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" ABSTRACT

. The paper' extends our earlier analy%is of teaching to the analysis

 of .the beést teachers for whom we could othin transcripts._"The ig_
\ A
analysis ~attempts to ‘specify the set of goals and subgoals that

guide the teachers, the'set of specific strategies that the teachers
- N ‘ ™
use to generate cases, questions, and comments for . the,students, and '

r

the control, structure that the teachers use to. allocate their time '

e

between dlfferent goals. The theory constructed from this analysis

“ can be agglied in ‘educating teachers to be effective, and in

building,intelligent,CAI~systems'of the futare. - o

v




I - INTRODUCTION P

In prev1ous work (Collins, 1977 Collins, Warnock, Aiello, and

t

Miller, l975a, Colllns, Warnock and Passafiume, 1975b-. SteVens and
Collins, 1977) we have attempted to build formal process theories of
the goals and strategies of human tutors.f In thﬂs paper we attempt

to analyze the strategles of the very best teachers for which we

\ could obtain films or transoripts;' _ Co. .,“ .

¢

The,,teaohers' we analyzed have diverse:-teachingn goalS}and,

 strategies. Nevertheless we -can abstract out common ;elements.,in S

° their teaching,” as well as reasons for the differenées. All of the
. ' \

teachers use some version of the case, 1nqu1ry, or dlscovery method. °

- of teachlng (Anderson and Faust; 1974; Sigel“and,Saunders, 1979) .
. They do not simply teach faot37\§but rather | they teach basio

~_p’rinciples or basic‘ problem solving strategies for approaching

-~ .

'dlfferent k1nds of problems. For example, one teacher, we | analy;edﬁ

is partlcularly effectlvel in teaching his students how to attack
_problems. His students end up us1ng many of the ‘Same techniques he
‘uses to approaqh novel problems Such an outcome indlcates that 1t
ig posslble to teach problem sdlving strategies and that these

technlques are sufficient-tordo so.)
. . | | o '
. The theory of interactive teaohiné that we are constructing is
oast infa framew0rk'simllarato that'hsed by Newell and Simon‘;(1972)
to describe human pgoblemtsolving.' It contains three parts:

P

A

o

L)
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‘ 1

1. The'goals and subgoals of effective tegchers. = -
'~ 2, The strategies used to realizev Jifferent goals and ;; ’ (:
subgoals. . B a

oy
[

3. The control structure for selecting  and pursuing

different goals and subgoals. e

AN t . 4 ¢
' Teachers.‘typipally pursue several goals simultaneously. Each.goal

L

-

has associated with it . a set of strategies for 'selecting cases,
asking questions, -and giving comments. These are represented in our

, : ‘ v : ]
theory.as condition-action pairs (Collins, 1977). In pursuing goals

simultaneously, teabhers maintain an agenda (Collins, et al., 1975b;
Stevens' and Collins, 1977) which allows them_to'éllocate their:time .
_ among, the varioué éoals efficiently. the thebry theréfore '
encdﬁpdésés ggiis, strategies, and controf:Structur;.'
. L ’ ‘ | '

We . see - two kinds ' of uses for a formal theory.of interactive
AR \ . : A

teachiﬁglt.cﬁbxentiyt there is much active reséagch;‘to_baeVelop

intelligént computer aésiéted instructibn (ICAT) sys;ems (q.g.,:.
. sieeman and Brown, l§79; Goldstein and‘Brown,A197§). To the d%éfée:ﬂ
‘wg can develqp precise theorie§ o{\effecfive teachiné strétegies,

these can be embedded in ICAI systém?. Equally important are the

imprications "for teacher education. We think we can make explicit

’

[}

the kindf of goals our best teachers pdrsue, and éhe. specific’
. - ' , :

strategies they use/ for dealing with different kinds of situations.

'in summary,. we th{nk it is passible to.make the accumulated tacit

RnoWledge of ‘our best teachers explicit enough both for future

)
7

-

teacﬁ;fs to learn and for ICAI systems to use..




Terminoldgy used 1n the theory
~= .

\ Many thei teachﬁng strategies describe serVei

!

of 'to

( a
cOmmunacate "the. teachdb s understandlng of the causal structure of a *

Thus .

we

need

a

way

to notate a causal E

(d%main to a student.

A

structure._

'of an and/or graph (Stevens "and Collins, 1980)

a . graph for the causal

’

~dialogue that one of us conducted

(Collins, , et’ al.,.

places .

- -

funcXioned as a case in the

figure rice ,grovWing is the

function having two possible
‘can“t. In other sections of
N .

growing were
. i . \-‘l

grain growing,

many dependent variables are

place 1is colder or

values,.
v \-

During the course of the dialogue the student

principal factors affecting rice growing:

¢ *

‘l v
One way of representing causal dependencles is in

dependencies

'terninzlogy

terms. _"

Figure 1 shows su¢h
derived by a student in a
~

on d1fferent

growing grain in_

1975a). Each place that was discussed

of

14

the theory. In the. »

dlscussed as alternative dependent variables.

which the student treated as a

dependent variable,land is treated as a

valyes: either you can grow rice or. you

-~ »~

the dialogue_.wheat growing and corn

| -qui'}(e

threshold function,
¢ .

treated as continuous functions (e.qg.

\

v?
warmer) , where there 1s a continuous range of

~

« . .
. N .
d . -~ » . -
. [ .
'
.

!

identified . four '

fresh water, a flat area,

»

fertile soil, and warm temperat re. These were configured as shown R
li .

in the diagram.
to rice growihg
in.

fact any "node

subsequent nodes. ﬁigure 1
‘

v, description, since -nodes or

These factors (or 1ndependent variab;es) are linked
rough chains with'varrous 1ntermediate;§Eeps.~*

a chain can be cbnsidered~as a factor affecting“:ﬁ ”

)

.'Ill'l_,,

,.

'itself represen@s only fé top level

links in the diagram can be expand d to 'Ltﬁ
-'6" v/»
'S

3
- oo o !




more detail (Stevens 4Md Collins, 1977). Links expand .into chains

of 1links and nodes, so that for example "irrigation" can be

_cons1dered an 1ntermed1ate node on the chain. from "r1ver or\lake" to
Y { R

"supply of fresh.water".

Given’' . a set.bf'factors\and a dependent« variable, 'a rule (or
v 5 « . R

.

”

bypOthesis) is any- funotion~ that relates /values of’?ne or more.

"kfactors to values of the- dependent var1ab1e. A rule can be more or

~

less complete dependlng on the degree it takes into account all the

. <

relevant factors and the entire range of valdes of the dependent

~

varlable. For = example a;rule about’rice growimg might assert that

»

‘growing rice depends on heavy rainfall and fertile soil.. Such a
. “ < . .
rule dis obviously inqomplete with respect .to the mini-theory shown

in Figure 1. A theory specifies the causal structure 'interrekating

" . ‘ b R . . . . ", R 1
different rules. 1In complex domains like rice growing and medicine,
’ v . . )
\ .

» Y

no theory is ever complete. . )
i ! r

h e v .
. - \ ,
- .
e
. S
: . . .

e

— B ) Insert Figure 1: here -

) ‘.‘ ‘.. B .. ‘_._..__ . | ) \.'f
Given the dependehcies in' the diagramq it is apparent' that a
N ‘ |
factor like heavy ra1nfa11 is ne1ther necessary nor sufficient for

rLce growlqg }t is not necessary because obta1n1ng a supply of.

N
fresh water (whxch 15 a necessary factor)'can also be’ sat1sf1ed by

l [N

irndgation”from a rivet ' or lake. It is not . sufflclent because

[

other * factors, 9uch as & warm teﬁperature, are’ requlred When p{}or
[ 4 \

“

‘nodes are”connegted into a node byﬂan "or"h‘any of the’ prior nodes,

»
PN B . . . ‘ 4 M . N
A - R _ .

-

e

®

(3

A
.



SUPPLY OF
FRESH
. WATER

WARM
TEMPERATURE

Flgure l., A student $ analy31s of the causal faétors
affecting rice growing. o




. 1s sufficient and none is necessary W1th respect to that node.- For "' .

. example, either heavy rainfall or a river or a lake is- a' sufficient

i ,

f’,qrce ‘for iresh water,’ but none of these is necessary for fresh h'
water. In contrast, when prlor nodes are connected 1nto a node _byh
an "and'", all '%f ‘the° prlor nodes 'arel necessary and;fnonetis'm
sufficient with respeet”to tnat node, For example,.fresh &aﬁg} ié"
necessary to flood a flat. area,/but is not’ SUfflClent -Thoudh heavyl
rainfall _is sufflclent as Qaf source of fresh water, it 1s not
'sufflclent for growing rice, because of the "andsm "in_ the: causal
'structure betWeen rainfall and'riee. An; var1able not 1d\1uded as a

factor in the d1agram is’ effectlvely treated as 1rre1evant to the .

. - . . ~
— .

theory. vt e _ C -

4

& »

Independent and Dependent Variables in Different Domains

" Table 1 111ustrates how the - termlnology applles to teaching

~strategies in different doma1nsé “’We be11eve that these” teachlng_

technlques can, be’ applled to v1rtua11y any domain. 'fn‘ Table I we

! [

arq\ ‘not trylng .to 11$t all poss1b1e. 1ndependent and dependent'

[ 4

vari blés, nor .are we ru}lng out other posesible as51gnments;- these
' r , ry . . ‘ B ]
are merely meant+ to ~ indicate the most common assignments that

teache{s make. '

<>

; Let us briefly explain these examples:. .

L ' ’ ¥ ' . -




) L In'arithmetic, 'student\solves problems in order ,tQ
. \ " :

e learn how to. handle difgérent Operations, numbers,
variables, etc.('Because of the procedural emphasﬁé

. e o a;lthmetlc'j ;;_1s_the'doma1n that,fits our terminology

. *

A
L

‘least well. o L .

2. In art history, the teacher atfempts ta teach students

o«

interrelationships, etc.,'create certain effects on the

v - ¢

v

A

e . viewer.

- ' . Al .‘ '
3. In law, historical cases are used to teach students how

. \ .d.’ . . . ’
., different wvariables (his;orical precedents, . laws;

4 K aspects of the .:particular case; .etc?{) affect legal

outcomes. ' : S ' ' ’

. ® ] . . -
. . - . : .

-

. : diaqnose ‘different diseases, given 'patterns of

symptoms, their course of . development, and  the -

patient’s ‘history and appearance. L i
"5, ‘In geographys most variables are treated both as
.- “independent and dqpendent variables ‘'on different

. o occasions.  For example, ‘-average ‘temperature is a

‘dependent“ variable with respect to ‘the first%brdeﬁ‘

:}‘ factars, latitude and altitude, -and. . general

’ v . ) M
LY

'second-order factors, distance from the sea, wind and

I3

;" sea currents, tree and cloud cover, etc. But, -in turn,
¢

temperature is a factor affecting dependent variables

-

such as population density, proQucts, land types, etc.

A N .
- N e * v
T D .« 3 »

| ' ‘ - } | .. . ‘.9_‘ | . .
. \)‘ ' ~ .. 6' ‘ ' .10 . - "

~ " how -techniques, uses of texture 8 color, struQ}ural'

4. In medicine, '‘the goal 1is to teach students how to

L

-

|
o
1
|
t

gy




B Y

6..In moral educaﬁion, teachermo try tQ' tdlch rules of

l

. -moral behavior by considering different situations w&\h

N » respeqt to .the . actions and motives of the participants

7. 1In botany, one Learns what configu;ations of the shape,

branchesﬁ leaves, ptc., go with what tree and plant

- - s

names. /j/“\ s ' ’ ’

Whether a variable is treated as a dependent 'or independent

<

'variable depends on what the teacher is trying to teach.- It does

o :
not depend on the d1rect1 of causality. For;exapple, in geography

or law, the independent variables (e.g., amount of available water)

—

A
are typicélly,presented-as causes-of the dependent variables (e.g.,
population. density). On the other hand, in_e;ectron}cs or medicine

where the emphasis ‘is on diagnosis, the independent variables (i.e.,

, ' . N
symptoms) are typically effects caused by the dependent varlables

R!

(i,e., faults or diseases).  In some domalns, 'such as botany,' therwe

is npo gausality in.either. dqugtion. What functlons as a dependent’
. . ", * “. .
variable-is“merely what one tries to make predictions about in the

e

real world.

t

- " DATA ANALYZED

. Th dialogues we have analyzed range over a variety of domains

and situations. Some aré with individual- students and some with
: L .
groups of students. " The students range in-*age from preschoolers to

L}

,adults. In.some case$§ the teacher has a well-worked out plan as to

yhere the’diaiogue i11 go, whereas in others the teacher does not.

We qan illustrate,the variéty by describing briefly each of the .

»

dialogues we have analyzed. : .
. ‘ | ~10~ - ' ' ’

S T




TabIE\‘Z lists“ the dialogues we have)analyzed mdst recently..

The Meno dialogue by Plato (1924) operates as a case method on”ftwo,

. .levels: r On one level ‘Socrates tries to convince 'Meno .that all ideas
fare innate by, demonstrating that a slave boy "knows” a square with

sideS\fY'units long is twice as large as a square with sxdes 1. uni€

long. on thJ second level Socrates gets the slave boy to-~figure out

. the "area by considering different possible cqnstructions: Socrates
frequently uses entrapment strategies gétting the slave boy to ' make

a wroidg hypothes1s and then tracing "the consequences of the
hypothesis until the slave boy sees ‘the contradiction. ' Socrates’

purpose ' is not entirely pedagogical and therefore there is.uerf

little, problem solving or discovery'bx Meno or the slave boy.
. ’ r .

\/‘ "" ) . -

— e — —

/
_ Another transcript is from a film series showing Max Beberman,

. a famqus. math teacher, teaching Junior—high students. In the

.transcripﬁ Beberman starts ‘out bp giving students problems "to work
that ‘ingplve a compiicated procedure~for computing the sum of real
number s, The‘procedure involves going right on a piece of graph
paper the distance corresponding to any pos1tive number being added,
and -left - for any negative number Students quickly start.usgng a
shortcut}lthey add the positive numbers togethgr, the negative |
numbers together, apd take the difference. That is they learn.a

generalized procedure for adding real numbers. Later Beberman tried

to get the students to formuiate’the rulesé for addition of real

<

-11- | »

.

L}
Q ‘ \‘ . PARS ’ . f 10 ' . v




Jooe !
"' . ' ' - .
. : : . " -
." h | N . - ' Table 2 . : ] - T
AN , ) .
. \ . : Dialogues Analyzed wigp Cases, ' '
Independent and Dependent Variables Specified _ h
‘ . l . | -.o' .. ]
1, Socrates with slave~boy i\ Meno dialogue .
, (C=square with twice areaj IV=l§ngth of sides Shgﬁglagonal- : .
DV=area of Square) B ' » _ ' S B

.2. Beberman with junior high students on addition of real numbers
(C=problems; iv=numbers,“directions; DV=answers) ,

3. Anderson with junior high girl on the dietpibuti;e law in .
arithnetic |

(C=problems; IV=numbers, operators, order, sum;' DV=answers)

4. Warman with pre-schoolers dn who can play with blocks. .*

(C=situation; IV=qirls .and boys righis, acfions, amount of

playtime; DV=fairness) . ) N

2 ro '
7 5. Warman with pre-schoolers on morality of characters in Peggn’ﬁ//A\\\\

pan : | . . | \ ‘

(C=characters; IV=actions and moéives of characters;

Dv-m;rality)
6. Schank wixh.graduate stddents pn pienning (3 phases)
. C-péal wor 1d goals; IV=properties of actions and " motives;
' DV-plane vs. nonplans) .

