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INTRODUCTION

The purpose of education must always \be twcfold: to
teach a variet& df knowledge and to " teach the skills
. necessary for applying that knowledge to new probyems or
situations. These twin goals are perhaps achleved most
successfully thrpdgh what is usually called tﬁe‘ Socratic
method of teaching'e The Socratic method originated in the
Meno dialogue of Plato (192&), but the methﬁd has reappeared
in different guises :throughout history/(e g., the inquiry
method the case method) as it has been/;pplied to different
kinds of knowledge.[‘ The - central, notion is to force the
student to reason for himself to derive general . principles

from specific cases, and to apply the genera] principles

that have been learned to new cases,

Q) In the Socratic method the student learns 'three kinds
of/” things: (1) specific information- agput a variety of
cases; (2)' the causal dependencies or pringiples that
underlie these cases; and (3) a variety’of reasoning skills.
‘These include such abilities as forming hypotheses, testing
" hypotheses, distinguishing between necessary and sufficient
_ conditions,'making uncertain predictigns, determining the
reliability or limitation of these predictions, and askiné
the right questions when' there is not enough information to

makRe a prediction.

. ’




The objective of this papew is to défine in«~giec;se

terms what the »Socratic method is and how in fact it
accomplishes these.goals. To this énd,'i have examined a
variety.of dialogues inyolving the Socratic method and tried

.- o . ’
?P formalize the tutoring strategy used, in these dialogues

.as pattern-action rules or production rules (Newell & Simon,

1972), which take the form "If in situaiiqn X, do Y". The
purpose of wrttihg the rules as productions, is to express
the theory in a procedural formalism, that is independent of

the particular contgnt{A\ I 'will also try to specify'thg

reasoning skills that eacq particular production rule is )

designed to elicit.

But what is the use of such a tﬁéory? The specific use
1 see~ is 1in dévelopingﬁaﬂ intelligent CAI system (Br;wn &
Burfon, 1975; Collins ét“al., 1975; Goldstein, Papert &
Minsky, 1in press), ‘that can apply as many of these
strategies as possible 1in tytoring (causal knowledge and
reasoning. Heretofoﬁ; the Socratic method has not been
considéred viable for education general;, because it 1is a
one-on-one te;ching Strategy (though R.C. Anderson points
ou(/it can be used very successfully in a class?.' However,
the deyeloping technology for building intelligent CAI
systems may make it possibfe to teach many more students

with such a tutoring strategy.

L4

More generally the reason for trying ‘to specify the



Socratic method is to move it from the domain of folk wisdom
to science.‘ By attempting to fofmulate the Socratic method
as a set of strategies, other ~theorists have somethinp

specific to challenge or revise. Once science has somethlng

w : ’ : .
.to, chew on, it will inevitably grind the thing into:.shape.

A THEORY OF SOCRATIC TUTORING
o <

Wwhile in one sense the Socratic method is a single

-

approach that fnvolves teaching thé&student to reason from ”

C -

cases, in another sense it 1is made up of a variety of

spevific strategiés that good teachers hit upon in the
. 7

v

course df their teaching. - Some hit upon one set, sone upon

" another, though« there is usually'some overlap. There is-

little need for teachers to' Verbaliie these :strategies,
since their application only depends on/an 1ntuitive feel as
-to how to use them. If they are taught, they are usually
taught by example. St there is no very specific body of
knowledge about the Socratic methéd, and hence there "is no
thedﬁy to be extended and refined._. In féct until computers
brovided us with formalisms for expressing "process models,”
it ts: unlikely that anyone would‘ have thought of
'éqnst;Lcting a specifiqitheory';bout such a thing as the
Socratic method.. ~ -

.In order to develop a computational theory of the

.

Socratic method, 1 have beéh looking at a‘ variety of

7
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" dialogues. These included some dialogues that I conducted
" myself to teach causal dependenclies about geogrdphy (Collins
et al., 1975), several hypothetibai gﬁa{ogue; develobed by .

