL MODELS OF TEACHING

A. Hugh Munby

a

AdaOted from the author's M.A. Thesis,

"The Use of Three-Philosophical Models of Teaching

to Analyze Selected Science Lessons"

University of Toronto

October 1969

Copyright 1975
All Rights Res;ived Printed in Canada

3



NNi - '
FOREWORD

The Explanatory Modes Project is a research and development effort

in science education sponsored by the Department of-Cdrriculum in The

Ontario Institute for.Studies-in Education. The intent of the project

is to further a highly promising but relatively undeveloped area of

investigations philosophical analysis applied-to several aspects of

science education, including the defensibility of objectives, the charac-

terization of classroom discourse, and the design of teaching materials.

The series of Background'Papers presents a variety of'theoretical consid-

erations and practical applications of systematic information from such

areaa of scholarly endeavor as philosophy of science, epistemology, and

philosophical analysis of teaching. The sample Teaching Materials for'

secondary school are being designed to illustrate aspects of the nature

of knowledge and the processes of explanation, as these are reflected in

science especially (but not exclusively).

This paper by Huih.MUnby, "Aaalyzing Science Teachings A Case Study

Based on Three Philosophical Models of Teaching,",has been selected as

one of the Background Papers because of its potential usefulness to science

teachers and teacher educators alike. It is a significant piece of work

because Munby develops a category scheme for analyzing science classroom

discourse, with specific attention to provision made for students to come

to know the science under'consideration during a given lesson. This is

in contrast to the many available category schemes which.are content free,

focusing on such matters as who speaks, and in response to whom. These

may be helpful for charatterizing classroom climate, or indeed (as in the

case of Bellack's work) for obtaining a concise description of teaching

ft moves" (structuring, soliciting information, etc.). However, they miss

the essence of the way in which science is represented, the need for evi-

dence and confirmation, and a numbei of other mattets which are best

approached from the vantage point of philosophical considerations which

give due weight to the specifics of science itself.
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Munby!s scheme is sound, and his sample applications are thoroughly

and clearly presented. This paper should be a useful aid to any science

teacher or teacher educator wishing to become more skilled at detecting

various means for ensuring Chat teaching acts in science lessons are

appropriate to the task students face in coming to know science.

fit

The Explanatory Modes Project
Department of Curriculum
The Ontario Institute

for Studies in Education
252 Bloor Street West
Toronto, Ontario, Canada M5S 1V6

Telephone: (416) 923-6641,

extension 628
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CHAPTER I

OVERVIEW .0

Some Introductory Comments

This paper is about the development of a category scheme for system.-

atic analysis of science classroom discourse. Formulation of the scheme

. is discussed at some length, to permit the reader to examine both theoret-

ical and methodological considerations'in detail, and two recorded science

lessOns are analyzed to illustrate its ust in practice.

In recent years many category schemes have been deviloped for analyz-

ing classroom discourse.
1

For the most part, these are "content free"--

that is, not bound to the analysis of teaching any specific subject. Thus

the scheme developed in this paper is unusual. It is formulated around

issues concerning techniques and goals appropriate to science teaching,

without explicit regard for issues ih the teadhing of other subjects.

Investigators have centered attention on a wide variety of aapects of

teaching, in developing category schemes. Among these are such diverse

vantage points as social-psychological analysis of classroom interaction

and elements of formal logic. The present scheme is bssed on vantage

points from analytic philosophy. It draws on philosophical analysis of the

concept of teaching itself, and on philosophical considerations of what it

1
Ihe multi-volume series titled Mirrors for Behavior (Philadelphia:

Research for Better Schools, Inc., 1967 and later), edited by Anita Simon
and E. Gil Boyer, lists dozens of category schemes. The editors report
on the use of these instruments in research, in teacher education, and in
supervision. Indeed, some have been used to analyze science teaching,
thbugh not specifically designed for that purpose. See, for example,
J. S. Parakh, "A Study of Teacher-Pupil Interaction in High School Biology
Classes, Part.II: Description and Analysis," Journal of Research in Science
Teaching 5 (1967-68), PP. 183-192; or Ralph Yulo, "An Exploration of the
Flanders System of Interaction Analysis as a Supervisory Device with Science
Interns" (Ed.D. thesis, Harvard University, 1967).

7
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means to "know" in science. The purpose of the scheme, then, is to make

it possible to detect and analyze tbe provision made by a teacher for his

students to come "eo "know" tbe science whiCh is under consideration in a

-given lesson.

-Um further points deserve meneion in these introductory remarks.

First, tbe emphasia of this work is consistent with goals and aims of

science teaching expressed very forcefully (though by no means exclusively).

over the past two decades. 'This is the now familiar orientation toward

having students understand the nature of scientific inquiry and scientific

knowledge. However (the second point)i while its emphasis on understanding

-science.is familiar, tbe research style of this paper is unusual. Most

science education studies dealing with an understanding of science focus

attention on tbe learner in an attempt to attribute increased student

understanding of science to tbe use of particular curriculum materials or

a vaguely described tednbing style. Unfortunately, sucb studies offer

little of value to praCticing teachers, chiefly because tbe actions within

the teacher's control are inadequately defined, or stated in abstract terms,

or botb ("inquiry" emphasis vs. "traditional" emphasis in a textbook, for

initance, or "lecture" vs. "demonstration/discussion" as labels for teach-

ing style). Ii is quite difficult to translate such global abstractions

into a framework helpful for reexamining one's own teaching or reorienting

one's classroom materials. By contrast, the study presented here concen-

trates on fine-structure analysis of teaching acts, guided bf a consistent

philosophical position.
1

Thus the research underlying this paper is intended

to be as immediately useful to Science teachers as possible.
2

About tbe Analytical Scheme

Formulation of tbe category scheme (or "analytical scheme") developed

in this paper required systematic answeri to fwo questions.

1
A companion to the present study is helpful for similar analysis of

teaching materials. See the paper by Brent Kilbourn, Analyzing tbe Basis
for Knowledge Claims in Science Textbooks: A Method and a Case Study,
Background Paper No. 6, The Explanatory Modes Project (Toronto: Ontario
Institute for Studies in Education, 1971).

2
Further discussion of this and similar issues in science education

research can be found in a paper by Roberts and Russell, "An Alternative
Approach to Science Education Research: Drawing from Pnilosophical Analysis
to Examine Practice," in Curriculum Theory Network 5:2 (1975), pp. 107-125.
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(1) -What does it mean when we say someone knows.a Ropostion
in sbienee?

Systematic work from epistemology (theory of knowledge) provides a way to

deal with this question, especially if coupled with some considerations

from philosophy of science. Here the investigator's pedagogical concern
...-

is with the extent to which students are granted the prerogative of having

scientific knowledge claims substantiated by classroom discourse. That

leads to the next question.

(2) How can we assess the extent to which classroom discourse
makes provision for students to know propositions in science?

To explore this problem, the Investigator turned to the literature on

philcsophical analysis of the concipt-of teaching, and especially on the

relationship of epistemology to teaching acts.

Among other writers in educational philosophy, Israel Scheffler has

concerned himself wdth the implications of epistemological matters for

education.
1

Extending that concern further, he has used epistemology as

one focal point for distinguishing among three "models" of teaching, which

he terms the Impression Model, the Insight Model, and the Rule Model.
2

The investigator thus adopted Scheffler's work as a starting point for

developing the analytical scheme in this study.

The scheme itself,consists of characteristic features by which one

can distinguish among Scheffler's three models in actual practice, within

the context of science teaching. These features, developed by the investi-

gator, necessarily expand somewhat on Scheffler's account of the models in

order V, attend thoroughly to the concerns expressed in the two questions

stated above.

Limitations of the Study

Any exploratory case study o£ this type has limitations. The investi-

gator wishes to call attention to the following in particular.

First, while the scheme is theoretically useful for analyzing science

teaching at all leuels, this case study shows its actual application to 4

only two full-length lesson transcriptions. Both happen to be in chemistry

'Israel Scheffler, Conditions of Knowledge: An Introduction to
and (Glenview, Ill.: Scott, Foresman and Company, 1965).

2
Israel Scheffler, "Philosophical Models of Teaching." Harvard Educa-

tional Review 35 (Spring 1965), pp. 131-143.
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(Ontario Grade 12 and Grade 13). They were selected for this demonstration

of the use_of-the.scheme-because-they intuitively suggested two very differ-

ent'approaches to the teachiMg.of science.

Second, the investigator has not discussed the historical antecedents

of Scheffler's three philosophical models of teaching. That is a limita-

tion because the discussion of knowledge in this paper entails use of such

concepts as "truth," "xeality," "authority," and "knowledge" itself. It

is entirely possible that the meanings of these concepts are not constant

among the three models. Scheffler ascribes the Impression Model to Locke,
1

the Insight Model to Plato and St. Augustine, and the Rule Model to Kant.

An analysis of the meaning of the several knowledge-related concepts for

these writers.might provide further distinguishing features of the three

models of-teaching.

Third, analysis of the transcribed science lessons is intended to reveal

the provision made by classroom discourse for the student to know the science

under consideration. It is probable that teachers and students rely on forms

of communication other than verbal. Movements of the teacher, facial expres-

sion, and tone of voice are examples of nonverbal communications which mighe

in some.way influence the manner in which students respond and the knowledge

which they acquire. Nonverbal communications could be of some consequence

to the provision made for the acquisition of knowledge; other observers have

noted itudents making use of a teacher's nonverbal communications.
2

However,

in this study such communications have not been recorded, and the analysis

consequently is restricted to an examination of transcribed verbal communi-

cations.

Fourth, it will be apparent from the transcrlhed lessons that the stu-

dents have been exposed previously to varying amounts of scientific informa-

tion. No attempt has been made to determine how this informatioa was imparted.

For example, the analysis does not take curriculum matert is into account.

The analysis is confined to the immediate teaching which has been recorded.

1
Scheffler, "Philosophical Models." Further discussion of these his-

torical antecedents may be found in two separate letters to the editor by
Robert D. Heslop and Israel Scheffler, titled "Philosophical Models of Teacei-
ing," appearing in Harvard Educational Review 35 (Summer 1965), pp. 363-367.

2
John Holt relates an instance in which children seem to be using

movements of their teacher to achieve correct answers in How Children Fail
(New York: Pitman Publishing Company, 1961), pp. 14-16.

10
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Finally, the investigator has noted already that the emphasis in the
_-

present study is ccnsistent with goals and aims of science teaChing oriented

toward student understanding of the nature of scientific inquiry and scien-

tific knowledge. However, no claim is made that epistemological considera-
.

time alone are sufficient-to meet suCh goals and aims. Ratblr, this case

study is reported in the spirit of contributing to one aspect of a complex

but exciting area of investigation and practical concern in science education.

11



CHAPTER II

THEORETICAL BACKGROUND

This chapter and the next one deal with theoretical considerations

encountered in formulating the analytical scheme, while the last two

chapters are devoted to methodological considerations Ancountered in its

practical application. The flow of ideas in the two theoretical chapters

is ss follows. First an account is given of Schefflerts three philosoph -

ical models of teadhing. Following this is a danussion of conditions

that must be fulfilled before we are willing to grant that something is

known in science. Aext is a discussion of prerogatives that must be

granted to the student in a classroom if,provision is made for him to come

to know the science underdiscussion. Finally, the three models are exam-

ined to see if they mike promdion for the student to know in science, and

characteristic features of each model are identified.

An Account of the Three Models

A synopsis of Schefflerts three philosophical models of teaching is

presented in this section. The intent is to Underscore distinctions.be-

tween the models which are seen to be most pertinent to deMelopment of the

analytical scheme. As indicated previously,.no account is given of the

historical antecedents of these models. However, the meaning of the Insight

Model will be clarified by reference to the portion of the Platonic dialogue,

the Meno, in which Socrates teaches a slave boy a geometric theorem.
1

The Impression Model

The Impression Model depicts the mind of a student as receiving and

storing external impressions. These impressions of the basic elements of

1
The parallel between the Insight Model and this portion of the Meno

has been confirmed by Scheffler in a personal communication.

12
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knowledge are fed in, organized, and processed. Thus the teaching att is

here concerned with exercising "mental processes" of peception, discrim-

ination, retention, combination, abstraction, and repreientation. The

teacher is responsible for selecting and organizing information which the

students are to receive, and which is "collectively rich enough to support
1

the progressive growth of adult knowledge in the learner's mind.
"

Accord-

ing to this model, knowledge is acquired and organized through standard

operations of accepted theory. Teaching 1.s thus the imparting of knowledge

which is a public and recorded possession of culture.

Scheffler finds three deficiencies in the Impression Model. First, he

contends that knowledge presupposes the imposition of conceptual frameworks

upon,sansory data. A conceptual framework consists of underlying axioms,

generalizations, principles, and postulates of accepted theory. Thus,

exposure of the underlying conceptual framework is a necessary condrion

for imparting knowledge. However, the Impression Model does not require

that such an underlying framework be evaluated. Second, the absorption of

infornation by a student does not imply that he understands the information

received. In this model, itudents are not required to correlate given

theory with sense data, nor to appreciate either the grounds for accepting

theory or the evidence upon which theory rests. Third, the model does not

require students to make personal judgments about given theory, and thereby

generate new knowledge.

The Insight Model

The Insight Model denies the possibility that ideas or knowledge can

be conveyed by language, and describes knowledge to be the result of insight

into meaning which "makes the crucial difference between simply storing and

reproducing learned sentences, on the one hand, and understanding their

basis and application, on the other..
"2

According to Augustine, the words of the teacher prompt the student to

search for realities not known to him previously. Scheffler notes the pres-
, .

ence of a paradox in Augustine's use of words as cues for the student,

pointing out that words alone are useless as cues to unknowns since the

1
Scbeffler, "Philosophical Models," p. 133.

2
Ibid., p. 135.

13



student would need to know the meaning of the word prior to using it in

his search. In turn, the meaning of the word is obtained only by knowing

the reality to which the word referred. The paradox is repolved by

Scheffler when he argues that the cues consist of statements instead of

words. A student may be provided with a statement whose meaning he knows,

but whose truth or falsify be determines by an acquaintance with reality.
1

According to the Insight Model, learning is acquired through a personal

engagement with reality. Thus the student can appreciate the compatibility

of theories or statements with reality. These statements might be his own

or those of a teacher.

For Scheffler, the inadequacies of this model are two. The first re-

sides in its simplistic account of the testing of a theory against reality--

its construction of this testing "in berms of an intellectual inspection

of reality.
"2

This account omits any concern for. the processes of deliber-

ation, argument, judgment, appraisal of reasons 2E2 and con, weighing of

evidence, appeal to principles, and decision-making. H3 The second deficiency

is that the model makes no provision for teaching the habita and capabilities

required for making judgments. Thus the model ignores the importance of the

concepts "reasons" and "principles" which, for Scheffler, "underlie not only

the notions of rational deliberation and critical judgment, but also the

notions of rational and moral conduct."
4

The Rule Model

,The Rule Model describes the intent of teaching to be the acquisition

of knowledge.
5

It is suggested that "the knower must typically earn the

right to confidence in his belief by acquiring the capacity to make a

1
The term "reality" in this description will later be extended to in-

clude those theoretical representations of phenomena which are visible to
the students. This will be seen in accordance with the use of a geometrical
figure in the Meno.

2
Ibid., p. 138.

3
Ibid. Emphasis in original.

4
Ibid., p. 139.

5
The phrase "acquisition of knowledge" is intended to signal the three

conditions explicated in the section which follows.

14
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reasonable case for the belief in question.
"1

This cipacity would include

the ability to treat equal reasons equally and to judge issues in the con-

text of general principles to which the individual has bound himself.

Exclusive to this model, then, is the "inculcation of principled judgment

and conduct.
"2

As a description of teuching, Scheffler states: "Teaching max be

characterized as an activity aimed at the achieimment of learning, and

practiced in such manner as to respect the student's intellectual integrity

113and capacity for independent judgment. This distinguishes teaching from

othevacts such as indoctrination which deny students the opportunity of

making judgments. It is clear that only Rule Model teaching has the char-

acteristics which satisfy Scheffler's definition of teaching.

Considerations of Epistemology

In determining epistemological features of an analytical scheme based

on Scheffler's three models, it is helpful initially to distinguish between

"public knowledge" and "personal knowledge." Possession of the latter is

what Constitutes for the individual the tonditions for claiming that he

knows a proposition to be the Case. Public knowledge appears to be quali-

tatively different. For example, it may be-public knowledge that blue

litmus paper turns red in solutions of substances which are termed "acids."

But providing a student with a statement which conveys this public knowl-

edge does not imply that the student has acquired personal knowledge of

this proposition. Instead, we may accurately assert only that the student

has been,informed that someone thinks this proposition is the case. The

two types of knowledge are discussed separately, for the differences be-

tween them are important to this study.

Public Knowledge Viewed as "Paradigm Knowledge"

Public knowledge (in science) is conveyed by propositions concerning

the natural environment derived through procedures (rules) acceptable to

the scientific community for interpreting observations. The apparent

1Scheffler, "Philosophical Models,' p. 140.
2
Ibid., p. 141.

3
Ibid., p. 131.

15
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success of both the interpretations and the rules seems to result in their

becoming institutionalized, as suggested by Kuhn's concept of "paradigm

science." A paradigm, in the sense used by Kuhn, is understood as the con-

ceptual framework which is contemporaneously acceptable to the entire

scientific community.
1

Scientific investigations and activities operating

within a paradigm are termed "normal science," the activities of which

are restricted by: (1) the intellectual operations prescribed by the para-

digm, (2) the theoretical constructs which are consonant with the paradigm,

and (3) the contemporaneous practical limitations (such as measurement tech-

nology).

Thus public knowledge appears to consist of acceptable information

derived from acceptable intellectual processes. Since both appear to be

restricted by a paradigm, then public knowledge may be recognized as para-

digm knowledge, and scientific information concernini paradigm knowledge

as paradigm information.