"(C=same; IV=same; DV=primitive types of plans)

(C=same; IV=primitive 'types of plans; DV=co 'icaﬁed plan)




d? i T . . e ¢ . .
- - PN N . 3 L N . . . :
j\ﬁ numbers as shown in this short excerpt: (The excerpts are annotated
' . - i - ¢ 4 )
with the goals and strategies explained later.) o | ¥
. ’ , . ’

T: I want :? state a rule here' which would tell somebody how to
o _ add negatlQe numbers if they didn“t kndw how to do it before.
| Chrlstine? (Ask for rule formulation )
S:'The,abso}ute value--well-ta plus b equals hh--negative*-
T: Yes, what do we.do when we try to ‘do a problém' like that?
‘”‘ f . Christine ‘is “on the right track.  (Reward rule formulation )

What do you actually do? Go ahead Christihne. (Ask for rule

formulazqon.) ' : ) A e

*
)

é‘ Yoq add the numbers of arithmetic 5 and 7, and then you --
T: I add the numbers of ‘arithmetic 5 and 7: but how do I get the
numbers of arlthmetic when I m #alking with pr6numerals like}
this% ~(Ask for generalization of factdrs.)

S: Well, you can substitute. ~~

N

" T?! But'I don”"t want to talk about any special cases now; I - want
.to"ﬁtalk about all the cl\ses at once. (ASK for génerali;atidn

of factors.)

{ s

~

What we see Beberman doing is creatg@g‘a situation where students

working . problems will induce an abstract rule for addition of real

~

X

*numbers.

The ‘third tfanscript we analyzed . shows Professor Richard,

-

Anderson of the University of Illinois teaching a junior high girl .

B

to induce the distributive law in arlthmetic. It parallels the

Beberman transcript 1in that a ‘series of. problems is given in'order

b

~

o




.;: :; get the student to induce a general. rule. Anderson’ carefully
: " selected probi\ms to make the'distributive law apparent Some of
. this can be seen in the following excerpt from near the beginnin; of
the dialogue- (numbers are written on tne bqardi | ‘;ﬁ“ N : -
v ' C ‘ . -
T: OK. Clgse yout eyes. 7% 6 + 3'x 6 = ., Now. - (Pick
differentiation exemplar fot first.factor.'Ask_for'prediction
of dependent variable.) y . )
S; 60. |
+ T: OK. Close your eyes 7 x 12 + 3 x 12 = .-, Open ‘em up.
(Pick differentiation exempiar- for Fjirst factor. Ask for
; pEedict}o; of dependent variable.) | | “ |
S:‘(Goes:off to side to work each part.) 3 ‘ s
Ts E;mn.» :
S: No? S .
T:;Tnag’s all right.: You can do that. But you're stiliidoinp it
the hatd,way, Maréie. (Punien lack of rule formulation.) ‘
S: 120. | -
T:‘Nownlogk‘ﬁor a second at the problems. thathkare up. on the
rpoard. bon’t qsay anything. But Just look- §/>all of the
quroblems(’and the answers and see if vyou see anything ¢
el ‘ interesting.' an't teli\ me 1if you do: but just look.

(Suppress rule verbalization.) LooK»nat the problems and the

answers. (Ask for rule formulation.)

we . r

Ander son picked "his cases so that the pattern was obvious; tnf
. numbers that are added sum to 10 so that the multiplicatiS;;TEaEtor

(6 1in the first case, 12 in the éecqnd) shows up as the sgignificant

[ e
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{ . .
*- digits in the answer. Anderson later variés the particular digits

]

<

_( {6 "+ 4 instead of 7 .+ 3) and then their sum as. well untll the\;.3

student formulates the distributlve law in 1ts ‘most *general form.
‘ "

[ . ‘—) l
The dialogue mainly 1illustrates how case selection can be used to

force genkralization., . : L \
, . M ' ' ‘ r ’ 7 k)
' . . . A d

The two ‘transcripts with Eloise Warman show how similar

oy

techniques can  be applied to teaching moral education. Warman 'in

the-first dialogue tries to get a group of preschoolers to muﬂate

™

a new rule in the classroom for allocating the toy_/blocks ,.o'fthe

boys (B) and girls (G). 1In the second dialogue she tries to get the

L

children to evaluate the morallty of the - d;fﬁerent characters in the

play, Peter Pan, which they just saw. Two excerpts, one from the

o - o - .
very beginning of the*first dialogue (whicdh states the problem) and

J one froh_ near the end (which gives the new rule), illustrate)her
- : _ . _ , .
techniques: ) v

) . ) N . . . * _
T: The.Eroblem is that the girls say the boys never let them play
\ ’ ; .

« With blocks. (Establish rule formulation goal. -Subgoal .have

-+ kids formulate rule. P01nt out insufflciency of\factors in \
current rule.) But“what do you think about this boys,f that
the girls play with legos and you can “t play with legos?
. .

(Hypoxhetical case construction ;or insufflcient factors Ask
if rule is correct or incorrect - i.e,, fd&ir or not.)

\ G: I think it should be the teachers. S

' v

- " ~14- .

| 14.'/ L
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‘ ”'rT: But why just tife teachers? ' (ng"'for“_ quéstioni:j' of v

authority ), Lt ‘doesn”t seem to work. We had gn,idea. /We've .-

o ‘been trying. (Point out insufficiency of factors in rule. ) L !
N4 - ) .
~ B: I“ve got one idéa. ' _ - N

\ ' \ )

:Tk Qh, Greggq~”s got a'geed idea. (Reward ‘rule formulatidn.)

A B: The‘?irlsgcan~piay/with the_hig blocks oniy'on 2 days. o
o~ . T Hey, listen we. . come tO.SCﬁOOl 4 days a .week. If, the girls' . |
playjyith the‘big blecKS'on 2 days that gives the.hoys 2 othér
f'-days © to. pla§ with blocks. hDoes'that sound fair? (@estate_ .
'\ EQIG.’ Ask ifhrule is correct or ‘incorrect - i,e.; fair'“er
- not.) ‘ . ‘g ‘ : N .
G: Yeal Yeal =~ : e o '_ S

¢

f> -‘The 1initial segment shows Wafman’s.statement of her'overall,gpal to .
*

'Eormglate a new rule for allocating-.blocks.» She then suggests the

Id

kind of hypothetical case she uses frequently where she proposes aé\ &
situation with the oppositeNvalue as to who gets the advantage, and
asks the group who had the advantage whether. they thlnk that is
Eair; "The seégnd seghent 1llustrates how shé encourages kids' to

verbali'ze their ideas and to question authobity: . She even manages

to entice a fairer rule out of one of the boys in the class.

4

¥ 4 N - ) ' ’

Ancther transcript we analyzed 1is based on a class in
Artificial Intelligence taught by Professor Roger Schank at Yale.
J{here were three phases to the. class session: 1n the first phase the
goal was to specify what fe*tures define a plan; in. the second phase
the goai was to define a taxenomy of basic-plan types with respect

to the definition 1in the first phasef in the third phase the goal

-15- '




_'wa'.to analyze a real world plan in terms of _the taxonomy “The

;

';\\)'d .

.excsrpt

beléw from the ffrst Jphase i&lustrates the establishment of

the initpal goal'and two of the deanitions (i.e., ;rules in our

formulated by the students~

T: It’s not an unréasonable'question‘to ask how ‘hew plans might
arise, but it’s -not. the right time to ask it. .The first
thihg to ask is what’s’a plan? (Establlsh goal- Identify
.factofs- nécessaty tqg something to be a plan. Strategyﬁ Ask
for'rule formulation.) |

Si: A means for getting to some desired_state.

I Anyon3 else? (Ask if rule 1s ~correct or incorrect ‘or for
’ . ’ /

formulation of another rule )

»n

SZ[\Thdy re heuristlcs which people learn‘%o uSeﬁ to deal with

o ’

-

certaln types of situatlons.

oy

\h WO . e‘xce.rpts '&belo‘w_ from the second phase i-llustr.ate the

estab11 ment of the goal of character121ng dlfferent plan types and

ong of Schank S many attempts to get “the students to questlon
' r

authority. In this phase the student’s tasﬁ]fs to form a disjoint

iﬁtodr terms this is

h)

set of .basic plan tyﬁés: " set of sufficient

factors joined by "or" links.

T: I’m going to make you classify agafn. What kinds of qp;ans

P are there? - (Establish goal: Identify possible plan types.

| Strategy: Ask for sufficient factors.) Unless yOh would

llke to change the definition the only thlng I'm goin& to let.

you  answer is types of‘ means. (Point out 1irrelevant

factors.)
~16~

2,

N
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82:‘Plansto;establish;7éoial'oonbrpl'over something, e o
T: ~ The two é!‘you are agreeihg‘that everything from the'bookn is”e
. ?VQOSpel (Pbint) out'factors are same as authority's )niIt's‘
_ all right kGive me something new —- i wrot those -~ invené‘
. 'somethin% © (Ask for questioning 'of authority. . ask for
sufficient factors ) o (" ; . -

83 Plans'_to establish conversational offensive over ope’s
| dialogue. e . R | s , ; V';
T: Let's'just call it- conyersation . plans. (Restate - factor.)~

OK? What.else? \(Ask f(or sufficient factors".)
S2: How about plang\to manipulate obJects?,

Sl: Plans to manlpufahe people . . }(
\"- . P ' - \.- --

Many %f the indimidual strategies in the Schank dialOgue, suoh as

encouraging verbalization and questioningxof authority, parallel the'

strategies in the Warman gialoguys This is probably "‘because both
place heavy emphas1s on teaching the ,Students to fOrmulate their own
. " '
y \]
rules or theories for dealing with novel problems.

Table 3 lists the dialogues that we analyzed in,earlier papers

 (Collins, 1977; ‘Stevens and Collins, 1977). 'These ranged. across

. gedgraphy, medicine, moral education, 'and_letter identi§ioation.

The theory presented ere 1ncorporates the goalsk\and strategies

identified in-these earlier analyses, though in some cases the dﬁzés,'

(s
of specific strategies have been changed to fit the more general

structure imposed upon the theory in this paper. <
_ ) . . R
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"Goalg of Tedchers = ' ' | R
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A N

There is a progression shown in Table 4 among the' goals that

. different teachers pursue. A The first most basic goal is to teach

students the facts and concepts that comprise a domain of knswledge o

S We- analyzed dialogues of this kind in an earlier pdper (Collins, et
al. 1975b), but none of thes dialogues discussed in this paper are of
‘this kind. A second higher 1evelt goal is. to teach students a
‘particular rule or theory underlying a«domain of facts and concepts-
This kind of goal was evident in the Beberman,f|hnderson7: Socratesf
.Stevens agnd Collins, and Swets and Feurzeig dialogues."The~third. .
and- highest-level goak is to teach students how to, derive a - new
theory for a domain of knowledge This differs,from,the second goal
in that’ the . teacher has no a priori expectatjon of“;hat"the-
tojbe—dérived theory is, rather the teacher has an idea about -what"f .

constraints .the theory must satisfy. This kind of goal is evident

in the Warman and Schank dialogues. B ’ o v

v

[ R .o

Insert Table 4_here




A LH
. .
oo i o w9 : v, .
y o | .ot ‘Table 3° ; C “*; ..(3' ; ; - .
IR o Dialogues Analyzed Earlier with Cases, i ) |
B o Independent and Dependent VarlableS'Specified h ) )
// o C ot ' o o . .
'l;,Kndereon with, hypotheticalk coilege ' student . on factors |
- .affecting{temperatnre T ' v'n ) - o
'é’ '(é=piaee8; iv?latitude, distance from sea{rDVQtempergture) ) |
' 2.‘nnderson.witb Hypothetical eol}e;e student on nmoraiity of )
draft resistance | | | ,
.(C=draft” reeistors and American.geyolutionaries, IV=acts, ‘ ¥
motives; DV=morality) | ) - '
-3, Stevens and Colllns with secretaries and hlgh school .students
on factors. affectlng ralnfall |
(C=piaces; IV-currents, evaporation, cooling, DV-ralnfall)
r4. Collins_with secretary and scientist on where dlfferent gralns , )
T ' arehgrownn L - ; e
(C=places; Ivzclante, soil, water, terrain; DV=rice, wheat) ?
, G, .
5. Collins with secretary sand scientist on populatlon den51ty | .'W%I
}(C=places; . Iv=cllmate, products, transportatron°
DV=popu1ationfdensity) | b '
§f‘§wets and Feurzeig‘ with hypothetical medical etudent on ' An;
:.diagnosing disease - ;
.+ - (C=medical ease; IV=symptome} hietory: DV=disease)

*7. Swets and Feurzeig withﬁhypothetical student on identifying

letters

T N i .
(C=letters; IV=letter features; DV=letter names)
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. ‘ . Table ? . y
| e ‘Goals of Teachers ' K i
[ ’ R . -
1. Teach ﬁaépstand éoncéé%s.about a domain, o .ok-l .
2. Tegch a'par;icular ;ule or thégry fbr a domain. |
’ a. Derive‘cbrreét rﬁle dr theory. ' ‘ DR ©
b.iDebug_iqcprrect fuies or thébries. .
. Learn to make predictions from the rule or theorj.
. 3. Teach héw to de?lve a‘rule'or theory;for a domain. - - - ~.Qf
y 'a.-Learn what questions to'ask~to cénstruct a rulefop ,
| ) theory. 2 , . o :
" b. Learn the_ﬁatureiof'a‘rule or theory.
‘ c. Learn how to teét‘a_nule_or theory. | - e
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The goal of teachinq a particular rule or theory has asSociated -

" with it three basic subgoals~ N

1)

' theorigs. THg

¢ &

- .
v
- . . .
- |
.
' - ¢ »” .o - 3
. N h

The major subgoal is for the .student ‘to’ anglyze different -

cases in order to derive the rule.or'théory that“the teacher

-

has in mind. For example, in arithmetic Beberman tried. to
get students to derive the rule for. addition of real

numbers, and ‘Anderson the distributive léw.q Inﬂgeograghy \)

Anderson tried to get the student to understand (how,'
. e ~ o
distancevfrom—ocean affects temperature, and Stevens and

Collins tried to get students to build a first—order theoFy

of the factors affecting rainfall The case selectlon,
: -
questioning, and commenting strategies shown later in. Tables

l
-

5 and 9, are the prlncipal strstegies Gsed to ‘teach a
particular theory. | o ' o | i o
Along with trying to teach~.e particular rsle or. theory,
teachersl ofte try to éﬁ1c1t and "debug" 1ncorrect rules or -

AZ teachers want’ the student ‘to "gonfront
incorrect hypotheses during ,leerning, ,80 that they won;t
fall into the same traps later.‘. This kind of goal Ais

evident in Socrates' dfalogues' where he often traces the .

consequences of his sbudent‘ﬁ ’hypothes1s “ down .to a’

.

..contradiction, and in Anders0n S dialogues on geography and

[ R 1]

‘moral edubqtionlwhere‘he' entrébsr students into revealing

<

their‘”misconCEptian. - The entrapment, the counte)exaﬁple, T
and the hypothetical tase construction strategies shown 1in .
Tables 5 and 7 are particularly importantlto debugging . . .

3

ihcorreochypothesesf'.- - o ‘ | .
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3)1Another goal that frequently pairs witb teaching a given o

rule ;, or theory is _teaching how to make. novel predictions

/ “ :
~k§) based on the .rule or theory. Simply knowing‘athe structure

PO

. . _' - N e —
*of -& theory is.not enough;_one must be able to operate on_

$ ' thevstructure to deal with new problems. "Fof example,

k1

Andersonhin mathematics gives harder and harder problems for
the - student to predict the answer,'Steyens and tollins in

. . 4,
geqQgr aphy- start w1th cases -that' exemplify first-order

.

C factors and" gradually move to more difficult Mcases to
predict, Warman tries.to get ‘her preschoolers to predict
what w1ll happen 'under dlfferent rules, and Swets and
Feurzeig are. trying to get shudents to. diagnose noVel cases.

