__4
[ Ld
-
L]

. v 5 . DOCUMENT RESUNE
BD 20% 496 . SE 035 584
* A0THOR Russell, Thomas L.
TITLE Analyzing Arguments.in Classcoom Dlscourse: cCan
. Teachers® Questions Distort Scientific Authority? ' “x
POB DATE Apr 81
NOTE 39p.7 Paper presented at the Annual Meeting of the
. National Association for Research in Science Teaching
(54th, Grossinger's in the Catskills, Elleaville, NY,
April 5-8, 1981).
r
BPDFS PFICE® MPO1/PC02 Plus Postage, )
DESTRIPIORS 2Discaourse Analysis; *Physics: *Questioning
Techniques: Science Bducaztion: Scientific Concepts:
Scientific Principlest Secondary Education; Secondary
4 - School Science: *Teacher Behavior
IDENTIPIERS *Science Edacation Research .
ABSTRACT - . : , -
sAn analysis of classroom discoarse -is reported in
which the use of 'questions by science teachers. is assesSed in terms
nf argumnents to estzblish knowledge claims. Questions are analyzed
n>*t for their form bOr ‘frequency but for their function 1in the
development of arguments which establish claims rationally. Seen in
*he context of rational argument, ghestion sequences may bz assessed
as consistent with or distorting of the nature of scren%ific
agthority. The study seeks to develop and demonstrate a plausible
concepteal linkage between a sciende teacher's use of questions to
develop student anderstanding and the associated provision for
"stulepts to understand scientific authority. Excérpts from three high
school science lessons are analyzed in dethil.in the study, revealing
*hree Qifferent and subtle ways in which the use 5f questions to
develop a krowledge claim has Failed to establish a rational )
arqgement. The study deponstrates that it is possible. and inforaative 4

“o analyze science classroom disconrse in terms. of suggested

attitudes tosward aacthority. Use of the analytical schenme by science
“eachers wishing to review the use of gquestions ia personal teaching .
behtvior is also discussed. (Anthor/CS) -

v

. »

Mok e Rk Rk R R R R R R R R AR R KRR R R R R R AR R AR R AR R R RRE KR

* Reproductions supplied by BDRS are the best that can be nade »

* from the original document. ®
WA 0o ol O o e o R ook e ok K ol oo o ol O o R o o o ok ook o ool R o o oo o o R R R o o R R R R R R
! *

. 7 i




4
-

’ ! - .
’ :(‘;‘:' . ' ¢ } ‘ * -
- L] : N * \
. . \ . .
D -
3 . - - ' -~ " ' 1
e - .
0 '
o . . . o
o . : :
| . RN .
Lol . .
- s
. ) : y ‘
. s .
. < ’ . =
Analyzing -Arguments in Classroom Disgourse! '

LAY

N -

Can Teachers' Questions Distort Sgientific Authority?
L <

'i

3 s =
- < < -

v \ .
- ‘ \ * L

& "
o . Thomas L. Russell
. US. DEPARTMENT OF SDUCATION
- PERMISSION TO REPRODUCE THIS Faculty of Education NATIONAL INSTITUTE OF EDUCATION
MATERIAL HAS BEEN GRANTED BY £DUCAT'?~ALC§z§r?:?::%lwpomf_,mo'a
THO M &S L. BUS N ELI /Queem -University XTM docnment has been romduigd
- - rerened fom the parson g7 organa,
- Kingston, Ontario K7L 3N6 cranang ¢ )
. g ’ Minor changes have bamh mode 'o mmprowe |
i ' ' regratuctih qualey
TO THE EDUCATIONAL RESOURCES Aprll 1981 . :-::sd:f:;wcw mnssuwi;ﬂ’:: m:ui
JNFORMATION CENTER (ERIC) * . moww’“m“v rhy represent ot
0 . ,
] b
i
( ’ Paper' Presented to the Annual Meeting of the ¢ y

flational’

<«

sociation for Research in Science Teaching

8

* Grossinger, New York, 1981

-..51_'
o0

= SE 035 564

ww
O
S
?

PAFullToxt Provided by ERIC




Intfoguctxon
- - L4

ot Typically, teaching involves the ask;ng of estended sequences of ques-

o »

tions (Bellack et hl., 1966; Hoetker & Ahlbrand, 1969) which enable a teacher

-

) ¢
to c trol\she direction and duration of subject-matter discussion, while

.

also maintaining a chéssary degree of attention and order (Westbu;y: 1973}.

] .

Science teachers have been urged to consider the form of their quebtions (as
- L}
in the contrast between convergent and divergent guestions), and in general

there has been considerable attention to questions as means of instruction.

L - - » .

At the same time, science teachers stand beforeé their students as representa-

t;ve5 of the discipline of science and of the community of active scientists.
Alihough the nature of explanatory change in science is certainly not agreed

upon, there 18 definite reluctance to base authority in science upon the pro-

nouncements of particular individuals. Instead, reasons and ew.idence support

the explanatory conclusions of the discipline. As an end of science instruc-

- . “
tion we would have students view scientific authority in terms of reasons and

evidence, A
This paper reports an analysis of classroom dls;ourse‘ln whicﬁ the use
. of questlons by science teachers Ls assessed in terms of arguments to establlsh,
“’T} scientific knowledge claims. Questions are analyzed not for thelr form or fre-
N

quency but for their function in the development of arguments which establish

claims rationally. Seen in the context of rat:’hl argument, question sequences

may be assessed as consistent with or distorting of the nature of scientific
L4

authority. ’




<. Purpose and Methodology  ° ”; .

This study develeps and demonstrates the potential of an analytical.

scheme which permits one to assess the attitude toward autﬁoi;ty suggested by

i

science ‘teaching discourse. The particular focus 4s on making a ccmpa£;son
between teachers' guestions within argurents and the attitude taoward authority

- i -
., suggestaeg by the argument itself. The form of quest;gps (convergent;d;vergent;

[

higher order} has been suggested as important in 1ts.own right. This study
goes further, to consider the potent&él impact oﬁ‘the Seguence of‘questlons -
"

which guide consideration Of a specific knowledg® claim 1n science,.

The methodology of thg study involves two distinct stages.: Tirst, an .
L ]

N \ *

appropriate ana}ylical écheme ls developed, drawing upon philosophical conslid-

erdtions relevamt to the interest in attlitudes towatd author;tf suggested by

ay

arguments. Then the phenomgia_of lnterest--instances of science teaching--are

analyzed,according to the scheme. The results of the analysls speak both to

v

the usefulness of"the scheme and to thé inltlai queéflon--can teachers" ques-

r L
tions distort sclentlfic authorlty? (This methodolcgy Ls digcussed 1n Reberts
L3
. .
and Russell, 1975, and illustrated by the studles_ reported in Munby, Orpwood

and Russell, 1980.) .
+ ° .
The data analyzed in the stugy are verbatim transcripts of episodes from

* L ’ .
-

three high school sclience lessons. The lssue considered in the study emerged
as I rpflec%ed on some "disturblng” personal reactlons to observatlon of twelve

sclence lessons, including the three presented here. The analyt;cél‘scheme ls
. .

constructed primarily from the systematic philosophical work of Peters (1966,

1967) on‘attitudes toward authority, and Toulmin (1958) on the pattein of

‘

ratlanal arguments. The analytical scheme specifies two conditlons whlch mus%

be met, for a teach&ng argument ’to suggest to students that sclentlflc authoxity

iswrational,




- | -3~

- [}
S

1, All elements of a ratiomal argﬁment must be present in the

instructional dxscou:se.\jy
. LN

2, The elements of the arqument must be in proper relat;oﬁsth

to each other,
4 - ‘Q \
- - Argument elementa and their proper relationships are those s ecifled by Toulmin

A
* [

(1958). Failure to satisfy these two conditions entails a judgment that an
i
argument's sequence of questions could s?ggest a distorted image of authority

|

\

1R science, N - . i 4

At first glance, the use of questions by teachers seems both appropriate

and straightforward, and the teacher's challenge is to develop and maintain
cEmpetence in the use ¢f questions. To show that the matter may deserve nore
- & N g
attention, I like to set beside ehch other the titles of two papers publislied

1

in the same year. .