The impartation of paradigm knowledge by .statements of paradigm infor-

mation neither implies nor demands that the recipient of the information do

more than receive the imparted information. If a student who receives in-

formation is asked questions concerning that information, his responses

might indicate whether or not he had retained the information. Alterna-

tively, as noted by Martin, a student demonstrating that he knows the re-

sponse to a question is not necessarily demonstrating more than that he

knows how to respond correctly.
2

Therefore, however appropriate the

l'Thomas S. Kuhn, The Structure of Scientific Revolutions (Chicago:
Universitj of Chicago Press, 1962). Kuhn describes scientific revolutions
as paradigm changes which occur when a previously accepted paradigm is pub-
licly recognized as failing to account for phenomena, and so is overthrown.
In Science and Subjectivity (New York: Bobbs-Merrill Company, 1967),
Scheffler presents a critique of Kuhn's concept of "paradigm." He argues
that Kuhn is promoting the stance that science is subjective. Schef'Ier's
objection to the concept "paradigm" appears to be in conflict with the use
of the concept in this study, which is based on other works by Scheffler.
However, this study is not concerned with arguing whether science is sub-
jective or objective. It is concerned with the way in which science is
presented to students, and with the provisions made for students to acquire
personal knowledge as opposed to public knowledge. The clarity provided by
use of the concept "paradigm" appears to justify its inclusion in this paper.

2
Jane Roland Martin, "On the Reduction of 'Knowing That' to 'Knwing

How'," in Language and Concepts in Education, ed. B. Othanel Smith and

Robert H. Ennis (Chicago: Rand M6Nally & Company, 1961).

16



response, responding per se does not guarantee that personal knowledge has

been acquired according to the conditions aescribed below. It could be that

the student is demonstrating that he has received paradigm information. For

example, a student who demonstrates that he knows how to balance a chemical

equation might do so without knowing what the symbols represent, and without

understanding the adequacy of the equation in representing what it purports

to represent.

It is apparent, then, that what is known publicly does not automatically

become the personal knowledge of an individual who is merely informed by

statements conveying paradigm knowledge. Personal knowledge may be thought

of as knowledge which is acquired so that an individual can claim that he

knows a proposition to be the case. This is explicated in the following

paragraphs.

Three Conditions of Personal Knowledge

Scheffler describes three conditions which must be satisfied if an

individual is to claim that he knows a proposition to be the case.
1

The

conditions are knbwn as the belief condition, the evidence conditic4C: and

the truth condition. These conditions will be satisfied in a lesson, if

provision is being made for the students to acquire personal knowledge.

The Belief Condition

Personal knowledge of a proposition requires personal belief in the

truth of that proposition. Scheffler defines belief to be "a disposition

to offer an affirmative response to certain sentences under appropriate

conditions--for example, under systematic questioning. However, a person

could attest to the truth of a proposition despite the presence of conflict-

ing evidence. Thus belief is a necessary but not a sufficient condition

for knowledge.

In the classroom an assertion made by students or teachers concerning

a proposition might be interpreted in three ways. First, it could repre-

sent a restatement of paradigm infbrmation; second, it might be an indica-

1
A detailed account of these three conditions is found in Scheffler,

Conditions of Knowledge.
2
Ibid., p. 77.

17
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tion that one or more of the three conditions of knowledge is satisfied;

or third, it might be an expression of a personal or social opinion (where

an opinion is defined as an assertion lacking substantiation). Thus state-

mentikof belief could be misleading to the identification of a teaching

model unless the context is clear. It should be noted dhat the intensity

with which a_belief is held is irrelevant to the present discussion.

The Evidence Condition

A proposition may be substantiated by using evidence, logical proof,

or personal faifh. Evidence can be obtained from reports of direct obser-

vations, or from direct observations per se. Reports of direct observe-
.

tions are usually offered as statements of an authority. The reliability

of an authority is'atiunction of the replicability of his observations

by others, not necessarily a function of the authority's position or com-

petence, which the term "authority" sometimes connotes. Evidence result-

ing from direct observations may be subjective, for perceptions may be

clouded by the preconceptions and/or expectations generated by the para-

digs or personal disposition.

In this document personal faith is considered to be similar to belief.

Substantiation resulting from logical proof is judged according to the evi-

dence accumulated to support the premises of the argument. Thus evidence

is a necessary but not a sufficient condition for the acquisition of

personal knowledge.

The Truth Condition

Ultimate/y, acquisition of personal knowledge is achieved by determin-

ing the truth of a proposition. For Scheffler, the truth of a proposition

is determined only by recognizing the limits within whiCh the proposition

is said to be true.
1

Thus the statement "According to Delton's theory,

all matter is composed of atoms" is true, because it states the conceptual

framework or paradigm which governs "all matter is composed of atoms," and

because Dalton's theory contains that assertion.

The significance of fulfilling the truth condition in classroom dis-

course is evident from the following illustration. A teacher might state,

lihis argument is presented in detail by Scheffler, ibid., pp. 44-54.

18



"
"All matter is composed of atoms." If both student and teacher are operat-

.

ing conceptually within the same paradigm, then the student is able to com-

prehend precisely the meaning intended by the teacher. However, the teacher

might be using a paradigm in which atoms are recognized as postulated enti-

ties, whereas the student unbeknown to the teacher, could be using a para-

digm in which postulated entities have a one-to-one correspondence with

observable entities. Thus the student could misunderstand the representa-

tion of science conveyed by the teacher's statement. :This problem can be

obviated if the teacher explicitly refers to the paradigm he is using (that

is, if the teacher fulfills the truth condition).

Prerogatives Governed by the Epistemology of
Classroom Discourse.... -

Verbal interactions necessarily are characterized by the intrusion of

the speakers upon each other's perceptions. In general, the participants

of such interactions are at liberty to prevent further intrusion by request-

ing that the interaction cease. Another characteristic of general verbei

interaction is that it carries with it no coercion for taking physical or

intellectual action upon the request of a participant; that is, neither

participant is empowered with'prerogatives which would permit him to coerce

the other into taking any form of action. The absence of any legal or

logical permission to coerce allows several grounds for legitimately refus-

ing to take such action.

In sone societal institutions there are instances of verbal interaction

in which a participant may exercise certain prerogatives over another partic-

ipant. In law courts there is a complex hierarchy of prerogatives which are

designed to administer justice and to protect the innocent. Upon taking

the oath, a witness is compelled to answer questions. This compulsion may

be thought of as a manifestation of a contractual prerogative by which the

witness has bound himself to the truthful answering of questions. The wit-

ness is protected by other members of court who are bound to ensure that

the questioning is relevant to the process of the court. Alternative

examples of prerogatives may be found in the military service. An individ-

ual enrolled In a service has entered a contractual prProgative which binds

him to obey the orders of his superiors.
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It is possible to detect the existence of a contractual prerogative in

classrooms which is distinct from the legal obligations of students to be

present and of teachers to teach. A feature which distinguishes this con-

tractual prerogative from those of other societal institutions is its seem-.

ing undisclosed nature. The student may be seen as entering a contract

with a teacher to have something done to him. At the time wheh the student

enters the contract, he is not aware of what is to be done to him, and prob-

ably he will remain ignorant of what it is until the outcome of teaching is

attained, at which time-the contract expires. Whatever the content of this

contract, a teacher is legitimately'exercising his prerogative by insisting

that a student submit himself to the terms of the contract, of which the

latter may be unaware. Thus'a teacher seems to be in a position to require

students to take intellectual action (and physical action where prescribed

by school regulations), while the student appears to be unable to resist

such requests. Alone, this suggests that a student has no recourse to
1

counteracting the intrusion of teaching upon his perceptions. The follow-

ing characterization of teaching is included to indicate that the intrusion

may be counteracted.

If'the teadhing act is considered as aimed at the student to facilitate

the processing of his experiences, then a further prerogative etages.

Within the classroom, the ultimate person responsible for processing a stu-

dent's experiences is the student himself; for whatever is attempted, it is

not possible for a teacher to -lave complete control over the processing of

a student's perceptions. The choice of how to process his experiences

remaini the prerogative of the student. Since this-choice is the preroga-

tive of the student, it is apparent that teaching should be directed at

making provision for the choice to be the result of judgment, rather than

arbitrary opining. The making of critical judgments, we have seen, requires

that the student adopt the dispositions and capabilities necessary for prin-

cipled deliberation-

In the next chapter, the three models of teaching are examined to deter-

mine which prerogatives are inherent in each model, thus clarifying further

this discussion of the nature of contractual prerogatives in classrooms.

1
Komisar makes the point Chat teaching is intrusive upon the perceptions

of the student, in "Is Teaching Phoney?", Ipach2mslgAtgeltazEd 52 (Febru-
ary 1969), p. 409.
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CHAPTER. III

THEORETICAL DEVELOPMENT OF THE ANALYTICAL SCHEME

The theoretical considerations of the previous chapter are used here

to determine the characteristic features of the three models of teaching.

These features constitute the analytical scheme which is used to identify'

the models in the transcribed lessons. Determination of these features

is facilitated by the use of a specific terminology which-is described

below, with reference to the discipline of physical science. This termin-

ology is used cansistintly throughout the remainder of the paper.

Definitions

Physical science is taken to mean a system of laws, theories, general-

izations, and principles which are used to explain natural phenomena. It

is helpful to identify three distinct components within this way of explain -

ing: observable phenomena; an explanatory system; and logical rules which .

permit one to link phenomena with the explanatory system, or to :love within

the system per se. These components are not exclusive to physical science.

However, the attribute of physical science, which distinguishes it from other

ways of explaining phenomena, is that explanations using magic, religion,

animism, and the willful behavior of inanimate substances are not permitted

in science.

In this paper logical rules are termed "logical procedures" (thus avoid-
.

ing unintended associations with the Rule Model). Logical procedures which

are seen to link phenomena with the explanatory system are termed "logical-

empiric procedures." Logical procedures which 14present a movement within

the system are termed "logical-analytic procedures."

It is anticipated that in the lessons some confusion may be evidenced

between observable entities and postulated entities. The former are visible,

or potentially visible, to the students. The latter are postulated to

explain observable phenomena; they are thus abstractions. This possible
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confusion may be explained by referring to the scientific paradigm. Within

the contemiorary paradigm it is legitimate to speak about atoms as though

one were reporting about states-of-affairs. However, a correct representa-

tion of science wOuld require that some reference be made to the paradigm.

Omission of this reference results in a misrepresentation of what is known

about phenomena. Since the present study is concerned with the manner in

which science is represented or misrepresented to students, it is necessary

to specify a terminology which will permit identification of such misrepre-

sentations, and which may be used consistently for all three models without

conflicting with their historical antecedents. For this reason the tcrms

"reality" and "fact" will be avoided in the development and use of the

analytical scheme.

In lessons, abstractions might be represented as reports of states-of-
_

affairs. These are termed "postulated entities" and "observable entities"

respectively, in order to assist the identification of any misrepresenta-

tions. In science, inferences are made concerning the behavior of postu-

lated entities and observable entities. Although such inferences rest on

evidence and paradigm rules, they are at times represented in lessons as

reports of states-of-affairs. This may occur with or without reference to

the paradigm in which the inferences are recognized as useful.

"Authority" is used to refer to one who is in a position to knov, who

has recognized expertise in the pertinent area of knowledge, and ukose

observations are replicable by others. It is anticipated that tht follow-

ing points, germane to authority, will be useful for identifying different

models. Students could be provided with the evidence afforded by an

authority, or the evidence could be paraphrased. A reference to the sourne

in which the authority presents the evidence would permit students to

examine the source, and thence to make some assessment of its reliability.

In the previous sectiun it las shown that the presence of evidence is

necessary for the acquisition of personal knowledge. Any statement which

makes reference to observable phenomena will be termed an "empirical refer-

ence, II The presence of an empirical reference does not necessarily estab-

lish dhat the evidence condition has been satisfied. It is necessary that

the phenomena referred to by the empirical reference are visible to the

students, or have the potential for being visible to the students (for
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instance, there may be references to common phenomena). In the analysis

note will be made of whether or not an empirical reference is considered

as providing evidence.

The term "representation" will be used to denote chemical symbols,

equations, diagrams, and other colIections of symbols which represent

states-of-affairs. Representations are themselves abstractions, and are

used to explain or clafify states -of-afiairs or other abstractions. Con-

sequently, representations have some correlation to states-of-affairs. It

is anticipated that the way in which this correlation is explicated will

be a useful indicator of the model evident in a portiod of a lesson.

Identification of the Features

In the renainder of this Chapter, the nodels are examined separately

.to determine their Characteristic features. A summary of these features

can be found at the end of the following Chapter.

The Impression Model

According to the Impression Model, the teacherlselects tha informstion

which is inparted as knowledge. This is to be accepted by the student with-

out question. The student is not afforded the opportunity for putting the

received paradigm knowledge to the test of his experiences; nor is he encour-

aged to exercise his prerogative of personil Choice concerning the acceptance

of what he is told and any actions related to it. Thus there are no grounds

for assuming that the student acquires personal knowledge. Instead,,the

contractual prerogative inherent in this model appears to be that the stu-

dent accept paradigm knowledge as personal knowledge.

This requirement provides an indication of the types of questions

and responses which characterize Impression Model teaching. Since students

are to receive information Without judgment or argument, there will be no

attempt by the teacher to ask questions requiring more than a recall of

inlormation which has been given previously. Consequently, the responses

characteristic of this model will contain recalled information.

The knowledge imparted by this model is described accurately as para-

digm knowledge. Thia description has two implications: first, the infor-

mation is presented as true-without eitMer reference to the rules and

assumptions of the paradigm, or provision of empirical references; and

23



-18-

second, the presentation of information as true does not permit students to

make judgments concerning its acceptability. By definition, a truth is not

negotiable--it connotes finality; and without the provision for considera-

tion of alternative explanations, there is no occasion for students to make

judgments.

The features of this model are discernible from the idherent intention

to present paradigm knowledge.
1

The presentation of paradigmatic truths

without reference to the paradigm entails an inattention to correct episte-

mology in science. Thus there will be evidence of the presentation of infer-

ences as observable phenomena, and postulated entities will be described .in

a manner similar to that used for observable entities, both without reference

to the paradigm and description of the paradigm.

For a student to judge a logical procedure, the procedure must be

depicted so that the appropriateness of'its use can be ausessed. Further,

the appropriateness of a representation cannot be judged logically unless

the representation is presented so as to clearly indicate that it is an

abstraction. In this way the teacher makes provision for the consideration

of alternative representations. Teaching by the Impression Model makes no

provision for students to form judgments. Thus depiction of logical pro-

cedures, and provision for the consideration of alternatives are not char-

acteristic of Impression Model teaching.

The use of representations and explanations need not be substantiated

for they are presented as accepted truths. Consequently, there is no need

to provide empirical references nor to expose the students to observable

phenomena. Evidence from authority may be used without reference to its

source. Neither is it necessary for the evidence to be cited accurately.

The Insight Model

Characteristic of the Insight Model is the teacher's use of verbal cues

to prompt the student. The student uses these cues to acquire knowledge

through his perceptions of observable phenomena. This method of eliciting

lit should be noted that the paradigm being taught need not be the
currently accepted paradigm. The Impression Model would permit the teach-
ing of eighteenth-century paradigms, and would permit a teacher to require
the students to accept them as truth.
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knowledge is analogous to that used by Socrates in a portion of the Meno

dialogue. 1
In this portion of the dialogue, Socrates elicits a geometrical

theorem from a slave boy, by asking questions concerning drawn diagrams.

The boy uses Socrates' cues and the diagrams to respond, and finally he is

able to State the theorem. The diagram may be thought of aa a representa-

tion; thus it seems permissible to extend the Characterization of the model

to include a search within a.representation, in addition to a search in

states-of-affairs.
2

The logical procealres which are used in the Meno dia-
.

logue can now be identified as logical-analytic procedures. If the student

were acquirimg knowledge from states-of-affairs, a logical-empiric procedure

would be evident.

A further point can be made from the Meno dialogue. The drawing of

the diagram initially establishes that the logical procedures to be used

are thore of Euclidean geometry. However, there are alternative geometries,

such as those of Lobachevsky and Riemann; and, although the use of these in

the Meno is an historical impossibility, it is useful to note that the

Euclidean paradigm is established without provision for the consideration

of any possible alternatives.

Empirica.11y, it seems that the manner in which science is represented

in the Insight Model is no different from that in the Impression Model. The

models are similar in their omission to prescribe that the teacher provide

the students with means for judging the appropriateness of the inferences,

explanations, and logical proceUures within a paradigm. Therefore, postu-

lated entities mill be presented as observable entities, and inferences
. - .

will be presented as reports of observable phenomena. There is no need for

the teacher to make provision for the consideration oC alternatives, because

neither model makes reference to judgment. The evidence of an authority

may be used as a means of support for a statement, but there is no need to

refer specifically to the authority, nor to cite the statements of the

authority.

The difference between the two models is evident in the manner in

which students are expected to react to stimuli provided by a teacher. On

1
Plato Meno 82B-85C. As noted earlier, the appropriateness of this

analogy has been confirmed by Scheffler in a personal communication.
2
This extension offthe Insight Model has been allowed by Scheffler in

a personal communication.
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the one hand, the Impression Model represents the student's mind as a

tabula rasa, receiving stimuli. The Insight Model, on the other hand,

depicts the mind as having prior knowledge which is elicited by stimuli in

the form of cues. The student uses these cues to examine representations

or observable phenomena, and thereby to providl new information. His

responses are restricted by the cues provided, and by the phenomena or rep-

reSentations used in constructing those responses. Thus the student is not

expected 03 exercise judgment; he is expected only to demonstrate his under-

standing of a logical procedure by responding appropriately to the teacher's

cues. This appears to describe the nature of the contractual prerogative

in the Insight Model.