. . - The case selectlon ’strategies and predlction strategies

!

shown in Tables 5 and 9 ‘are cru01al to tPachlng students how‘

to deal w1th new cases.-wf-,yf S lVfﬂ}y_f“h”g:””. ™

LS
g
] T .
* -".)' -

w'When teachers.'try to teach students how to derive a novel

a n ] )

theory, there. are again three. kinds of subgoals tbat come 1nto play:
°

: _" . . S "‘:': - “ o
. - /L) The most 1mportant subgoal isﬂito‘ teach students what
! . o questions to ask 1n,order¥to derive a new.rule or. theory ‘on
\\ " - their own.ﬂ For example; Warman .teaches her; Students to
== c evaiﬁafeoany rule by how fair 1t is, Schank 15 trying to get

students to construct a theory by asking particular kinds of

questions in‘ a‘ specific" order, and‘Swets and Feurzeig in

-, - e

medical diagnosis emphasize considering different diagnoses

before reaohin§°"’ﬂ conclusion.; _?he~suggestion strategies

._d«—v,\

‘~and _ the rﬁle.”evaluation- strategiesirin Table 9 are

Ny particuIably relevant to these goals. : ' ,
‘ ° '-\ ] -20" . -

A . , 8
- .
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2) A/ second 'subgoal that probably “underlies many of the

- o dialogues, but t . which is most evident in Schank s dialogue,
_ >
is to teach students what foxrm a rule or theory should take
. C -
--\ - ¢+ In Schank $ case, the structure of a theory is a set of'
. . ot ’ - ¢

primitive elements, seérving a . role similar to the basip

'elements,in chemistry. Beberman“in the segment shown was

teaching students the form of arithmetic rules, where
variables replace numbers in order to be general Stevers’
"and  Collins” ~ notion of, a theory of rainfall was a

\ h*g;arch1cally-organ1zed, process 'theory. * Individual .
. strategies seem 5to be only rarely tied to‘_this-goal;

rather, the principal method for\obtainhggathis goal is‘ to |
‘get the students to construct different rufgs or theorles of‘

- -«
U - S . s ) I

the 1dea11zed type

)

3) Occasionally in the dialogues'the teachers ;Lrsue a-goal of
\ ‘teaching.-students how to evaluate a‘rule of‘theory that has
K f been constructed. For example, Anderson in teaching about
the factors affecting tempeiature tried to get the student:
to'learn..how to control' one factor‘ while testing for: |
another. . Schank, after hiskstudents had specif1ed a set of
primitive plan types, tried to get them to/test their theory'
; _ | by applying it to a real world plah* (lie., becoming
president). The strategies teachers pse are specific to the

-

kind of evaluation methods being taught. )
9 _ . . / '

Finally, it*" was a clear goal of bothp Warman - and Schank to get ¢

their atudents to verbalize and defend their rules or theories.

<.

~
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o

This goal is , clearly at.a’different_level Trom the other kinds of
goals described;_and operates concurrently with the other top-level N
goals._f For example,‘it is clearlwhy:Warhan‘s chiidren were always N
intgrrupting to gjve their ideas: she was: constantly encouraging
and  rewarding them*for joining.in. Similarly, Schank tries to get

. . A - . -
€ach student in the class to either offer their own ideas, adopt.one

of the .other”s ideas, criticize one of the other’s ideas, etc. Both
stress the questioning of authority in their'dialogues as a means to

push students to formulate their own ideas. The strategies for °,

<

encouraging‘verbalization in Table 9 serve this goal.
.

These are the top-level goals and subgoalﬁ we have been able to
\ .. . . ’ - . N > .
identify _ so far,, In pursuing these goals,\ teachers adopt

' . - lower-level- 'subgoals of identifying particular o@issions . or
o | - | .
misconceptions and ‘debugging them (Stevens’and Collins, 1977). Thus

these top-level goals spawn lower-level subgoals that drive the

®

dlalogue more lécally ThlS will be discussed: more‘ Qi:ly in ‘the
\

sectipn/on control structure.
C o

AStratégies'for'éelecting Cases, Questions and Comments -
S T

o em e hooking the. fine N@tructpre of the dialogues one 'sees

R recurrihg, patterns‘tof'"strate'ies’"inb‘selecting cases, asking

¢ o . -t

qﬁestions, and making comment_

~
W have ttied- to characterize the |

: 1ndividual strategiem thqt occur in- terms of condition action ‘pa“ra\w;:/
“.ﬂpp productipns (qulins, 1977 Neweli\a»d Simon, 1972) " To 30 80,
| ”IWé specify the - conditions that trigger each“strgf/gy to be invoked,

: and. the actions tﬂat the teacher takes when the strategy is invoked.
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When the .action taken is to ask a questign or make a comment,
the . surface forp ‘of the queation or comment can vary quite widély.
For example, in asking £or prior factors a teacher might say: "Why
db'they grow rice in Louieiana?;’ or "what makes it possible to grow
rice Yhere?“- or simply "Why?", depending on the context. Despite

* the large number of passible sur face Qprms, at a deeper. 1evei ah

single questioning strategy }3 being applied.

*

The condltlonilftlon pairs for each of the ;::;tegie@, together
with examples of each are shown in the Appendlx It is impossible

to - get 'a feel for the theory without wadlng through some portion of

the Appendlx
. ‘ - w
Case Selectfonw'Strategies: Much of >the art of .effective

teeching centers around the selection ff the best cases., By looking

A 4

-at the varioue_giiipgues, we have formed an initial .theory about the

principles governing téachers” selection of cases.
Table 3 shows the different types of case selectian strategies,

There .are four basic types: picking positive and negative exemplars

L]

- for particular factors, picking comparison cases wigh respect to

previous cases selected, picking counterexamples, and constructing
[}

hypothetical cases for particular types of misconceptions. We will

) ‘
describe each of the strategies with reference to an example.




+ Pogitive and Negative Exemplars

Table 5

v

» Different Types of Case Selection Strateyjes

~

4

\

Pick a positive exemplar for a set of factors

Cean

Pick a negative exemplar for a set of factors

~Pick a positive exemplar for a syfficient factor (a near hit)

Y

Pick a negative exemplar for a .necessary factor (a near miss) \

3

Compar ison Cases e .

Pick a generalization exemplar for a factor (é maximal pair)
Pick a differenfi;tion exe@piar for ‘a factor (a hinimal.paif)
Pick an exemplar to show the variability of a faéto:

Pick an exemplar to show the vapiability of the dependent

variable ., - . : . )

Counterexamples _ ¢

Pick a counterexample for insufficieq;ﬂﬁactors
Pick a counterekample for unnecessary factors

Pick a.counterexample for irrelevant factors

Pick a couﬂterexample for incorrect values of factors

Hypothetical Cases

’ ' ' ' '
Construct a hypothetical case for insufficient factors

Construct a hypothetical case for unnecessary factors '
Construct a hypothetical case for drrelevant factors

Construct a hypothetical“case for incorrect values of factors

-~
i -

4

34 :
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N ,- . , .
The first two case selection strategies, involve the selectlon

L3

,of psradigh cases to exemplify'a set df'factors -~ For example, if
(

- the teacher. wants to illustrate the factors that lead to different
' ¢

amounts of rainfall in different places, he or she will stﬂrt with
"good" exemplars: .either positive like the Amazon or Oregon, or’
negative like the Sahara Deserf or Southern California. The se 2&%“\

'good exemplars because the values on alﬂ the relevant factors are

consistent with the value on -the dependent 'varﬁable' i.e,, the:
Amazon..has all the factors that lead to. heavy rainfall, and the.
éahara all the factors that lead to little rainfall Cases like the ;\

Eastern United States are not clear-cut, and are not chosen as |

\

paradigm cases. : . T _ ' \

‘The next two strategies also involve selection of positive or

negative exemplars, but with' respedt to a single factor._ They are

Iy

used if the teacher wants to focus the student oh -a particular

factor npt yet identifjed.. If the factor is' suffiqient (i.e., 1is

»

"ored" with ofher factors) as irrigation is.a sufficient.source of"

water for growing rice,-then the teacher would choose a positive
N , ; '
~exemplar. For example, to get a student fe=sidentify irrigation, as

a factor, ‘the te'acher would choose a case like Egypt where

4

)

irrigation 1is 'used for growing rice. If.the factor is necessary
(i.e., is "anded" with other factor) as is warm temperature for
growing rice,.then a negative exemplar would be.chosen (this is the
"near miss"'strategy of Winston, 1973). For exqmple; the teacher
might choose Alaska - as an'exemplar in order to get the student to.

4

notice wsrm temperature is necessary for growing rice. Positive

s
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exemplars . are uéed with sufficient factors because nggative

exemplars require that all the- sufficient factors -be missing, and 8o

do not emphasize a particular factor. Similarly, hegative exemplars‘

are used with necessary factors, because positive exemplars require.
s \ ’ .

that all the necessary factors be present, and so do not emphasize a

pacticular factor. ‘ , o . ' ¢

The . second group of four strategies specify the selecti®n of

cases with respect to previous cases. These"strategles are best

' -

understood in terms of a set of factors the teacher 1is focussing on

and a set if other factors (often 1rrelevant factors) the teacher is
-
not focuss1ng on. 1In picking a generalization exemplar, the teacher

holds constant the values ‘of the dependent variable -and of the

-

factors in focus while varying as many other factors as possible.:

For example, if the teacher had-chosen the Amazon -as a positive
- .

exemplar for the factors leading to 'heavy rainfall, as _ a

generalization the teacher might pick Oregon which varies a number

] [N . & . - .
of irrelevant factors -(latitude, wind, direction) but holds the

rélevant factors constant. To pick a differentiation exemplar, the

(y '
teacher tries to hold as many of the non- focused factors’ constant,
B

while varying the values of. focused factors and the dependent
variable. For exahple," in order’ to teach the distributive law

Ander son would hold all the other variables constant while * he

sgetematically varied the number that functioned as a‘multiplier

‘e

(see p. ll) together with the answer. This latter strategy is the,

minimal pair strateqy used in linguistics (e.g., Gle4son 1965) In

contrast the gener&lizatiOn strategy is a maximal pair strategy.

S

-




The next two strategles are used by teachers to illustrate tofa

students the- effects of varying the dependent wvariable or the

factor the strategy is to pick a cage where the dependent variable

(and other factors) are held constant while the factor ‘in focus

. -
° v

var ies. 'For example, to  show ' the effeot of temperature on rice

growing, a teacher'might pick Japan after considering Java, because

4 .

they show the range of temperature over which rice is grown.__To
show the variability of the dependent variahle with respect to a
particular factor the teacher will select a case where the factor in
focus is‘ held constant while 40ther. factors kand .the dependent

Variable‘vary. For example, ‘o 'show the variance in temperature

near the equator, the- teacher mlght move from the Congolese Jungle.

—

- to the peak of Kilimanjaro ‘ Picking cases to show the .range 'of'

variability 1is Tportant in" domains, such as medicine, where

students must “learn to di ynguish cases that initialiy appear ' the

same and group cases thaf initially appear different.

L}

A}

There are Mur types of - counterexample

strategies: counterexamples - for insufficient factors,

counterexamples for unnecessary factors, counterexamples for

wh

irrelevant\factors, and counterexamples for the wrong value of a

factor. We can give gxamples for each of the four counterexample

* ©

strategies. If a student says they grow rice 1in Louisiana bécause

b

there is 13}3 of rain (which is 'nsuffi01ent), one can p1ck Oregon

where there is lots of rain but [\ rice. If &a student Says' they

don“t grow rice in Oregon because- it 1ack§wa flat terrain (which .is

“factors that are in focus. In order to show ‘the variability of 'a_




¢

Y . ] l . ’ .
unnecessary), one can pick Japan “which is also mountainous,. but

produces ‘rice;- If a student asserts rice is grown in Japan because

-they are Oriental (which is irrelevant by the thedry in Fig. l), one

can pick Mong®lia or Louisiana as counterexamples., L&fd a student

- N

asserts. that a cool. climate is heeded forsrice growing (which is the

wrong value), one’ can pick Java .and Alaska as counterexamples.

~

1

The ,hypothetical case condtruction strategies are triggered by

the same four situationg as the counterexamples. If a student

thought rice couldn“t be grown in .Wyoming because it is too dry

(which is insufficient because it.is also too cold), the teacher

(

could ask "Suppose that .it rained a lot in Wyoming, do you - think

they could grow r ice then?" If a student safér‘they grow rice in
o
Louisiana because it rains a lot (which is unnecessary since they

could use the Missis51ppi River for irrigatlon), one could ask 1if

they could still grow rice if it did not rain a lot. Similar kinds

~
4

- of casesg can be constructed. if the student gives an irrelevant

s
factor or the wrong value for a factor by presupposing what is not

RS

true to be true. ' ' |

- . - o

ble 6 illust
\“Ta e ) ustr

for one of° the' tase-selection strategies: in particular, the

t the condition-action pair 1looks 1like

. v
counterexample for insufficient factors. There are three conditions

where the rule might be triggeredx (1) the student proposes a rule
) \




Table 6 - . o DI

A CohditionFAction‘Pair for a Case Selectipn Strategy

-

Counterexample forylInsufficient Factors
- A

t

L]

If (1) a student, proposes a ryle or makes a prediction b‘&gd on

one or mere factors that aae insufficient,ﬂqr
) )

T (2) is entrapﬁed
\

‘- are insufficient,' " ) S C | 1”' |

>

'by a rule based orfone-or more factprs that

‘ then (3) -pick.a case that has the values specified on the

A} 4 }

insufficigpt factoAgi’but not the valueg speéified on “the
dependent variable.

2 > ' *»

}mm_m“; ’ ok
.

EXAMPLE (from q%;lins on factors affecpihg grain growing)

. T. Why? (i.e., why do they grow rice>in Louisgiana)

.S. Places wheré there is a lot of water. I think rice requires’

¢

the ability to seleétively flood fields.

T.' OK. Do you-think there”s a lot of rice in say .Washington“

!

ahd Oregon? (T selects a case whére thete.is a 146t of water

. ® . .
~ but no rice; this counterexample then led the student to
A . .

consider tlimate and.terré&n). o ‘ °

?

r .

o

™M

(W . | '




based on, insgffioient ‘factors, (2) - makes ‘a prediction oased on

&

N .
» insufficient factors, or = (3) 1is  entrapped by a rule based on

4

~insufficient factors (see.Table 7). If any:of these conditions is

met, a new case can be selected (if there 1is one) that' has. the'

Ll

conditions. specified in the "then"'statement The example shown is

from an actual dialogue on grain~growing (Collins, 1977)
.

[ 4

'Entrapment Strategies. Teachers use a variety of strategies to

entrap students into revealing their misconoeptions‘about a’ domain.

Some of ~t£967 misconceptions: exist prior to the teaeher s inquiry,(_
are i

but some act - rovoked by the inquiry. Bringing out 'the

misconceptions ows \jﬁachers to correct them directly In this'

way té%chers can act to prevent misconceptions. from arising in
,future situationsI where thesstudent is on his own. Some teachers“
shy. away from using . entrapment strategies; perhaps for feor -of
forcing students ‘.into mistakes they might not.otherw{se make. Bgt
ifithere‘s no stigma attached to making mistakes, then .bringing
latent \misconoeptibns into the open, can }proyide a.nuch oeeper‘

~

'understanding of the domain. .

The. entrapment strategies form a two dimensional space shown in
+ Table 7. Like‘the counterexample strategies, there are four kinds»
of entrapment with respect to (1) insufficient‘ factors, (2)
unnecessary factors, ‘(3{ irrelevant factors, -and  (4) incorreot

valuesvof fabtors,pkorthogonal.to this breakdown are the entrapments

formed by proposing a rule, by proposing a predictjon about the '

3dependent variable, or by proposing a set of factors. We will give

examples to illustrate the different types of entrapment strategies.

an:~28~.‘ , —
. °l_\' ‘3"" - |

4 L) . 8 \
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Entrapment rules are formed when the teacher proposes a general
rule . based on some’ set ofr factors, For example, an entrapment rule
for insufficient. factors occurs if a student thinks they grow rice

in Louisiana because it rains a’lot and the teacher suggests "Can

‘:. . )

you grow rice gnywhere there is a lot of rain?" ‘An _entrapment rule

for unpecessary factors occurs if the teacher suggests "Do you

always need a lot of ain to grow rice?" General rules of either of

C

these, kinds can also be constructed 1if the student mentions an,

irrelevant factor or gives an incorrect value for a factor.