R.C.  Anderson (197?)'to i;lustrate aﬁpects of the'SocraLfc

A

' metﬁgd; and segeral dialogues produced by the Socratic
system developed- by Feurzeig (. urzeig, Munter,vSwets,\&

Breén,v196u; Swets & Feurzeig, 1965). The objective 1is to

R 4
extract from these dialogues most of the specific strategies

that occur and phrase.thEm és production rules. There is no -

gyarantee of<e§haustiveness in this approach, but it should

}

be possible to capture the major strategles.
Y N

—

The produdtion'éulés are'formuia}ed in terms of the

" functional dependenciés in knowledge and generalk iituatiéns i
that occur in a dialogue.‘ Diffe;ent rules can often be used A
in the sqme:situation End,sometimes applicaiion of one can A
‘be delayed until afteb applicatiég‘o;k ané?hen. Similarly,

aometimcs one rule is naturfl follow up Lo/another rdle. So

what isn’t apparent in the enumeration of Lhe';ules is the

structure of interactions between qiffebent rules. This. -

requires a second order theory of teaching strategy that
incorporates a notion of what ruleé are most appropriate Lp

invoke.ip dirferént s;tuations. | . o

In order to'explain the terminology used in the rules

. R Y :
that will be presénted, it is helpful to yconsider an

example. Figura'1 shows the causal dependencies derived b}
2

8 .



SUPPLY OF
FRESH .
WATER

Fig. 1 A student ’s analysis of the causal factors
: ]

affecting rice growing.
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a student in one of the dialogues that I'cqnducted on rice
growing (Collins,‘ et al., 1975). - Rice growing is the
dependent !atigblg, and in this case it is treated as having
two possible yglues: either you can grow rice or you ecan’‘t.
Unlike rice growing, which ﬁhe student Lreatéd as Aa°
threshold f&nction, many‘ﬁependent variables are Lreateé as

continuous functions (e.g. a place is colder or whrmer),

where there is a continuous range of values.

‘ Dﬁring the cburse of the  dialogue the student
identified «r‘Sh{r principal' factors affecting rice Rrowingﬁ'
frésh water, a flat area, fertile soil, and warm
temperature. These were configured as shown in the diagram.

The factors (or functional determinants) .such as heavy

rainfall or flat terrain Ere linked. to rice growing Lhrougﬁ\k

chains with various intermediate steps. n fact any node 1in

a chain can be considered as a factor. The diagram itself

represents only a top-level description, and Aany node or
" link in the diagram can be expahded indefinitely. Causal
links expand into intermediate steps, so that for example

"iprigation" can be considered an intermediate node on the

chain from "river or lake" to "supply of fresh water".

Given the dependencies in the diagram, it 1is apparent

that a factor like heavy rainfall is neither necessary nor

[
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sufficient for rice growing. It is not necessary because
4

obLainihé a- supply of  fresh waieﬁqfwhich'is a necessary

factor) can also be satisfied by irrigation‘fnom a river or:

lake. It is not sufficient because other factors, such as a
warn temperaturé are requ}red. Hhen_ brior nodes are
connected into a.nOQe by an "or?, any of the prior nodes 1is
sufficient and none 13 necessar& with respect to that node.
For example, either heavy rainfall or a river or{a lake is a
sufficient source for fresh water, but nohe of these is
necessary for fresh VwaLer. tn éontrast;*when prior nodes
aré'connected into a node by an "and", all of the -prior
nbde:' are necessary and none is sufficient with respect to
thai node. For example, fresh water }s necessary to floo& a
flat area, but is éot sufficient. Though heavy rainfall is
sufficient as a source of fresh w;Ler, it is not sufficient
for growing rice, because of. the ;ands" in the causal
structure between rainfall and rice. By moving'down any df

the chains, one gets (o a\gjgher level of_abstraction. But

it is not always helpful to know only the most geperal

causes (i.e. the nodes immediately prior to the dependent

-

variaﬁle), because the information available , about a
particular ‘case 1is often restricted to specifié factors

further back in the causal structure.