It is not possible to predict precisely the typ*s of cues which are

identifiable with Insight Mbdel teaching. They will be characterized by

their intention to elicit new information; and they will form pert of a

logical procedure which the student will follow in order to responi correctly.

On occasion it is possible that the teacher's cues appear irrelevant to the

logical procedure which a student is apparently intended to understand. In

the analysis, such instances will be noted, and arguments will be presented

to demonstrate that such teaching can be regarded as Insight Model teaching.

The Rule Model

The Rule Model is distinct from the other models in the provision it

makes for students to acquire personal knowledge, and to make judgments.

Thus it is insufficient for a teacher to supply information and to demon-

strate logical procedures. Instead, logical procedures must be described

in such a way that provision is made for the considergtion of alternative

procedures and explanations. This may be recognized as the fulfillment of

__the-truth condition, a necessary condition for the acquisition of personal

knowledge.

If teaching by the Rule Model requires fulfillment of the truth condi-

tion, then scientific knowledge will be represented as relative to a para-

digm. That is, inferences used to formulate abstractions, and the abstrac-

tions themselves, will be accompanied by reference to a paradigm. Alterna-

tively, the inferences and abstractions will be stated in such a way that

they are seen to be clearly dependent upon a paradigm, and that the use of,

alternative paradigms might result in alternative inferences and abstractions.
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If an inference is prefaced with a word which connotes thaL alternatives are

possible, then this would permit a student to request substantiation or

alternatives, and to judge the acceptability of the inference. This provi-

sion for consideration of alternatives does not imply the need for provision

of alternatives. Such a requirement would place considerable stress on the

practicality of Rule Model teaching.
1

The Rule Model presctibes that the paradigm be either exposed or

referred to in such a way that students may judge the appropriateness of

the inferences and explanations which the paradiim-offers.

A teacher will introduce a logical-analytic procedure in such a way

that its use is both explicated and justified. By definition, the use of a

logical-empiric procedure is accompanied by an empirical reference. Since

the Rule Model requires the students to acquire personal knowledge, then

the teacher is required to provide evidence for.the students. Thus, objects

or events to which empirical references refer must be visible to the students,

or be such that they are within common experience so that they are potentially

visible to the students. For instance, there might be a reference to a

previous demonstration, or to some common natural phenomenon.

Evidence derived from an authoritative source will be accompanied by

some reference to its origin so that students are provided with some grounds

for judging the reliability of the authoritative source. The evidence will

be cited from the source, or the teacher will provide a paraphrase and indi-

cate that he is doing so.

Typically, transcriptions of Rule Model teaching will show inferences

to be distinct from reports of observable phenomena, and postulated entities

will be shown distinct from observable entities. If this,is not explicitly

stated, then ehere vill be a reference to the paradigm used at that time

(implicit references are noted in the analysis wherever possible). Logical

procedures will be described in such a way that provision for alternatives

is being made. Alternative explanations need not be provided, but the teach-

ing will be seen to provide for the consideration of alternatives.

In terms of prerogatives, the teacher can legitimately insist that stu-

dents be exposed to explanations and to their means of support. But the

1
In a personal communication, Scheffler has acknowledged that the

requirement "provision of alternatives" is too stringent an interpretation

of Rule Model teaching.
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teacher has no right to require students to accept a proposition as true.

Ascribing a truth value to a proposition is the prerogative of students.

_Previously it wss noted that the ultimate responsibility for the processing

of personal experience rests with the individual. Teething by the Rule

Model permits students to exercise the prerogatives associated with this.

In addition, students are permitted to partly counteract the intrusiveness

of teaching either by requesting support for the teather's claims, or by

providing arguments for not accepting them.

Questions characteristic of the Rule Model will reflect the intention

that students make judgments. Thus questions might require the provision

of evidence, argument or judgment. The responses will fulfill these requests

appropriately.
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CHAPTER IV .

EMPIRICAL PROCEDURES OF THE ANALYSIS

This chaper and the final one deal with iethodological considerations

encountered in application of the analytical scheme. The present chapter

describes the manner in which lessons were collected and the format in

which they are presented. Also, procedures for selecting portions of lessons

for analysis are detailed, and some mechanical procedures of analysis are

noted. A concise version of the analytical scheme is then provided ai the

end of the chapter.

Collection of Lessons

The analytical scheme theoretically should be applicable to all levels

and types oi science lessons. For puiposes of this case study, it was

believed that useful transcriptions might be obtained from recordings of

chemistry and physics lessons in Grades 11, 12, and 13.

Permission to record was obtained from four science teachers whose

schools.are within the metropolitan Toronto area. The teachers were informed

that the recordings were not for the purpose of evaluating teachers, but of

demonstrating the application of an analytical scheme. In ell, ten lessons

were recorded: one lesson from Teacher W, and three consecutive lessons

from each of the other teachers X, Y, and'E.
1

The recordings were made with

a monaural tape recorder and a single microphone which was placed near the

front of each classroom. During the lessons, notes were made of blackboard

writing, references to textbooks, and other pertinent details. No records

were kept of class size, student variables, teacher variables, or lesson

duration. Such factors are of no importance to dm present study, for

obvious reasons.

1
Following the first recording, Teacher W expressed the belief that

the material he was teaching was too theoretical to be of use to the study.
In order to prevent any possible uneasiness, it was agreed that the class
would not be recorded again.
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All ten lessons were recorded within a period of two weeks. Whenever

feasible, each recording was transcribed immediately after it was made.

Ultimately two lessons were selected for presentation in dis paper--one by

Teacher W (his first and only lesson) and the other by Teacher X (his third

lesson). Both happen to be in Chemistry. Teacher W is teaching a Grade 13

class, while Teacher X is teaching a Grade 12, nonacademic g;oup (called,.at

the time, the "four-year stream"). The lessons were chosen because ihtui-.

tively they seemed to represent two different approaches to the teaching of

science.

Presentation of Transcriptions

The lessons and their analysis are presented in the Appendix, but it

would probably be most appropriate if the reader delayed examining that

material for the moment. The discussion in the remainder of the present

chapter is helpful in understanding and following the analysis, and it is

suggested that the reader actually examine both lessons and analysis upon

beginning the next chapter.

Lessons are displayed with the transcribed discourse confined to half

the page on the left-hand side. This format provides space for the analysis

to be written opposite that portion to which it refers. Students are identi-

fied by name whenever it is evident from the discourse; otherwise they are

identified simply as "Student." The teacher is always identified as

"Teacher." The lines of discourse on each page are numbered in multiples

of five to facilitate reference to specific lines; these numbers appear at

the left of the page. Explanatory comments, Chemical equations, and similar

blackboard work are enclosed within parentheses and included in the body of

the transcription. The one larger table in Teacher W's lesson is reproduced

at the end, and the reader is referred to it by a footnote at the point

where it was first used in the lesson. Each lesson is identified at the

beginning of the transcription.

Procedure of Analysis

Grouping Utterances

An important methodological consideration encountered was to decide

which portions of the transcriptions would be analyzed, and to justify the

exclusion of the remainder. It seemed useful, fot this purpose, to divide

the classroom discourse into four types of utterances.
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Group 1

This group includes all statements and questions which relate directly

to knowledge-. These utterances would include assertions about phenomena,

abstractions, explanations, etc., and questions relating to these.

Group 2

A number of utterances have an indirect relation to knowledge. These

make reference to past or future work, assignments, tests, the opening of.

textbooks, the copying of material, and others. For instance, the state-

ment, "You will remember this from last week" would indicate-that the topic

referred to had been mentioned previously. "Open your books at page ten"

is a further example of a Group 2 utterance.

Group 3

Utterances in this group have a minimal relation to knowledge. Rather,

they concern the maintenance of classroom order and personal conduct of the

students. Normally suCh statements are not analyzed, but if relationships

between classroom discipline and inferred teaching model are evident, they

are noted.

Group 4

This group includes utterances such as overtures ("Hello," "Good morn-

ing," etc.), remonstrations, asides, jokes, laughter, and similar irrele-

vancies. These are not analyzed, although they remain in the transcriptions.

It is understood that noises of assent or dissent, relating to questions of

knowledge, are considered as Group 1 utterances.

Choice of Utterances

Since this study is restricted to the knowledge dimension of teaching,

the analysis is directed at Group 1 utterances. In the analysis, utterances

of Group I are not identified by the description "Group 1"; instead, the

utterances of the other groups are ignored. In a few cases it is found use-

ful to explain other utterances. These are clearly identified as belonging

to one of the other groups.
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Identification of Episodes

.Each lesson is analyzed as a discrete unit of teaching. Any depar-

tures from this procedure are justified within the analysis. For cdnve-,.

nience, each lesson is divided into consecutively numbered episodes.

These episodes will be seen as Ilistinct parts of lessons; they may repre-

sent stages of a teacher's argument, or they may contain different topics

taught within the lesson. No attempt is made to justify the divisions

used in distinguishing the episodes, beyond their apparent usefulness.

(There are fifteen episodes in Teacher W's lesson and eight in Teacher X's

lessOn.)

A

Indicating Episodes in the Analysig

Episodes are designated by underlining, and their limits axe indicated

by line numbers and page numbers (where appropriate). For instance,

"Episode 1. LL.1-8 (p.A3)" indicates that the first episode commences on

the currenepage at line one, and ends on line eight of page A3. Should

an episode begin and end on the same page, then the page reference is omitted.

The symbols "L" for "line" and "LIP for "lines" are adopted to avoid confu-

sion between the number "1" and the letter "1."

Designation of Model of Teaching

The model of teaching evidenced in an episode is identified by placing

the name in upper-case lettere immediately following the commencement of the

episode. Any departures from this procedure are clearly indicated. Whenever

the name of a model of teaching is used to denote its apparent presence, the

name is placed in upper-case letters; for instance, a question which is

characteristic of the Impression Model is identified as an "IMPRESSION ques-

tion." In some episodes more than one model of teaching appears to be evi-

denced. These instances are noted appropriately.

Location of Analysis

The analysis includes justifications for classifying episodes as

instances of teaching models. Therefore, the analysis appears opposite that

portion of the discourse to which it refers. Reference to specific parts

of the discourse is achieved by using the notation "tr followed by the

appropriate line number.
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Summary of the Analytical Scheme

The arguments in the analysis are used to identify the models by indi-

cating their Characteristic features which are evident in episodes of the

lesson transcriptions. These features are listed below in summary form.

The terminology is consistent with that used in the analysis, and of course

with the theoretical development presented earlier.

The Impression Model

a) There will be no reference to paradigms so the inferences of a paradigm

will be presented as reports of observable phenomena.

b) No distinctions will be made between postulated and observable entities.

c) Empirical references are not necessarily provided, nor is the phenomenon

necessarily visible to the students.

d) Logical procedures need not be explicated nor need their use be justified.

e) There is no provision for the consideration of aliernative procedures or

explanations.

f) The evidence of an authority need not be cited, nor need there be refer-

ence to the source of this evidence.

g) The teacher's questions intend to elicit the recall of information given

previously.

h) The students' responses will contain information given previously.

The Insight Model

The presentation of science in this model is similar to that in the

Impression Model.

a) There will be no reference to paradigms, so the inferences of a paradigm

will be presented as reports of observable phenomena.

b) Postulated entities will not be distinguished from observable entities.

c) Empirical references are not necessarily provided, nor is the phenome-

nal necessarily visible or potentially visible to the students.

d) There is no provision for the consideration of alternative procedures

or explanations.

e) The evidence of an authority need not be cited, nor need there be a

reference to the source of this evidence.

f) The teacher's questions, which are referred to as "cues," are intended

to elicit new information.
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g) Cues may form part of a logical procedure whidh students must follow

if they are to deriiye the required new information.

h) Some cues may,be seen as irrelevant to the responses required or the

logical procedure intended.

i) The responses of students will provide new information. The responses

are derived from the teadher's cues.

The Rule Model

a) Paradigms are exposed or referred to, so that the inferences of a para-

digm are presented in sudh a way that they are clearly to be associated

with a paradigm.

b) Postulated entities are distinguished from observable entities.

c) Logical procedures are clearly expllcated, and provision is made for

their use to be questioned.

d) There is provision for the consideration ofalternatives.

e) Empirical references are provided; the phenomena are visible or poten-

tially visible to the students.

f) The use of fn authoritative source is accompanied by a reference to

the authority; the authority's statements are provided, or the teacher

indicates that he is presenting a paraphrase:

g) Characteristic Rule Model questions would contain requests for judgments,

evidence, substantiation, or alternatives. These requests will be

answered appropriately.
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CHAPTER V

IMPLICATIONS OF THE STUDY

The first section of this chapter specifies methodological difficul-

ties experienced in practical application of the analytical sCheme.
1

In

the second section, some theoretical implications and practical consequences

of teaching according to the mOdels are discussed from both the foregoing

theoretical considefations and the evidence provided in the Appendix:
2

The

final section contains some concluding remarks.

Practical Limitations of the Analytical Scheme

A deficiency in the use of the analytical scheme is the difficulty

experienced in identifying which information the students have been

acquainted with previously. This limitation was noted in Chapter It the

user of a scheme such as this one is obliged to analyze the immediate dis-

course without referring to what has been taught in a prior lesson.

The first episode of Teacher W's lesson (L.I (p.A21 to LA [p.A3])

affords an illustration of the type of difficulty resulting from this limi-

tation. Clearly# the siructural representations and logical procedures

referred to here have been introduced to the students in a preceding lesson.

If there were some indication of how these were initially taught, the lesson

might have been analyzed differently. It is noted, however, that there is

no reference in this part of the lesson to the paradigm which permits the

representations to be spoken of as states-of-affairs. The episode is de-

scribed as Ingight Model teaching for two reasons. First, no diatinctions

are made between representations and reports of states-of-affairs; and

second, there is no provision of means for judging the adequacy of these

representations .

lAt this point the reader is urged to read the appended lessons and
their analyses.

-

2
Reference is made to the Appendix by appropriate page and line

numbers. 35
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A sinilar difficulty is apparent in the final episode of Teacher X's

lesson (Episode 8. L.27 (p.A37] to L.30 fp.A391). The episode evidently

constitutes an introduction to the next topic for the clais; one might,

therefore, infer that the omitted sources of evidence and logical pro-

cedures will be supplied in following lessonS. There is a reference to

some forthcoming evidence (L.40 fp.A381) but there is no indication that all

the kelevant information will be presented. Since the analysis is directed

at the Immediate provision for students' to'know, the episode is identified

as Impression Model teaching.

There are instances in which the identification of an episode as evi-

dencing one of the models is confused by the existence of features of other

models within the same episode. Episode 5 in Teacher X.'s lesson (L.48 fp.A291

to L.33 fp.A321),is identified as Rule Model teaching. However, it is seen

to contain a portion of Insight Model teaching (LL.34-39 (p.A31)). The

resulting confusidn night be removed by reducing the length of episodes.and

increasing their frequency, yet this might render the analysis ovetly compli-

cated. Another solution might be to classify episodes according to.the

model predominantly evidenced, yet this would require some means of assess-

ing the quality and quantity of each model present in any one episode. The

resolution of problems emanating from such assessments would not add to the

purpose of the analysis, which is td identify the models and assess the pro-

vision for students to know. Similarly, it would be meaningless, for in-

stance, to judge Teacher X to be a "Rule Model Teacher." Instead, it is

possible to examine the transcript without making such a judgment, and de-

tect the evident consequences of Teacher X's use of any one of the models.

Precise classification of some portions of episodes was hindered both

by a paucity of identifiable features, and by the lack of any procedures for

quantification in the analytical scheme. In all such portions, classifica-

tion was finally achieved; but in some it required lengthy argument. (A

consequent disadvantage of the scheme is that it could not be used for an

instant analysis of lessons, thereby limiting its use for purposes of class-

roomqsupervision. Undertaking a comprehensive analysis requires a consider-

able amount of time, and the product is almost as long as the original les-

son transcription.) The following instnces are discussed to clarify diffi-

culties in resolving some of the problems encountered.
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Episode 8 in Teacher N's lesson (L.32 (p.A121 to L.9 [p.A14]) is iden-

tified as Impression Mbdel teaching, despite the presence of sone Rule Model

features (notably the justification for the use of iodine). In order to ,

derive this identification it was necessary to analyze the justification per

se, rather than merely acknowledge its presence.

Difficulty was experienced in analyzing a section on page A27 (LL.10-13).

Here the teadher names the odor (L.13) without explicit justification from

the students' observations. This statement cannot therefore be attributed

properly to Rule Model teadhing. The student's response (L.12) can be inter-

preted in one of two ways. Either it is a report of an observation, namely,

that a smell was evident; or it is a response to the teacher's preceding

statement, to the effect that another sense is "sense of smell." If the

latter is the case, and the response was prompted by the teacher's statement,

then the student could be providing new information, which would suggest

that the teacher's statement is an Insight Model cue. Alternatively, the

student could be recalling information given in a prior lesson, which would

imply that this section is more accurately described as Impreision Wodel

teaching. The presence of other recognizable ftatures would facilitate solu-

tion of this problem. As it is, the analytical scheme in its present form

cannot be used LO solve the dilemma satisfactorily. The present analysis

is insufficient here.

The analysis on page A36 demonstrates the difficulty in determining

what may be taken legitimately to constitute the provision of evidence.

Some quantification within the analytical scheme might be of help, but it

is unlikely that statements referring to experience can be quantified both

meaningfully and comprehensively. In this part of the discourse, the prob-

lem is one of establishing the sufficiency of the mention of Sunlight soap

(L.15) as constituting evidence, and of determining the probability that

the referenced phenomena are visible or potentially visible to the students.