[}
5

: "Using Questions to' Enhance Cla$sxooxm Learning” (Napell, 1978)
"Using Questions to Depress Student Tnougkt” {(Dillon, 1978)

Napell's (1978) argument, richly illustrated with examples of guestions, is a ~
* .

positive cne, encouraging teachers to reflect on guesticnaing patterns which may

need to be reduced or increased. "We teachers are charged with difficult tasks,
not the least of which are modeling learning behavior and encouraging the

development of intellectual independence and a positive gelf-image in stuents”
(p:_197). Dilleon (1978) is much more analytical, in a review of theory, peda-

S

“gogy, and research related to the use of guestions, His conclusion (pp. 60-61)

presents a challenge to researchers,

-

{ )

Whether teacher questions stimulate student thought or whether

they depress it, I do not yet know. I have came to favor th
> ' second view byt look,to scholarly advocates to trenchantly clfi- '

fute and-glegantly articulate either position. For, in examining

the immense educational literature on questions, I am most struck
by what I perceive as conceptual fastnesa, Newly focused rather
than merely increased inquiry into the effect of questicns would
3o%n bring to surer ground the place that they now uncritically .
enjoy, 80 it seems, in all major sectors of the éntefprise. )

-

* ’
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This gtudy provides 3 new perspective on the study of questxonﬁ, by develop- ’

-
-

' ‘ing the p&axtzon that‘argumknts are an‘apprqprltte unit ©f analysis and that
L W F
‘ buggest pttitude toward authority is a s;gnlﬁ;c&nt issue in considering the

J gffects of questions, . . .
. . '

The study 1is reported, in ‘three sections. Attitudes toward science, sti-
A

entific authority,,and authority in educaticn, are considered first, to develop
the contest and theoretical concerns of tne study., Peters' (1966, 1967) anal-
' hY N N

yses of authority in education are considered in detail. The second sdction

cf, the argument 1s the data Enalysz$, beginning with an account of Toulmun's
., - * " . -‘ .
work, which makes 1t possible to coAduct the analysis, Minimal,commentary 1s ¢

n r

1 - ' -
provided with the analysis og Eh%ee episodes of scuence téachxng, to give the .

b

reader an oppontunity to react perscnally to the perspective on science teach-

»

“ i1ng provided the aﬁalytlcaL rocedure., In’ the thard sectloﬁ, each episode
g { P .

15 disrussed and a judgment is reached about suﬁgested attitu@e toward author= !

ity. The analytical scheme is shown to be applicable, and the.implications of
. ]

P .
tthe results are explored. .
v

i "
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Bducational Authority and Its - -Implicationsg .

- for Attaitudes toward écxenqgi . .

This study addresses the possibility that a teacher's use of questions

and other §tra§egzes for presenting the subject matter of science may distort

+ ., students' unaerstagdlng of scientifac authority. The argumént and ev1dencé v
* . L]

presented do not address ,the actual effects of science teaching on students,

" The intent 1s.to make a plausible cage for a poss;ble‘gffect, by ‘demonstrating
* . ~ .

L -
- »

- [}
a rigorous procedure for analyzing axg nts te infer a suggested attitude

. .

toward authoraty.

. Authoraity in education

. "t

Drawing upon Weber's a‘alys:.s.of three dlff'er‘ent authority systems--

legal-rational, traditional,,and charismatic--Peters (13967) sees a fundamental

' distinction between rational and traditional “attitudes toward authority."

The dis¥inction is comparable to that between "having good reasons" and "taking

» ' .

somecnE else's word” (pp. 13-24). BApplying his analysis of authority to

4§i current, 1ssues in education, Peters argues that the manner in whaich a teacher Y

» \ .

’ passes on "traditions, skills, and information™ has direct *canseguences foE
- ‘ £ ' /
how students come to regard these (pp. 96-107). As an Ideal, rational rather

than traditional authority is seen &s more desirable and appropriate in Western |,
. : ° s
education., This position, stressing‘lhe importance of reasons in teaching, 1s

' familiar in philosophical discussions. Komigar (1968) argues tﬁah'teaghlng,

lp its strictest sense, is an activity which seeks to .,achieve students' aware-
L / .
nebs of a point by the explicit provision of reasons which support and establish
sl ‘ ’

the point., Green {1971) argues that "instruction" attempts to establish beliefs

Fhat are held on the basis of reasons and evidence, while "indoctrination™ is

concerned not with the basis but with the content of the beliefs 1t attempts .

to establish. ” e

M ! - [y
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Peters (1966) sees the teacher as an authoraty figure in two dastanct

senses: 1n authority to do a certain job, and, an authority op some aspect of

£ ? . Ll * |
the culture of the community (p. 240)., These two senses of authority are guite

3 N

different in kind, Being an authority refers to a teacher's knowledge, while

being 1n authority refers to a teacher's position. Peters notes that knowledg€

reguires supporting reascons and public procedures for’é%stgng them, and 1t does

not depend "upon the appeal to particular men" (p. 251)., Briefly, then, a

’, .
. . teacher is .an authority in authority. 4

F

The teacher'ssauthoraty of knowledge %s'fundamental. Typically, we do not °
. & . o
appoint, and thereby confer authoraity of position upon, individuals who cannot .

present evidence of a specified level of knowledge (however inadequately it may
be measured by university course credats). This conforms to our educational

phlloéophy which would have students acqul&: kno¥ledge on the basis of reasons °

*

and develop a rational attitude toward authority, It 1s a teacher's knowledge

! as an authority in a subject which permlté the giving of reasons to one's state-

]

ments, and rational authority tq one's arguments.  Fpr purposes, af, this study

it 1s essential to recognize that a teacher's position in authority makes it

possible to present knowlédge clalms without reasons. A teacher's authority _

1
of position seems necessary to maintain or manage a classrcom learning situa=

,tion. Unintentionally and unknowingly, the same authority(of position may be
. b

used by a teach?r to "support” knowledge claims. Substituting authority of

position for authority of knowledge requires students to change beliefs by

taking someone elge's. word for them, rather than by having reasons and evidence

for the beliefs., Instructional moves based on the authority of one's position

are regarded here as suggesting to students a traditional attitude to authority.




Inmplications for attitudes toward science g -~

.

The literature on attitudes toward science 1s substantial, complex and

problematic. Research (Mead & Netraux, 1957; Shallls & HlllS, 1975) has shown
) Y

that actual attitudes hay be a mixture of positive, negatxve, and neutral ele-

.

(l

L

ments. I have argued recently (Russell, 1981) that attitudes toward science
3
’ r
can be_influenced positively by science teachers, but.not by half-hearted,

casual efforts which fail to. consider the messages about sclence which students

hd )
L]

encounter outside the classroom. -,
) - Students' understanding of authority in science 1s one Slgnlflcant ele-

ment. of theair potentLal knowledge about science and attitudes toward science.
If students bellevekssfentlflc knowledge 1s éstabllshed, evén 1n part, by the

*
personal authority of the individual scientist, then their beliefs run counter

to the ideal toward which practnflng scientists are said to strive. If students'™

1

are not given opportunities to judgg screntific knowledge cldims in the light

of reasons and evidence but instead are required to ac;ept claims on the per-

sonal authdrity of the science teacher, then they could develop a negative
!

image of scientific authority. (Recall how easy it 1s, in everyday conversa-

tion, to express an inability to understand science as a positive, desirable

. attribute,) . ) . .
2 .
To ;ummarxze, then, there are seéerql reasons.For teaching sclence in -

. wayé which suggest a rational, rather than a traditaonal, attitude toward
] authority. Une 1s the reason of accuracy, ‘encouraging students to view scien-

tific ,authority as scientists do. Another reason emerges from the Western
. . o *
ideal of rationallt(, which leads us to reject procedures which could be viewed
as indoctrinating. Yet another reason.arifes from our desire to encourage
\ "
? positive attitudes toward science,

-

'




a

. At the same timg, howé%er, the preceding analysis of autBorLty recggnizes
., the poésxbiliéy that knowledge claams-maz be presented on the authority of the

teacher's position. Management of many children in the same classroom requires
a ieacher to assert such authority. ©Perhaps the socialuzation. go of teach-" ¢
L] - S L]

’ ~€rs, identified Ln the Case Studies in Science Education (Stake & Eaﬁley, 1978),

L]
also reqplfa the authority of the teacher’s position. As well, the teadgher :

%

. 4 .
typically makes a variety of decisions abous how classroom interaction will

] -, . -~
’ proceed, and students’ recogniticn of the teacher's raghts or . to make
+ 4
L]
' £ such decisions is a recognition of the teacher's authority off posi 1on.q§%

: $




- 4 - !