There are different kinds of dependent variables: some
vary continuously as do temperature or rainfall, and some

vary discretely. For example, diffarent dgseases can be

11 o -
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“irrelevant for making a prediction.

¢

oo N

P . . -

‘regarded as different values on a single dimension of what’s

Uwyong with a patient. whéat,,rjce,-and.co;n can be regarded

. !
as different values on a dimension of what grain can be

L

groih in a given ‘region. There are several differences

" between the di«crete and continuous cases. First, in the

discrete case there may be more or 1less than one. of the

values for the dependent variable preseht (e.gs, a patient

- may have more than one disease or no disease at all),

whereas in.the continuous case there can only be one value.

Second, in the discrete case different causal Tactors may be

relevant for 'the prediction of difrebent values on the

dependent variable (what factors are relevant for predicting
mumps may be different from canhcer), whereas 1in the

continuous case the same factors are éléays rélévant or

There is -a third difference that cuts across the
discrete-continuous distinction. In cases such as medical
dipgnosis or electronic troubleshooting, the causality runs
fgim the kdependentvvariable to the functional determinants
(e.g. the disease ca;ses the symptohs), whereas - in casey
like grain-growing or “temperature the causality runs from

™

the functional -determinants to the dependent 'variable. In

the case of identifying a letter from its features there is

ho~ causality in either direction, but -'still different

letters' can be treated as values of the dependent variable

and the features as different ractoﬁs. * Despite these
. . ’)r
l b -

L s




(23

differences in the- domains of knowledge studied it turns-

/pnt the tutoring sfiategies can be characterized in a Single

. : . ’ : )
. : s .
-

|
l
l B ‘frameWOrk <
‘ o T have listed below the rules 4or{imp0rtantustrategies)
I" ~ ‘_derived so far, as well as brief explanations of why-' they:
‘are effective strategies. Examples of ‘eaeh are given. in
'terms; of* the caﬁeab factors for aVeragé”temperatUre orvfor
-.growing rice. More examplee will occur vin the following
éectionn where the rules are illustrated:'by some of the t,wjf:

- actual dialogues from which they were derived.

vQULE 1: Ask about a known case

If 1) it is the start of a dialogue, or
2) there is no other strategy to invoke,
' then 3) pick a well-known case and ask what
Q the value of the dependent. variable is for that
»R case, or |
‘Mllask the student if he knows a case with a
hparticular value on the dependent variable.
EXAMPLE: - | *
Ask the student "Do they grow rice in China°" or
"Do you -know any place where rice is grown°"
REASCN FOR USE:

It brings out any well-known .cases the student knows

about such as rice growing in China.

13




RULE 2: Ask for any factors:
If 1) a stndent asserts that a case has a particular

'.value on -the dependent variable, - ' .

" then 2) ask ‘the student why. : : ' .
’EXAMPLE:

If a stnaent says‘theyigrow rice in China, ask whyf
REASON FOR USE:. l
This determlnes what causal factors or chains the
1 student knows about
RULE 3: Ask for jintermedjate factors
’If 1) the student gives as an explanation a factor that
,is‘not an' immediate caUse in the causal chain,
then 2) ask for"the'intermediate’stegs..
EXAMPLE: S .
;f‘the studentfmentions mensoons in,phina, as a reason
for'ricefgrowing,‘asé any ‘do monsoons make it pgssible
‘to grow rice in China?"
REASON FOR USE:
Thiswinfures that the student understands the steps

in the causal chain, for example that rice needs

to be flooded.

RULE 4: Ask for prior factors

If 1) the student gives as an explanation a

factor on.causal' chain where there are

also prior factors, -
N ” o :
then 2) ask the. student for the prior factors.




+
-

' REASON FOR USE:

EXAHPLE'
If the studentﬁmentions water as a factor in .
growing rice, ask him "What do you nheed to get
enough water?",
REASON FOR USE: -
. Same as RULE 3. - B

RELE 5: Fdrm a general\gglg for an insufficient faétér\ :
Ir 1) the‘student gives as én explanation one or
more fﬁctérs that aﬁe'pot sufficient,
then 2) formulate a general rule asséﬁting that
the factor ‘glven 1is sufficient and ask
the student if the rule is true.
EXAMPLE: o L, o e 5 .
;f the‘student gives'wgter as the ?eason they".'