If this were established, one could then determine whether this reference

constitutes the provision of evidence. The response of one student (LL.17-18

ip.A361) cannot be interpreted as acknowledging familiarity for the whole

class. Neither does an acknowledgment of familiarity with the soap guaran-

tee that the student is familiar with the drying,out of the soap. To look

at a bar of soap is not necessarily to observe the bar drying and becoming

hard; this requires that observations be made at appropriate times and

under appropriate conditions-

37



-32-

A similar problem occurs in the analysis of an earlier portion of the

same lesson. On page A32 (1.1..l4-20) the teacher makes a reference to some

physical characteristics of ice. Again, the phenomena referred to are prob-

ably within the experience of the students. But without polling the class

it is not possible to assert that the reference constitutes evidence for all

of the students.

In both these instances, the students are obliged to rely upon the

reported observations of the teacher. Thus one could state that this ia

the provision of evidence from authority. Unfortunately, this would require

the writer to assert that the students regard the teacher as an authority

in the knowledgeable sense, and not in the sense of one having the power to

influence thought, opinion, or action. It is not possible to detect which

is the case. The analytical scheme is deficient in these and similar

instances.

Thui the analytical scheme has been used with some success. But the

discussions above illustrate that it is unsatisfactory in the analysis of

sone portions of the lessons. Some of the problems might be minimized by

developing a more detailed analytical framework from which the scheme could

be derived. Such a framework would have to incorporate at least a more

thorough analysis of what constitutes evidence.

Implications and Consequences of the Use of the Models

At this point it is possible to take note of a few implications and

consequences which are derived from the theoretical considerations of pre-

vious chapters, and from the analyzed lessons. The evidence is limited, as

is characteristic of a case study.

Mention has already been made that the Impression and Insight Models

do not represent science accurately. The misrepresentation of science was

associated with the teaching of a paradigm without indicating the nature of

the paradigm. This omission has possible implications. Within the analyti-

cal scheme, :misrepresentations of science are described as "the presentation

of postulated entities as observable entities" and "the presentation of

inferences as reports of observable phenomena." Such misrepresentations

are exemplified by stateuents in the analyzed lessons- -for instance: "The

fluoride ion has one more electron than protons . . ." (1.1..6 -7 (p.A51), and

. . the atoms . . . have formed new and different partnerships" (I.L.32 -33
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fp.A32j). These statements have forms similar to those of statements

describing phenomena, such ai: "This car has two more pl.-tons than wheels"

4111 and "The artist formed new and different designs." The accuracy of the

second two statements could be determined by direct observation. Presumably,

the accuracy of the first two statements could be determinable in the same

way since they have similar forms; this implies that the entities referred

to are observable. But ions, electrons, protons, and atoms are not observ-

able, for their existence is postulated only. If students are provided with,

such statements alone, they might believe that the entities are observable.

Consequently, there would be no logical grounds for questioning their use

ts explanations of states-of-affairs.

There appear to be at least two further implications of misrepresenting

science in this way. First, it could resultan an incomprehensible contra-

diction. For instance, a student might be told that light consists of par-

ticles, then he might be told that light consists of waves. If he is not

assisted in the resolution of this contradiction, he would be obliged to

mistrust his experiences or the experiences of others. The apparent contra-

diction is reconciled if the statements are rewritten so that the distinc-

tion between postulated and observable entities is explicit, thus: "Certain

behaviors of light may be explained by considering it to consist of particles

(waves)." In this way the student has provision for understanding that the

phenomena are not disputed, but that the explanations of the phenomena are

disputable.

The second implication refers to the way in which misrepresentation of

science could distort the history of science. If a student is taught that

some atoms are capable of undergoing fission when previously he learned

Dalton's atomic theory, then he is given grounds for doubting Dalton's

intellectual competence. It seems important for students to understand

that Dalton developed.an explanation which was satisfactory for the phenomena

he observed, and that more phenomena are observed now, which require differ-

ent or more complex explanations. Since the teaching of science by the

Rule Model is associated with an accurate presentation of science, the

teacher would not be responsible for this type of distortion.

Significant implications of using the models may be derived from the

ways in which teachers permit students to respond. It has been found in

this study that the Impreslion Model provides for no overt response other
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than the recall of information. According to Cite Insight Model, students

respond in ways determined by teachers' cues. In neither of these models

are students permitted to question imparted information. An attribute of

the Rule Model is the provision made for students to sake judgments, and

for their judgments to be respected. Teaching according to this model per-

mits students to question the accuracy of information they are given.

'No exaeples are incluled here to illustrate differences in the mays

students are permitted to respond. The different reactions of teachers to

student questioning are pertly responsible for the identification of these

portions of the lessons as representative of different models.

The first example commences with the objection raised by Julie (L42

Ip.A301). Here she is questioning the attributes of cheuical and physical

changes; and she implies that the points made by the teacher are not exclu-

sive. Her objection is honored, and the teadher performs a demonstration

which yields further evidence. This section is identified as Rule Model

teaching.

The first example is to be compared with the second, in which a student

attempts to answer a question concerning which substance may be used to re-

duce iodine. In this episode (L.30 (p4A171 to L.37 (p.A181), the student

provides an answer which is rejected by the teacher. The student provides

reasoning to support his answer; but the teacher fails to justify its rejec-
,

tion. Finally, the student is interrupted 6y the teacher's irrational asser-

tion (L.27 (p.A18]). This episode is identified as Impression Model teaching.

Scheffler points out that the Rule Model makes provision for certain

rights of students to be respected. He states:

What is in point here is simply the autonomy of the student's judgment,
his right to seek reasons in support of claims upon his credibilities
and loyalties, and his correlative obligation to deal with such reasons
in a principled manner.'

Determining whether ot not these rights should be respected requires consid-

eration of philosophical issues which are outside the scope of this paper.

Some Concluding Remarks

The two analyzed science lessons illustrate that the concept of teaching

has at least three distinct manifftstations, which are described by the three

1
Scheffler, "Philosophical Models," p. 141.
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philosophical models. in the two lessons the students are undergoing_

experiences which are different apart from the material being presented and

its different levels of anceptual complexity. The study has enabled some

of these differences to be documented. There are differences in presenta-

tions of science, in permitted intellectual response, and in support pro-

vided for the teadhers' assertions. However, there is no doubt that both

Teacher W and Teadher X are engaged iü some form of teadhing.

Teadhing according to alternative models seems to have consequences

other than the information which students are to learn. There appears to

be a need for some method whereby these consequences could be documented

more precisely. Prior to this, some revision of the analytical sdheme in

the present paper might assist in the elimination of some of the problems

noted in its use. Then the study could be used as a component of teacher

education, so that teadhers-in-training might be alerted to different philo-

sophical models of teaching, and to some of the consequences of their use.

qv'
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A2

TEACHER W LESSON 1

GRADE 13. CHEHISTRY (F/VE-YEAR STREAM)

Teacher: Let's take a look at
problems one to six. amber
one. Does anybody have the
answer, or if nobody has the

5 answer does anybody have a
problem? (Pause--students
opening books, etc.)."If
you're going to write the
electronic configuration

10 for the fluoride ion, neon
and the sodium ion, what
will they look like?

Student: 282 2p5?

Teacher: 282 2p5 we've had
15 before that . . .

Student: Ohl 1s2 . . .

Teacher: 182 282 2p5. And
what will that be?

Student: Fluorine?

..20 Teacher: That would be the
fluorine atom, eh? And so
the fluoridejon? (There is
a pause--a few indistinguish-
able mumblings.)

25 Student: Six.

Teacher: Six. Neon? Lois,

since you're doing so well.

Lois: It will be . . . er . . .

192 . . . 2s2 . . . 2p7?
.

30 Teacher: Just neon--not the
neon positive ion.

Lois: Uh . . . just a six.

Teacher: And finally sodium?
Oscar?

35 Oscar: Uhm, . . . be er, 1s2

2s2 . . . er . . . 45, and er
381. (Teacher writes these

45

Episode 1. LL.1-8 (p.A3): INSIGHT,
with an exception which is noted. The
representations of electronic structure
are postulations derived from certain
abstract principles, e.g. Schrodinger
Equation, Aufbau Principle, and Pauli
Exclusion Principle. The relationship
of those representations to states-of-
affairs is not explicated; neither is
there provision in this lesson for
these representations to be justified
as suitable representations of states-
of-affairs. At this point, there is
no means for determining if such pro-
vision was made in a previous lesson.

In this episode.the students use the
logicalanalytic procedures which are
prescribed by the above-mentioned
principles, and determine the struc-
tural representations of the ions.

LL.13-18: The incorrect responses
suggest Caat the relationship of the
postulated species to the structural
representations is not fully understood.

L.20: The teacher continues to ask
for the structural representation of
the ions and atoms. At this poini he
has not emphasized the procedure by
which the students could determine the
representation of the ion by knowing
that of the atom. This'may Wm-been
emphasized in a prior lesson.

Lois' response suggests that the logical-
analytic procedure is not fully understood.

LL.30-31: The teacher provides a cue
which does not explicate the difference
he apparently intends to elicit. Lois'

response may imply that the procedure
has been given in a prior lesson.

Oscar gives the configuration fox the
atom, whereas in L.11 the teacher asked
for the configuration for the ion. This
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structures on the board.)

Teacher: . . . and 321 for odium,
so the sodium positive ion,
Oscar, will be what? (Pause--

5 m student says something.)
Oscar's definition is what we're
after.

Students We could just forget
about the 31, and . . .

10 Teacher: Okay'. So, what can you
say then about these three
ipecies? Tom?

Tom: Same electronic structure.

Teacher: And what word, we
15 haven't used the word very

much - -just terminology, but
what word do you apply when
three species of particles
have the same number of elec

20 trons? It's said to be what?

Student: Iso -electronic?

Teacher: Yeh, so that's just
for information. Now. Then
they ask you what would the

25 three of chloride negative,
argon, potassium positive, you
can take a look at these and
see if they follow the periodic
table pages 17., 16, 19. And,

30 er, bromide, krypton, and
rubidium positive. Now how do
their configurations compare?
(Pause- -teacher calls on a
student.)

35 Student: They'll be the same?

Teacher: The same, and again,
what will be the only differ-
ence between the fluoride ion,
which is 2s2 2p6, and the

40 bromide ion? (Pause) The
chloride- -the fluoride

rather - -is this what would

46

may be the result of the teacher's
ambiguous question in L.33 p.A2.
The teacher could mean either the
sodium atom or the oditm: ion.

L.10: The teacher requires the
students to notesthe similarity
of the derived structural'repre-
sentstions. Tom makes the desired
connection; his response is to be
termed INSIGHT response.

11.14-23: IMPRESSION. The recall
of previously given information is
typically associated with IMPRESSION
teaching.

L.24: INSIGHT continues. The same
logical-analytic procedures are to
be used, under the same conditions,
to determine the structural repre-
sentations of other postulated enti-
ties. There is no empirical refer-
ent, although this may have been
given in a prior lesson. Nor is
.there any attempt to distinguish the
postulated entities from observable
entities.

L.35: This response is tentative.
The teacher indicates that it is cor-
rect, but provides no justification
for its correctness.

L.37: The teacher uses the word "only."
The difference which he appears to
require is in the numbering of the
ts' and 'p' orbital representations.



be the chloride, as far as
valence electrons? Chris?

Chris: 3E12 3p6,

Teacher: 3p6. And the
5 bromide ion?

StUdent: 4s2 4p6. Or . . .

Yeh, that's right. (Some
students agree.)

Teacher: Okay. That's question
10 number one. Nowa question

down there along the line
iomeplace, says: since these
all have the same number of
electrons, then why don't they

15 have the sane sixes? And, we
can take a look at the rela-
tive sizes of fluoride ion,
neon atom, and the sodium ion.
So if you'll just take a look

20 then. This is the neutral
fluorine atom, this is the
fluoride ion, the neon atom,
neutral sodium atom, and then
the sodium positive one ion.

25 (The teacher is pointing to
a chart entitled 1Relative
Sizes of Atoms and Ions in
the Periodic Table.") Now why
does the sodium positive.one

30 ion differ from the neon atom,
which again differs from the
fluoride ion? No idea? Rick?
(Rick makes some response.)
Nell, what was it?

35 Rick: You're talking about the
fluorine, the neon, and the
sodium . . .

Teacher: Right.

Rick: Um, fluorine has um, one
40 lass proton_than it does . . .

fluorine negative has one
less proton than electron;
neon has the same number of
protons, sodium has one

'45 more.

A4

47

Chris' response and the response in.
L.6 indicate that the students have
understood the logical-analytic.pro-
cedure. These responses are consid-
ered as INSIGHT responses, for they
demonstrate correct interpretation
of the cue (L.1-2), and correct use
of the logical-analytic procedure.

Episode 2. LL.10 -37 (p.A5): This
episode to L.45 is identified as

There is no reference to the paradigm;
thus the differences in sizes of the
-postulated entities are presented as
observable phinomena.

There is no explication of the infer-
ences which lead to the determination
of the sizes of the species. The stu-
dents might assume from this portion
of the dialogue that the sizes are
measured directly. It is possible that
the determination of the sizes has been
discussed in a previous lesson.

L.28: In this portion the teacher has
provided no information from which the
students may ansuer this question.
This might explain Rick's statement in
L.35. 'Also, the question is similar to
the one asked in L.37 p.A3. One might
infer that the cueing is insufficient
and consequently is misleading. The
logicalanalytic procedures for relating
the variation of size to the position
of the atom on the Periodic Table is not
explicated in this "section (LL.10-34).

Rick is either recalling information
concerning the postulated structures
of the species, or he is working to-
ward the solution of the question by
first stating some differences. The
teacher.interrupts him, possibly be-
cause Rick is not providing the intended
response concerning the variation in
size.



Teadher: Number of protons in
the nucleus is 9, 10, 11;
give off an electron in one
case, gain an electron in the

5 other case, so in this case
the fluoride ion has one more
election than protons and so
hence the hold isn't so great
and they can spread out. And

10 the sodium ion has one more
proton than electrons, the
pull is quite a bit greater
so they come together. Now,

that answers question number
15 six. Question number five

does anybody have? (Pause)

The bond lengths of these
four molecules. (Long pause.)
Okay. So you have SiP4, SiC14,

20 SiBr4, and 5iI4 and what about
their bond lengths?

Student: 1.88 for SiP4. And,
er, 1.71 for . . .

Teacher: 1.71?

25 Student: 2.15.

Teacher: 2.15. They have to
get larger. The covalent
radius is larger for the
chlorine.

30 Student: and, er, 2.30.

Teacher: Is that right?
(Student: Yeh) And the
next one?

Student: 2.49.

-35 Teacher: 2.49. Okay, you
all see how they're done'?
Now, this is ail they ask
you to do, but maybe we
can do a little bit more.

40 If you're going to experiment
to determine these things,
then how would you predict,
if you can recall what we
talked about the other day,

A5.

4-8

LL.1-36: IMPRESSION. In this portion
the teacher provides the logical-
analytic procedure for relating the
inferred size of the species to its-
postulated structure. The explanation
for the variation in size is an in-
stances& inferences of a paradigm
being presented as reports of observ-
"able phenomena with no explicit refer-
ence to the paradigm. The students
are not privileged to any substantia-
tion for what the teacher asserts to
be the case.

LL.22-25: The values have been cal-
culated in a previous homework assign-
ment. There is an example of this
type of calculation in the textbook.
The example uses the carbon compounds
of the halogens. This might explain
Lois' response in L.6 p.A6.

L.26: The assertion of the teacher
is the only source of support for
this statement in the present dialogue.

LL.35-36: One might infer some sig-
nificance from the lack of response
to this question; or it could simply
be that the teacher does not allow
time for the students to respond.

pplsode 3. LL.37-6 (p.A7): IMPRESSION.

L.44: This statement indicates that
the students are to recall information.



how would you predict they
would correspond to the
actual experimental bond
lengths? (Long pause)

5 Lois?

Lois: They react quickly in
the carbon, the last two--
er - -they're closer and the

first one is way off, because
10 (Teacher: Okay) they had

-ionic bonds.

Teacher: Let's take a look.
(He writes up some values.)
The experimental bond lengths

15 of these--er--so. Lois said
that as you go down them,
what you predicted would be
that the difference would de-
crease as you go down, or in-

20 crease--or as you go down the
group, eh, in the periodic table.
And, we tried to explain it the
other daY. So, do we have an
explanation for it today? Why

25 should the difference be greater
with the fluoride, or the silicon
fluoride rather, than the silicon

-* iodide, just take the top and the
bottom. (Long pause) Don't know

30 why it's so difficult. Yes?

Student: Because, there-is more of
an electron shift, because it is
held closer together?

Teacher: Right. This is . . .

35 Student: Because, there's stronger
bonding in the . . .

Teacher: The ionic nature increases
as you go up here eh? And there's
more ionic character of the bond,

40 then the closer they are (Student:
Yeah) or the further theyare away
-I -then- -the greater the strength

of the bond, then the closer
they are, and the further they

45 are from the calculated values.

Bonds are postulated entities; here
they are presented as something:real
or "actual"; there is no reference to
the peradiga which periits this. No
attempt is made to explain the infer-
ences used in the determination of
"bond lengths." This may have been
discussed in a previous lesson. The
question asked of Lois IX for recall;
thus it is recognized as am IMPRESSION
question. Lois' tesponee Is unclear.
She may be referring to the example
cited in her textbook. This has been
suggested in the analysis opposite
L.21 p.A5. (The values of bond lengths
are reproduced on p.A7.)

49

BothIpets of data are derived from a
number of inferences which are not
explicated here. The teacher presents
the experimental values as if they are
direct observations of states-of-
affairs. This implies that the bonds
may be seen and that their lengths may
be measured.

L.23: The question appears to be one
which elicits the recall of an explana-
tion given previously; therefore it is
an IMPRESSION question.

L.31: "The student refers to an explana-
tion as a report of an observable phe-
nomenon. The use of "it" is ambiguous,
referring to the flubride or the iodide.
L.34: The teacher condones the ambigu-

itY of "it."
L.35: The student is not permitted to
complete his recall of information.