*

Analysis of Argumﬁht-?atterns in Three Episodes of Sclence Teachlng

- .
a

In scilence teaching judgeq\to suggest a rat;onallattxtude'toward authority,
we would expect to find reasons and evidence being provided in suppo}t of
knowledge claims. Yet the presence or absencq ©of reasons and evidence 1s not

.an adequate criterion for the judgment desired. We need to determine whether;,

L *

» ° ‘ . ~
reasons and evidence aré used 1n a manner which provides a complete rational

-
.

argiment for the knowledge claim being.presented. A sultable scheme, capable .

of serving as a "clue structure” for making the desired judéments about instances

of science teaching, 1s provideddby Touimin (1958) In The Uses of Argument.

. . -~ ' J

" ) - In hls iptroduction, Toulmin indicates that the book is an attempt "to charac-

terise what may be called 'the rational process', -the procedures and categories
/.

by using whach cla1m§=in-geqeral can be argued‘for and settled” (p. . Uslng

rl
[ .

the field of jurisprudence to guide his consideration of rational argulents in
Al L . : .
/

general, Toulmin develéps a framework in response to the pfoblemmgf "how we

. [
L

are to set out and analyse arguments ifi order that our assesshments.shall be

-

logically candid--in order, that 1s, to make clear thé functions of the differ-

ent propositions invoked in the course of an argufént and the relevance of the

. ]
{, different sorts of criticism which can be directed against it" (p. 9). .
7 ' . R Y b . ¢
~ N , <+,
A clue structure for analyzing arguments . = .

L3 . ‘ N i [}
. Specifically, Toulin, provides a "pattetn" for the andlysis of argquments.
I - - ¢ ~ -

*

The patﬁeerindicates six possible elements of an argument and tHeir proper
' v

™~ \ .
Y relationship;tc each other. The three most basic ?'Lments are Data, Conclusion
i ' j y,

4 S

(or claim), and Warrant. (Capitalization of first letters indicates use of
terms in the sengse glven them by Toulmin.) A Warrant ls a statement whlch Jus=
[ - - ) 4

>

tifies the move from Data to Conclusion. ' Thus a Warrant says, "d.'ven Data D,

’/’ ' one may take it that C" (p. 98). Toulmin (p. 99) provides this diagram to . )

l

illustrate. ’

‘I‘
L+ ]




. "D —3. SO C ) !

. ? J Since W

Figure 1. The basic’ argument-pattern, g

. 4 v .

,Three\éddztioﬁal elemenés--QualLfiers, conditions of Rebuttal, and Back-

\ -
ing--gomplete the argument pattern which Toulmin develops. Qualifiers indi-.

»

cate the degree 5¥>foice with which the Data support the EoncluSLQn,,as when a
) . | .

. Conclusion is only probable, iathe: than necegssary, given the available Data.

s

Conditions of Rebuttal conslst of special circumstances in which the Warrant

o p . . ’ . . i

. in guestion may not apply. Finally, Backing refers to the general conditions
N 4 4 . ’

which support the acceptability or authority of a Warrant (pp. 101-103).

1
« following diagram.

P

Thus the complete :argument pattern i represented by Toulmin (p. L04) in the .

s

i

¥ 5 50, b, ¢

. | / S
- // Since Unless
L ] - * v W R "
o N 9 * 3 4
' . O account of L4 .
- B - b 2
- " - -

v

Figure 2. Tie complete argqument-pattern.

" ¥
To illustrate the terms used by Toulmin, Figure 3 shows the pattern of

Y

the complete argument under discussion in Segment aA-1,.in the data‘analYSLS

¥

which f£bllows. The teacher seeks an exgplanatlon for the acquisltigg/éé elec-

N -

trons by ebonite rubbed with wool. Notice that presentation of the argument

does not‘requize uBe of the eléments' Quallfier or conditions of Rebuttal.

Iy

. This is frequentiy the case in the analyses which follow. 1In this particylar

L}

’ instance, a Quaiifier might refer ¥o the effect of humidity on transfer of

-

electrostatic charges.




-~
- Y- ~11- , ' ‘
Fd L™ .
\ ’ patum:’ ){- So, Conclusion: S
—— —'* :
. wWhen ebonite ’ . ebonite receives elec-
) 1 rubbed with trons from'the wool,
wool - : ”  and thus acquires a .
H . negative charge .
Sihce
" wWarrant: , Ebonite attracts electrons ‘ P
N , © ., more stxgkgly than wool, :
. when t Wo substanceg are
" rubbed togtlather d
) On account of - ., .
‘ + Backing: The atomic model of matter -- . <
( indicates that electrons in
.o the atom's outermost shell

-

are somewhat free to move.

! Figure 3. The pattern of the argument in Segment A-1.

’

Toulmin's argument-pattexn is well-suited to the analysis of arguments

made within specific di'sciplines. The analyzed data which follow jllustrate

some of the intricacies involved in matching details of classroom discourse to

/s
e 8ix ei%ents suggested by Toulmin. However, two broad features of argu-

tents wlhch Toulmin notes in. discussing his argumert-pattern lllus®zate the

specific suitabil‘y of the pattern to the analysis of arguments within s
’
entific disciplines. Im distinguishing between Warrant and Backlng, Toyfnin

explains that the Backing usually remains implicit, at the outsgt and before

a challenge of the argqument is made. Backing refers to the facts which authorize
N . ’ - \ /
~ the wWarrant which permits an lnference f;om Datum $o Concluslon. Furthermore,

the kind of Backing which can authorize a Warrant differs from one fleld of

I3

argfnnent, or dhiscipl:l.ne, to another (pg. 103-106). Backing appears tc capture

the changes which occurred in physics, for example, when Einsteln's theory of

’

(= . -
‘ special relativity (a Warrant) superseded Newton's Laws by taking as funda=

. r .
mental a different set of "facts." Thus we may expect the eleﬁent of Backing
L

to be particularly significant when alternatlve explanations (or Warrants) aré

being considered. . ' S ' L
r \ + »

LS




. T - -
. ) , 8
- ’ T"/ Turning to a second broad feature of arguments, Toulzun noteg that argu-

ments olay be "Warrant-using" (reaching a Conclusion from Data by'c1ting a

Y

Warrant) or "Warrant-establishing" (demonstrating that a Warrant 1s success=-

1]
ful for a number of instances of Datum and ConclESLOn). The distinction i1s

"
L

comparable to that Between deduction and inductlog‘(p. 120). Pedagogically,
we can recognize here the distinction between explaining a law or theory in

the first instance and subseéuantly using a law in problem=-solving or labora-
tory activities. Once a Warrant has been established,.i%s Backing ls implicit

*
in the use of the Warrant to reach Conclusions. We may expect Backing to *

L]
play a more crucial role in'establishing a Warrant than in using a Warrant.