‘ égow rice in Chiﬁa, ask him/"Dobyou.think any place

with enough water‘can grow rice?"

This forces the student to pay attention to other
L]
causal factors.

-
~

RULE 6: 219_ a gg_n_s_g&g_nls for an insufficient factor

If 1) the student gives as an explanation one or -

more factors that ‘are not sufficient, or
2) agrees to the general ruie in RULE 5,
then 3) pick a coﬁnterexamplé that haq
o the right value on the factor(s) given, but
,(f |
| 15
11




‘the wrong Qalue on thg‘depeﬁdént_variable, a@d
4) ask what the vaiyé of the ﬁepehaént variable is
K for that case, 6rv . ‘
5) ask’Why’the causal dépendence does pot hold for | *

that case.

" -EXAMPLE:

If a student giveg,vater as the reason they grow’
rice in China or agrees that any place with enough .

water. can grow rice, pick a place like Ireland
L -
where there is enough water and ask "Do they grow

rice in Ireland?" or "Why don’t Jthey grow rice in

‘\
Al

X

Ireland?"

REASON FOR USE:

Same as RULE 5.

RULE 7: Form a sgngnal rule 292 an un~gg§§§g£x factor

If 1) the student gives as an explanation one or nore
factors that are not necessary, -
then 2) formulate a”géneral ru}e by‘assertiné that the
| the factor is necessary and ask the student if
the rule fﬁ true; o
EXAMPLE: ""f o ) S

If a student says rqinfall is a reason for growing rice,

&

ask ”Do you Lhink it 13 necessary to have heavy rainfall.

\

in order to grow nice?"

< -

REASQN FOR USE: x >

<

This forces the student to'COnéider the necessity of a




~

. .
i / \

-

particular'factor. . | o o

BULEVB: Pick A ggudterg;gmple for an ugngcesggni factor
) If-1) thevstudent givesbas an exp}ﬁnation one’or more
factors that are not necessary, or _
2) the student agrees to the general rule in
RULE 7, .. - I
then 33 pick a e&gnterexample with the Wrongbvalue‘On“
| . the fector and thexeorrect value.on the dependent
vaniable, and- | , | | | | ‘ '
4) ask the student what the dependent value 1is for
that case, or a t.. . .
%) ask why the causal dependence doesn’t hold in that
case. |
EXAMPLE.
If the student gives Puinfall as a reason for growing
rice, ask "Do you think they can”grow rice in Egypt?" or
_ "Why do they grow rice in Egypt when they don’t '
have much rainfa11°" R A ‘
| REASON FOR USE: - ‘

Cowre

' Same:aS’Rule 7.l;i¢%‘f .

RULE 9: Blﬂ! 4 case _lkﬂ an extreme wrong value

If 1) the student is nissing a particular factor,
then 2) pick a case with an extreme wrong value on that

factor and ask why not there.

*EXAMPLE:

13




If the student has not mentioned temperatupe‘with respect

-

to rice*growing, ask "Why don't they grow ﬁice in
Alaska?" ‘ S
. - " *
REASON FOR USE: . - N '
This forces the student to pay attention to any factor he

~ is ignoring.

-4

RULE 10: Pose a misleading question
’If 1) there is é case where a -secondary factor
overrides the primary factors,
théq 2) pose a misleading question to the'student, based
on the fact th;t the .value of the dependent

varfable is different from what would be

L

,ppreqioted from the primary factors abo#e,

@®

or

=
By

3) pbse a'mibleading choice as to the dependent ,

Variablembetween two cases.where.consideratidh4
of fhe primary factors alone leads to the wrong
 ‘5rediption.
EXAMPLE:
Because the tree cPveriin the Amazon ‘jungle keeps
the f:mperatur; down to a high of about 85 d?érees,
askfthe stqgent "Do4you think the temperatuﬁesvinﬂthe
Amazon Jut;le reach a 100 Eegrees?” or QDo‘you
think it gets~hotter invtpe Amazon jungle or Texas?"
REASON FOR USE: ..