IL.37-45: AMPRESSION. The teacher's
explanation'is based on the postulates
"ionic characterl" and "bond strength."
These are not distinguished from
observable entities; neither does the
teacher explicate the arguments which
connect the two postulated entities.
Prom L.22 one.could infer that this has
been covered in a previous lesson.
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Right?

(On the board:

13114

SiC14

SiBri

SiI4

calculated

1.88

2.15

2.30

2.49

experimental

1.59

2.01

2.15

2.43)

Now really, I'm serious,
I hope that you people
get going for the next

10 chapters, nineteen and
twenty. Because, if not,
you may not write, but
you're going to end up
with fifty-eight.per cent

15 instead of What you should.
be getting. So, anyway,
let's go on to section MO,
and I think, we can best do
this by looking up appendix

20 threel--the oxidation poten-
tials, for one molar concen-
trations. (Long pause) As
a starting point, will you
find the four halogens' oxi-
dation reactions, and"give
me them in order of their
EC' values. Which is the
first one you come to on
this list? That's the sten-

. 10 dard oxidation potentials--
appendix three. judy?

Judy: Iodine.

Teacher: So, the first one
you have is the iodide ion

35 going to iodine. Then, way
over on the other page, down
near the bottom we have
bromide going to bromine;
right below that fluoride
going to fluorine. (He

writes the half-equations
on the'board.) These are

(L1.7-16: These statements are identified
as Group 2 statements. A student who at-
tains satisfactory standing in the first
two terms may be exempted from writing the
final examination. In these cases the
year's mark Is partly dependent oi the
student's classwork in the third term.
This lesson occurred in the third term.)

Episode 4. 11.16-8.(p.A8): 1NPRBSSION.
The students are to read the table and
identify"the position of the halogens in
-the table. In this lesson .there is no
attempt to relate the data (EC' values)
to states-of-affairs. It is implied that
the equations truthfully represent states-
of-giffairs. There is no explication of
the logical procedures which are used to
construct these representations, and by
which they are found to be useful.

L.32: Judy identifies the position of
iodine in the table. This is to be con-
sidered as an IMPRESSION response, for
she is relating information which is
available in the table.

1The pertinent parts of this appendix are reproduced on p.A22.
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the values: for iodine,
-.55 volts; for fluorine,
-2.87 volts; for bromine,
-1.06 volts; and what's

5 chlorine?

Student: -1.36.

Teacher: (Writes the values on
the board-.) New, looking at
these things we should be able to

10 talk about theire1itive oxidizing
strengths then, of the halogens.
And what can you tell me about
the relative oxidizing strengths-
of these various halogens? June?

15 June: They're.increasing as you
go down.

Teacher: This increases as you
go down. Now, what would you
say about fluorine? Mark?

20 Aark: It's the strongest oxidiz-
ing agent. -

Teacher: ./t's the strongest. Can
you find anything on this table
which coulereduce the fluoride

25 ion to fluorine? Could you try
to pick out something for me
which will reduce fluoride to
fluorine? (A student remarks.)
Pardon?

30 Student: Anything.

Teacher: Anything? /f fluoride
ion can be oxidized to fluorine
by anything . . .

Student: Ohl Wait now . . .

35 (some comment)

Teacher: It's at die bottom of
the list, and therefore as
far as the list is concerned,
and this is all we're concerned

40 with, this is pretty universal
anyway, er . . . the fluoride ion
cannot be oxidized to fluorine,

L.6: This information is related
from the table. This response is
termed an IMPRESS/ON response.

-Episode 5. 1L.8 -9 (p.A9): DISIGHT.

The intentions ot this episode appear
to be first, establishing a relation-
ship between "relative oxidizing
strength" and the position of the
species in the table; second,.determin-
ing which species oxidizes.which other -

species, according to their relative -

positions in the table. .The postulated
entities used in this episode are al-
ways presented as observable entities.

Mark's response is recognized as an t
IMPRESS/ON response. The information
he provides is clearly stated in the
table.

LL.22 -28: These questions require the
students to use a logical-analytic pro-
cedure which is not explicated here--
that is, how the table might be used
to find a species which will reduce the
fluoride ion. DISIGHT appears to be
intended; but the cueing is minimal.

L.30: The student's response is incor-
rect. At this point the teacher does
not explicate the logical-analytic pro-
cedure which he wishes the students to

use.

LL.36-9 p.A9: The,teachee explicates
the logical-analytic procedure to be
used. He uses one example to show that
substances will oxidize those that ap-
pear above them in the table.. /t is
useful to note that the teacher is begin- ,

ning to stress the importance of position
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according to any substance on
this list. We haven't found
any substance on this list
that is a strong enough

$ oxidizing agent to ozidize
fluoride to fluorine. So we
have, in the case of rluo-
rine, we have the strongest
oxidizing agent. What would

10 you say about the relative
strengths of chlorine and
bromine? (Pause, teacher
names a student.)

Student: Er, chlorine is a
15 much stronger er, than,

er, bromine.

Teacher: Well, I don't know.
We're talking about oxidizing
as concerned, would you say

20 it's much stronger?

Student: No it's . . . er . . .

more, yes, pretty strong.

Tpacher: Just qualitatively,
forgetting about E° values,

25 as you look at the table,
the positions of fluorine,
chlorine, and bromine, what
would you say about them?
Fluorine is the strongest

30 oxidizing agent. Carol?
What would you say about
chlorine and bromine just
qualitatively, you don't
have to say . . .

35 Carol: Well, they're less
of an oxidizing agent than
fluorine.

Teacher: And?

Carol: Well, therefore, there's
40 going to be more oxidizing

than by . . .

Teacher: The negative ion
is going to be more easily

A9
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in the table, without reference to the
specific E° values. E° values are
measures of the postulated oxidizing
strength, and are compared to that of

'hydrogen. Hence, the rank order of
the species is of little importance.

Episode 6. 11.9-8 (p.A11): INSIGHT.
This episode is characterized by the
presentation Pf postulated entities as
observable entities or phenomena. The
teacher uses cues to elicit information
from the students. The intent appears
to be that the students understand the
use of the table. The tescher relies
on the rank order of the species in the
table; thus the cueing may be judged
irrelevant.

L.I5: The response 'much stronger" can-
not be judged correct or incorrect with-
out reference to specific E° values.
LA?: The teacher indicates that the
previous responsevas incorrect.

LL.23-28: It is meaningless to forget
about the E0 values, and attempt to
qualify the oxidizing strengths. The
cueing may be judged irrelevant; in
addition, there are no procedures which
would precisely determine which descrip-
tion is most appropriate.

Carol responds correctly. She appears
to be using the logical-analytic proce-
dure involving rank order in the table.

L.38: The response intended by this
question is unclear. carol appears to
be rewording her original response.

LL.42-1 p.A10: This reference to a
negative ion is ambiguous; the negative
ions of all the species are provided
in the table.



oxidized. Just qualitatively,
what would you say about the
oxidizing strengths or capa-
bilities? Just fzom the

5 table, Judy?

judy: /nu could say they're
pretty much the same.

Teacher: And what relation to
other substances? (Calls on

10 a student.)

Student: They oxidize just
about everything.

Teacher: So, therefore, what
would you say about them?

15 Student: Well, they're very
strong . . .

Teacher: Very strong. Okay.
--What about iodine? What
would'you say about iodine?

20 Where is it on the table?
Where?

Student: It's about-half-
way between the zero point
of H2 and the bromine.

25 Teacher: Suppose you say
about its probable oxidizing
strength . . .

Student: Well, (unclear)
it's . . .

30 Teacher: According to everything
else, it's the weakest oxidizer
of these halogens, but relative
though to these others . . .

Student: Well it's very good.

35 Teacher: Very good? Okay.

What might you say, what word
are we going to use?

Student: Medium?

AlO
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LL.1-4: This cue may be judged
Irrelevant because E° values are
not expressible in qualitative
terms.

Judy's response appears to be an
INSIGHT response. She is using the
logical procedure concerning the
position of species in the table.
In fact, E° values permit one to
distinguish betveen the relative
oxidizing strengths of bromine and
chlorine.-

L.11: This response is recognized as
an INSIGHT response. It uses a logi-
cal procedure which was developed
earlier, on p.A9.

L.17: Earlier (1.8 p.A9) fluorine
was described as the strongest oxidiz-
ing agent. The E° values indicate
that the strength of fluorine is twice
that of bromine. The question concern-
ing iodine is a fdrther example of a
cue which may be judged irrelevant.
L.22: It appears that this student is
using E° values.

LL.25-38: In this portion the students
are to find a word to qualitatively
describe the ox5dizing strength of
iodine. There is no provision of a
logical procedure by which the students
could find the word that the teacher
requires. Consequently, the responses
of the students may be considered as
guesses.

1.34: With the information available
to the students, this response is valid.
1.35: The teacher acknowledges the re-
sponse but it does not appear to be the
one he requires. No logical procedure
is offered.
1.38: This response appeer. to be valid.



Teacher: Medium or moderate
agent. Because, really it's
not all that far from half-
way in that table, when you

5 get to it. It's above some
motels --not very manybut
above some. It's a moderate
oxidizing-agent, what about
the iodide ion? Iodine is

10 it moderate oxidizing agent
. . the iodide ion, what

would you say about it?

Student: Would it be a moder-
ate reducing agent?

15 Teacher: Would you pick out
.something that would oxidize
the iodide ion? Anything
that would oxidize the iodide
ion . . . Craig?

20 Craig: H202.

Teacher: 11202, where did you

find that?

Craig: Right underneath.

Teacher: Right underneath.
25 Does everybody agree with

that? (Pause) What's wrong
with that answer? (Pause)
First of all, is he looking
in the right place? (Student:

30 Oh.) Should he be looking
below? Um? Should he be
looking below or above?
(Calls on a student.)

Student: Above.

-35 Teacher: why?

Student: (Response unclear)

Teacher: Yeah, that's right.
But we're looking for
something to oxidize the

40 iodine. So he should be
looking below. But, you

All
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L.1: The teacher supplies the desired
word. He .ustifies its use by virtue
of the position of iodine in the table;
he does not refer to the E0 values.
Consequently his justification appears
arbitrary, e.g. "not very *any."

Episode 7. LL.9-32 (p.Al2): INSIGHT.
In this episode the students use
logical-dnalytic procedure:which re-
lates oxidation and reduccion to the
rank order of species in the table.
L.13: This response suggests that the
students-ire familiar with the logical
procedure which finds oxidation to be
the reverse of reduction.
L.15: This cue seems to intend that
the students use the logical-analytic
procedure concerning position of the
species in the table.

Craig may be basing his response on
experience. Hydrogen peroxide is known
as an oxidizing agent, and one needs
to know nothing about E° to say so.

LL.24 -33: The teacher provides many
cues for the students to correct Craig's
error. The cues relate to the position
of the species in the table. Logically,
there are only two possible answers to
the question posed in LL.31-32. For
these two reasons the cueing might be
judged irrelevant.

L.34: One of the possible answers is
given.
L.34: The teacher's response might be
taken to imply that this answer was
wrong.

LL.37-41: The teacher explicates the
logical-analytic procedure that a species
will be oxidized by those appearing
below it in the table.



just don't Look below.

Student: But on the other
side of the table.

Teacher: Should be looking
5 on the other side, because

the reaction that is shown
here is the oxidation of
hydrogen peroxide; so what
should you use then? If

10 you're going to use that
example? aick?

15

20

25

Rick: 02 gaseous plus 211.

Teacher: Which is what?
Oxygen and what?

Rick: And acid.

Teacher: 'In acid solution,
okay. What else"might you
use? Well, you've got the
whole table now. Shirley?

Shirley: Mercury?

Teacher: Mercury; positive two
ion, eh? It would be the ion.
All right, what would you use
to reduce iodide? (Pause)

What would you use to reduce
iodine? Could do this (un-
clear) in your sleep.
Alfred?

Alfred: Copper.

Teach;r: Copper; or any of the
metals above the 12/iodide
half reaction. Now, the
point though, the main point
of this chapter is that
iodine is a moderate reducing
agent or moderate oxidizing
agent. The iodide ion is a
moderate reducing agent, and
hence there are many substances
which can oxidize the iodide
ion, and there are many

Al2
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L.I: This cue has only one response.

L.2 Spatially, this is the only re-
maining possibility. Thus one cannot
infer that the response indicates an
understanding of the logical procedure.

LL.4 -8: The teacher assumes that the
above response implies an understanding.

L.12: Rick reverses the equation given
in the appendix. This indicates that he
knows it must he reversed; but he may not
know why. The logical-analytic procedure
explaining this has not been given.

ONFlytW.

L.I3: This question appears to be for
recall. The teacher assumes that the
symbols adequately represent states -of -
affairs. This may have been demonstrated
in a previous lesson.

LL.I8-19: The logical-analytic procedure
for using the table is now stated, with-
out reference to E0 values. Neither is
it emphasized that the species must have
an E0 less than that of iodine. The cue-
ing might be judged irrelevant. This
might explain why Shirley suggests Nier-
cury" instead of the "ion of mercury."

LL.25 -32: The provision of a further cue
enables Alfred to respond correctly.
In L.30 the teacher finally details
the logical-analytic procedure which he
has been.deriving with the students.

Episode 8. LL.32-9 (p.A14): IMPRESSION.
In this episode there are some features of
Rule Model teaching. The justification
for denoting the episode as IMPRESSION is
detailed below. The teacher is promoting
the use of iodine in quantitative analy-
sis; he justifies its use in two ways.
First, iodine may be considered as both a
moderate reducing agent and as a moderate
oxidizing agent. Second, the presence of
free iodine is readily detectable. The
previous part of the lesson was to



substances which can reduce
the iodine molecules to iodide.
And so you end up with a very
useful tool or operation in

5 quantitative analysis, called
iodimetry; and this is just
based on the fact that the io-
dide ion is oxidized mmderately,
or by quite a few substances,

10 and the iodine molecule is
reduced by several substances.
If it were just for this fact
alone, then this would be noth-
ing special. What do you know

15 about iodine? How.can you
detect it? This is for the
biologists. How do you detect
the presence of iodine? In
biology you use it the other

20 way round.

Student: Um, use starch?

Teacher: Use starch indicator,
it's a. very, very sensitive
indicator either one way or

25 the other. It's a very
sensitive indicator in the
presence of starch, very low
quantities. Ow if you use
starch as the indicator, it

30 shows the presence of iodine
in very Buell quantities. So
this is one reason you can
very easily see or detect
the presence of iodine. And,

35- we are going to try to go
through a little quantitative
analysis here, just to see,
so you can see what we maan.
But anyway, this is one

40 reason why you use this fact
that ivilde is easily oxidized,
iodine if; readily reduced,

because we can detect, we
can oxidize the iodide to

4$ iodine and we can detect
the presence pretty easily.
And also, there aren't very
many side reactions, quite
often you will try to do

AL3
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establish the first reason. It is dis-
putable whether or not this is satis-
factorily established; no empirical
referents were provided; and the logical-
analytic procedures leading to this
determination were based on the rank
order of species in the table, not on
their 0 values. (rhe latter has been
discussed in the analysis on p.a.)

L.2: The teacher implies that the pro-
cess named reduction actually occurs to
the postulated iodine molecules. A sim-
ilar misrepresentation of a postulated
entity as an. observable entity is evi-
dent in LL.8-11.

L.16: The teacher introduces an empir-
ical referent. This phenomenon is com-
mon; thms one may judge that it has
potential visibility to the students if
they have not previously observed it.

L.21: This response appears to be a
recall of previous information; this is
termed an IMPRESSION response.

LL.35-38: From the remainder of the les-
son it will be seen that to "go through"
means using half-equation representations
of what is said to occur. It does not
mean that any observable phenomena will
be demonstrated.

LL.47-48: The students have no means of
knowing whether or not there are few side
reactions. This justification for using
iodine re'les solely upon the teacher's
authority.



something and something else
will occur. In the case of
this half-reaction of the
iodide ion and going to

.5 iodine, we can probably
control the hydrogen ion
concentration fairly well,
since there aren't any side
reactions. So, we'll just go

10 through a little experiment
here which you will do one
very similar to when you get
to university, if you get there,
and you take chemistry (moans)

IS when you do get there. If

you take a further chemistry
course, you'll probably run
into this. What you may
wish to do is to find the

20 - amount of iron in a sample.
They may have iron (pause),
a certain amount taken, or
this is iron ore for the
sake of example. Anyway,

25 suppose you have a certain
amount of iron, which you'd
like to find or an ore
which you'd like to find
the per cent of iron in it.

30 I'm going to give you the
first step. You might, first
of all, change metallic iron,
into ferric ion. Amd once
we've done this we're going .

35 to try to.see what we can do.
New, the point is you're dcdng
a quantitative analysis to
find the amount of iron in
this sample of ore. If we

40 then take iron and put into
a solution, say ferric, to
make it into the ferric ion,
I would like you to see how
we could introduce this half-

45 reaction to either convert
the iodide ion to iodine or
the iodine to iodide ion. Okay,
if you had ferric ion, this
is really all I'm asking, if

5U you had the ferric ion and
you would like to use that

Al4

LL.5-7: The teacher implies that a postu-
lated entity may be subjected to physical
manipulation. This would be legitimate
if the paradigm were referenced.

LL.8-9: The teacher now asserts that
there are no side reactions.

To conclude, despite the presence of juts?

tifications for the use of iodine, the
justifications per se and the failures to
distinguish between postu1ated and observ-
able entities, are considered sufficient
evidence for describing the-episode to be
IMPRESSION. In addition, the only parti-
cipation by the students is the recall
of information.

Episode 9. LL.18-23 (p.A16): INSIGHT.

Apparently this episode is intended to

demonstrate the use of iodine in quanti-
tative analysis. To do this, the teaCher
relies on some of the logical-analytic
procedures which have been used previ-
ously in this lesson.