. . . . . .
° . E

-Entrapment into a j

rediction occurs when the teacher asks for a
Jprediction base% on factors that are 1ikely to' lead to an incorrect
.prediction.' For example, t e"teacher might 'elicit a prediction
based on insufficient factlrs ’/g\\ they grow rice 1nJSouthern
' Florlda because it is warm and\m\ist (even tﬂbugh it doesn t produce
rice). The teacher might elicit a predicﬁédn based on unnecessary
factors that they do not grd% ric:\in Eqypt because it is quite dry
(even though it does Produce rice). : Similarly incorrect predictions

of either type can be elicited for irrelev t factors or incorrect

values of factors. . " N
. T . \

. Entrapment based on factors ogeurs when the teacher asks if
\
particular valhes of factors ' are consistent with\ or support a

'particular valge of the dependent variable. For examp e, entrapment .

.~
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Different Pypes qfﬁEngfapment.

Table 7

[ .

P

3
)

Rules

.Entrapment on

'y

Rule based

A

v

Rﬁle based

Rule based

Rule bdsqdf

. Entrapment on

A

AN

on insufficient factors .

unnecessary factors
on irrelevant factors ° ) -

[y [y
~

incorrect values of factors .

- 5 Y

on

‘

14
’

Prediction
.érediction
Prediction

Prediction

. Entrapment on

Predictions

y )
s .
’ >

based quinsufficient factots.' '

based on unnecessary factors,
based on irrelevant factors
based on ‘incorrect values of factors

v

B A ) -

Entrapmenh
Entrapment
Entrapment

Entrapment

based

Factors _ _ . K

A

‘based on insufficient factors

based on unnecessary factors

based on‘irrelevant factors

on incorrect values of factors:

¢

'Strategieg

» - -




n 'insufficient factors might occur if -a teacher asks whether the
warm climate and’ flat terrain in Florida accourfts for their"failure

. ' .
to ; grow rice there,ngntrapment on unnecessary factors might' occur

if a teacher asks whether the lack of rainfail is  consistent withﬁ

their growfng rice . in Egypt. Similar kinds of entrapments can be
, . . . .

" congtructed for irrelevant factbrs and incorrect (values of 'faCtors.

L
»? W
~

. o Insert'Table 8 about here

. \ « o . ,
oo . L : 3.

. . ) o ‘ )
Table 8 shows the condition ~action pa1r for an entrapment based

»

" on ‘irrelevant factors. There are two conditions together ‘that

trigger the use of such a strategy? if a_particufar Value f”theﬁ

dependent variable is ‘being considered and there are 1rrelevant
factors that the student might con31der relevant The actlon, taken

is to question whether the 1rrelevant factors are: consistent with or

support the particular value of the dependent variable peing.

considered The example shown is from a medical dialogue given in
k.

Swets and Feurzeig (1965) | L ‘ | )/

}
2 b ) e

-

" Identification and Evaluation Strategies. . There is a large

-

variety of strategies for trying to get students to 'identifywwand”

evaluate 'different cases, factors; rules, and predlctaons. We have
¢ identified a dimensionalized space of . strategles teachers puse for
questioning students and ‘commenting on their answers. Our proposed

]
space of strategies ig shown in Table 9.

[}
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Table 8
T ) A Condition-Action Pair . for an Entrapment Strategy
.- . ' . . -
o =9 : i A _
. Entrapment_based on irreleVang factors G R : ) _’ R
o If ‘(l)_a_particular value of the dependent variable 1is being
i ;censidered for a case, -and . _ .
' (2) there are one Or mone - irrelevant factors that a student
might consider relevant,
) : . ' ‘ _
then (3) ask 1if the values of the irreleva factors are

consistent with the value of the dependent var Aable.

EXAMPLEs (from Swets and Feurzeig;on mediéal.diaghosis)

T. Rleural pain, dyspnea, fever, and the"physical, exam signs
’are certainly consistent“with pulmonary infarction. (Point’
-out'correct values of factors) Do you think that Shaking

chills ,and the presence of rusty sputum - further supports -

\

this diagnosis? (Entrapment based on irrele t factors)

'ls. Nl._(Student resists entrapment)
. . / - v

T. Right. | o S -




The two major dimensions in Table 9 are the type oflstrategy'

(identificaqtion strategies vs.\_ evafuation.,strategﬁes) and the
object the. stfategy is applied , to (either a\dependent,éanfeble, ‘.
# rule, factar, or -case). The table collapses three different . kinds

of identification and-evalqgtion.stkategies:

i - 1. Questioning strategies: Ask for or Ask if. o ' ¢
V,‘ 2. Suggesting strategied{;;5uggest

3. Commenting etraEegies§ Point out. - | ¢

The table 1is presented. in terms of the questioning strategies

-

~-i.e.,-ask for. or ask if. But each rule in Table 9 can occur in the

! | _ "
.two other forms obtained by replacing Ask by Su st or Point out. ~
4, ) . .

The suggestion form of eaéh rule® occurs wherr’the teacher does not
\

+ . 3*
try to elicit the information from the st dent, but instead proposes

a factor or' a value of the dependent| variable fdr;the'student to -

;consider, without telling the studen whether the proposed

/

information is correct or not. The comment form of each rule occurs

when fthe teacher,-simply tells the student what \Phe correct
information is. In inquiry dialogues the question form of each rule .
r

is most ‘common ' but the other_two formS'vdo occur sometimes: the

suggestion form  when the ’teacher wants ‘students to think

A
hypothetically, and the comment form when the teacher doesn’t’ think

the'student can generate the information. . ’ Y




T s Table 9

) : Identification Strategies ' "I Evaluatioﬁ Strategies N
Dependent Variables. '?:-. .,' e hf“* 2 'jf' o . - ,
.Ask‘ﬁorwyalué of deséddqnq Jf)%Ask_ifraivqlueMof,dependent
| -variable {"2fsw,ﬁ '1?  H‘7[: stfable ig'correct or incorrect
‘Rules. o | | | ) . '
Y Rsk ﬁpr the }o:muiatiosrof' e . Ask-if a rqq% is‘co}recg .
' a rule - ...‘ '_i' S ‘Qr'incorreét - '
« Ask for the formulation of " Ask if'a.rule'is the same or'
an altsnnative rule ' .different from another rule
o_: "Factors f | A~ - - Coe e
Askufol'sufficient factors , " Ask if factors are |
\ ' .' | sufficient or “insufficient f"
| Ask for necessary factbrs._ Ask if f7ptors are- a
' necessary or unnecessary - '.' .
.Ask for relevant'factors Asf/if factors are
‘ v 3 relevant or irrelevant
T Ask for vslues of factsrs Ask if the values of “factors .
. are correct or incorrect
) ) Ask for pfior steps "Ask if a step is‘a pgior step
~Ask for intermsdiate séeps [ Ask if a step is an intermediate

i~ ' - 9
_ . ‘ step

L

,( Ask for subsequentvsteps‘ : Ask if a step-is a subsequént step
Y 4 -




&

Cases

rih
u |
Ask for &imilargtieg 16 | riAsk 1£ simi;ar tases are
factors for ﬂllar cases o the same on%given factors
Ask for differenées in o Ask if similar cases aré o
factors fbr similar cases . éiffergnt on given factogs\
Ask for similarities in t" Agsk if dissimiT&r cases are
fagtors fof'dig;imilar.cases =.the same on given‘ééctors |
Ask for d}fférences-in  " ‘ ;A;k'if dissimilgr'cases.a;e o
-factors for diﬁsimilar cases 'differeht on givép'f&ctors.

. ) .

L3

Ask for a case with a giwven
value on the dependent variable ¥ S
Ask for a case with given ‘ - T

values on some factors '

b
- Ask for "a case with given / ; ;
- ’ * e t
values on some factors- and : \

on the_gependenf'variaplé




In dialogues where the ‘teachers are tryipg to encourage
verbalization, such as thosg of Warman'and Schank, two 1other forms «
"of - the identification rules occur: rewarding strategies andJ
reformulating strategies. There is fyequently @ rewarding of the
student when ' they tormulate a rule, identify a factor or case, or
make a correct prediction about the dependent variable. 1In warman‘s
case she rewards the students by telling them they have has a good
idea, and then ‘either repeating or reformulating. what they said.
'Reformulaticn also occurs in situations where the student”s’

statement 1is underspecified; e.g., the. valyes of" factors are .

implicit rather than explicit. In one case, we have/seen a ' teacher

b

{

‘use a negative reward strategy, by pointing out that the student was *

failing to formulate a general rule. But Mmuch more commonly the

teachers stayed with positive rewards and reformulations.
VA D)

Within the object dimension  there are a _number of
-subciassificatipns we will desgribe. 1In identjfying and evaluating

diffefent factors,. there are three different.subgroups. The first

subgroup repeats the 'pattern' found among the counterexample and
|

entrapment strategies: 1i.e., there agé questions about‘ sufficient

factors, necessary factors, releyant factors and the values of .-

. factors. Thisw pattern reflects vthe '1091051 relations among

different factors. | ‘

The second subgroup ‘derives from the structure of logical
-4

chains (see Figure 1). Questions can be‘posed to elicit steps prior

to some node in the chain, steps intermediate between two nodes, and

steps subsé@ugnt‘to some node 1in the chain, These‘ strategies

» . ’ v

’ .

"‘32“" .' L]




usqdlty oicur when the teacher is ptebing for a daqsal chain linking

-

Socrates, traces a logical chain to the point where the students see

-~

they believe, : , ‘ o

. »

The third Subgroup of strategles arises out of s%t:at{//; where

the teacher has selected two’'cases and asks for a comparison of

factors. These strategies correspond to the. case compar ison

"\

. . (- .
dependent variable, then asking. for similaritieg'forces the student

tdsabstract the sufficient factors leading to the wvalue of ‘the
dependent variable (i.e., generalization). Asking for differences

) .
in this situation forces the student: to notice what factors do not

two cases djffer on the dependent variab]e, asking for differences
forces the student to abstract the necessgry factors that lead to
. changeq in the dependent variahle (i.e.,differentiation). Askinq

for similarities in this situation forces the student to notice what

4]

\ ) ‘ A . ’ ' *
to' focus the student 6n different necessary and sufficient factors.

\ ¢

~There are three dlfferent strdtegies for aeklng the student to
. 'Ldentlfy a'_ glven case. These derive from distinctions between the
dependent'variables, the_factors, and the ruies telating factogs - to
the dependent . variable, Thus you can ask a student to identify'a

case with a .given value of the dependent variable, a case with given

t “33"
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!
1o

- together different factors, but can occur .when a teacher, such as.

a contradlction‘betWEen\the implications of “what they said and what

strategies ianable 5. 1If the two cases have the same value on the

change with the dependent variable (i e » Are unnecessary). If the

factors -do not change given. a chande in the dependent‘Variableg“'T}

(i.e., are insufficient).. Thus these strateqies allow theu'teacherfﬁ{ﬁfﬂ;




e e
i e

“y

\ . ‘o ¢

. %
valuesa Qf parkicular factors, or a case with given values both for
particul!‘ factors and the dependent "variable. There _ace ’no.
evaluation stragegiés«correspondihg to the identification strategies
for cases. This is because they are redundant with other evafhation
strategies. For example, the evaluation strategy that ™swould
correspond to the first case identification str?tegy is the same as '
the evaluation strategy ™Ask if a value of the dependent variable is
correct or incorrect". ,The redundancy occurs because the strategies

for dependent variables, rules and factors all assume a case has

been specified. ¢ ¥
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Tables 10 and 11 show the condition—action pairs for two of the
strateéies in Table ?l The first shows an identification’strategy,
"Ask ﬁor.intermediate steps"J This .can wbe elfbited .whenever. a
student specifips two non—adjacent steps in -a causal chain. In the
question form of the rule\the teacher then asks for the 1ntermed1ate
gsteps, but alternatively the:teacher might squest or point out the
intermediate step. . The example shown is from Steveng and Collins

(1977) where the tutor was teachinq the factors that lead to heavy

rainfall 1in Oregon'and‘the student left out an intermediate step in °

the tutor”s causal model. N K _ ' N




. ~ Table 10 4

A Condition-Action Pair for aB;Identification Strateg&’
Ask for intermddiate steps o o
If | (1) two steps in a causal chain or procedure that are not

R adjacent have been identified, . : ,' T : ’ K
. |

then (2) aék the student to identify the intermediate steps.
EXAMPLE (from Stevens and Collins on causes of rainfall)

8. When the moisture laden air reaches the mountains it is

{

g forced to rise and conéequéntly the air’cools? causing

+ rainfall, no? 5

T. Why does cooling cause rainfall? (Ask for intermediate
A ..

steps) . ~ - , \




AN .
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Table 11 shows the‘~commentingl version of" the evaluation

T

strategy, "Ask if a set of factors is suffici%nt or insufficient“v
This variant can be triggered either by the - student making't@ii
prediction based on insufficient factors or by asserting that a set
of factors is sufficient In this variant the teacher p01nts out

that the set of factors is insufficient. The example shown is from

L)

Swets and Feurzeig (1965) where the student”s task was to identify a

letter from a set of features. When the student made a prediction

\

based on insufficjent data, the tutor pointed out the insufficiency.
|

mables 5, 7 and 9 then summarize the set of strategies (155 in

~

total tounting all the variants) that follow from t

structure we
- have develogsg. But these do not cover whata teachers dqQ
exhaustively. They cover about . 80% to 90% of the teaﬁeer’s
statemehts in the dialogues ' we have analyzed. There are other
‘things that teachers do, such as getting stgdents to ﬁtestlw
‘hypotheses, or to questipn authority, that are not incornorated in
this ;;ace of strétzgies. Never theless, this taxénomy captures a -

very large part of what the teachers we have gtudied ére doing at -

ths local level in order to carry on a ‘dialoque with their students. .

Dialogue Control Structure - .

\

The control structure that the -teacher uses to allocat‘)htime co

: _ .
between different goals and subgoals.may be the most crucial aspect
. ' ° : .
\
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Point out factors are insuﬁficient
=~ - !

-

Table 11" ‘

A ConQition#Aqtion.Pair for an Fvaluation Strategy

s

- : -z
. . _ . _
T If (1) a student makes a prediction about  the' value of the
dependent variable ‘baseq ‘on a set of factqfs that are
insufficient, or | |
(2) asserts ‘that' a set ‘of insufficient factors ié
sufficient, ' ‘
'.then (3) point out that the set Qf factors is insufficient.
. EXAMPLE .cfrom Swets ana Feurzeig on identifying é‘létter)
T. Start when ready. (Th; student must guess a’ letter from its
'features.) ’ \
) S. Cur'ves?
\ T. One, - ) . . ‘ r J
$. Loose ends?' ‘ e
T. Two. .
S. Obliques? ' * L
\- T. Zeré. \ ' / o o, .
\ s. C.. . | |
'T._Ydu don”t have enough information vet ta . get the right

AY

answer . (Point out a set of facﬁors is insufficient) How do

“you _know it isn“t J, for example? (Suggest a value of the

dependent variable) o - : L
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of effective teaching. An. earlier attempt at a theory of the

control stouctur% was devoloped“in’Stevens and Collinsl(l97&). That

[

theory was based on protocols taken from teachers while they were

teaching over linked comprter terminals. The four basic parts of

the control-structure theory are: (1) an agenda for keeping track

*

of different goals. &nd subgoals, (2) a set of priority rules for
adding goals and subgoals to the agenda, (3) a set of strategies for

selecting chses with - respect ‘to the high level goals, and (4) the

teacher’s model of the student

_ The Agenda. As we have arqgued elsewhere (Collins, Warnock and

Passafinme, 1975b), the agenda _that gquides teachers ‘in their
selection of topics isvnot prespecified, except in terms of a few
global goals. For theemost part the agenda is constructed as the
dialogue progresses on the basis of the responses‘;of the student,
the high-level goals of the teachers, and the previous topics
discussed in the dialogue." We will try to descrlbe briefly how this
complex 1nterweaving occurs, though it is described in _more detail

?

in the earlier paper. =

/ . ) .