This forces the student to learn about common'éXCeptions,

14
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~ 1 "
about secondary factors, and about the limitations

l ~ of general rules. .

_ RULE 11: Specify how the varjable depends on a given
' s factor | -
; Ir 1) fhe student mentidns a factor, but dées not
specify how the depéndent variable varies with that
facgor, or ' | i
- 2).only partially specifies the rela;ionship,
then 3) aﬁk him to specify the relationship more precisely,
or |
4) suggest a pdssible relationship to him.
EXAMPLE: ‘ | |
Ask the student "Can you say hou'temperatufe dgpends on
latitqde?" or "Does average temperaturé incréase
;‘ linea;ly the further south you go?"
'REASON FOR USE:
This rorces'the studentito sp&cify mofe precisely the
functional rélation betﬁeen the factor in question and

‘the dependent variable.

RULE 12: Probe for a necessary fagctor

If 1) a student makes a wrong prediction on~the .
dependent variable because heqhas‘not identified
one or more necessary factors, |

then 2) tellnhim he is wrong, and ask him'to think oE/)

anof@er factor» that is necessary.

13
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. EXAMPLE:

If a Studént thinks they can grow rice in Irdland‘because
it°s wet, point out théy can’t grow rice there and ask
fp‘h you mak; a hypothesis about what other factor-
lis necessary for rice growing?"

s * C

"REASON FOR USE:

. This forces the student to use hypothesis formation as a . .0
systematic stra(egy for dealing with unexplained

probleﬁs.

RULE 13: Probe for a aufficient factor
If 1) a student makes a wrong pre?iction on the dependent
variable because he treats a factor as necessary
. when {t is not, | . o
then 2) tell him he is wrong, and ask him to formulate a

hypothesis about another factor tﬂ?t*hight be
sufficient. |
EXAMPLE:
If a student thinks the;'cannot grow rice in Egypt

because there is little rain, @oint out they can grow

rfce there ard ask "Can you think of what other fdctorx-i f
makes it possible to grow rice there?" LI ¥
REASON FOR USE: - o

Same as RULE 12.

RULE 14: Probe for differences betwsen two cases
If 1) a student cannot think of a factor that could

20
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a ¥

EXAMPLE:

account. for different values of the dependent
| vari;ble betwe'en two.gases, . - S
then 2) ask him to consider what the differeneés are
between the two cases tha} ;lghf account for the

‘ difference in.the dependfnt variable.
EXAMPLE: A : .

If a student cann;t think of why they can grow rice in

China but not in Aléska, ask what the differences are /

between China and Alaska that might ac?ount for the

difference in rice growidg.

REASON FOR USE: ’ ) ..
Same .as RULE 12. '

_RULE 15: Request a test of the hypothesis about a fagtor

It 1) the student has formulated a hypothesis, about how
the dependent vari;ble is related to a particular
féctor.

then 2) ask him how it could be tested.

.
Ask the sﬁﬁ%ent "if‘yog'égnt"tb test whether distance

. from the Béean afféctsvtéﬁperature, would you compare
fhe temperafure in January for St. Louis to Hashington.
D.C. or Atlanta?"

REASON FOR USE: (\Nh*%‘

By getting the student to test hypotheses, it forces him

to learn how to control other factors that might affect
the variable. ,

17 ‘
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REASON' FOR USE}-

o

RULE 16: Ask for a prediction about an unknown case |
If 1) a atudent h#s idéntiéizafsll‘the primary fac;ors
\ that affect the dependent variable,

then 2) pick a case that is e;ther hypothetical o: unlikely

- to be known and ask the student to predict the
| < likely valué on tpekvériable for that case.
EXAMPLE : . | o
"If the student has identified the factors that alfect
ntg;ygrowing, then ask "Do you think they can'grow_
riceyin Florida?"
This forces the student to u;e the faciors he has ’:;;;

accumulated in a predictive way. _ o

RULE 17: Ask ¥hat are the relevant factors e consider
If 1) the student can’t make a prediction,
then 2) ask the student what are ;hevrelevantgractors
to_coﬁsiqer.
EXAMPLE: I
>lak th; gtué;nt "If you can'f/prediet wheiher they grow
rice in Florida, what fagtbrs ao you néedfiq consider?"
REASON FOR USE: )
This* teaches the student to ask the right questions in

trying to make reasonable predictions about new cases.