Toulmin's argument-pattern gives valuable detail to the concept of a
. ri !
) “ .
rational argument. For purposes of this study, suggesting a rational attitude

. ’ H
toward authority is regarded as requiring provision of all the elements of

.

r -
an argument in'proper relationship. Were the teacher only an authomity, not *

in authority, students would have no basis for acggptlng an argument (for a
>

"

Conclusionas or for a Warrant) if the teacher omitted an element or related A
f
f;;;nts incorréctly. \When a complete and correct argument ls not provided, .
g H N y g

the authority of a tgacher}s position may permit the lesson to procegd, at

,‘p the prit gesting a traditional attitude toward.authoxlty.' In the
- o ! ‘ .

analysis WY fbllows,'the concept of an argument-pattern is applled to
. » *

r
determine whether a fational or a‘traditional attlitude toward authority sooms

-~

to be suggested to students. The attitude toward authority suggested by an

o, . argument iz judged to be ratidnal if two questions can be answered positively.
‘ 1. Are all necessary elements of a rational argument present
in the instructional discoyrse?
2. Are the eléments of the argument in proper relationship to
each other? - -
« A
, 14
. R N
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Analysis of three episodes of science teaching

From an initial set of transcriptions of twelve sciqpce.lessons recorded
. 4
in Ontario secondary schools (for the purpose.of another study), porticns of

three lessons have been selected for analysis. Episodes A, B, and C contain

the arguments of three teachers on particular topics wiathlin the chosen lessons.

. »

Preliminary analysis separates each Fpisode into segments containing only one
) 3
arguméb}a togwhich the concept of an argument-pattern may be applied. An indi-

- ’
vidual segment is presented on a single page (or two pages Lf length requires).
The left-hand column of each page presents tle verbatim transcription of tape-

recorded classrcom discourse. Questions are shown in capital letters, to call

attentilion to that aspect ¢f a teacher's remarks which so often signals the

T sbn. (i ™
[

direction of the discourse. The right-hand column, in italics, indicates what ¥
eacﬁ successive speaker éppe;rs to be doing'in terms of elements of an argument.
for e;ample, the teacher's first spé;ch 1n Segment A-1 .s described as "Teacher
" pfowldes Data.and solicits Conélusion."
Y Each episode is introduced by a single page which provides a summary of

the content of the eplsode and the argumenté'condhcted within individual seg-
;ents. Oniy brief comments are made about the failure of each episode to
present arguments suggegting a rational‘attitude'to;ard authority. This is

done to permit the reader to enter into the analysls of each segment's argument,

studying each teacher's use of questions, and checking the identlfication of

argument elements.

3
»
\_, <
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PISODE A: "Predicting and Explaining Electrostatic Charges"

. " Grade 10 {eight girls, twelve boys)
Pages 1-4 of 24 «

-
® L

this episode, the teachér.dontinues earlier work on static electricity.
. » .

v

In Skgment A—lathe teachet seeks*& Warrant to explain why electrons move from

wool to ebpnite, when the two substances are rubbed together, Brad Ls unsuc-

*

cegsful (lings 13-19). Part of ;-!ar(Jo‘s response is accepted by the teacher

-»

-~

(T.nes 35-45) #and the teacher re}urns to Brad to expial.n his error. In Segment

_* ’ " > .
A<2, the teacher presents a list of non-conductors, including the two used in
| :

l

A‘l. From the “list” (lines 72-74), gne can predict the charges resulting when
1 N Q '“’ N
any two of the substances arg rubbed toﬁther.

;. Segunents.A-3 and A-4 are twd instances of application of the general =

| ] . . { . .
Warrant glven by the teacher In B=~2. In each of these segments, Qe teacher

. ~
first solic:_itg a Conclusion and thenwsolicits the Warrant supporting \:he Con-
. N ’

clugion. (Interestingly, A-4 involyes the same pailr onubstances as A-1l.)
Both A-3 and A~4and not with elabokation of steps in the arquments hut with

attentien to stating thé Warrants in term¥T "strength" of holding electrons.
s

’




~15e
Seqment a1y Seeking a specific Warrant for ebonite and wool
._J . .
. . Teacher: Okay. We were talking about Teacbd§ provides Data and
the electric charges on different kinds solicits Conclusion
: of objects. WHAT CHANGES TAKE PLACE ’

IN AN EBONITE ROD WHEN IT'S RUBBED WITH
5 WOOL? (Pause) Only two people? Dave.

bave: Er, it received electrQns from Cohcluszon‘
the wool. '

Teacher: Right. It received electrons Teacher judges Conclusion
. » from the wool, Er, CAN YOU SUGGEST and sclicits warrant
10 ANY RefSONS WHY THE ELECTRONS MOVED
FROM THE WOOL OVER ON TO THE EBONITE?
Brad, . v

Brad: There's a shortage of electrons ) §tudent implies a Warrant

s

that

on the ebonjte rod and there's a electrons move from surplus:té

the greater...

Teacher;: There's some plople shaking Conclusion is rejected
their heads. Er, Gary, WOULD YOU
' » DISAGREE WITH THAT?

' surplus on the wool, so they move to shortage, as he stdtes Conclusion .
L]

20 Gary. Well 1t must be...the atoms on Student alludes to aspects of .

the wool,..the electrong on it are,.. Backing for a Warrant
repelled from the nucleus, so they
want to move,..

. ~ Teacher: You people at the back hear? i
25 Cathy. Better repeat that Gary, -
please. o

Gary: Well the, the electrons in the Backing
wool like, they are far out from the
. nucleus so they have a tendency to
30 move. J

-
~ -

-

Teachér: Er, possibly. SOMEONE ELSE Teacher again solicits Warrant

- EXPLAIN WHY THE ELECTRONS MOVE FROM
THE WOOL OVER ON TO THE EBONITE.
' . » Mary Jo.

S

- .

like positives that have stronger for "Warrant” status
pull on them. And, like the friction
~between them makes the positives 4
‘ attract more.

/

40 Teacher: All right. Apparently, or Teacher repeats one aspect of .

- 35 Mary Jo: Um: the ebonite rod has, er, Student provides tyo candidates

. '

possibly, the ebonite has a stronger the student’s Warrant, and givas *

attfaction for elfctrons than the Data and Conclusion
! wool, so that when weé rub the two ’

Btoyther the electrons mcye from
[s]

‘ 45 ong over on fo the other. Okay
rad? GOING CHANGE YOUR THEORY?

Brad: Umhm, . 3
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Segment A=l continues - ; .
»
l; ’
Teacher: HOW DO WE KNOW THAT YOUR THEORY As this segment closes, v
. WASN'T CORRECT? WHAT WAS THE ONE THING  ingredients of the Backing for
¢ 50 THAT HE PORGOT? for the Warrant are treated

L as simple features of the
. Pupil: That ﬁm the...the gbonite rod initial Data.

18 neutral and you had the same amount u .

" ' 4

of,~er, er, positive as negative. ) ' L g
Teacher: oOkay. You started out with - .
3 55 each of them in the peutral state so, “
they wou?d have the same. All right, ' Teacher'states desired Warraat
then we say that one of those two (Hote teacher’s use ¢of the word
substances has a sStropger attraction "stronger”) :
. for electrons than the other. »
} ) ' ’
3 \ ‘ »
[} P
Y ’
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Segment A-2:

%
Establishing a general Warrant for nine materials

60 Therefore it would be possible to take

a list of substances and arrange them

in a ligt, or in an order, which would,

er, put se which have, say, a strong

attraction for electrons on top of the

65 list and those with a weak attraction
at the bottom of the list. So we have ,
such a list here--you'll notice that
séme of the materials that we have
listed here we've used in the experi-

70 ments that we’ve been doing. The first
one, for example, glass... (wrltlng on
the board, "Glass, Wool, Cat's fur,
S1lk, Cotton, Paraffin wax, Ebonite,
Rubbey, Sulphur”), Okay. Now, I'm

75 going tellyyou this about the last:
as we go down thd list there 1s increas-
ing ability to hold electrons. {An
arrow 1s drawn pointing down the list
with the label, "increasing abilaty

80 to hold electrons.”)

.
»

In this brief segment, the
teacher generalizes many
specific warrants 1nto a
single Warrant.