1

The high-level goals of the teacher are the topics specified on
the agenda before any'dialogue occurs. In $chapk’s dialogue, there
appeat?’ to be three top—levgl goals which manifest themselves as

.
1

" phases of the dialogues: to define what a plan is, to specify the

primitive types of possible plans in terms of the definition, and.to'

~

analyze cases of planning in terms of the primitive‘ types} . THese

three goals in turn,. derive from 'Schank”s top»level goal of teachlng

AOH

‘students how toq coristruct theories: they are the' subgoals

-36~ ' | "
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'inatrumental to that goal. A similar ageqia occurs in ghe'Anderson
dialogue off factors affecting average temperature:- the first phase
\

of the dialogue was directed toward getting the student to fOrm the

3

_hypothesis that distance from- the-ocean af fects temperature, and the

.second phase related to how the student could test the hypothesis
w4 ‘ |

Similarly these two goals derive from Anderson”s top—level goal to
teach theory construction ~In many of the dialogues there 1is onyy

one phase: (as ..in the Warman dialogues or the Stevens and Collins
L]

dialogues), but there is always some high-level goal driv1ng the

v
dialoque. ~—

’

A . . Y !
These high-level goals gquide . the selection, .of cases (see

section bel*& on :\global strateqgies for case selection) and' the

generation of ‘specific questions to probe for predictions, factors,

)
1

and rules (usually in that Iorder),fabout‘ tHe .cases selected.

Students™ .responses to these questions'ip turn spawn 1oca1°subgoals
. ) : N \ ’ ! .
to diagnose and correct the misconceptions and omissions revealed by\\

thfm (Stevens and Cpllins, 1977) . These subgoals are then added to;'
the agenda according--to a set of priorities given in the "'next

section. ' ?

We can illustrate the way the agenda works most clearly with

\

‘reference to a dialogue given in the Stevens and ‘Collins paper. The

dialogue was on the subject of what factors lead “to rainfall in

different places, and the case selected was a paradigm case of heavy
\ .

rainfall, namely the Oregon coast The teacher first asked for the
student”s prediction, and went on to agk about the causal factogsx

leading to heavy rainfall in Oregon. \In one -response the student

1

-

) .' ' /( 1—37"
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3 4

made a guess based on what she had learned about the Amazon, "Poes

. » .
the air (moigt air) fram the ocean somehow get blown over @regon and
encounter a block of some sort which causes it .to rise and cool?".

" The teacher commented off-line that the student’s anqwerkhas missing

“three basic stgps in the' teacher”s first-order theory of' the factors
" leading to rainfall: (1) why the 9ir_is moist, (2) why it is blown >

over Oregon, and (3) why codling results in rain.> Then the teacher’

<

asked about the first of these steps "Why is the air so moist2", and

) held the other two on his agenda. The di$cussion\of this topic

{

‘continued for 14 interchanges, with additional subtopics added to-

the agenda during the dlscussion, before_E{e teacher returned to the.
. . ,

, - S : - ‘
second: missjing step (i.e., why the air is blown over Oregon)‘op the

( : . _
agenda. The third step was raised sho!tly thereafter.

"

Our analyses indicate that the agenda“is\ a& orderq@ -list .of
‘ goals'/which' are held until they are satisfied. When a goal is

satisfied, it is removed from the agenda and the next goal 1is

n

pur sued. New goals can- be inserted, at arbitrary pléces in the

agenda and it - can be reordered. = However, we  expect that

+*manipulations other. than pushing new goéls on to.the beginﬁing and
. ‘1( .
- popping, them off of the beginning require extra efforts on the. part -

Of the teacher and therefore the tendency is to treat the agenda as

‘a push-down:stackg,pushing and popping goals off of the top.

This‘pattern of pusﬁinq and popping of “different (goals is
evident in almost all gon&ersation (Collins,'et al., 1975b; Grosz, ‘

. ~y . :
1977; Levin .and ﬁoore, 1977% Reichman, 1978)-. When popjdﬁh occur '’
i . ' v ot . ' ]
they are often signalled by . various clue words such as "Okay",

.A‘ . .
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"Nou“' or'“Anyway"'(Collins et al., 1975b; Reichman,' 1978) There'

ﬂis some suggest'ive evidence tHat well -prepared teachers come in with' . :*
a highly—strucguréd theory of' the .domain they are teadhing,_and ' |
”frequently select new topics from the ag&nda tol'cover different

aspects - of Athe theory, rather’ than -following. topics assqciatively

from one to the othek as do less well- prepared teachers (Collinsget

oﬂ

al., l975b);

Lo : : . CP
. . . : - o ’ .
. . ' .
iy R [l ) . ) \

"‘Priorities for adding goals to the agendas 1In ‘adding goals to

the agenda,” there must be a set of priorities. Often-a single
. . i . s, ) ‘
question, as in the example above, uncovars several. misconceptions

or ,omissions that the _teacher may' ‘'want to pursue. In such

circumstances, the teacher must de01de’which to pursue first.- But

even when goals are added to the agenda at different tlmes, it- is

¥ . L

‘ -

essential to dec1de which should bi;pursued first; that is to say
" the teacher' may want to pursue a.new'goal being added before some = °

other goal already on the agendaf Or the teacher m y want to drop
. L}

. ‘ ® » ' - )
some prev1ous. goal 1& favor of some ” more impoxtant goal. he
\ ~ A

1dent1fies during the dialogue. For al[ these reasons,) there must

> .
be a set of priorities for Ordering goals oh the agenda

N

v

A ) - : - L
In Stevens and Collins (1977) we identified four priorities -

| .) / . N ) - “ K : \. |
that occurred amopg the teachers"comments on why~they were ~ask1ng _"ﬁ@'

each question,” In the dialogUes with groups of students a fifth ,

prior1ty for ‘allocabing tfme between wdifferent studénts! b$came

4 ‘)

fapparent. - We 'list the priafitles\ below roughly 1n the order Qf

o .,..

R e,"]

making a decig}on about which gosl tQipura_

highest priority first, but we think theyrare» weighed together‘ in:'

fiTSt :fﬁf;f;;:




Brrors before-omisgions. . Teachers correct any .errors

they Qngﬂpse'before they deal with omissions in their r%

4

theory, This is because errors have more dé&astatihg

"cohsequencés; they can interfere with learning other

{

~information 7corréctly. This prdétity is sometimes i

' . 4 “ . . . bal B ' i |
violated when the teacher is trying t:/léad the student

to discover his or her own error by an extended

dialogue, during which more immediate goals arise.
, i o

[
L]

. Shorter fixes before longer fixes. Teachers typ%?ally '

. Will correct errors or omissions that can be taken care’

of quickly; ‘before taking on more extensive problems.

‘For example, teaéhers” will often deal  with errors

.about facps‘,br about principles outggde the domain

.

'-being taught, by simply telling the student the correct

_answer (Stevens .and ColTins, 1977). This is done

quickly, so it tends “to take highest priority. But
x , _ .

\

- shorter fixés do  not always take precedence; :fOf

s Y

: e&g@ple"in _thefdialdgue on rain in Oregon, the second

prierity 3.

and third steps were dealt with much more quickly than
. | . _ . \ .
the first:.- step, which took "precedence’ .because of

o~

3

;Prior steps before later steps. Teachers. often take up '

steps- in causal chains in the order of occurrence, so

that “the @&iscussion moves in the order of temporal or

. . . 4 b J
causal sequence. %hié/és'what the teacher did " in the
pl g " . .

| Ofegon example wﬁghrhe idént{fiéd three missihg steps

A .
4 ‘ A

- (- - . ' M
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in his'dausai"theory, and then asked abouﬁ. the firs¢

Missing step. 'This.-May_ qftenﬁ be ,violated where

.branching structures occur in . the 'theory,”“or the .

@

student brings up a - causal factor somewhere in the

@

middle o) 4 ét the end of the chafn.

»

~ Low-order factors before high-order factors. Teachers

select more important (i.p;, lod-ordeg) informationy

before less important' (i.e., high-order) infsrmation,

'particularly -when a pop-up occurs and they have td

4

" select a new Qranch\of a causal ‘structure to ' pursue.

35-

. 8tudent. .

This priqrify is violated frequently in that teachers

‘pursue branches or subparts of a causal model in detail

before taking up other branches. Tkis occurred in the

Oregon dialogue where the teacher went into a fair

- amount of detail about currents and evaporation in

¢

pursuing - the first missiz? steb, before taking up the
second and third missing steps.

e

Students who haven”t spoken for awhile before students

who have." This is most noticeable in the Schank and

*

Beberman dialogues where the teacher is trying to get

all the students to participate and verbalize their

theories. It is violated when.thevtéacher is pursuing

a Vparticular lipe of - inquiry with one of another

L]

4

P
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These five principles are the ones we have able to

’ . 1 P

identify in. the dialogues, but there may be othg

les that

are also bontributing to the order in which goals\are added’
_ S } P
agenda. o i\\\‘a { .

»

Case selection with respect to high- level goAls.

)

of hlgh 1eve1 goals, the teacher selects cases thag

op

ability of the student to ‘master those goals. There appear- to be

several overall strategies that teachers apply' in selecting cases:

l. Select cases that illdstrate lower-otder factors before

higher-order factors. For example, in teaching about i 4
rainfall, q?llins and Stevens move from cases like the
Amazon and Ireland that exemplify a first-order theory
to cases like Eestern America or Patagonia where the
fFactors are more complex. 1In teaching the‘dLstributive
law, Andetson.chose cases that’systematically isolated
one factdr after another.

2. Select more salient or more frequent cases before less
salient or less frequent _cases. Other thingscbelng
equal, a South Ame¥ican geography teacher will select
cases like Brazil and Argentiha rather than Paraguay
andspuyana; A medical professor will select the most
frequent ‘ﬁieeases and the ones that are most important
to diagnose.

3. Select cases such that a gendralization will make

'prediction easier or 1legs tedious. This \fs mogt

evident in the Beberman and Anderson transcripts where

)
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they present a series of math problems that are rather .

tedious to work”until.you gsee the short cut (see Neches

and Hayes, 1978 for a discussion: of strategy

modification) _ that leads to a significant‘

generaIization, in one case the rules for addition’ of
réal numbers, in.the other the: dis#ributive law. This
case selection straﬁegy has.‘ its . anglog in
non?procedural domains w;en thg teacher selects a set
of ca%es that have some generalization that .makes
pfedictisn easier, 'vﬂor example, in the domain of

factors affecting rainfall the teacher might select: a =

*set of cases like Southern California, Northern Africa,
ﬁ

Northernm Chile, Western Australia, and Namibia in orger
to lead the student to induce the generalization that
any place on the western side of a  continent 1in the

2

latitude of 20 to 30 dégreeg will havq littlé rainfalij,
Selgﬁt well-known cases that arise in _the sludeﬁt's
experience. This stfategy is most eviéegt in the
Warman dialogues wijh preschoolers, where she selects
caées that arise in the coudrse of school (concerning  a
problem about playing with blocks or a mévie they saw)
to get the children to generalize about moral actions.
This same strategy is, apparent in the selection of

well-known cades by Schank, Anderson, and Collins.

Because students have more knowledge 1in tnfse caseé,

| they are better éble to consider all the relevant

factors and to abstract rules relating the * factors to

the dependent variablé. :
. - ~43-~
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i The student model. The teacher’s model of the individual

i

. student éuides'the selection of wvhich parts of the domain to
"discuss, which parts to“skip over be@ause they will be too difficult
for the student to assiwilate, ahd which parts to assume the student

knows (Collins, et al., 1975). It also guides thé teacher in

Ay

~ attempting to diagnose the student’quisconceptions about the domain

-

(Stevens, Collins, and Goldin, 1979; Stevens and Collins, in press).
We assume that the teacher has two types of a priori

s ) . ‘ ‘
information that are used in constructing models of individual

studen;s: fl)\a strgctured theory of the domain and .attached to

each eleﬁent in the theory (i.e., each node or link) the relative

likelihqu that_an; student will kﬁow about tHat element, and (2) a

gset of uqderlyiqg misconceptions -(alfernative rules or theories)
T

that different students'might}have. We will discuss _in turn how

these two kinds of . information gquide the selection of goals to

- L]

c( | )

.When we sayithat the teacher has a notion of the relative

pursue. . g

.1likelihood that aﬁy - student Qill know a given element, we do not
mean that the teacher thinks theré’s a 30% 'chance student A will
know one element‘andﬁa 20% chance another element. Rather we assume
only a partial ordering“on the elemenﬁs, reflecting perhaps when the
teacher 1learned each element. This partial ordering corresponds to
the notion of first-ord%r to nth-orden factors in a ’‘theory. For
example, the Ffactors afféctiﬁg temperature of a place might be
partially ordered as follows: 1atitude,-altitude, océan ‘currents,

distance from "the ocean, cloud and tree cover. The teacher”s

-4 4~
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_ oo, o
.assumptiq? is that students earn the elements in approximately this

‘same order. Therefore it is possible to: ‘gauge wbat thp student will
know or ‘not know based on a few. correct and 1incorrect responses.
These responses are used to determine the criterion point in the
"partial orderinq above which the student 1is 1likely ,to know any

element and below which therstudent is unlikely to know any element.

3 N . .
In our eerlier work (Colling, et al., 1975b) we noted four

o4

‘1evels‘of elements with respect to this criterion pdint 1in the

partial ordering that determine the goals the teacher will pursue.

L]

We tepeat those here in terms of our current framework:

"
- . -

1. Elements the teacher can assume the student knows, andx

henge need not pursue.
S

2. Eleménts -the student may know, and so the teacher asks

~ . a , , - o
the studenty/pé provide them (i.e., give predictions,

factors, etc.) These include all the elements Jjust

-

above and below the criterion point.
3.'Elements the student will not be able to figure out,
ana SO the teacher will tell the student if they come

up in the dialoque.

4. ‘plements so far beyond the student”s current 1eve1 that -

P
L

«\\ they can not be ass1milated until the student has more

ipformation. These elements are not mentioned by'the

teacher. ‘,

Thus these levels determine what goals will be added to the agenda

{l.e., goals will be added for teaching elements at.levels 2 and 3)

T
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and whether these'will be. pursued with questions (level 2)  or
oomménts (level 3), ‘ ‘ A
. & ’ . ’
! . . .
The experienced teacher also accumulates a' large 'améunt of

knowledqe'abqut the possible misconceptions stydents may have. In
the domain of rainfall,*we (Stevens, et al.f)1979) have identified
sixteen basic misconbéptions students have, bésed on systematic

questioning of eight high school students., In arithmetic Brown and

Bur ton (1978) have idehtified the 50 most common procedural errors

thqt primary students have, based on- data fromfl300 Nicaraguan

children. Depend}nq on the question or the problem, a 'particular

misconception can appear in many different forms, so that a teacher
R ) 4

must recognize a variety of manifestatfgﬁs for each possible

misconception. :
L]

We think that teachers store many of the misconceptions they
: - S - : N

gee as perturbations of ‘subparts “ the knowledge structure they are

) ~ . "
trying to teach. When a student makes a misstatement, the ' teacher

may recognize it as a mgnifestation. of one of the possible
. . . ;
misconceptions. If the teacher can not identify the misconception

underlying the error, or 1if there is a pattefn of misconceptions

. tﬁé@ frequently occur together (Stevens et al, 1979), the teacher

v

will ask questions to identify-what the underlying misconceptions
are, 'In order to .correct any misconceptions there are a variety of
acéidﬁs the tea?hef"‘may take (Stevens and Collins, 1977). The

teacher may simply inform the student of the correct answer, or " if

\\\\,miif teacher thinks the student won”t get further confused,/
: | _ » '

-

counterexamples, hypothetical gases, or traqing consequences may. b$

] - \
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used to encourage the studént to debug his-or‘her own ﬁiseoncgption.a

S v

N !