LL.25 -29: The teacher provides the prob-

. lem situation. In this episode the
teacher does not justify his use of half
equations. It may be that their use as
representations of states-of-affairs has
been introduced in a previous lesson.
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L.42: Theteacher implies that the postu-
lated entities are actually made oy some
physical process of solution.

L.45: The teacher implies that an abstract
representation may have a physical effect
which results in the conversion of one
postulated entity into another. As noted
opposite L.6, both of the references to
physical effe 4-z; would be legitimate if

the paradigm were mentioned.
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iodide/iodine equilibrium set-up
to produce one, given the other,
which one would you start out
with? Wuld you add iodine to

5 this, or would you add iodide
ions? Markl

Mark: _Iodine.

Teacher: Ohy?

Mirk: Well it, because . . .

10 or . . . you've iodine

Teacher: With the species we
have k

Mark: Yeh, right, and that's
positive, so your iodine is

15 going to be negative, right?

Teacher: Iodine or iodide?

Mark: Iodide ion.

Teacher: Iodide ion. Now it's
not just because it's positive

20 or negative, really. What you
have to look for is the rela-
tive oxidizing or reducing
strengths of these. Where is
this species found on the table

25 with respect to the other?

Mark: W11, it's found above it,
that's why the . . . oh, I
mean below it.

Teacher: It's found below

30 it.

Mark: It's found below it, be-
cause the stronger oxidizing . . .

Teacher: Okay, good.

Mark: That's why you need the

35 iodine.

Teracher: Right. S0 if you're going
to use this half reaction . . .

itte not very clear yet but I

LL.4 -6: This question may be judged as
cueing. Mark is required to provide the
answer by using the logical-analytic pro-
cedures which have been established pre-
viously. These procedures are those
which determine which species.are said
to be oxidized by other .species. This
information may be obtained from the
table of 0 values.*

L.7: Mark reverses this response in L.17,
possibly as a result of the teacher's
question in L.16. Alternatively, the
reversal could be the result of Mark's
explanation in LL.13 -15. (The iodide ion
is negative.)

Mark's explanation is legitimate in that
he appears to have accepted the problem
situation as given. That is, knowing-
that the ferric ion and the iodine half -
reaction are involved, Mark may have
realized that either something happens
or nothing happens. He might guess that
the teacher would not use an example in
which nothing happens for this would be
irrelevant. According to the half -
equation in the appendix the ferric ion
becomes the ferrous ion. This la shown
to be the result of gaining an electron;
and the electron could be provided by
the negative iodide ion.

L.34% Mark appears to be telling the
teacher that the position procedure
justifies the use of the iodine half-
reaction; but it does not indicate which
way around it should be used, for this
may be determined otherwise. Conse-
quently one misht judge the teacher's
cueing as irrelevant in this section.

LL.38-3 p.A16: One might infer this
comment as supporting the-claim of ir-
relevant cueing.



hope it will be in the
end when we look back
over it . . . if yotere
going to use that half -

5 reaction somehow, the only
way you can use it is to
add iodide ion, eh? So,

then you might add some
iodide ion in the form of

10 .potassium iodide or what-
ever the solution, and now
you have set up the condi-
tion where you have ferric
ion and iodide ion; and

15 what's going to happen?

Student: They're going to
come to equilibrium.

Teacher: And what are you
going to have at the end

20 of the line?

Student: You're going to have
er iodine, and

. . sr . . . ferrous ion.

Teacher: (Writes equation)
25 Okay. Now can anybody bal-

ance that real fast for me?
Start off by putting 2 in
there. (Suggestions from
students.) We need two of

30 these because you have to
balance charges as well
as atoms, eh? So the elec-
trons gained an0 lost are
the same. (Equation reads:

35 2 Fe" + 2 I- = 2 Pe42 + 12)

What would you do then if
you added starch solution
here then? What would you
observe, if you add starch

40 solution?

Student: The iodine would
turn . . . um . . . into
a brown shade.

Teacher: In iodine? What

Al6

LL.3 -7: The teacher appears to be
-reversivg his position. On the pre-
vious page he argued that the position
of the iodine half-reaction in the
table indicated that iodide ions
should be used. Now he suggeses
that there is only one way to use
this half-reaction. He does not
substantiate his assertion in L.6 by
reference to the theory describing
oxidation as electron transfer.

L'.16: The response could have been,
"The ferric ion is oxidized." Hence,
the cue in L.15 is ambiguous.

LL.18-20: That is, on the right hand
side of the equation which the teacher
is writing on the blackboard.

LL.24 -35: Presumably the procedures
for balancing chemical equations have
been explicated in a previous lesson.
Here there is no attempt to justify
the use of these symbols as representa-
tions of states-of-affairs.

Episode 10. LL.36 -29 (p.A17): IMPRESSION.
The questions in this episode seem to
intend recall of information.

LL.38 -40: There is an assumption here
that 12 represents iodine in this solution.

LL.41 -43: The student could mean the
brown color of iodine solutions. The
intended response may be recognized as
a recall of information. Thus, it is
to be termed an IMPRESSION response.
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happens? You get that dark,
midnight blue, almost black,
blue-black color when iodine
is present with starch.

5 Have you never seen that
before? If you add starch
indicator to this you get
a very dark, almost black,
solution. Will that tell

10 you how much iodine you
have? Now wtat do you use,
this is a process you haven't
used much, lilt what do you
use to qualitatively find

15 the number of moles in one
solution? What process
that will operate . . .

Student: Titration.

Teacher: Titration. So, what
20 you might do then, you get

this dark, midnight blue
color with the starch test,
if you could react this or
titrate this with something

25 that used up iodine, then
how would you know when you
had just used it all up?

Student: Color is gone.

Teacher: Very good. How,
30 what mould you choose to

use it up? Mat type of
substance would you choose
co use it up?

Student: Wouldn't you have
35 to use something less than

iron, so that it doesn't get
reduced at the same time?

Teacher: Well, no. I'm not
doing this here, we take this

40 away. (The ferrous/ferric
half-equation.) As far as
the ferrous ion, this is not
a problem anyway, the ferrous
ion is not going to . . . it's

45 going off away of these--

Al7
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LL.1-4: The teacher provides an account
of states-of-affairs. His question in
L.5 may be an attempt to gain support
for his assertion. Alternatively, it
*could be a rhetorical question.

L.10: The students have not been given
sufficient information to answer this
question here. However, the question
could be rhetorical.

L.15: The mole may have been defined
in a previous lesson. It refers to the
molecular weight of the species expressed
in grams.

-

L.18: This response appears to be a
recall of information. Thus the response
is termed ail IMPRESSION response.

L.25: This question is recognized as
an INSIGHT question, for it requires
the students to relate what would occur
if the iodine were absent.

Episode 11. LL.30-37 (p.A18): In this
episode a student challenges the teacher.
From the following analysis one may
infer that the student's objections
are met with MKPRESSION responses. The
analysis includes representations to
clarify the chemisty of the arguments.

L.30: That is, to effect:
12 + e- -4021-

L.34: The student refers to the table of
Eo values and suggests that the following
reaction must be prevented from occurring:

+ e-

L.38: In fact, the Fel has been "used
up" by the addition of iodide ions, as
suggested in L.35 p.A16. The teacher
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the iodinewe're not very
worried about this. Assuming
we use all of this up, then
the only way the ferrous ion

5 can go is to go to ferric, so
we don't break that.

Student: Then, the iodine,

wten it starts to affect
the reaction, when you add

10 more Fe42.

Teacher: If you add more
Fe+2 but you've got to
come back, and you're
going to do a large thing,

15 and you'll end up with the
iron in there, you're go-
ing to end up with the
same equilibrium.

Student: Yes, but you're
20 getting rid of the iodine.

Teacher: Yes, but you'd
be right back where you
started again.

Student: You'd know how
25 inch you'd been adding,

after . . .

Teacher: You can't play
around with the same
equilibrium and expect

30 to get any answers. You

have to go somewhere else
to get the answer; because,
if you have more ferrous ion
you're putting more ferric

35 ion in here, and this is
what you're trying to find
in the first place. Okay?
Now;what do you have left,
what type of agent's here

40 anyway? Let's just say that,
and I'll add my own agent.

Student: It'll be an oxidizing
agent.
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fails to explain this. Instead he states
that there is no problem.

L.3: This assumption is not justified here.
In L.17 p.A16, the teacher did not deny
the possible formation of an equilibrium.

The problem is to effect ehe reaction:
12 + e-

L.8: The student'appears to be suggesting
that a known quantity of the Fe42 species
could be added. According to the half-
reaction this is legitimate, for it would
seem to supply the requirea electron:

Fe*4 e- 4. EV"
The student makes his suggestion more
explicit in 11.19-20 and 1124-26.

-0.0t

L.21: This is not the case if "we use
all of this up." (L.3)

LL.27-30: The teacher provides no grounds
for refuting the student's suggestion.
The suggestion is incorrect on the grounds
of the el values concerned. The teacher
makes ato reference to this, nor even.to
the logical-analytic procedure of rank
order in the table. The latter would have
solved the difficulty. It is not used
here, although a previous part of the
lesson intended to make this point.

Episode 12. 11.38-6 (p.A19): INSIGHT.

It seems that the teacher wishes the still:-

dents to recognize that the iodine half-
reaction (reproduced opposite L.7 above)
is known as a reduction, and therefore
requires the presence of a reducing agent.
The procedure for recognizing this is not
given in this lesson. $
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Teacher: No, you added an
oxidizing agent here, this
is an oxidizing.agent. You
want to reduce the iodine

5 to iodide, eh?

Student: Right, yes.

Teacher: Then, the mose com-
mon solution you use is a
thiosulphate solution. Now

10 you prepare, say sodium thio-
sulphate, you prepare a solu-
tion Of known concentration
sodium thiosulphate and the
thiosulphate ion ia 5203-2.

15 And if you have&known concentra-
tion of solution, you titrated
very carefully and very slowly
with this iodine, you'd end up
with a new species, and . . .

20 Student: Iodide ions.

Teacher: Iodide ions. And
-when you just add enough
to use up all of the iodine,
then your blue color dis

25 appears and you'd know how
many moles of thiosulphate
ou 'd used up. So, can you

balance that equation. (Pause)
.You could do it a number of

30 ways. You ccmld do it by
oxidation and reduction,
which would drive you crazy,
we should take a look at
that anyway. What's the

35 oxidation number of sulphur
in this species (S203 -2)?
(Students: Four, two,
etc.) Two? You've got
two sulphur plus, three -

40 tiree. negative two is nega-

tive six, that's equal
to negative two all over,
these are.charges on the
ion. So then, your

45 sulphur is positive two
here; and what is it here
(S406-2)? (Students make
several suggestions.) Well,
you have three, this is

50 negative - -this is charge on

the ion.

62

LL.1-5: The teacher corrects the stu-
dent by reference to the reverse reac-
tion whieh is known as oxidation. Oxi-
dation is generally used to denote the
loss of electrons. To judge the sub-
stantiation as suitable one must assume
that the topic has been discussed in a
previous lesson.

Episode 13. 11.7-46 (p.A20): EMPRESS/ON.

L.9: A justification for using this
substance might be obtained from its
El) value. This does not appear in the -

table nor is it provided by the teacher.

L.14: There is no provision for the
students to judge the appropriateness
of this representation.

L.20: It is contestable that this re-
sponse pravides new information. The
product of the reduction of iodine has
been stated in. L.5. Therefore the re-
sponse appears to be recall. It is
Ldentified as an IMPRESSION response.

L.31: "Oxidation" and "reduction" are
names representing certain chemical
reactions. They are not procedures
for balancing chemical equations.

L.35: Assigning an "oxidation number"
depenOs on inferring the oxidation
number of oxygen to be negative two.
Presumably this has been discussed in

a previous lesson.
L.38: The inferred charges on the species
are presented as observable entities.
11.46-47: The students are to assign

a number to the sulphur atom in the
postulated species using a logical-
analytic procedure. In this lesson,

the use of the species has not been
justified. The logical-analytic pro-
cedure is mathematical. The "charge"
on the species totals negative two; it
is the result of six oxygens having a
"charge" (oxidation number) of negative



It's not the oxidation number
Of oxidation. And this is
the charge on the ion. (A

bell sounds.)

5 Student: Two and a half?

Teacher: Two and a half?
You have four sulphur, you
have.six times negative two,
so that's negative twelve,

10 is equal to negative two.
So that's 4S = 10, so that's
S = 2,1/2. Your iodine
obviously is going from zero
here to negative one here.

15 So how many sulphur atoms
then have to be oxidized for

'every'iodine atom that is
reduced? (Pause) The in-
crease here is what? Just

20 because we have a fraction
for a.change don't let it
worry you. The increase is
a half and the decrease is
one, so how many would you

25 require? (A bell sounds.
Same of the words cannot be
heard.) . . . now putting
it in here it gets a little
complicated for we already

30 have two there. So, you would
then put for two of these,

you would have to either put
one to one and a half, or one
to a.half, rather; so that you

35 have two sulphur atoms for one
iodine atom. And this is about
as complicated an example as
you can get, here. Or, since
you have four over on the other

40 side, you might end up by say-
ing, two of these, one of these
Which would mean two of those,
and two of those. And that
should work out.

45 (2 5203-2 + 12 0 5406-2 + 2 I-)

Anyway, that is the balanced
equation. Now the important

A20
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two, and four sulphur atoms whose .

"charge" (oxidation number) may be
calculated.

L.5: The student uses this procedure
to deduce the oxidation number. The
response is an INS/GHT response.

11.6-12: The.teacher demonstrates the
use of the logical-analytic procedure.

L.12: Uncombined species are assigned
the oxidation number of zero. This mgy
have been explained in a previous lesson.

11.15-18: This question requires the
students to relate the oxidation numbers
to the balancing of the equation. This
question and the statement in LL.34 -36
assume that the representation has an
exact correspondence with states -of -

affairs.

L.18: The pause might be an indication
that the students do not understand the
logical-analytic procedure they are to
use./

LL.30 -45: The teacher demonstrates the
logical-analytic procedure by balancing
the equation.



thing though is tq taie a
look at what you've done--
I still remember doing this
for the analysis of copper
and it drove me crazy. But
anyway, you have taken a known
solution of thiosulphate, and
titrated it with this. So if
you knew the concentration

10 you could do what? What
coUld you calculate as far
as thiosulphate ions?

Student: The number of
mcaes.

15 Teacher: And if you know
the number of moles here,
and you know the ratio here
you can get how many moles
of iodine, eh? And then what

20 can you get knowing thp number
of moles of iodine, eh?

Student: Find the number of
moles of ferric ion that were
changed.

25 Teacher: Right, then you can
get the number of moles of
ferric ion; and then you can
calculate the weight of ion
or the weight of ferric iron,

30 then you'd know the weight
of iron in the sample. So
find the composition of the
sample. And so that's the
type of thing you can go

35 through. Now, the point
is though, this is why I've
been demonstrating its use
in quantitative analysis,
stmply because of this,

40 wherever you are, equilibrium
reaction between iodide and
iodine; the iodide is very
easily oxidized to iodine;
the iodine is very easily

45 reduced to iodide ion. Okay,

now. We can have a break
for three minutes; see your

Maar
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Episode 14. LL.5-24: INSIGHT. The
students are to use a logical proce-
dure which permits the quantities of
substances to be calculated from the
chemical equatiori. This procedure
relies on the inference that the
equation has au exact correspondence
to states-of-affairs.

L.13: The student uses the logical -
analytic procedure to link the process
of titration mdth the number of moles.
This is considered to be a recall of the
information given in LI.9 -18 p.A17.

L.15: The ratio referred to here is of-
the iutegers preceding the symbols of
species in the balanced chemical
equation.

L.22: The student continues to use the
logical procedure. This response is an
INSIGHT response.

!pisode 15. LL.24-45: IMPRESSION.
The relationship between the number of
moles and the measurable weight of sub-
stances is not explicated here.

L.43: The teacher elicited the term
"moderate" to describe the oxidizing and
reducing effect of iodine on L.1 p.A11.

LL.45-5 (p.A22): The remainder of this
lesson consists of Group 2 statements.

1
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marks on the test if you want,
and then come back and do a
couple of exercises, and then
we have to see a film today

5 because it has to go back.

(The secOnd part of this double
lesson begins with an example
of balancing half-equations.
Then a film is shown, "Bromine:

10 Element from the Sea.")

Appendix Three).

Standard Oxidation Potentials for Half-Reactions

Ionic concentrations, ld in water at 25 degrees Centigrade.
All ions are equated. ;

H2(g)

Cu

Hali-Reaction E0 (Volts)2

Oxidizing
increases

strength
2e- + 211+

e- + Cu+

0.00

-0.52

21- 2e- + 12 -0.53

H202 > 2e- + 02(g) + 211+ - -0.68

Fe42 e +Fe+3 -0.77

Ag(l) ----JP 2e- + lig+2 -0.78

28r- 2e- + Br2(1) -1.06

2C1-

2F-

2e- + C12(g)

2e- + P2 (g)

-1.36

-2.87
very strong

oxidizing agents
>

^to

1This information is reproduced from Chemistry: in Experimental Science.
Prepared by the Cheft!cal Educational Material Study under a grant from
the National Science Foundation (San Francisco: W. H. Freeman and Company,
1963)0 pp. 452-453.

2The E0 value is interpreted as a quantitathe measure of the tendency of
the half-reaction to proceed as shown, compared to that tendency for the
hydrogen half-reaction as shown. (Negative 80 values indicate non-
spontaneous half-reactions.) Germane to the discussion on pp. A8-A9, ehe
oxidizing agent in each half-reaction is the substance shown to the right
of the arrow (e.g. 211+,1'2, etc.).
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TEACHER X LgsActi 3

GRADE 12. CHEMISTRY (P(UR-YEAR SIREAM)

(The lesson begins. The students arrive late from their previous class.)