RULE 18: Question prediction made without enoush
information

18
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If 1) a student makes a‘prediction as to the value of the .
dependent variable on the basis of some set of

factors, and

2) there is another value consistent with that set of -
1S . e ) . ) { , . . '.
~ factors, ‘ * - -
then 3) ask the student. why not the other value. : w////

EXAHPLE.

« If the student predicts they grow wheet in Nigeria
because it is-fertiie and warm, eek him why not
rice.

/ REASON FOR USE: v | ‘
(2;~/J This forces the student not to Jump to conclusions

without enough information.

RULE 19: Point out irrelevan ;._ggtg£§
If 1) the student asks about the value of an irrelevant
factor in trying to make a prediction,
then 2) point?out the factor is irrelevant, or
| 3) ask whethen”the irrelevant factor affects the
dependent varieble.
EXAHPLE' ) » '
If the student asks whether Denver or Salt Lake City is
furthe# west in trying to decide whith has the
colder'temgerature,then point out'that longitude doesn 't
matter;’or ask nhether longitnde affects temperature,

REASON FOR USE:

-+

This forces the student to learn what {s irrelevant, as

23
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RULE 20: Point out inconsistent prediction

If 1) a student makes a predigtion about -the dependent

v

la-qbqt is rélevant, in making any decision.

variable inconsistent with any of the values of the

.faciors'discussed,b .

then 2) point out the inconsistency, or - -

’3)-ask whether the value of the factor discussed is

conaistént with his prediction about the dependent

variable. '

EXAMPLE:

If the student bredicts they grow rice in Spain after the

dryness of the climate has been discussed, either

poiht out that a dry climate is incompatible with rice

unless there is irrigation, or ask how he thinks they can

grow rice when the climate is so dry.'
-REASON FOR USE: " :
This

reminds the student to consider all the relevant

factora in‘making a prediction, and insures he

\\QLE 21:
If 1)
. \v "

\

understands the relation between the faétor and the

dependent variable.

Aak for copaideration of a possible value
‘there is a value on the dependent variable

that has not-been considered and which either is
- .

consistent with.several factors or important to

/

cohsider a priori,

N



o ‘\

' . . then 2) ask the student to.ednsider that value.

-

EXAMPLE: R
If the student hasn’t considered rice as a
possible grain in Nigeria, ask him to consider it.

REASON FOR USE:

in making any prediction. m~

RgLE 22: Igi; for ¢¢ni;;;=ngz with a given hypothesis
If 1) a particular value on the dependent variable is
being’considered, %nd
2) the values of one of more relevant factors have
been~discussed, but
3). whether these values are consistent with the
particular value of the dependent variable has
' not been discussed,
then u4) pick one or more ef the factors tﬁat are
consistent with the dependent variable and ask
if they are consistent, or ‘
5) pick one or more of the factors that are
inconsistent with the dependent variable
. and ask if they are consistent.
EXAMPLE: . = TS S
If the hot climate and rainfall in Java has been
discussed, the student can be asked "Is the heavy
rainfall in Java consisxent'with\ﬁrowiné wheat?"
or "IS the hot climate and heavy rainfall

2:; | .

21
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consistent with growing rice?"

REASON FOR USE:

i

This tests whether the student understands the functional

relations between the various factors and the dependent -

[

variable.