CONCLUSION | ‘ , : , {

~

Thgé{,summarizes what we think are the most important eiements
of egfective,teaching. By turning teaching into problem-solving 1in
this way, by‘selécting cases that optimize the abilities the teacher
is trying to teadh, by making students grapplg ;ith cqpnterexemples
and entrapments, the students are cHEllenged more than by any ., other
teéching ‘method. Because of the experience they afe'aple to ;ttack

novel problems by applying these strateéies thamsglves.

o s ‘
.
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- TEACHING STRATEGIES IN THE THEORY

4

Y

‘Case Selection Strategies

CSS1l: Positive'parad;gm'e#éﬁplar for fac{gnsg : -
) \ ~ | | |
If (1) a student has not identified many of the factors that are
relevant to a paﬁticular value on the dgpendent zfriable, '
( then (2) pick a case where as many as possible of the valuesg on’ ;he

factors are consistent with the particulai value on the

dependent variable.
EXAMPLE

If a student is being.taught the factors affecting whether a
plaée has heavy rainfall or not, pick a case like the Amazon or

Oregon where all the factors have- values that lead-to heavy

A

'rainfall.

CSs2: Negative paradigm exémplar forg}actors
. ) —T

4

If (1) a student has not identified many'oftthe factors that% are
relevant to a particular value on the dependent variable;

thgn (2) pick a case where aé many as pbssible of the values on the

| ‘factors are inconsistent with the particglar value on the

13

dependent Variable.

. < ‘ "
. .

~)




,BXAMPLE . -\ - ‘l | \\ |
' : ' i ¢ S
If a student is being taught the factors affedting whether a !

place has heavy rainfall‘or.not, §fck a case like the Sahara or ¢

" Southern California where all the factors have values that lead
’ . . . .
T s .

to 1ittle rdinfall.

4

/

 CS8S83: Positive exemplar for a sufficient factor (Near hit)
4 7 ' ..

If (1) a student has not identified a factor .thgt is .sufficiant
for a particular value_bn the'dependent variable,
then (2) pick-a case where the factor is predominént, the value of
the .factor.is consistent with ot given value of the dependent ';f
) ' " variable, the values of the " ether sufficient factors éfe
«

inconsigtent with the given'vglue of the dependent variable,

\\\i?d the dependeht variable has the giveh value.

'EXAMPLE e

.' v S .
Suppoge a teacher wants a studén‘ to see that you don"t need
rainfall for growing-rice. Then the teache;:might choose Egypt:
which' has 1little rainfall, but does grow rice by ~using;

irrigation from the Nile. , A r\i

CSS4: Negative exemplar for a necessary factor (Near miss)

If (1) a student has not identified a fattor that is necessary for
a particular va'lue on the dependent wvartable, .
then (2) pick a case where the factor is predominant, the value of

/
the factor }s inconsistent with the given value of the

-49- 6 f
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dependent yariable, "the values of the other factors are

consistent with ‘the given value of the dependent variable, /

and the depéndent variable has the _opposite value. .
EXAMPLE (from Collins on factors affecting population density)

T. (In discussing. population density, éﬁé student haq not
identified climate as a factor.) OK. Now do you think it” s
very .dense in Alaska? (CSS4: Pick a negative exemplar for a

necessary factor)

S. NO. i v . | ) (J
/ o , o /
T. Why? (ISG% Ask for relevant factors.) - /

S. I'would imagine because of the cold? ; .
\

CSS5: Generalization éxemplar for factors (Maximal pair)

If (1) a student has not identified one or more factors that /are
' | A \ /
"relevant to a particular value on the dependent var iable, jand

(2) ‘there 'is a case identified that is a positive or,nféative
exemplar for those f%ctors,m,'w - !

then (3) pick a'ease that has the same or ‘similar values as the
previous case on the given factors, that nas as.different a
talue as possible on other factors, and that has the same or a
SLmllar value on the dependent variable. |

i

'EXAMPLE _(from Stevens and Callins on causes of rainfall)

/

. C

T. The-current is called the Japanese current and it comes from

el

th% Equator along the coast of Japan,and acrgss to Canada and

v Qrégon. (IS8b: Point out prior teps) Is ﬁ’here another

L)
‘ —~
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I —

current _you know about with the same pattern? (05851 ick a-

generalizatlon exemplar for a set of factors) (ES14: Ask for a

§
case with Jiven values on a set of factors) '

“S. I don”t know what you mean - the. equatorial current?
‘T« I meant thg Gulf stream. (ISléb: Point out a case with given

‘ values on a 'set of factors) 1 wanted you to See the ‘gen ral

‘ pattern of currents 1n‘\the ‘world. (IS11lb: Point at .
* R A
similarity in factors between sgpilar“Cases) .o
i ' : S

- 2

CSS6: Differentiation exemplar for factors (Minimal pajrf

. 4

If (1) a student has not identified one. or more factors that are
relevant to a particular value on the depen ent variabi , and
(2) - there is a case identified that i a po 1t1ve or pegative

‘exemplar fér those factors,

4

then (3) pick a case that has a different value fro the drevious

case on the given factors, that has the same or simidarivalues

on other factors, and that has .a different value n the
i

dependent variable. .

EXAMPLE (from Collins on the factors affecting population éensitY)

: T.'Og. why do y;u suppose Java has a high pcpulation density and_-
some of - the‘ other 1Indonesian lislands have low population
density? (IS14: Ask for differences .in factors between
differ,nt cases) w

S. There’s so many of them.

.

~T. Sumatra, (CSS6: 'Pick a differentiation exemplar for ; factors)
y '

(Bumatra 1is chosen because it’g like Java in most respects,




A

o . " ! .} ' o L [

&

{ e.g., climate, location, but hagd a different "value on the

dependent . variable., This forcés the student to pay attention
'to.the'factors, such as'terrain, ﬁhéﬁ differentiate; Java and

"Sumatra) . -

AW
A

CSS7: Exemplar to show variability of a factor “\\

to\

}If (1) a student has identified a factor;thét i;N\&gievant
‘ particular value of thg deéendent variable, anq SN
(2) there 1is a éage identified that hdk 5*pérticuiar value on
that factor, |

then (3) pick a casé. that Jhas the same value on _the dependent

Vériable, that ‘has as different a value as possible on the

particular.factog, and that has as similar values as& possible /-

on-the other factors, . )

EXAMPLE

B3

Suppose Java has been identified as a place that is warm endugh

to grow rice, then pick,a case like Japan which is much cooler
. ’ ’ ' -- .
but still grows rice. .

.

.

CSs8: Exempilar to show variability of the dependent yariable
—— =

-

If (1) a student has identified one or more factors that are

relevant to a particular value .of the dependent var%able, and

(2) there 1is a case identified that has.a partigcular value on
the 'dependent variable,

then (3) pick a case that has the same‘values on the factors, and

3
1

that has .as different .’a value as possible on the dependent
1) * , .
variable. ‘ '
. ~-52-
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the aequator

‘9

degrees.

e &

Then pick a cage! llke the' top Qfﬁ xiumanjam,i?ﬁ;.

.which isg’ also near the equator; but the average temperatureris .; ff;
much colder (<32 degrees) ; “v .,,_: o T \
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CSS9: Counterekample-fbr insUfficient.factoig'ff;h@- ff:agjﬁ:'fT:fh-

SIS : o _
", If (1) a student proposes a°ru1efor'makesja prédictlon based

one or more. fattors that are 1nSufflcient, or;“'

/uV

" Lo o,

’C"'

J (2)' is emtrapped by a‘?ble (ENS 1 or ENS 9) based pn one or

e '

more factors that are 1nsufflclent, T "h“0=,3" . ’"u
. )

then (3) pik a case that has the values ‘specified on _ther“ '

“insufficient factors, but not the value specified on the ’
“dependent variable. ' : - .) -, ‘

P . 0 .

o EXAMPLE (from Collins on factors affecting grain growing) .. ’

T. Why? (i.e. why do they grow rice in Lou1siana)‘ (IS5: Ask for
) .

relevant factors) : A

S. Placeé)where there'is-a lot of water. I think- rice requires

.

S ) the abillty to selectively flood ' flelds
oo N

T. OK. Do you think there s a lot of rice in say Washington and

»

. Oregon? (CSS9: Pick a counterexample. for an tnsufficient

gtor) (ISl: Ask for the value Qf- the dependent variahley (T

-

selects a case where there is a lot of water bhut no rice: this

- ~ coynterexample then led the' student to consider climate and .

~ )
‘ terrain). v _ . ’ '

. _\ . _ | ' | :
Q " 9 | 5%0 N . ‘ ‘ .




*  ¢s810: Counterexample,for-unnecéssaEX,faétors'

&

{ .-

-

JIf (1) a student proposes a rule or makes a ptedictgon bssed‘yon

I8
o

bne or more factons that are unnecessary, or : T
T(2) is ent{apped by a rule (ENS 2 or ENS '10) based on one or’
€ v
more factors that are unnecessary, ' , I

. N
B
\] "

" then 13) pick a case that does not have the values specified on the «

IR unnecessary’ factors, . but doe's have the value specified on the’ ’
. I - ) . . . M " ...' l
dependent variable. ) , ' ’

. ) . 4 . _—

EXAM?LEi’(fpom Colling on factors affecting grain g;owing)

~

S. (In tesponse to. why they can not grow rlce in Oregon) I don’t

’ a

‘ th1nk the 1and is flat enough _You“ve got.to have flat land so .

(

s

you can flood a lot ot'it,

P Tt'Whet about Japan?  (CSS10: Pick a counterexample 'fon' an
co P '
.unnecessary factor)' (ISl: Ask for the value of the dependent

'varlable) (Jap&n grows rice but does not - have much flat . 1and )

. W'
°

J .
. -~

CsSll: Counterexample for:an irrelevant factor

.‘{ . ) R ) O }

! .
“ b

If (1)>a'studeht proposes a rule or makes a prediction based on

ohe or more factors that are irrelevant, or
N u: o (2) is entrapped by a rule (ENS 3 or ENS-11) based on one or ',

v . oo
o

.? more factors that are irrelevant,

‘variable, or - o o ‘ R ‘ )

. .
A o , N “ - , : .
. ’




(4) piék a case that does,not have the values)specified on. the
. ! .
irrelevant factors but' does have the value-specified on the

PY
dependent variable.

o

EXAMPLE

Ir

“

1f

CS812: Counterexample for an incorrect value on a factor

L

Suppose'a student proposed that having " high humidily ‘was

necessary for growing rice or predicts that Java grows rice

¥

.because of the high humidity, then the teacher can ask about"

Egypt where the humidity is low .but rice is grown, or the Congo

o ¥

wherefhumldlty is high but,no rice is grown.

s

- -

(1) a student proposes a rule or makes a prediction based” on
one or more values of factors that are incqorrect, or
]2) a student is entrapped by a rule (ENS 4 or ENS 12) based on

one or more values of factors that are incorrect,

wheh (3) p1ck a case that has the values speclfled on mthe factors,
but does not have the’ value specified on rthe deéendent
yariab}e,,or(’g ' | ” . : ;’
(4) pick a case that doea not have the valuee specified on the
factore, but - does. have the value specified'on the dependent
var}able. - ; " : )

. . : | !
' EXAMPLE . \'._ | -

‘ Lo, S,

Suppoee.a student proposed that having a cool temperature is
necessary for growing rice or predicts that Japan grows rice

beéaﬁse it is cool, then the. teacher, K can ask about -Java where

O T =55~




4

[ . ¢ ~

. L

"the temperature 1is  quite warm all year .around and they grir

.rice, or about Oregon which is'cool but where no rice is grown.

\

¢
\

CSS13: Construdt a hypthetical case’ for insufficient factors

L]

- If (1) a student proposes a rule or makes a prediction based ¢n.
A ‘ S - . 4

oﬁg/ér more,factors‘that are insufficient, or .

(2) 1is entrapped by a rule (ENS1 or ENS9) based on one or more

factors that are insufficient, - .

, . o oo :
then (d) construct a case that has the values specified on the
; .

insufficient 'factors" but .not the values specified on the

v

+ dependent variable. o

1

EXAMPLE ¢

'
Suppose a student suggests they don“t grow rice in’/;:;tish

Columbia because it 1is too mountainous, ask the student "If

. , o N -
British Columbia were flat could they grow rice then?". The.

answer is that they could not, because of the cold temperature.
‘ o

. ) v
C5514: Construct a hypothetical case for unnecessary factors
: o N

If (1) a student proposes a'rule or makes a prediction based on

~one or more factors that are unnecessary, or . )

(2) is entfapped by a rule (ENS 2 oQ ENS10) based on one or more.

factors that are -unnecessary,

then (3) construct a case that does not have the valués,specified on

L4

.the unnecessary factors, but does have the yalhe spec¢ified on

- the dependent variable.
\ . . L 4

f

\




EXAMPLE® ‘ , : |

. ~

Suppose a student suggests they grow rice in Louisiana because
it rains a lot there, ‘then the teacher might ask "If it didn’t
rain a 1ot in Louisiana, could(they still‘lgrow rice there?".
The answer is they cogld by 1rrigating the'rice paddies fiom-
the Mississippi River. - : . ‘_’

o &

- v
CS515: Construct a hypothetical case for irrelevant factors .

If (l)’a~student proposes a rule or makes a preﬁiction based on

~one or more factors that are irrelevant, or

(2)'ia entrapped by a rule (ENS3 or ENS11l) based on one or more

/
factors that are irrelevant,

then (3) comstruct a case that has the values specified on the
. , ) ) W . :
" irrelevant factors, but does not have the vdlue specified on

the dependent variable, or - : - o

{(4) construct a case that does not have the values specified on
the iﬂ\elevant factors, but does have the value specified on

the dependent variable. '
EXAMPLE . o

Suppose a child asserts that John“s tripping of Sam was bad

qecause Sa/\Lroke his leg, then the teacher might ask whether
John was bad even if Sam didn“t hurt himself at all, or even if

Sam had accidentally tripped over John and broke his legq. -

\

» 7 &




o o , . :
hypothetical case for incorrect values of factors

19

CSS16; Coggtruct a

If (1) a'studept propoées a.rulehor'makes a prediction pased 'on

¥

one or more values of factors that age incorrect, or

A}

(2) a student is entrépped by a rule (ENS4 or ENS12) based on

i

> one or more values of factors that are incorrpct, -
‘then (3) construct a case that has the values‘~ épecified on the

factors, but does not have the‘valge specified on the dependent
. . \ -
)

(4) construct a case that does not have the values specified on

var iable, or

“the factors, but does have the value specified on .the dependent

-vériable.

EXAMPLE (from Warman on who can play with blocks)

S. How about ngvgifls play withl anything and boys play with
everything. (This is one boy”s proposal for a fair rule.)

T. Ok. Let's take a vote. ‘Boys,'how about if you don“t play with
any toys here in -school? (CGSS16: Construct a hypothetical
cagse for an incorrect value on a factor) (ES2: Ask if rule is_

: [4
correct or incorrect)

v




.