Teacher states wWarrant

Note teacher's use of the
word "hold," in speech and
WELtlng N
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¢ #° Segment A-3: Applying the Warrant' to cat's fur and paraf%in was

i - \ .
’ * * \
5 . NOW WHAT DOES THAT MEAN WHEN WE COMPARE, Teacher solic;)s Conclusion e
SAY, CAT'S FUR AND PARAFFIN WAX? +Gerry. . -
Jerry. The paraffin wax will hold elec~ Student states Warrant, 1mpl§1ng
trons better than cat's fur? the Conclusion
* . L34
85 Teacher: Er, BETTER? CAN WE GET ANOTHER - ’ .
WORD THERE? , *° - v
L]
’ Jerry: Er, more? "
+ Teacher. More strongly. All raght, Teacher returns to the word "sfrOngﬁ
this list 1s called an electrostatic (1. 58) although Jerry has used
, 90 series (writing "Electrostatic Series”). "hold” as teacher did in ling 77
. ’ And I think you can now se¢ the use of ~
i ﬁn_ lectrostatic series. Before we Teacher names the genelal Warrant
Jusa nemorized that ebonite becane ¢ ’
: _charged negatively when 1t was rubbed . }
' 95 with wool.
. . L)
. Ve ‘ . -
‘, ’ " /
- / '
¢ ‘C L ]
o .o .
3 ¢ ' *
- -
p ) ~
P - »
. ' * ™~ ] ’ N
. ) , / ‘
\ [ A S 5\
e L] \l ?‘,
A Y A \
. ‘ . — .
. + .
\ ’ . '
’ . - . #
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Segment A~4: Applving the Warranf to ebonite and wool

If we look at this list and notice the
posation of wool and ebonite, IF WE RUB
THESE SUBSTANCES TOGETHER.WHAT'S

. GOING TO HAPPEN?

™ 100 Pupil: You get a negative charge.

105 Teacher:

Teacher: .WHY?

Pupil: Because there 1s, um,...because
most, more, er, electrons go on to the
rod. .

THE WOOL TO THE ROD THAN THE OTHER WAY?

-
Pupil: Because the wool's lose them...
wool will lose themn.
WHY WOULD THE WOOL LOSE THE

»

Teacher:

110 ELECTRONS? You're not answering why.

(no response)
rather,

Steve, or er, Jerry

Jerry: Er, er, the ebonate will hold
more electrons so it'1l take it out

115 of%khe wool. .

Teacher: WILL HOLD MORE?
Jerry: . Er, take more away.

Teacher: You're missing the one word, ~
I think, that explains it properly.

120 Gary?

Gary: The ebonite will hold the elec-
trons...

Teacher:

WHY WOULD MORE ELECTRONS GO FROM

-

-~
Teacher solicits 'Conclusion

. o
Incomplete Conclusion \

Teacher solicits Warrant
Y

Conclusion .
Teacher solicits WarLrant
Conclusion .

ey
Again, Teacher solicits wWarrant

Student states Warrant, using
the word "hold"” .

Teacher questzons. wording .

Second student uses "hold”
1

Teacher uses "strength," as he’

++.0r strength with whach they
. hold the electrons. Okay, let's see 1f
125 we can use this then.

did 1n 1, 58, rejecting "hold"
aﬁ1§n l. 77 and on the blackboard
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EPISODE B: "Prelude to Snell's Law"

Grade 9 (nine boys, twelve girls) ,
: ) Pages 9-11 of 18 .

In thiz; eplsode, the teacher seeks from the students a Warrant which'
relytes Data (angfes of incidence) toc Conclusions (angles of refraction).
In Segment B-1, Susan proposes a Warrant which is based on the arithmetic
differences between successive angles of refract:.c;tz in the table of §ata. )

In line 25, Susan appears to sense the teacher's criticism of her Warrant,

which, she modifies to the "average" difference. In lines 26-27, the teacher

i

dismigsses averages as unacceptable.

In Segment B-2, Rick and Bill speak on behalf of apother Warrant based

v
on arithmetic differences in thnd "Copclusions" column. With some difflculty,
Rick (lines 50-51)‘manaées to state the tendency for the dlfference between
angles ;0 decrease by one degrgez The teacher appears to accept the Warrant,
as Feserving of c¢nsideration, and proboses a fest (lines 54-58). In“the
dialogue.frun lina‘SB}tslline 72, the teacher appears to discredit the Warrané.

In Segments .B-1 and B-2, students have proposed two Warrants which agsume
that arithmetic differences are the appropriate Backing. 1In Segvéﬂi B=3, the
teacher begins his presentatlon of another Warrant--Snell's Law--which uses
as Backing the geometric relationship of each pai£ of angleﬁ. Hls éxplanation
{which is too long to present in its’fntirety) never returns to consider the,
fundamental difference, at the level of Backing, between the siudents' Warrants

and the Warrant developed by Snell.

¥

0
kv

oo
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. ’ Segment B~l: The first request for a Warrant ) .
Teacher: Okay, here we have our results ~7 ,
on the side-board. (The table readg:™ 17! / .
10° 70 :
20° 13° bata (left column) .
. S "30° 19® - ’ / Conclusions (right column) d .,
. 40° 26° L v e
50° 31° . '
" 60° -  36° , . , -
. 70° 40°) AN . {
10 CAN ANYONE SEE A RELATIONSHIP BETWEEN Teacher solicits Warrant ©
. THE ANGLE OF INCIDENCE AND THE ANGLE OF ) . . ,
REFRACTION FROM THOSE RESULTS? Just ! . \
look at that for a_couple of minutes. A .
. Yo (Pause. He wrates "SNELL'S LAW.") .
15  susan. ’
. Sasan: Um; when the angle of incidence, Student states Warrant
increases by 10, most of the angles of (with Qualifier) .
refraction increade by ¢ '
Teacher, That's interesting. As the Teacher restates Warrant
20 angle of incidence increases by 10, the (without Qualifier) and
angle of refraction ancreases by 6. tests each®instance
. Let's see: 7 from 13 15 6, 13,from 19 - .
} 1s &, therg's 7, there'S 5, there's 5,,.. . '
theres 4. ' . !
25 Susan: Well, the average 1s 6. ™~ ~ '-  Student revises Warrant . ’

* Teacher: O©h, we;i, averages aren't good
enough here (some laughter). Rick.

\v‘

Teacher judges Warrant to be
unsulitable
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Segment B-2,

The segond request for 3 Warrant '

!!.ck: The, er, like, figst o 1 when
you increase it by 10, er, t 3303 an
increase of...there's a...fxrst f all
7, then it goes down to 6, then it goes
down to 5, and then it goes down to 4.,

Teacher: SO WHAT?

Rick: If you take the difference, like .
er, from 6 to 7 you've got a diffierence
like 10--like you've got...this, er,
goas back to 4 degrees of difference ¥
between 36 and 40. Ang between the 31
and the 36, we have to have a 50.and‘60
increase by 10, and then you have 5.

And then at 26 and 31, and that's 5.
And then you go 6...like. (Laughter)

Teather: You're just telling me the
results up here. WHAT, WHAT...
f

Rick: Yeah, well e?, you said, un, see

. this 5 thing, when the angle of %ncidence
increases by 10, the anglé of refraction
is i?creased by 1.

IT 1872

y "
Teacher: ‘

Rick:" Like, er, when you subtract, the

difference "increases by 1.
Teacher: You meah it decreases by 1.
Rick: Decreases...yeah, decreases.

Teacher: All right. Yes, it 1s decreas-
ing by 1. CAN WE MAXE A PREDICTION FROM
THOSE RESULTS? CAN WE PREDICT WHAT THE
ANGLE OF REFRACTION WILL BE FOR 80°?
Bill.

Bi11:
Teacher:
Bill: Er, just a gfless.
Teacher:

Bill: Er, it's going down 1. Sometimes
1t stays the shme, -other times it gods
-down 1. So, it'll be 3 for 80°. b

SO, WHAT MADE YOU...WHAT MADE

4302
HOW DID YOU GET THAT?

(Laughter3

Teacher:

"« YOU THINK IT WAS GOING TO GO DOWN 1 THIS

70

TIME?