Teacher: While this is fresh
in our minds we'll have a
test . . . (indistinct) . . .

next period.

5 Student: One?

Teacher: No, it'll be less
than a period test, and if
you (some students
enter). Come on Geoffrey,

10 let's move. (Pause) Now
some of the work we did
was 'not covered by the . . .

by the textbook, such as
the making of hand lotion.

15 So, don't forget that--
don't rely completely on
your textbook, otherwise . . .

if you are familiar with the
questions at the end of the

20 chapter, and the summary,
you should have a very good
chance of doing well. So
that is tomorrow. (Pause)

Now let's summarize your
25 observations please. What

was the appearance of the
fat? Incidentally, what
was the fat we used?

Student: (Quietly) Lard.

30 Teacher: I beg your
pardon.

Student: Lard.

Teacher: (Throughout this

section he writes the
35 observations on the board

as the students answer
the questions.) And its
appearance cold?
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This lesson follows one in which the
students prepared soap and tested it.
They recorded their observations.

LL.1-25: The statements in this por-.
tion are identified as Group 2 state-
ments. In L.25 there is a reference
to the recorded observations which
were msde in the laboratory work of
the.previcus lesson.

Episode 1. LL.26 -31 (p.A25): RULE.
In this episode the teacher requires
the students to precisely describe their
observations in terms which he introduces.
The students substantiate the use of
these terms using their observations.

LL.27 -28: The name of the fat was not
observed; the question requires a recall
of information given by the teacher in
the previous lesson. Thus, it is an
IMPRESSION question.

L.32: This is an /MPRESSION response.

LL.37-38: TWe question requires the
students to communicate their obser-
vations of states-of-affairs. The
response will not be a recall of pre-
viously imparted information, but it
will be a report of observations.
The question is a RULE question.



Student: White, er, solid . . .

white substance.

Teacher! Would it be . . . was

it, er, would you classify it
5 as a solid? (Student: Yeah.)

Lynne, gum please!

Student: Yeah.

Teacher: It kept its shape
reasonably well, it had a

10 definite shape, but was this
shape permanent?

Student: No . . . no.

Teacher: It Nid a pladtic
quality, xt covad be deformed;

15 and er, something of this
nature is not classified as
a . . . completely as a solid,
but is known as a semi-solid.

Student: Like ice?

20 Teacher: No, ice is a solid,
you cannot deform ice, it
will crack and break up.
It's crystalline, it's a
regular solid; but something

25 which can be pushed around
or is plastic, and er . . .

Student: Jello.

Teacher: . . . is a semi-solid.
And, of course, it has an

30 oily feel. The, er, Lard
that was sold fifteen or
twenty years ago was not
as pure white. The lard
(a student is speaking)

35 we get today is a highly
purified . . . what is it
Julie.

Julie: I was just trying
to find out what that

40 word was . . . (she is
pointing at the blackboard).

A24

67

L.1: The observation is related to the
term "solid" whieh has a precise mean-
ing in chemistry. The term "solid" is
an abstraction referring to a classifi-
cation of substances.
LL.4-5: The teacher challenges the
logical-empiric procedure by which the
student has classified lard as a solid.
This is a RULE question.
L.7: The student's response does not

provide substantiation for this classi-
fication.
L.8: An attribute of solids is that
they have a permanent shape.
LL.10-11: This RULE question requires
the student to justify his classifica-
tion using an empirical reference.
LL.13-18: The teacher uses empirical
referents to explain why lard may not
be considered as a solid according to
the present classification. The phrase
"is known as" clearly references the
paradigm, and distinguishes an infer-
ence from an observable phenomenon.
L.19: This question appears to be an at-
tempt to clarify the use of "semi-solid."
L.20: The teacher does not reference
the paradigm, although this was done in
L.18. He clarifies.the classification
using empirical referents. The phenom-
ena he refers to are likely to have been
observed by the students. The use of
such references is characteristic of
RULE mcdel teaching.

LL.30 -31 (p.A25): In this portion the
teacher distinguishes between the white
lard which may be purchased, and the
grey lard available previously.

(LL.36-7 (p.A25): This interruption is

considered to be Group 2. It appears
that Julie cannot read a word which is
written on the blackboud. The teacher's

exhortation in LL.5-7 p.A25 is regarded

as containing Group 3 statements.1



Teacher: White? White semi
solid.

Students: Oh white oh,

itite. (Some laughter)

5 Teacher: lat's sharpen up.
I know it's period ten,
but lst's keep on the ball.
The lard which ie buy today
is not the same pork fat

10 that it was a few years
ago. It used to be a kind
of a pale grey color, and
did not have as good
shortening qualitities in

15 baking as it has today.
What they do-today is to
hydrogenate it slightly,
to filter, and purify
it until it's almost a

20 chemical product . . no

longer as natural as it
would have been. Now,

you can do the same thing
by saving poek dripping

25 at home; and you can use
it for making pie crusts
and biscuits and that
sort of thing, but it
will not be quite as

30 high quality as the stuff
that you can buy. What
was the appearance of the
lard after it was warmed,
Jackson?

35 Jackson: Er, it looked
like oil.

Teacher: And was f.t

colorless?

Student: No . . .

40 Teacher: Or . . .

Student: Slightly yellowy
color.

Teacher: All right. Pale
yellow. But it was clear

45 and oily. Okay, pale yellow

A23
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L.8: The teacher describes the differ-
ences between pork fat and contemporary
lard. The reference to hydrogenation
may be to link the present discourse
with a process which was taught in a
previous lesson.

L.24: The reference to dripping makes
some provision for the students to
verify what the teacher is asserting.
This provision ie associated with RULE
model teaching.

Episode 2. LL.31 -18 (p426): RULE.
In this episode the students are re-
quired to describe their observations,
and to organize them using a logical -
empiric procedure involving classifying
on the basis of observed features.

11.31 -42: The questions and responses
are used by the teacher to justify the
classification of "pale yellow liquid."
This use of evidence for justification
is associated with RULE model teaching.

LL.44-6 (p.A26): The teacher requires
the students to use the attributes of
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liquid. (Pause) Was it
soluble in alcohol? After
both the alcohol and the
lard,were heated, did it

5 appear to form, er, a true
solution? Lynne.

Lynne: No, it looked like
separate parts.

Teacher: I see, so it was.

10 actually a mechanical mix-
ture . . . of two liquids,
eh? So this pretty well
completes our first stage,
we just warmed it enough

15 to melt the lard, with
the alcohol, and ended up
nigh a mixture of these
two liquids. Ras there
any noticeable change

20 when the base was added--
another clear, colorless
liquid? (Pause) After
heating and stirring Cid
the, er, did the two liquids

25 remain separate or did they
. . . did they blend? Lynne.

Lynne: Um, I think they
remained separate, and I
think the oily stuff started

30 to foam . . . around the

beaker? (There is an inter-
ruption as a student enters
the room and asks whether
or not another student is

35 present. The teacher
responds, then the lesson
continues.)

Teacher: Possibly. Yes.

Student: It sort of became
40 together; and solid, and

another lardy type substance
. . . (The interruption con-
tinues, the student who
entered, leaves.)

45 Teacher: I think, most of

true solutions to deternine if this sub-
stance may be considered as a solution.
This use of a logical-empiric procedure
is similar to /INSIGHT cueing. However,
there appears to be no intention of pro-
moting this classification without
making provision for alternatives. This
is evidenced by Lynne's response yhich
is acknowledged by the teacher. He then
provides an alternative phrase to de-
scribe Lynne's observation.

In LL.12-18, the teacher summarizes the
experiment and the observations.

EpisoAe 3. LL.18 -31 (p.A27): RULE.

The teacher continues to aid the stu-
dents in the organizing of their
observations.

LL.18-26: The questions in this section
are identified as RULE questions. The
words used by the teacher are everyday
words. Thus he is ntt attempting to
promote a specific response, but to
obtain a report of observations.

Lynne, in L.27, and the student, in L.390
provide conflicting reports. As seen
below, in L.1 p.A27, Lynne's observa-
tion is not anticipated by the teacher.
But his response (L.38) is significant.
By honoring Lynne's report, he implies
that an observation cannot be wrong. At

the same time he sakes it clear that
there may be alternatives, and that they
will be entertained.

LL.45-6 (p.A27): The teadher reports
the ones that I saw, that his observations in a way that indicates
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the division between the two
liquids tended to disappear,
and it tended to become more
uniform. So that it appeared

5 to form an almost uniform
solution. And then with con-
tinued heating, what was the
most apparent thing that you
observed? Remember that you

10 have got more senses than
just eyesight.

Student: The smell?

Teacher: The odor of alcohol.
And visually, what did you

15 observe, besides this
uniformity?

Student: Bubbling.

Teacher: Bubbling. And did
you notice any dhange in

20 the quantity, Jackson?

Jackson: Br, well that sort
of oily stuff, before It's
turned to, er, white solid . . .

Teacher: Okay, was that apparent
25 right,at the beginning or was

there something that was ob-
served before that?

Student: Evaporation.

Teacher: Evaporation took
30 place, or the volume was

reduced. And I think we're
approaching the final stage
now, which we'll call number
three, and this is when the

35 products actually become
visible. And how did you
describe the products, the
appearance at the very end?
Did you, er . . .

40 Student: We (unclear) substance
formed.together. You get the
er, yellowy-like fat kind of
a substance--liquid on the
bottom.
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that they are not unique. Therefore,
there is still provision for the con-
sideration of alternatives, which is
evidenced by the words "tended" and
ft appeared." Both words'are being used
in a tentative sense.

L.10: The reference to senses other
than eyesight mmght be an attempt to
demonstrate an accepted use of the
term "observe." Alternatively, it
could be intended as an INSIGHT cue.
The response in L.12 substantiates the
latter interpretation. But the cue is

-.insufficient for the student to identify
the smell by name. The teacher does not
permit the students to supply the name,
which allows this portion to be identi-
fied as INSIGHT.

LL.19-20: An observed change in quantity
might indicate that the phenomenon known
as "evaporation" had occurred.

Jackson's observation appears to be of
a later stage in the experiment. This
is evident from the teadher's response
which follows. The teacher does not
imply that Jackson's observation is
wrong, merely that ambimportant observa-
tion has been omitted.

L.28: It is possible that the student
believes that.he observed evaporation
rather than the manifestation of evap-

oration. The teacher does not correct
this possible misconception; but he
provides a correct way of describing
the observation.

:Episode 4. LL.31-48 (p.A29): RULE.
The intent of this episode appears to
be similar to that of the previous
episode.



Teacher: Would "waxy" be an
adequate word--did it have
kind of a semi-hard wax,
waxy appearance? A light

5 colored waxy . . . and you'll
notice that this formed
even when it was hot.
Now, would this lead you
to believe that there was
a new product formed or

10 that it was just the fat
kind of, er, being boiled
out of the dish? Did it
seem to have the same

15 properties as the original
lard?

Student: No.

Teacher: So, it, er
and there was some, still

20 some kind of yellow liquid
formed, eh? (No response.
Pause; he writes on the chalk
board.) Now withoA testing
them, we could tell'from

25 the behavior of this'll
solid what it was pretty
well. There's no way,

that we could really'
tell what this is (i.e.,

30 the liquid formed) without
chemical tests, but it's
no secret, this would
have to be the other
products and some of the

35 leftover water which was
present --we didn't evaporate
all the water. Yes?

Student: The, er, soap like
wax, it wouldn't, er, wouldn't

40 hardly, completely mix, like
you couldn't squish it all
together, it kept in sort
of little lumps. It

wouldn'tI don't know
45 how you'd . . .

Teacher: We didn't bother
doing this, but if we had
added a little bit of salt

128
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LL.1-5: The teacher suggests words for
characteristics of the product uentioned
by the student in LL.40 -44 (p.127). The
use of a question indicates that he is
making provision for the consideration
.of alternatives.

LL.8 -16: The questions asked requiri
the students _to make judgments about
claims using evidence which they have
obtained previously. This is typical
of PDLE questions.

L.25: "Behavior" refers to what occurs
when the substance is subjected to the
"foam test." This-test is described in
the analysis on p.129.

L.27; The teacher appears to be empha-
sizing that the descriptions of what
is observed are confined to the results
of the students' experiments. Thus
the use of evidence from other chemical
tests is not to be relied upon.

L.38: The student indicates that his
product did not demonstrate all the
Characteristics of soap with which he
is familiar. It appears that his sample
did not coagulate in the way that house-
hold soap 'does.

LL.46-15 (p.A29): The teacher provides
an explanation. It is implied that the
process of coagulation is inhibited by
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water, like very salty
water, it would have
helped to separate the
soap from the glycerine;
but it also would, we would
have lost sone of the soap.
If we put in pure salt, why
it might have--sprinkled
sone pure salt in--it

10 might have done the same
thing. BUt youwould
probably be able to collect
enough of this to test with
the, er, water foaming

15 action. (Student yawns;
teacher writes on the board.)
I asked you to mention the
height of the foam above
the surface of the water

20 when you did the foam test,
I saw one that looked to be
about two, two and a half
inches, Earl? So, er, did
anyone gat a height of foam

25 higher than two and a half
inches from the water--this
was the best one I saw. Max-
imum then, two and a half
inches of foam, and this would

30 compare very favorably with
commercial products. So,

is there anyone that had
lass than half an inch of
foam? (Some hands are

35 raised.) Anyone less than
a quarter of an inch?
(Three hands are raised.)

Student: We ended all up
liquid.

40 Teacher: Oh. Well,
approximately a quarter
of an inch wouli be the
minimum, and I expect
there would be every

45 level in between.pretty
well. Usually, about an
inch to an inch and a half
is the average. As far
as conclusions are con-

50 cerned, er, would you
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the presence of glycerine. It is pos-
sible that the students were told the
name of this product in a previous
lesson. The explanation is intended
to show that although coagulation is
incomplete, the product may still be
identified as.soap. The presence of
the words "might" and "Would" suggest
that provision is being made for the
consideration of alternatives, which
would justify the classification of
this portion as RULE.

L.20: The "foam test" involved the -
addition of distilled water to the
product, followed by shaking the mix-
ture ia a test tube. The appearance
of foam indicates the presence of soap.

LL123-26: The teacher solicits obser-
vations about foam from the pupils.
(But in LL.38-39 the student's response
is anomalous, as noted below.)

L.38: That is, no foam was observed.
In the following line the teacher dis-
regards this anomalous observation.
Instead, he asserts what would be
observed generally. The students are
provided with no support for this alle-
gation. This portion is identified as
IMPRESSION.

Episode 5. LL.48 -33 (p.A32): This
episode is predominantly identified
as RULE. There is evidence of some



call this a physical change
or a chemical change?
(Pauje) Yes?

Julie: Physical.

5 TeacheT: Mel.

Mel: It's a chemical change.

Teacher: I don't know why
this class can't get along
without controversy. When

10 / ask a question there are
at least.two answers, and
sometimes more. (Some

laughter) What, on what
basis do we judge whether

15 a change is chemical or
physical? What do we look
for in a chemical change
for instance? Scott.

Scott: Well fa a chemical
20 change, the atoms completely

change, but in a physical
change it's just the atate . . .

Teacher: State is one font
of physical change. Can

25 you give me, er . . .

Julie: Oh, in a chemical
change, the molecules are
rearranged or something,
sad the physical, er, they

30 can't be put back together
in the original form.

16.

Teacher: I see. Well just
think, you told me you thought
this was a physical change.

35 Now, do you think that there
would be any easily reversible
process where we could take
this substance that we
produce and put it back

40 into the form of, er, alcohol,
or pardon me, base and lard?

Julie: Well you could, er,
you could sep . . . separate
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confusion between postulated and observ-
able entities,-Ohich is noted in the

-analysis.

L.1: This question requires the students
to use a logical-empiric procedure for
classifying the observed change. Thi
procedure involves the identification of
attributes of the products. This would
suggest that the question is an INSIGHT
cue. However, an examination of.the
evidence and the procedure is forthcom-
ing which suggests that a judgment is
intended.

LL.7 -12: This comment is intended to be
humorous. The "controversy" may derive
from Mel's thinking that the teacher
implied that Julie's response was incor-
rect.

Scott's iesponse refers to abstractiOns.
He defines some characteristics of this
classification, but suggests that the
.postulated entities exist.

The teacher does not take account of
the misrepresentation made by Scott.

Julie confuses the attributes. She
represents postulated entities as
observable entities.

L.32: The teacher relies on the attri-
bute that a physical change is easily
reversed. This might have been the
point which Julie was attempting to make
in LL.26 -31. From the responses on this
page, it is inferred that the students
are aware of the distinctions between
physical and chemical changes in terms
of the arrangement of "molecules." There
is no explicit reference to this paradigm.

Julie seems to be pointing out that
separation of the products would yield



the liquid at the end, and

you can, er, cool the water
and you get solid.

Teacher: Well, did that
5 substance you produced,

did it have the properties
of water/ Did it, er . . .

Julie; No, it had the
properties of a semi-

10 solid?

Teacher: It was kind of
a slippery seni-solid,
that's true, but, er,
it night pay just to

15- take a little lard'and
fry a foam test on"lard,
see if we've been wasting .

our time. (There is soma
noise as he moves behind

20 the bench to get the lard.)
Now this probably seens like
a useless sort of test; but
it is important that we
recognize the difference

25 between physical Changes
and chemical changes. Take
About as much lard as most
of you took soap, add sone
water . . . I'll bet I get

30 as much lather as some of
'you got at that. (He shakes
it, no lather forms. Students:
No it doesn't.) Well, this
is the question. Would

- 35 the atons be rearranged
into new partnership or
would they not? Now that's
the, that's the criteria
for

40 Student: In this like they
would.

Teacher: Yes. Yes, Julie?