Entrapment Stratég ies

ENSl: Rule baged on insufficient factors . :

, 7
If (1) a student explains the value of the dependent ~ variable

based on one or moge factors that are not sufficient, or
. 6
(2) makes a prediction based on one or more fagtors that-are

, not gufficient,

then (3) ask. if it is a general rule that the depgndent_‘variable
must have the’ value specified . given the values of the

‘nsufficient factqrs.
\
\EXAMPL& (from Anderson on factors affecting temperature)’

‘ ' .
S: (In response to a question about why he predicted Newfoundland
- was colder in winter ’thaﬁ ﬂontana) Ne@foundland is further
nor th. -
T. Yes,.Newfoundland is furthef nor th thén Montana. (ES6b: Point
~out correct value of a factor) Are you arguing then, that if
ybu éake any .two places in the Northern Hemisphere, the one .
which 18 further north will have the lower average winter

teﬁberature? .(ENSl: Entrapment rule based on an insufficient

factor{' : '
../ ? N \ ' .
ENS2: Rule based on unnecessary faétois

Y
\ \ | ’

“ //If (1) a shudapé explains the wvalue of 'the cdependent variable

" based on ong\ot more factors that are not necessary, or
(2) .makes at,prediction'qgsed on one or more factors that are

not necessary, } _
. i &

-59-




}

then (3) ask if it is a general rule that the unnecessary factors

]

‘xsé have the values specified given "!:he value of the dependent

. var table.

EXAMPLE

Ly
[

-

B

Suppose a student says lots of rainfall is A\reason for growing
rice, or predicts that a place with heavy rainfall grows rice,

then ask "Do you think it is necessary to have heavy rainfall

to grow rice?" ,

ENS3: Rule based on irrelevant factorsg
. : ~ ,

If (1) a student explainé the value of the dependent variable
based on one or more facéo?e that are irrelevant, or

(2) makes a prediction based on one or more factors that are

f

irrelevant,
then (3) ask if it is a general rule that the dependent wvariable

must have the value specified given the values of the
) N - , B .
’

irrelevant factors. \

L4

EXAMPLE | , | oo
~ : ' - .

é

»
Suppose a student says they grow rice in China-because of théir

oriental nature, or‘predicts they grow rice in Mongolia because

-

of their oriental nature, ask if it is general rule‘that people

Vo ) )

with an oriental nature grow rice. '

"




ENS4: Rule based on incorrect values of-factoré

’,

If (1) a stﬁdent-explains the value \of the dependent variable

& e

} .
based on one or more incorrect values of factors, or

(2) makes a prediction based on one or more incorrect_values of

factors,

then (3) ask 1f it is a general rule that the dependent variable

must hav$ the value specified given the incorrect values of the

oy

& e

factors. . e e

EXAMPLE | ,) | -

Suppose a student ng%ists that a place grows rice\because it

has a dry climate, ask if'generally a place must have. a dry

.»’..’/ 4

climate to grow rice. _ : //f

ENSS: Pred}ction based on insufficient facdtors

w

If: (1) a case is selected. where: the valuey, of the dependent

. fv‘ yariableais inconsistent with the»value of one or more factogé
| that are not sufficient, "and “
(2) the value of the erendent variable has not beeh speciﬂiéd!'
then (3) ask if the .dependent variable has the value thaé is
consistent with the values of the insufficient factors,‘or ¢

, (4) ask the student to make a predictién based on the

insufficient factors.




’
\RXAMPLE (from Collins on factors affecting average temperature)
e . . : e

T. Is it very hot along the coast here? (points to Peruvian coast
near the equator,‘where dhe effect of latitude is overridﬁen by

. ocean currents ) (ENSS: Entrapment into prediction based on.

insufficient factors) . . egf:x.' »

. S. I don“t remember S R

T. No. It turns out there’s a very "cold current coming wup the
“i“..r" -coast, and it bumps against- Peru, and tends to make the- coastalK
Y Jf area cooler, although it”s near the equator. (IS7b: Point out

values of factors) (IS1lb: Point out value of the dependent:

" variable)
) ' . . .

ENS6: Prediction based on unnecessary factors -

N

I1f (1) a case 1is selected where the value of the dependent

>

variable is inconsistent with a value of one or more factors

that are not necessary, and

(2) the value of the dependent variable has not been specified,
i

then\ (3) ask if the dependent variable has -thel! value that is‘

| d
lconsistent with the values of the unnecessary factors, or
: s | '

?

Yﬂ) ask the student to fake a prediction based on the necessary.

flactors.

_' EX}\\M_I;L#X\

N |

-

2

Suppose Egypt has been selected to discuss ricé\growing, then
the teacher can ask if the student thinks they( can not grow

rice there given there is little rain, or whether the student

. , ”
thinks they could grow'ricejor_not.
‘—62\ '7} ’
Q ‘ . . ‘
ERIC . \




ENS7 2

If

then

'\ EXAMPLE - L | ' / :

‘or not in Mongdlia?"

ENS8:

- If

then

Prediction based‘ﬁn irrelevant factors
A

(1) a case |is selectqd where the value of the dependent
variable 1is inconsistent with what the student would predigz,.
given the values of one or more ir;elevant factors, and

(2) the value of the dependent variable has not been specified,
(3) ask if the dependenﬁ variable  has ‘the value that the
student thinks is consistent with the values of the irrelevant
factors, or | f .

(4) ask the student to make a prediction baséd on the

irrelevant factors. ' ~

. Suppose a' student thinks an Oriental nature is necessary for

/ .
growing rice, then ask "Do they grow rice 1in Mongolia, since

they have an Oriental nature?" or "Do you think they grow rice

Prediction based on incorrect valués of  factors

»

(1) a case 1is ’selected where‘ the value of the dependent

variable is’ inconsistent with what the student would predict

given the values of one or more ‘factors for which the student’s
. . .

rule is incorrect, and

(2) the value of the dependent variable has not been speé&fied,-

. ‘ PR
(3) ask if the dependent variable has the value that the

student thinks is consistent with the values of the factors, or




(4) ask the student to’make a prediction based on 'the incorrect

value of Ehe factor.

EXAMPLE

-

—~

-\
Suggqse a student thinks a dry climate is necessary. for growing
L ‘ ;-
rice, then ask if they grow rice in Arizona since it has a dry

1]

“'climate, or ask whether -they can grow rice in Arizona. -

ENS9: Entrapment based on insufficient factor's

If (1) a particular value of the dependent variable is being
_considered for a case, and
(2) there are one or more insufficient factors that have values
inqonsistent with that value of the dependent variabla,
then)(3) ask 1if the values\;Pf “the! iqsuffiéient_ factors are

consistent with that value of the dependent variable.

" EXAMPLE . , .

Suppose a student is considering whether they grow rice in

Florida, ask if the warm climate would "account fox. the -

/

. V.
inability to grow rice there. : /
AN . .

t

ENS10: Entrapment-based on unnecessary factors

If (1) a particula: value of the aependent vargable is being
) . ; .
considered for a gase, and . : . ,

_(2) there are one or more unnecessary, factors .that have values
_incoﬁsistent,with that value of the dependent varjable,
' )

then (3) ask if the values of bhg unnecessary factors are consistent

" with the value of the dependent variable.

. " -64- 7‘,/




. . "\ . ya
EXAMPLE _ : : v A

\

Suppose a‘student is considering whether they grow rice in

Egypt, ask if the lack of rainfall ‘would make him think they

grow rice there.

ENS1l: Entrapment based(on irrelevant factors

If (1) a particular value of the dependeng 4 variable is being: '

‘considered for a case, and

(2) there are one or morelirreLevaﬁé“factbrs that a student
Lo : ( ! RN - ‘
' might consider relevant, .

then (3gqask if the values of the irrelevant factors -are consistent

with that value of the dependent variable.

EXAMPLE (from Swets and Feprzeig on medical diagnosis) i' ‘5

. .. [
T. Pleural pain, dyspnea, - fever, and the physical exam signs.- are.

certainly consistent with pulmonary infarction. (ES7b: Point

»

out values of factors are correct) Do you think that Jshagindf

©

chills’ and the presence of rusty spufqm fur ther sepports this o

, diagnosis? ' (ENSll: Entrapment based oh irrelévant factors)
! : . - AT L ° . . -
S. No. ) . , ' ' . o ) , R ! .

To Right. . : . . . ':. _ : ; ) -8

’

ﬁ\\gNSl2: Entrapment based on incorrect values of factors
v. ’ ’ v " 4 ' \ ) ot L
If (1) a particular value of the dependent: variable 1is being . .-
7 _ /.".';1._-'. : - Y '

considered for a case, and N T A

i
!

S

K o
- R

(2) there are values of one or: more factors that are

inconsistegz with that value of the dependent.ﬁariablé,'




then (3) ask if the values of the factors-are consistent with the

vélug'of the dependent variabfe’ -
) .
EXAMPLE
{

Suppose a .student is considering a diagnosis}of pulmonary

infarction for a case with a low white blood count, the teacher

it

ite blood count 1is consistent with

might,aék if the zfif
-/ - L
pulmea:y infar e In fact a high white blood count is

consistent with pulmonary infarction.
| 3 o o ‘

v
K]

\e
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: ! .
Identification Strategies.

. ‘ .. .
. >
¥,

IS1: Ask fog value of the dependent variable oo o
3 . ’ -
.;If (1) a case has been selected, and _ o ' - '

]

(2) the value of the dependent variable has not been sﬁécified;

then (3) ask the studént to identify- the value of the dependent

variable. B d
u ﬂ(’

¢ .
- ISla: Suggest a value of tﬂg dependent variable
-“

If (1) a case has been selected, and _ I

(2) the student ‘doesn’t know the value of the dependent

variable,

4 ' r

then (3) suggest a possible value of the dependent variable for the"
y ’ ‘ o

student to consider. \

ISlb: Point out the value of the dependent variable

.
N !

If (}) a gmse has been selected} and.'

(2) the student is mistaken about or doesn>t know the value of

the depéndent‘vafiabler

-

then (3) tell the student the correct value of the dependént*

variable.
[

+ EXAMPLE (from Stevens dnd Collins on the caused of rainfall) ) Y

T. Do you think it 'rains much in Oregon? (ISl: Ask for value of
. -

the dependent variable)

So NO. | ’ . ’ : o




IS2:

"If

then

‘of the dependent® va.l;..tiable., T

l'nl T, .“ . ' ’ l R . ‘
~ ) -

Why do you th1nk itvdoesn t ratn much in Oreggn? .. . (IS6: Ask
A ] - " . - Q . .
-for relevant factors) -
)

i m nAb-exagtly sure - just hypothesizing - it seems to me that h'i\
%
iibr \

the surrcunding-states have a rather'dryvclimate, but I re

don't know anything about the geography of Oregon.

of dependent variable)

i

factors)

AN

o A
there? = (I86: Ask for relevan

Ask for the formulation of ‘a rule - .

-

(l)/?ne or . more factors- have been 1dent1fied, * T

(2) agk how theﬁvalqes of the factors are related to the wvalue

. .

EXAMPLE , (from Anderson ‘on factors affectiné temperature)

. . M . N . e . ¢

T. Please try to be_more precise “(e.g., with respec"tb the effect

183:

N

'cfAlatitude on temperature) * Would you, for instange, sédy that

- IE

-

if you take any two places in the Nosthern Hemisphere, ‘the one

fhrthest south. ° has the colder \ w1nter temperatures?

(ISZa' Suggest txe formulation of a rule) o

Ask'fdrrthe férmulation of-angalternatiVe}ruhé

“ L M ’

o

(1) an incorrect raleilasbeen specified relwting. the values of.

2

It does in fact rfain aflctiln Oregon. (ISlb: ';Zint out value.

an you. guess what causes .the rain

-one ©r more factors With-a;particular value/of the dependent
A : ’ . ' .

- variable, . .

»

)

"
\*
'Y




Y - vy )

EXA@PLE (from Anderson on factors affectiné température)

-

’

S. (In response to question under IS2 above) No I .wouldn’t say

~ ¢ " ’ -
that. et T
»

T. What would yqu say? . (IsS3: Ask for the formulation of an

alternative rule) , ‘ " ? e
. ‘ - : a ..- ) B
. 4 . N : [ '
IS4: Ask for sufficient factors t
., - ’ ; A ] . \
If (1) there are one or more sufficient factors that have hq} tmﬁﬂr;
identified,
thenr T2y ask the studént to identify those factors. T
_ P . | e

EXAMPLE B ‘ | , s

Suppose a student has not identified irrigation or a means of

obtaining enough water to.grow rice, the teacher might ask "Is

\ there any w&Y' to obtain enough water to grow rice other than
from rainfall?". o T .
IS5: Ask for necessary factor(s | I {/,
1 ' :

If (1) there are one or more necessary factors that have not been

!
'

identified, | ‘ -

then (2) ask the student to identify those factors.

° - B |

EXAMPLE - v .
X | | \ -

’ . A
1

' * . ' ‘ b .
_!uppose’, a student has not identified any factors that affect
, ‘ : / _ .

.whether(a,place has heavy rainfall, a teacher.mjght ask "What

is necessary to have Heavy rainfall in-a place?"

»
v, '




&

I86: Ask for relevant factors

, . .
If (1) thgrq are either necessary or sufficient factors: that have
not been identified,

bﬁbn,f2) ask the student for any rélévanﬁ'factors.hm I
' / : .

EXAMPLE (from Anderson on factors affecting temperature),

-,

L3

\'T. Which is likely to have the coldest winter days, Newfoundland

or - Montana? //§EN§§:V EMtrapment into 'pred{ction based on

~

. . . ,
@ "insufficient factors) .(In this case a secondary = factor

. - .

overrides a primary factor.)

ye

)
S.’Newfqundfand.

MY
T. Please give your reasons. for . answering Newfoundland.

(ISG; Ask for relevant factors) ‘ s

Is7: Ask for values of factors

Ay,
.

Y

b

¢

' 'Iﬂ'(i) there are }elevant factors that_haye been identified for a

particular case, but |

2

XQ)'fhe values of the fadtors have not been identified for that

-

case,
then (3) ask the student for e values of the féctors; ' :,LB .

- | | ///. : ] \
EXAMPLE  (from Collins on /factors affecting grain. growing) ‘

R

8. 1 gupposé zﬁhere are places, like Nigeria 1is pretty darn
fertile.
\

T. OK. It”s fertile, but what . otﬁerl qualities (I186: Ask for’

, relevant factors) Is the temperature warm or cold?




»

. a factor)

188:  Ask for prior steps B ;_;. ......................... e |
If (1) a partlcular step in a'causal chain or pr®cedure has been.
d identlfled .and
(2) there are prior sﬁeps that have not been identi ied,
then.(3) ask the student to identify the priér steps. , x‘ .
. * ( v
EXAMPLE (from Stevens énd Collins on causes.of rainfali) \\ Lo
. T. Where does the moisture in the air‘come from? (IS Ask for
prior’ steps) oo o
S. Help. ’ , | ;,.
T. The moisturé evaporates from the OCe;n. (ISBb: 'Poipt out
prior ste s?mehy do ;ou think a lot of moisture evaporates?
(IS8: a&sk\fgr prigr steps) )
IS9: Ask for inter iate steps
N
If (1) two steps i)\ & causal chain ‘or’ procedure that ‘are not:
ad]acent have bee ldentlfled. ‘ ) ,
then (2) ask the g{uden to 1dent1fy the intermediate steps.
. N
EXAMPLE (from Stevens and, Collins on causes of rainfall) R
S. when the moisture laden air reaches the mountains it is foréeq
. to rise and consequently th? air cools? causing rainfall, no?

O

v

(IS5a: Suggest a necessa::\tactorj‘(187: Ask for the value of*

. ’
]

T. Why does cooling cause rainfall? - (1S9: Ask for intermediate

steps.) -

-,




IS10::Ask for subsequent steps e e e

.oN , K .

If- (1) a particular step in a cauBal chain\or procedure has been

»

) ident i f ied, and L g e imeereee e eeeaieeeia e aeaaan e haenas bearairesaaaaveens beiaeve bee

(2) Ehere are subsequent steps that: have not been identified,

then_(}) ask the student to 'identify’ the subsequent steps

. EXAMPLEi  (from Anderson odﬁwdpaLity of draft resigtors)

-

S. Yau just can{t have individuals deciding which 1laws they are
; - : )
going to obey. \ ; ’ ’

T, So; you would say the American revolutionaries should have

~ \

"%oalowed' the .law. (CS89: Pick -a .counterexample ,fq; an
insufficient factor) 7
S. Yes, 1 guess so. | N, ' ’

T.. I they had obedlently followed all the laws we might not have

had the American revolution (ISlQa:

4

%ngest a subsequent step)

IS1ll: Ask for.similarities in factors b&twe simiiar_céses

P
*

It (1) two or more cases haOe beeH ‘identified that have similar .