?ill:

Teacher:
know.

Oh.
So, in other words, you don't

+ Teacher seems to say student

Er, WHAT WAS YOUR GUESS BASED ON?

Student attempts to state
Warrant

&

Student continues attempt .
to state Warrant

has -
not provided a Warrant

+Student tries again to state
warrant

Student states Warrant

Teacher corrects Warrant

(Student accepts correction)

Teacher asks %f Warrant can be
used to predict an unknown
Conclusion

Studentastates Conclusion

Teacher requests explaﬁation of argumer
(Student claims he guessed)

Teaah% soliclts Warrant

Student states Warrant, {ualifiler,

and Conclusion

Teacher requests explanation of the

Qualifiers

Teacher "discredits" argument
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Segment B-3:

Presentation of the Warr:anﬁ--Snell'J Law

Teacher: Well, a pgrson by the name of

Snell came along and he locked at these

angles and he camg up with a law, which
‘we now call "Snell's Law." And the way
it works...well, let's first draw a

diagram on the board, and you'll. see
how 1t works. v

d C .
Yeacher presents‘anll's Warrant -
at length. He appears to assert
the superiority of this Warrant,
by failing to compare the three
Warrants at the level of Backing,
and by not calling attention
explicitly to the Backing for
Snell's Warrant.

1

&

2/
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EPISODE C: "Sepaxjting lead from lead oxade, in a study of —_
v ’ affinity of metals for exygen"
‘ . //"'-R‘ ' -Grade 9 {eleven boys, ten girls) ) )
% . Pages.7-10 of 30

- - -
5 ' A |
4

. This e.gisode, forming part of a 1essor; on affinity, follows a discussion
of the decomposition of mercuric oxide by heat. 1In Segment C-1, the teacher »
pursues an argument’forhdecomposztion of lead oxlde Lased on an analogy to the
decomposition of mercuric oxide by heatlng. \ In Segm;ant C-2, the teacher ,indi-

| } cates that the analogy -1s notT I:ralid a~nd seeks an explanatory Warrant. '
Segments C-3 and C-4 are the portions of Episodé C 1n which lea& oxide
. is actually decmposed: Segment, C-3 focuses on producing a reaction; charcoal
is mixed with lead oxlde, as a specific response to a general suggestion from
a student that something with higher affinity for oxygen be added.

¢

Segment C-4 contains the analysis of the reaction, and focuses on identi-

fying the second product, ln addition to lead. 1In lines 109-&10, the teacher
identifies the components of the second product in a man}{e: which produces the

A '
. desired Conclusion {line 112) without constructing a complete argument. ¢

[

b
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g Segment C-1; Predicting the behavior of lead oxide when heated
- - - I » / 5
{A discussion of the decompesition of l‘
mercuric oxide by heat has just been .
) completed.) ' . )
| ) » [ ]
i ‘ ' Teacher: So...another metal.which we )

could use, to extract from its oxide is
lead, lead dxrde. If you ‘think about it,
ydu've onl ot tp heat lead up a little
5 bit %pd 1t looks quiteiike mercury;
doesn't 1t?" Liquid,lead you've probably
* . seen--it's like sxlver Now. IF WE
»¥  HEAT LEAD OXIDE, WHAT WOULD YOU EXPECT,
RICK? ‘It's not as liq&&d as lead, ait's
not as soft as gold. \WHAT WOULD YOU
EXPECT TO HAPPEN IF WE HEAT LEAD OXIDE?
{no response) Hm? WELL WHAT CQULD -
HAPPEN. WHAT, WHAT COULD POSSIBLY .
} HAPPEN? {Some dark powder is tipped
' 15 1nto an evaporating dish and heated
over the burner.) .

Rick:

10

¥

It would start it melting?

- Teacher:. Well, it...yeah, it might melt
) if you heated it strorigly. BUT BY ANALOGY
20 WITH WHAT HAPPENED TO MERCURY, mm; MIGHT
HAPPEN TC THE LEAD OXIDE?

Rick:

= Teacher: Change to a gas. It would give
off oxyden, yes...give off oxygen gas.
25 TAND WHAT WOULD BE LEFT AT THE BOTTOM?

. Changge to a gas?

hd |

]

Teacher suggests thﬁt Warrant
appropriate to mercury 1s also
appropriate to lead

Teacher solicits Conclusion
Data

Solicits Conclusion

SoliciE;—EBEblusion

-

Conclusion .

. Teacher golicits Conclusion

using previous Warrant

{
+

Conclusign
Teacher adds to, gépeats, and

accepts Conclusion *
Teacher solicits and states

(¥o r nse) Lead would be left at r,,_x.‘,’onc:lus:'lon
- the hottom, wouldn't it? Yeah. ' .

‘g & . N .

. | -

. S h \ A
F] A ’
% . ' \
-~ A
”~ —
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Segment C-21

Explaining the failure of the prediction

well now, in fact this doesn't happen,
because.. .WHY DOESN'T IT HAPPEN? .
30 Janet...What am I talking about Janet
(correcting himself) Nancy? 'WHY
DOESN'T LEAD FORM FROM MER...FROM
LEAD pXIDE WH?N YOU SIMPLY HEAT
' IT BY ITSELF?

35 Nancy: Because it, er...it has a
high affinity... ‘
Teacher: Because it has a...well, a

higher...a higher affinity for oxygen
. than has mercury. h‘l right?

o
S

)
Teacher states conflicting Conclusion
Teacher soljcits new Warrant

Teacher solicits Warrant, giving
Conclusion and Data

“

. L]

wWarrant

'y
Teacher modifires and adds to
Nancy's statement
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Segment C~3: %estlng a prediction for obtaining lead from lead oxide

S0, how can we get, how can we get lead--
because most of the lead that's mined is
found mostly as theﬂgxide. HOW CAN WE
GET LEAD FROM LEAD OXIDE IF IT DOESN'T
RELEASE OXYGEN AND FORM LEAD ON HEATING?

j&s Pupil: Mix something that has a higher
affainaty.

- Teacher: Mix it with something which has
a higher affinity for the oxygen which
is combined with the lead. Good. AND

50" THAT SUBSTANCE WOULD BE?

Puprl: Um.

Teacher: Well, gpu've probably seen that
I've been plaYing around with something
black which you might know 1s charcoal,
right. Okay. (Some laughter) Now, you
can...you can see that this is not
apparently changing color or changing s
texture in any way, IS IT? There's no
little bubbles of anything. * Er, I
thank 1t should be just about hot enough.
(Pause) I think it...you'd better just
stand back a®little bit because it
sometimes pops around the place a bat.
I'll take the heat away just to make it
a little bit less vigorous. "Now if I
add some charccal to the lead oxade...
(some is added and sparks are emitted)

Pupil: Oh.

Teacher: If the, if the thing 1s hot
enough and if the charcoal wants to
combine with the oxygen more than the
lead wants to hold onto it, then you get
this vigorous reaction...l'll just leave
it and you'll find it'll...CAN YOU ALL
SEE WHAT'S GOING ON? 1It's like a little
miniature volcano, ISN'T IT?

Pupils:

Teacher:

Mercury.

S5

€0

65

Cool.

70

75

Cool. PFirecrackers...
Like bonfire night, yes.

Pupil: Pirecrackers. Does anybody have
any mars llows. Aw, no. (Laughter}

ck a little bit,

80

Teacher:

because it does hop around.

Pupils: Cool, eh. Firecracker Day
(many times). Hay that is good.

Teacher states Conclusion, and
solicits Data and Wj.rrant .

-

wWarrant ("higher affinity") and
Data (”something") are suggested

e
Teacher states Warrant more |
completely and asks for Specific
Datum

Datum

5
v

Teacher provides specific Datum
without explanation

Data (referring to material beiling
heated since lines 14-—1‘

J

Datum

As fhe demonstrafion proceeds,
teacher provides Qualifier,
Warrant, and indication that a
a reaction will occur
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110
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{C-3 ends) Segment C-4: Identifying the products of the reaction

Teacdher. Now, I'll just keep it..,I'1ll
just keep it heated a little bit more
and we should expect...yes, you can 1in
fact see...1f you look over, look over
the top here, you can see a little
globule of 1liquid lead.