Julie: You mean the atoms,
you mean, oh, arrange into

45 oh, you know take on a new
form.

A31
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a liquid and a semi-solid; 'and, since

these two states were also present
initially, then more evidence is needed
to judge whether the Change is "chemi-
cal' or "physical."

LL.4-71 The teaCher's question is'
interpreted as determining the validity
of Julie's objection.

Julie emphasizes that both the product,
soap, and the reactant, lard, had
properties Of a semi-solid.

Julie's objection and request for tore
evidence is typically allowed4ft the
RULE model. The .teacher hes noted the
objection, and provides the necessary
evidence by perfotiing the "foam test"
on the lard. Thus, he demonstrates
that the semi-solid product nay be
distinguished from the lard. This
recourse to direct evidence is a cri-
terion of the RUE nodel.

LL.34-39: Atons are postulated entities
which are presented here as observable
entities. In addition, it is implied
that the above demonstration indicates
the formation of "new partnerships."
They may be inferred; but there is no
reference to the paradigm which would
permit this. Consequently, the portion
cannot be identified as RULE. -Instead,
the presence of a logical-empiric pro-
cedure and the incorrect use of empir-
ical references with no reference to
the paradigm is interpreted as INSIGHT.

L.40: The student has no evidence to
support the claim for the formation of
Ofnew partnerships," although one can
infer from Julie's response that the
students have_previously been given a
connection between "chemical Changes"
and the formation of "new partnerships."
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Teacher: Yes.. Or another way
of saying it is that in a
chemical change products are
formed, and how would the

5 properties of the products
compare.with the properties
of the Cmiginal substance.

Student: They're different.

TeaCher: Theylre different.
10 The properties of the products

are completely different from
the original properties. Now
a physical change might be
like freezing. If you take

15 a sample of water and freeze
it, it takes a new forst--
a colorless crystal. But
it's very easy, simply by
heating it up again to get

20 the original water back.
So this is a physical change.
So we'd better put this down
as out conclusions that soap-
making is a process which . . .

25 is a chemical thange
(he repeats the phrase for
dictation) The final products--
MAW sentence--the final products
. . . have properties . . . com-

30 pletely different . . . from the
original substances . . . because
the atoms . . . have formed new
and different partnerships.
(Pause) Any questions on the

35 experiment? (He writes on the
board.) Yes.

Student: Oh, er, for the
test, do we just have
to know the things we

40 took up in class, like
ions. We didn't take
soma of the things that
are in the text.

Teacher: No that's right.
45 But, er, the things that

we didn't take in class . . .

you're only responsible
for the answers to the
questions which I assigned,
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LL.1-171 The teaCher introduces a
further means for distinguishing
between the two types of changes
which does not rely on postulated
entities, but on the observations of
the students.

The example of a "physical change
provided in this section illustrates
the use of the logicalfempiric pro -
.cedure involving observable character-
istics. The empirical reference
(L.15) makes reference to a common
phenomenon. However, there is no sub-
stantiation for the teacher's asser-
tions about states-of-affairs. Thus
this section (LL.9 -21) is identified
as IMPRBSSION.

LL.22-33: Since the contents of a
dictation would normally serve to
summarize, the following dictation
is identified as Group 2. However,
it is useful to note which portions
of the preceding teaching are'summar-
ized; particularly the statement con-
cerning the "formation of new and
different partnerships" (LL.32-33).
In this lesson the students have not
been given sufficient evidence to
justify that this inference may be
made from their observations; nor is
there explicit referenct to the para-
digm that would permit this inference
to be made once the Change has been
identified as "chemical."

LL.37 -5 (p.A33): Group 2. This dialogue
concerns the content of a forthcoming
test.
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because you can get it from
discussion. So you're re -

aponsible for the informs-
. tion which was required to

5 answer those questions.: Any
questions on the experiment
`itself? ,(No response. Pause)
In the- commercial production of

soap,the manufacturer makes
10 sure that there is just a

little bit too much base;
now-he doesn't want to add
enough base that it will . . .

that he wi11 be wasteful,
but he wants to make sure
there's enough Vase that
all the fat is converted.
Question, Ernie?

15

Ernie, Ah, er . . .

20 Teacher: Beg your pardon.

Ernie: No sir.

Teacher: So that when the
soap is finally made he
has a little bit of extra

25 .base left over plus a little
bit of . . . plus the glycer
ine, which has been produced.
to the first thing which
he does is to remove the

30 glycerine . . . and the extra
water - -the glycerine and .

water are removed - -by the

proceus known as salting
down, (He writes the phrase

35 on the board.) And this is
simply the addition of some
common salt to the mixture;
and it causes the soap to
kind of harden into a mass;

40 and the glycerine and
' water are excluded from .

the mass. The second Step
iS to use litmus or some
other indicator, and add

45 just enough weak acid to
neutralize any excess base
that is present. The left-
over base then, is neutralized.
Now the remaining steps in
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E isode 6. LL.8-42 (p.A36): IMPRESSION.
In this 'episode the teacher describes

the commercial production of soap.
Initially there is au implicit relation-
ship between the commercial process and
the stude6ts' eaperimental work. There
is a reference to ajlow chart in the
students' textbooks, which is described
by .the teacher. The flow chart is not._
included in po present transcription,
for it does not advance the analysis.

LL.18-21: Group 3. (It could be that-
Ernie is not attending to the lesson.)

.Thii episode is"tharacterized by the
lack of evidence to support the
teacher's assertions, and by the use
of the textbook as an authoritative -

source.

L.33: The process of "salting down"
has been described in L.3 p.A29.
But at that point the process was not
named. Thus there is no special pro-
vision for the students to relate the
commercial process to their laboratory
work. The provision of such a relation
would enable the students to make sone
judgments concerning the viability of
the commercial production, apart from
being obliged to rely exclusively upon
the assertions of the teacher and the
textbook.

Presumably, the terns "acid" and
"neutralizat4on" have been introduced
previously.
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the process--the commercial
processare shown by means
of what i8 called a flow
dhart, on page one sixty
of the text. Just turn
to that now and we'll go
over it quickly. (Pause)

In the upper right hand, or
in the upper left hand corner

10 of the diagram, we see the
.big tinks where the soap is
stored from the hydrolyxer . . .

and it is slightly basic.
Now, it is run in liquid form--

15 or semi-liquid forow-down
into the mixing tanks, which
are called the metering and
mixing unit, and the stabilizer,
which thertalk about, is the

20 acid which is used for neutraliz-
(ation; and the preservative is a
mixture of cheTicals which keep
the.soap from drying out. Now
a few years ago, if you tried

25 to store soap for months, it
would probably get quite hard,
and, er, would be difficult to
use; but they now put in syn-
thetics--usually stearates--

30 which help preserve the nois-
ture and keep the soap in good
condition for a long period.
So this is the preservat1ve.

Now still in the very warm,
35 liquid stpte., it is elevated

up to a hopper above a big
roller which is kept cool by
circulating water. And the
liquid soap runs over the

40 surface; of this roller and
it hardens, as it cools; so
that it forms a thin layer
of soap on the roller. Then,
as you can see, as the roller

45 rotates . . . the roller rotates,
the soap is scraped off in
dhe form of flakes, and is
elevated up into the drier,
where it passes over a series

50 of conveyor belts and warm
air i8 blown across it so
that the-flikes are dried
out. 'The dried flakes then

11.2-7: The students are not pro-
vided with any means for determining
the appropriateness of the flow chart
in representing states-of-affairs.

L1.21-32: In.this portion the teacher
points out the usefulness of the pre-
servative by referring to the drying
out of soap. The phenomenon r4tekred-
to is not visible to the students; and,
since it was "a few years ago" (L.24),
it may not have been within their
experience.

L.29: Stearates are generally under-
stood to be major conponents of soap.
(In a previous lesson the teadher
described soap as "sodiun stearate.")
There is no explication of how the
teacher defines sone stearates as
"synthetics," and sodium stearate to
be soap.

dir



are put inio these buggies--
which are really just big.
troughs on wheels- -and they're
stored for sometimes a week

5 .or two until the . . . through
the aging process the soap
becomes uniform, it has a
moisture content and condition--
this is known as storage condi -

10 tioning,,and it's very much
like tobacco. yrom there,
the final process starts,
and It only takes a natter
of minutes: It's dumped

15 into a big mixer, called
an amalgamator, and it's
at this point that the
additives are put in--
the perfume, any coloring,

20 if it's mechanic's soap
this is where they add the
abrasive, the grit, and
then it goes through a
aeries of plodders, and

25 these plodders are just
like compacting machines;
and, er, the soap is com-
pacted and rolled between
rollers and then compacted

30 again; and finally is
extruded in the form of a
big sheet which is just
the right thickness for
bars of soap. Then, on

35 the conveyer belt, a Van
Buren cutter cuts it into
slabs, which would be
maybe, the size of ten
bars; and frym there it

40 goes into"the stamping
machine where it is actually
stamped into the shape of
the soap cake, with the
trademark and manufacturer's

45 name and any design on it;
and from there it is auto-
matically wrapped and
packed in cartons, and ia
ready to go to the warehouse.

50 The final step, as I say,
takes only a mAter of
minutea, right-from the
time it's mixed until it
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L.11: Presumably this means that the
process is.1.im0.1s1 to the storage con-

ditioning of tobacco. In this lesson
there are no means for_the students
to determine the appropriateness of
this analogy. It could be that the
storage conditioning of tobacco has
been discussed In a previous lesson.

The description.of this process-contains
several term which are not explained,
although they' mai have been introduced
previously. Other examples are:

"Smiting down" L.33 (p.133)
"Neutralize" L.46 (p.A33)
"Hydrolyzer" L.12 (p.A34)
"Onthetica" L.29 (p.A34)
"Stearates" L.29 (p..A34)
"Extruded" L.31 (p.A35)
"Van-Buren cutter" L.35 (p.A.35)

The above terms are presented without
explicit reference to the laboratory .
work of the students, nor to any
experience with which they might be
familiar. Thus the students are merely
being informed of this commercial pro-
duction of soap. There is no provision
for them to acquire personal knowledge
of it. Consequently this episode is
found to exemplify IMPRESSION modcl
teaching.
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is shipped out in die shipping
containers. And, of course,
there is a tremendous variety
of soap products available.

5 Now, for laundry soap - -this

is cosmetic type soap that
we're talking about here,
toilet soap and'bath soap--
laundry soaps are usually left

10 in the fora of flakes, or in

little.grahules. Sunlight
soap comes right from the
stabilizer. How many of you
are familiar with the yellow'

15 cake soap called Sunlight
soap?

Student: Oh yes, my mother

always has it.

Teacher: Usually people have
20 some in the laundry for rub-

bing across shirt collars and
cuffs, things like that7 -soil
spots - -and it doei seem to

help. This is about as close
25 as you can get to the old -

fashioned lye soap that used
to be made in the home. It
does not have any air whipped
into it, it doesn't have any

30 _preservatives added, it will
dry out and become almost as
hard 82 bone if it's-left-
for a ftw months. And, er,
it is oddly enough one of the

35 purest forms of soap. It is
pure soap and nothing else.
So that you really get your
money's worth; it doesn't
smell as pretty or it doesn't

40 look as pretty as some of
the other cakes of soap, but
it is high qualit7 soap. Yes?

Lynne: Isn't that the soap
that's supposed to lighten

45 your hair?

Student: Yes, it is If you
wash your hair and go out
into the sun.

A3.6
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LL.19 -42: The exampleof Suilight soap
provides the students with an empirical
referent. If they-are familiar with
this soap they are rartly enable to re-
late the drying out of soap with the
lack of preservative. However, it does
not seem feasible that being familiar
with both Sunlight soap and cosmetic
soap will result in the realization
that a preservative is present in the
latter. The only information which is
dedutible from such a familiarity is
that the two soaps are somehcm c!iffer
est. This would not indicate in which
respect their constituents are differ-
ent. Thus, the teacher's assertion
concerning the presence of preserva-
tives in cosmetic soap remains unsUb-
stantiated. This section is identified
as IMPRESSION.

Episode 7. LL.43 -26 (p.A37): IMPRESSION.
Lynne introduces a problem front her
experiences.

L.46: This statement epparently is
inthded to confirm what the soap is
supposed to do.
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Lynne: What would be in it

to do that?

Student: Whet, the Sunligha

.Student: Cleans better, that's
5 all.

Teacher: I don't think there's
any, er, there's no bleach in
it; but just the fact that
it remove* the, er, hair oil

10 and any coating on the heir,
and then you go out in the
sun.and it dries,.it dries
lighter. And then as your
scalp, er, you know your

15 skin is constantly producing
skin oils, your scalp is
producing this oil, your
her gradually darkens up
e4ain. And then'when you

20 it *gain, remove that,
and dry it in ene sun, it
Looks lighter again. So,

it doesn't really bleach
the hair, just takes the

25 oil out of the hair, and
leaves it lighter in color.
(Pause) Now; I was talking
over our future with sone
of the people in the class

30 and the other class, and
we felt that just a brief
study of our water resources,
and what's involved in
purifying and keeping it

35 pure--what we mean by pure
water. And what all the
fuss is about, why is it
in the papers all the time?
Why are they so worried

40 *bout the boats on the lake
when dhe city of Detroit
puts as auch-aewage into tbe
Great Lakes system in a day
as all the boata--this Is,

5 all the smell boats, put
in in ter years? Why do
they pick on the fellow who
owns a little motor boat?
(A student says something.)
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LL.6 -26: The teacher offers a tenta-
tive explanation. This makes provision
for the consideration of alternative
expianatioes. The teacher substanti-
ates his claim by reference to common
.phenomene. But the evidence is asserted
by the teacher; thus, this section is
identified as IMPRESSION.

Episode 8. 11.27-30: (p.A39): IMPRESSION.

LL.27-36: This portion serves the pur-
pose of Group 2 statements. -In addi-
tion, several questions are asked which,
presumably, will be answered during the
course of the teaching of the next
topic.

Although the data may be forthcoming
in a following lesson, there is no
immediate provision of means for the
students tc determine the accuracy of
the estimated quantity of sewage put
into the Great Lakes by Detroit.



Well, / think there's a very
good answer to that; / think
that they want people to get
concerned, and there are some

5 thing like fifty thousand
cruising boats in Ontario
waters, and they get fifty
thousand people talking about
this, and get it on the top

10 - of their mind, this could be
tremendous political pressure..
Every fellow that has a boat
is going to be mad when he
has to spend three hundred

15 dollars for a holding tank,
and he sees some factoty just
pouring waste out into the
lake, and he's going to get
after his Member of Parliament,

20 and be's going to raise some
fuss and it can't do anything
but good.

Student: But this isn't Detroit.
(Some students comment.)

25 Teacher: The water conservation
authorities-are bringing pres-
sure to bear on the people on
the American side, and they
are starting to do some work;

30 but they aren't . . . haven't
so far been nearly as effective
as the Ontario Water Resources
Commission. We'll be getting
some material from them in the

35 way of, er . . .

Student: Water! (Some

laughter.)

Teacher: Well we get material
from then through our taps,

40 but, we'll be getting some
printed material which will
tell their side of the story
about what the people in
Ontario are trying to do.

45 And, believe me, we better
do something because, right
now, Lake Erie is considered
to be a."dead lake. It has
passed the point of no return.
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LL.1 -22: The teacher prefaces his ex-
planation by the words "/ think." This
identifies the explination to be his
own; and, since there is no indication
that the students are to explain the
phenomena similarly, the teacher is
making provision for the_consideration
of alternative explanations. However,
the teacher substantiates his explana-
tion by reputed reports of states -of -
affairs. The assertions in this por
tion similarly represent states -of-
affairs and inferences concerning those
states-of-affairs. Also, the students
are not provided nith the sources of
the information used, thus they must
rely upon the teacher for accuracy.
For instance, it is questionable that
all fifty thousand boat owners will
pay the stated amount for a holding
tank, see factories pouring out waste,
and contact their Members of Parliament.
Since these assertions are made without
distinctions between states-of-affairs
and inferences, the portion is identi-
fied as IMPRESS/ON.

LL.30-33: The teacher resents an
unsubstantiated judgment as if it
were a report of states-of-affairs.
The judgment is qualitative. There
is no peovision of evidence nor of
the logical procedures which are used
in the formulation of this judgment.

L.47: There is nn reference to the
authority which rinds that the lake
is "dead"; nor is there mention of

90 Vs..
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The . . . it is calculated that
the only way in whidh that sec-
tion of the waterway can ever be
made natural again is simply to
dig a channel through the center
of the lake and nake it into a
river. Now they already have a
ship channel, whidh is dredged
through the center of the lake,

10 but the rest of the lake will
simply become reclaimed land.
And, er, because as far as
the lake is concerned, it's
had it. The reason for this

15 is that there has been so
much industrial waste, so
mudh silt from run-off, so
mudh fertilizer that's been
swept into the lake from the

20 surrounding farmlands, that
the only organisms whidh live
there are the kinds of organ-
isms which we find in, er,
sewage, and in stagnant water,

25 which has a high organic content.
There is no fishing industry in
Lake Erie. There is . . . there
are still a few fish in some of
th :. tributaries, but not in the

30 lake itself. (A bell sounds.)
All right, dismdssed.

(rhe lesson ends.)
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logical procedures and the type of
phenomena which are Ur:: to arrive
at the decision that the like is dead.

The retrieval of the natural waterway
(L.4) is mentioned as the only practi-
cal solution. This excludes the con- ,

sideration of alternatives.
*PO

The lesson contiques with.more unsub-: .

stantiated assertions. It is clear
that the role of the student is to be
informed. There is no opportunity for
a student to examine the evidence which
is supplied for there is no explicit
reference to its source. Neither can
a student examine the judgments which
are reported for the logical p-lcddures
used in formulating these judgments
are not explicated. Therefore the
episode is judged as exemplifying
IMPRESSION model teadhing.