.

,values on the dependent varlable,

-,

then (2) aok the student to 1dent1fy any factors on which the cases

s 4

~> have 81m11ar values. . . ) .
»

EXAMPLE I(from-‘fWarman'on morality of characters in Peter Pan) .

*

T. What makes those characters good? (referring to Peter Pan,
' Tinkerbell, and Wendy) (IS11l: Ask for similarities in factors

‘betyeen similar-~“cases) (

: 172"8"'




IS12: Ask For di"f'férﬁé'"rié'é'ém;'i“r’{'»Vfaotot’s.”E;tuas_n similar cases

. ’

If (1) two or more cases have been identified that have similar

»

“values on’ the dependent variable,

then (2) ask the student E‘Fldentify -any factors on which the cases
. have different values.
. EXAMPLE - : ':“

A

Suppose that both' Japan and Java have been identified as
producing rice, theteacher could ask the - student for any
differencesjin factors between the two cases. In fact Japan is

L
colder and much more mountainous This. indlcates that flat

land and a tropical cllmate are not necessary factors.
o [

“

¢

fSl3: Ask for similaritiesrin factors between different cases.

«1f (1) two or more.cases have been identifiedvthat have - different
values on the debendent variable,
then' (2) ask the student to identify any facto}s:on which the cases

‘ . v
have similar values.

~-—=  EXAMPLE

L | .
Suppose that Oregon has been identified as having a lot of
rain, and Baja California as having 1litt ra{R,' then the
teacher might ask “what factors they have inﬂcommon. Sincé they

ate both on the western coast of the continent, that means that

that factor doasﬁ’t determine the amount of rainfall.




r

IS1l4:

Ask for differences in factors between different cases
o N

F O T e e e

'“”iff%i}”é&b or'more cases have been identified that have different

then

1

values on the dependent variable, //

TS S

(2) ask the student to identify any factors on which the ”cases“,-

L3

.have different values.

EXAMPLE (from Anderson on factors affecting temperature)

S.

IS15:

If

+ then

/ .

/

temperature.

I don”t have any idea.

Some other factor besides nhorth-south distance must alsooaffect

L]
€

.Yes.“ Right. What could this factor be? (IS5: Ask for

necessary factors)

any dlfferences between Montana and Newfoundland? ~ (Isl4: Ask

for defeﬂbnces in factors between different cases) .
| ]

-

Ask fcr,a:case with a given value on the dependent variable

\.

(lf'there is no case currently being considered, and

(2) there 1s a particular value of the dependent varlable tp be

)
\

consldered . : . \

‘ \
(3) ask the student to pick a case that has that value on .the

| . \
dependent var{ Fle.h; ' I , o ' .\

e -
NES

) * . B , : . ‘ i - \

IWhy ‘don”t you look at your map of North America. + Do you see




o 4 14
v BXAMPLE (from Collins on !:ctots affecting\zfaih growing) o

:ry',.w.b_e{»ﬁ_“[l Nor.th.- Amer-tea - -do—- .YUU.. . ,.Em,i i -R”N ,.r,i,,c,é v “.\.i,g }.] ti ,.t,)e.w....gro;v s
l b . .

(IS15: Ask for a case with' a given valueion the depeddent
. ‘ :

[ T

variab o co .
2 % : ' / .
S. Louisiana

\ ﬂ~: o ¢ ’

IS16: Ask for a caée with given values on some factors

If (1) there is no_case'currently beingfconsidered,iand /
(2) there are particular values of some §g€ of_ qutors__to be

considered, = , ’

then (3) ask the studeNt for a case .that: has the given values on the
. ré i - . . -~

L]
N

P ) -

set ‘of factors.

N

EXAMPLE | N E . |

K

Given a discussion | of riée growing,ithe teacher might ask’ a

K 7studenF if he knows a place where there\is a lot of rainfall

‘ ]

byt it .is raéher cold‘(e,g,,'orggdn); o | e
_ : r oo - | - -
IS17: Ask for a case with given .values on some “EUCtOrﬂ!Iahd the

dependent variable

~

Ifhzi) there is no case currehtlyvbéing cohsidefed, and
.(2) there  is some pairing.of values on patticular factors

) : ' .
on the dependent variable to be considered, : :

then (3) ask.tpe student for a case‘EﬂXt'has the given values on the \

- factors and on‘the"dependepé va}Tﬁblé.f

N *
™ .




) . !
N - e - : ’ ) 5’ ’ -
EXAMPLE .
. 9

""T"Given a discussion of rice growing, the teacher might ask a
R

student if he knows a place where

s a lot of rainfall,

but no rice is grown (e.g., Okégon);
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Evaluation Strateqgies ,

T ST RSSO SO OO o - s s g e s e

ESl: Ask if the value of the dependent variable is correct or

-~

incorrect

LY

If (1) a value haggpeen'suggested for the dependent variable in a

particular case,

-’

’ then (2) ask the student if that value is correct or incorrect. :

EXAMPLE (from Collins on factors affecting grgin growing) ‘ /

T. What do you think/they live on in West Africa? (ISl: Ask, fo
valu?/of the dependent variable) . | 1 L
S..I‘guess they grow some kind of grain in West Africa.

y .
T. What kind is most likely? (ISl: Ask for value of the dependent

e
.variable)

S. Wheat.

T. You think wheat is the most ljkeiy grain? (ESL: Ask if the

value of the dependent variable is correct or not)"

ES2: Ask if a rule is correct or incorrect

i

If (1) a rule has been suggested relating a set of factors to the

dependert variable,

then (2) ask the studenk if the rule is correct or incorrect.*®

~

' EXAMPLE (from Warman on who can play with blocks) ' ' . _ ?

T. How about if we had boys tould piéy with everything but blocks?
(CSS13: Construct a hypothétical. case ' for insufficient;,
factors) (ES2: Ask if rule is coirecg or @hoorfect) “(Warman.

p , -77~9‘
A~




i

v -
. . F

N ' :

e ——e —— s i

....... - . . ,

AS 2 .
. » s
'

treats fairness as the depgndent variable, and hefe'suggests a ?

—— LT TITee

tuled drive dbycohsthCtinga—hypotheticalvnwc;age - for e

insufficient factors.) L] . N

pi
¢ : _

ES3: Ask if a rule is the same as or different from another rule

If (1) a rule ha& been suggested which appears similar to another

rule, _

then (2) ask if the rule is the same as or different from the .other

\\é
rule, -

, EﬁAMPLE - (from Warman on who can play with blocks) ‘
> Al
. / ‘ . P
Sl. I’'ve got a good idea. Everybody play with blocks..

T. What do you think about that? (ES2: Ask if a rule is correct

or incorrect)
’.. ” . .;.
S2. Rats. . B
T. 1Isn”t that the rule we have now? (ES3: Ask if a rule is . the

‘same or different from another rule)

=

ES4: Ask if factors .are sufficient or insufficient
!

.

If (1) one or more factors have been identified with respect to a

particular value of the dependent variable,

'
.

then (2) ask ' the stgdent if the factors are sufficient or ¢

insufficient to
; /

- K \

N

EXAMPLE (from Swets and Feurzeig on identifying letters) \

. i
, - 'ﬂ\ RN A
¢ b \ 2

L _ \
T. Start whendready (The student must guess a letter , from its -

etermine the value of the dependent .variable.

features) . _ ’




S. Curves? | d ' ’ <

. 1 _ | . . ’?7> : ' A ; r
........................ T. One, : o | < '4
S. Loose .ends? ! e - /':‘; - ﬂl
T. Two. ' ' ) - ] | . | | /
S. Obliques? | a ‘ S B | { Jf.
T. Zero. | | h“_ , r; . -

S. C.

T, You don” t have enough 1nformat10n yet to get the right -answer.
: a -
(ESdb Polnt out that tactors are 1nsufflclent)‘How do you

know it isn“t J, for example? (ISla: Suggest a value of the
- -, ) ; ’ . , .

dependent variable)

" ES5: Ask if factors are necessary"or unnecessary St o Y

If (1) one or more factors have beeh 1dent1f1ed w1th respect to a

L ' s"'
) “
i . V\

particular value, of the dependent varlable," e c L

£ . !
then (2) ask the student if the factors are necessary or unnecessary

A v

to determlne the valpe of the dependent varlable.,

’

EXAMPLE

"'. \ o ‘° "\ Lo
’ _~Suppose a student suggests that places with a lot bf rain can

grow rlce, the teacher mlght ask "Do you have~to have a lot of " -

!
- rain in order to grow rice?"

ES6: Ask if factors aré relevant or .irrelevant . _v , o e

If (1) one or more factors have been identified. with respect‘to‘;a
4 ' ’ .’. . s . .

particular value of the dependent variable, . : . _

. \ . V : R n' ' .

\

N,




ik

\ L e s s e bt e e b . .

4.'_‘!. o ‘ )

v , , : ! s

then (2) asgk. the.student-if-the-factors-are reélevant or 'ir{Elevantmmwmww

T to the value of the dependeht variable,

: . . : . ' N v
| N\ ' | g S o
L2 , : 5

S . ‘ S
- EXAMPLE  (from Warman on who 'can play with blocks) ‘ '

\

S. How about all the boys take all the blocks and put . them outside
\

and the blocks stay out81de the building. S s li e

L4

T. So we have the blocks outs1de the. bu11ding (hestate-rule) Then

do._we‘ still have the problem? 4(E86' -Ask if’ a factor is

relevant or 1rrelevant) (Warman is asklng %ethi having' the '
oy

| : blocks outside ' is relevant to fairness ) - 4 ~ , ‘
. " BES7: Ask:iffthe values eof faétors,are,correCt or incorrect“ ‘
Lt c, . \.l . \ v . .
(TE7 (l) the values of one or mbre factors have been 1dent1f1ed w1th
-

,“,. respect to a particular value of the dependent variable,
?

.
A

Y

-thén (2).aszcthe student if the values of the factors are correct or
| e

) w'

1ncorr with. respect to the value of the dependent var1able.

\ ] . A . {

A LY

_ e - - . . ¢ B
EXAMPLE (from Swets and Feurzeig on medicalldiagnosis)
“T. In ”that{~case I’d like to talk about- viral pneumonia. R M
. .! .- . ° B} ’ )

(Isla&"Suégest a value\ of the dependent variable) The j
” S tachycardia, high WBC, elevated vrespiratoryl ratefl shaking
ChlllS, bloody sputum, and severe pleural pain all lend weight

- ‘ to that diagn081s - right? (ESZ: Ask if the;Values_of factors

- v
' ¥ i
.

" are correct or 1ncorreot)

-~
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“E88:Ask {f’a step is a prior step
'If‘(l) there are two .steps identified - in a cefsal ~chain or:

procedure, . .

then (2) ask the student if one step:is pgjor)kp-the other step or
not.. | ~ | |

EXAMPLE o ‘

ES9:’ Ask if a step is an intermediate step

. , , R 4
If,(l) a given step in a causal 'chafn or ‘procedure has béen’
1dent%f1ed w1th respect to two other steps, '
then (2) ask the student if the step 1s intermediate between “the
7 . . - ’
other two steps. .}
EXAMPLE ' | o | >

N\

L’
s
AN

the air gooling and rising. The teacher might then ask 'the

‘student if the air cools before it rises.

]

e : ) ¢

o .

® \
-

Suppose a student is 1earn1nq about evaporatlon qrocesses, the

teacher mlght ask uhether clouds form aftet vaporization takes:

. place, but before ‘condensatior ocours. Cloud_formation is in

ES10: Ask if a step is a subsequent step - o

If

.o .
1]
b .
‘. o,
» . .
‘
]

L

fact ceusef bx condensatloﬂ -

N

i e
1! ) ' ’

(l) a givén step 1n 'causal chain or procedure ‘has been

identified with ;espect to another step,

..5 Y . . . . . \

T e,
R | “\> cooRe

~ e Yomm]

. , 4 . ) - 'y o
In  discussing . what caukes rainfall,athe student might mention .




. /.
\
- : | . ‘ . . ) ; .
. . _ | . . , .
then (2) #sk the student if the step is subgsequent to the other
: . : B . . . ) e -
Step. \ . ~
. | | ) , _
EXAMPLE - . N . '

ot 4 . -
. . ) « .

Suppose a studént is learning. the distributive

in

arithmetic (as in ohe of the * Anderson dialogues), hen. with

respect to the problem 7 X 12 +3 X 12 = 2, éhe eacher hight

, ask if.you multiply by the 12 after adding t 7-

. v \
S | o - — !
ESLl: Ask if simjlar cases arew&he same on given factors .
If (1) two or more.aasee have beeh identified that have the same
value on the dependent variabie, and - ' | J .

(2) there are one or more factors ¥or which the cases have'}he N

A

v
same values,

N

’ s
then (3) ask'the student if the cases iive, the same or different

!

;77 $alues on the given factors. . _ . . . o o

EXAMPLE A
. NOow e N , .
’ Suppose the student is .learning’about.the caguses of"rainfall,

L)

and the student notices that Baja California and Northern Chile

have little. rainfall, the telcher mlght ask if they have the

. same 1atitude fhhich they da).
‘ L

) <
¢
] .

ES}Z:'Ask if similar cases are different on given factors

— _ ; e .
If (1) E;o.or more cases have;been identified that have the eame

’ rvalue on the depehdent_variable, and f .‘2 {

Q " \) R -82- 9 " s\




\! (

(2) there are one or more factors for which the zases have
'f: : differpnt'values,
then (3) dsk the student if the cases have the same or different

'

values on the given féctors.
EXAMPLE

Suppose a student has identified thg .Amazon and Oregon as

having & lot ©f rainfall, then the teacher could ask if they .

have the same or different values on iatfkude and altitude ' (
—(they differ on both). \ 'ﬁ?
- - P T A ey

ES13: Ask if dissimilar cases are the same on.given faetors

L]
k4
’
R

a CIf (1) two or more cases have been identified that have different

\ " N
" values on the dependent variablej and

(2) there are one or more factors for whiph the cases have the

same values, |, . ' , )
.- A . 3 . ,

then (3) ask the student if the cases have the 'same or different
. , .

A ]

‘ values on ‘the given factors.

P
‘

'EXAMPLE (from'AnderBon'on mofality of draft resistors) 3

s

T. YoP are saying.%hat what the draft resistors , did' was ’wro@g
49 ~because they prokg the law. The American.fqulutionaries broke
the laws tdo. (CSS9: Ppick a 'coﬁntefexample for ,an
insufficient faétof)'(ESf?b:" Point out *that’ two dissimifar

+« cases are the gsame: on a given féqtor) Thefefore to be

consistent, you woufd haye to say thatﬁwhat they did,wasxwrong..

© (ISla: Suggest}a value of the dependent variabla) ' o

L]

Q ) . t' . ’ -83~ . 9?)
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ESl4: Ask if dissimilar cases are different on given factors * .
» . "

If (1) two or more cases have been identified that have

values on the dependent variable, and ' “

-

(2h there are one

v .
-diffefent.

\ B

.or .more factors for which the cases have °

>
.

different values, |
sé&e or digferent
values on the given factors. . Sy - - *

then (3) “ask the student if the cases have

Y | - ‘
EXAMPLE

. P . -

AR -
L)
[} .

Suppose a student has identified Sumatra and Java as having

different population den51ties, the teacher might ask

if they
' ' J . o
have the same terrain. : -
\ . Yo '
. 1 .
r l
j( -~
\)
' LY '
N f ¢
n . . " ( '
\
v o VO
- 1 4§
: 'Y .
R ' l
. ‘ -
) , f “ L
|
. “~ [}
[ L} ’
.“ '
\ ‘.
-~ - ’
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