Pup1l: Looks like mercury.

=2 s

Teacher. ILooks like mercury. Right,
yes.

-
Pupil: Isn't 1t? (Some corments, pause)
Y

Teacher: All right. So what do you
thlnk...WHAT DO YOU THINK WAS FORMED...

I mean, we got tol..we got t0 start off,
we start off with a certain number of
things, we see that they react together, \
and wegend up with something else. Well
now, we see that one of the things we

end up with 1s lead. Shirley, WHAT WOULD
BE THE OTHER STUFF T WE PRODUCED BY
THAT REACTION? (Pause LEAD AND OXYGEN
FORM LEAD OXIDE, RIGHT?

Shirley: Carbon?

%:ﬁgher: Carhon 1s added to it, removes
the oxygen from the lead oxide. YOU GET
LEAD AND WHAT? Some compound confaining
carbon and oxygen, WHAT WOULD...WHAT
WOULD THAT BE LIKELY TO .BE?

Pupils: Oxide. Carbon dioxide. Carbon
dioxide.

‘Peacher: Carbon dioxide, good. All raght.
So, let's put that (thesevaporating dish)
on one side; it's a laittle warm.

Teacher states that Conclusion
for Segment C-3, lead, has been
obtalned

Possible Conclusion -

Teacher accepts possibrlity

Student sclicits Conclusion

Teacher solicits Conclusion

Teacher provides a general
Warrant for all reactions

Teacher provides part of the
Conclusion (lead) and solicits
the second part (other product)
Teacher refers to Data
Conclusion

Teacher indicates role of carbon
and solicits Conclusion

Teacher provides composition
of Conclugion

Soncluszon '

Teacher accepts Conclusion
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Inferring Suggested Attitudes toward Authority

The purpose of the preceding analysis of arguments:'in science teaching

»

discourse is to permit judgments about the attitude.toward authorlity--raticnal
or t‘rac}itional--whxch may be suggested‘ to students by a teacher's use of quesr
\\0 tions. . In the three episodes considered here, the teachers f2ll short of the
goal of suggesting a rational attitude toward authority. The purpose of the
following discuskion 18 not to judge these teachers but to develop an inatial

understanding of the various teaching moves which may suggest a traditional

. -
attitude toward authority. Each epilsode 18 consldere‘d" in turn, and a nore I
=~ . .
general discussion then relates the results of the analyses to the original :

L]

concerns of the study.

-

Episode A: Warrant-Using Becomes "Warrant-Stating”

Episcde A is the opening portion of an electricity lesson which reviews

a

phenomena of static electricity and contlnues with an introduction to clurrent

- L]

electricity. In Segment A-2, the teacher presents a general Warrant which is

introduced by the discussion in A-1 and applied in A-3 a.nd‘ A-4. The available
evidence does not 'ﬁemlt an assessment of Segment A~2, which appears to rely .

“on previous work. Segments A-l, a-3, and A-4 share a common emphasis on
hY .
correctly stating Warrants, and these dlscussions can be judgedefor suggested

atti.tud,e't.oﬁard authority. Each segment lnvolved a Conclusion theg electzons
bhie
3
. have moved from one material to another; this cmclual?/cn.nnot pe checke® by

L

direct observation and hence relies hesavily on the Backing provided by the

i

atomic model of matter. . .
Segment A-l involves the use of a Warrant, but, as the teacher's qms\tioﬂa__
indicate, the emphasis 1ls on gbtaining a clear statement of the Warrant which

permits Dave's Conclusion (lines 6-7). Brad's answer (lines 13-16) impliea a \

»




misunderstanding of thﬁ initigi neutrallty of the substances, a consideration

-~ at the level of Backing. Backing ang Warrant are intermingled ag the discus-
sion proceeds aAd, at the c}o;e of the segment, the teachqr appears to treat
Backing as initial Data. {nllzne 58, the teacher speaks oéaone substance
having\a "stronger athactxoﬁ for electrons" than another, but 1n lines 77-80
» he speaks of “incre;SLng abilaty to hold electrons.” Segmeﬁts A=3 and A-4
show the students using.the ?ord "hold" and the teacher speaking of "strength”
of attraction., In A-3, Jerrylstates a Warrant which melies‘the desired Con-
clusion, and the teacher's guestioning of the word "better” ;mplzes-that "more
‘ strongly” 1s simp}y an alternative. The teacher's preference reappears but
remains unexplained in A-4, whfre the teacher's questions again seek first a
Conclusion and then a suitable WaFrant. {A=4 is longer than A=-3,because a.
request for a Warrant is twice followed by repeELtion"of the Conclusicon, in
lines 102-104 and 107-108. Toulmin's terms might have helped the teacher
explain why the response; were not answering the; question.) -
Segments A-1l, A-3, and A~4 are judged to suggest a traditional attitude
. . i -
toward authority because they are dominated by "Warrant-stating,” rather than
the required Warrant-using argquments, and because little attention is paid to
- ' bringing Data, Warrant, a;d Backing into clear and proper relationship sc that
Conclusions could be seen to rest on rational authority. 1In this 1nstance, it
is possible for a student to answer the teacher's initial question by referr.ing
to the'list-on the blackboard (the "Electrostatic Series”). The Students’
repaaked u;e of the word "hold” (which is written on the blackboard; suggests
that this is what they are doing. In the end, the teacher settles for state-
ments of Warrants, rather than for clear evidence that a Warrant has been used

to reach each Conclusion. The.imexplained praferxence for "strength™ is con-

sistent with the Judgment that Warzgnts are being stated rather than used and
. rd

.
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that a traditional attitude toward Fithoraty is suggested. ~

. i
< s

Episcde B: Warrant-Establishang Becomes "Warrant-Assertang”

Episode B 18 part of a lesson which examines angles of ancidence and refrac-
tion and then presents Snell's Law and the term "index of refrafi}on." Earlier
in the lesson,,the teacher used an optical disc to obtain the evidence shown in
lines 3-9; after Episode B, the teacher explained the geometric relationship
given by Snell's Law and 1its ‘use to calculate'an index of refractidn. Segments

B-1 and B~2 show the students attempting to satisfy the teacher's request for a
Warrant by which one may move from the given Data (angles of incidence) to the

observed Conclusion (angles of refraction). The situatlion clearly calls for the

establishing of a Warrant, and Backing should be included to sdggest a raticnal
K P
attitude toward authority. - . )
* “~

13

Segments B-1 and B-2 proceed from the teacher's quéstzcn in lines 10-12,

’

a question which implies that ope could "see a relationship™ in the evadence

. " r 7
availlable. Susan's suggestion in B-1 is perhaps the most obvious arithmetic

relatignship, but the teacher rejects her Warrant because "averages aren't good
s .
encugh here” (lines 26-27). Because the teacher does not explain himself, this

move couldﬂauggeat a tradlitional attifude toward authorlty. o In B-2, Rick speaks

a

five times (lines 28-53} before stating, with the teacher's help, a second
Warrant, less obvious than Susan's but similarly backed by an arithmetic view

of the Data. Initially, the teacher's Auestions to Rick imply that no Warrant

-

has been glven. Later, with Bill xesponding, the~teacher'£ questions test the
- ”
‘ ~
Warrant by segking a prediction. Like B-1l, Segment B-2 ends with the students'

attempt to ."see” a Warrant being rejected as unsatisfactory.

Segment B-3 begine very abruptly, as the tedcher names and begins tu explaln

Snell's Law, His subsegquent présontation (pot Llncluded because of Lts length)




[ 4

-
[

Il

includes the gecmetric relaticnship for which Sneil 1s given c¢redit, but the
. b ] ' - . . i
context i3 one of Ythis is how it 1Prks“ rather than "this is'how it 1s *

[

established.” The teacher never returns té the dlscussions of B-l and B-2 to
compare Snell's geometric Backing to the arithmetic Backing used .by the students,
™~
From the perspe;tive of having the students understand how Snell's Law works,
no criticism of the teacher is.implied in these comments: However, from the
perspét:ive of rational arguments, Episcde B is judged to suggest a traditional®
attitude toward authority begause students ars never made explicitly aware that, .
the Backing required to es$ablish a Warrant was not available to them. FPerhaps
irenically, SegmePts B-1 and B~2 could have motl;ated thq students very effec~
tively for éhe ﬁolnt that Snell's Warrant rests on a non-arithmetic Backing.
By requiring the students to accept and use h@e Warrant on hif personal auFA;rlty
alohe, the teacher %s in effect asserting Snell's Law as an acpeptablb Warrant.
Ultimately, 'this analysis reminds one that there is more tc a law or
theory than its use as a predictive_device, and é#at it is appropriate to con-
sider Backing when first presenting a Warrant to students. Once a Warrant has
become familiar and can be used easily, its Backing is virtually tak;n for
.
granted. Typ%cally, the Backing for a warrant‘indicateﬁ'how one "sees” the
situation when'apbiylng the Warrant. Thus Backing may be important for learning

1 -
the Warrant, as well as for suggesting 3 rational attitude toward authority, ~
E o

\’ L3

Episcde C: Warrant-Establishing Becomes Circular

.

Episode C is part of a lesson on the topic "affinity of metals £&r oxygen,”
ana it fo%}owa a demonstration that marcurlc oxide may be decomfosed by heatling.
The four segments” of Episode é bulld toward tgg demonstratlon and argument in
C-4 that lead has been.separated from oxygen by heating with charcoal, which

has a "higher™ affinity for oxygen. As in Episode B, the teacher appears td
v . .

L
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use a motivational technlque of begunning with an approach which doe; riot work.
In C-1 students are asked to use an analdgy, and in C-2 they dre told that the
analogy fails/ 1In C-3 a successful reaction 13 demonstrated, but in C-4 the
teacher's treatment of a .question about the 1éentxty of a product of the reac»
tion makes the argument circular and forces the‘judgment that a traditxonal
attitude toward authority 1ia suggestéd in tﬁis Episodd., .

The teacher’s questions in Segment C-1 regquire students to use a Warrant

established for mercuric oxide to feach a Conclusion about the behavior of lead

oxide. The authority of the teacher's position enables him to pursue thas

r
]

iine of questions and then, in C-2 (line 28), reject the analogy to mercuric
oxide and seek a Warrant which permits the Conclusion that lead oxade will not
decompose when heated. Thes® are introductory moves, and Lt would be preﬁ&ture
to assess a suggested attitude towarg authqfxty at this point. In Segment C-3
the teacher's guestions focus on {dentifying a substdncq which will éepazate
leadff;éﬁ oxygen. The con?ept of afﬁg'mty is used corrxectly, but the teacher
provides charccal (}ine 54) ag additional Data, and summarlzes the argument
"clearly (lines 63-73) just as the desired‘reactlon begins and §rovgfes imprea-
sive empirical suppoxt for the argument.

s

Segment C-4 is crucial. 1In C-1, the teachex}supplied a Warrant, which he

s

withdrew in C-2 by provlding a Concluslon that lead Ls not cbtained by heating.
The argument in C-3 requires both warrant and Data, and the latter LE supplied
by the teacher.’ Much of the argument thus far rests on the authority of the

teacher's position. C-4 contains two pleces of evidence that students have not

followed the argument. In line 94, a astudent asks if the product which "loocks
. .

like mercury” is marcury. Tﬁg teacher states that lead has been produced {(line

90 and line 102), certainly a reasonable-Concluslion Lf one accepts the identi-

fication of lead oxide a3 a reactant. The teacher's gremalnlng gquestlons focus
r

’
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. .

on the Second product, and Shirley suggests carbon (Line 106) , which was a

reactant. When the teacher elicits "carbon dioxide" by naming carbon and oxygen

as the elements\ép the compound, the guestion has been "answered” but all signg

pf argument hate vanished. In C-4, the teacher has supplied both products on

his own au rity.’ ]
Recall that e?rliez segments of Episode C i!pused on finding a rule or

procedure (a Warrant) for separating leaé from oXygen. From the point of view

of argument, events in C-L reduce the original‘Harrant—establishlng activity

to a circular line of reascning in which virtually every ingredient is provided

bx the teacher. Thus Episcde £ is judged to suggest a traditional attitude N

£
- LY

{pward authority.

THree episodes and the i1ssue of authority

This study is rooted in a concern that teachers' use of questloﬁs in theu.r

drguments for scientific knowledge claimg could suggest an attltude toward

.

authority at odds with that to'which scientists aspire. Toulmin's pattern for

rational arguments has made it possible to analyze three selected episodes of

sclence teaching. 5ystématic analysis Mas shown that each of the three epi-

. . ]
sodes, originally chosen as "%isﬁurbing,“ does suggest a traditional attltude

.

b
toward authority. .

-
-~

We have ho evidence to indicate that the three teachers were elther aware

of this poﬁsibi;‘ty or Inclined to view their own teaching as suggestive of any

attitude toward authority. The assessed suggestlons of traditional autho&y

appear unintentional, In Episcde A, the taackgz pursued a lIne of gquestloning

[

. which converted Warrant-ualng situatlons lnto ﬁarrantnstatlng ones, complicated

by his preference for j particular word. 1In Eplsode B, the teacher encouraged

-

the students to try to eqtablihh a Warrant, but then, in effect, asserted the

.
.




Warrant and failed to identify the distinctive difference between the students'
suggestions and "the answer." 1In Episode C,ra demonstration intended to
establish a wWwarrant is converted, at the last moment, to a circular argument

~

when the teacher 18 required to deal with student qonfusion'about the products

-
.

of a chemical reactlon in which the react;nts are known. The students say the
right word, but all traces of genuine arg;ment_are lost..

) The teaching strategies demonstrated in these episodes will not appear
unusual to“expen.enc‘:ed‘ classroom teachers or observers. Indeed, ln Epispdes B
and C, the teachers seemed to establish Successfully situations which Wwould
motivate students to come to te'rms with the pl':encmena in quegtion. Yet in each
of these three episfgs, the teacher seemed to be dlverted from completing a
rational argument as the end of the discusslon approached. "In each instance,
clear sjatement of "the answer" seemed tg become a high i;riority. Snly minor,
_not major, modifications would be involved in adaptl.n? these episodes to pro-
vide complete rational uglment;, and thereby move toward suggesting a ratic;nal

> L4

attitude toward authority. We should not be surprised that it is easy to be

| diverted from one's line of argument, Quring teaching, or that presenting a
-~

complete rational argument is not the highest priority for some teachers.

This study serves several purposes. It provides both argument and data -
to the point that concern fo'r the function of questions in argquments is a
significant issue. The elements in To‘lm.in's argument pattern can be used to
analyze argfments ln sclence classroom discourse, to provide a baslks for lnfer-
ring what attitude toward authority could be B:Qgested by a tea.ch;Lng episcde. .
. The analytlcal procedure developed here could be used Ly any teacher or observer

interested ln assesslng teaching in terms of suggested attitude toward authorlty.

At 'this point, the link betwisan pattern of argument and suggested attitude

3; & o
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' tgward authority is postulated rather than demonstrated. A different form \

kY
of inquiry dis called for, to consider whether students do "read" argument%’:ﬂ;:a"’d

science teaching for an attitude toward authority and relate that to their
attitudes toward sclence. Nothing in this analysip suagests that these are not
significant possibilities. Again, a different form of inquiry is required to
generallze about science teaching practices relevant to these lssues. Never-

theless, the data analyzed here suggest that failure to complete a rational

argument 1s "an easy trap to fall into," and also a situation which can be

correctéd with minor modifications, . »
- A rd
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