RULE 23: Ask for consideration of relevant factors
If 1) a student makes a wrong prediction in a particular
caSe, or

2) cannot make a prediction, s

then 3) pick the most relevant factor not discudsed

t

and
4) ask student what the vélye of that
factor is for thé particular case.

b 4
EXAMPLE:

‘If\the Qtudent predicts that the average temperature
is very hot in Buenos Ai;es. ask‘if he knows what the
latitude of Buenos Aires is. -~
REASON FOR USE:

~

This forces thé student to consider relevant factors
"in making a prediction, and elicits whether '
a mistake is due to wrong infgrmation about a
case, or a mistake about how the depend@nt

variable varies with different factors.
; " S
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DATA-ON‘WEICH THE THEORY IS BASED

In this -section Ivhave'ineldded'segmedts of some of the'
dialogues I /Have“ been 1ooking at ‘in order to.specify the.
'various tutoring strategies used 1in tde Secratic method.
Eache ruie from the previous section that is used in one of
" the dialogues is 1ndicated»in parentheses. Often the tutor .
is not applyihgione of the tutoring strategiesrbut answering
a student‘s question or vfurther speCifying a questiOn.v
wSometimes, <hohever,t:he may be applyihg a strategy that hasv
not‘yet been incorporated’inte the theory, through ignorance

or oversight'

Tables 1 and 2 show fraéments eﬁ/twp of the dialogues I
..conducted to teach different causal interdepehdencies in
. geography (Coliins et~ al., 1975) These dialogues show
heavy use of the counterexample strateg es (Rules 6 & 83 and
_the strategies dire ted towards getting the student to make
predictions using the factors he accuriulated. The student
appeared to be 1earning a great deal in these dialogues as
is defailed in Collins, et al. ) ”

,Table 1 includesv fragments from a dialogue about
grain-growing (in particdlar,' rice, wheat, and ‘corn)

‘conducted with %a rather sophisticated student. The

) +od 1
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Table 1

Eragments of a dialogue on growing gfain (Collins et al., 1975)

"1 T: Where in North America do you ~think rice might be

grown? (Rule 1: Ask about a known case)

2 S: Louisiana.

3 T: Why there? (Rule 2: Ask for any factors)

4 S: Places where there is'a lot of water. I think rice
. L o ) . P N
requires the ability to selectively flood -fields...

5 T: 0.K.- Do you think there’s a 1lot of rice in,  say,

ﬂashington and Oregon? (Rule 6: Pick a counterexamble

for an insufficient chtor)
¥

L]

6 S:- Aha, I don’t think so.

7 T: Why? (Rule 2: Ask for any factors)
o -
8 S: There’s a lot of water up there too, but there’s. two
reasons. First the climate isn’t conducive, and
second, .I don’t think the land is flat enough. You‘ve

got to have flat land so you can flood a lot of it,
unless you terrace it, |

23 /



10

11

s
T:

S:

T:

12 S

14

S:

What about Japan? (Rule 8: Pick a counterexample ' for

an unnecessary factor)

Yeah, well they have this elaboraté technology. I
suppose fer terracing land so they can flood it

selectively even though its tilted overall. .

(section omitted)

- A

Dp you think they might growlr;be in Florida? (Rule

162 Ask for a prediction about an unknowh,case)r

Yeah, I guess they could, if there were an édequate

fresh water supply. Certainly a nice; big, f;at area.

(section‘omitted)
What kind of grains do yoﬁ fh}nk they grow in Africa,

and where, “then? (Pause) Well, where would they gnbw

/Uice if the& grew it anywhere? (Rule 16 aééin)

If they grew it anywhere, I suppose they’d grow it in

the Nile region, and they’d grow it in ‘the tropics ’

where there was an adequate terrain for it.

3

(section omitted)

23
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18

19

20

21

22

23

24

16

What do you think they live on (in West Africa)? (Rule
16 lgaiﬁ);_ . -,’ S
jf:fibsthey grow some kind 6f'grain in West Africa. .

»
1

‘What kind is most likely?

Wheat .

You think wheat is the most likely grain?

RS
A y

Wheat or some combination of wheat and rice if they
can grpﬁ it, and I suppose they could. I don’t really

know much about‘;he‘gQQgraphy there, but I suppose

" there are places, like Nigeria is pretty damn fertile.

s

0.K. 1its fertile but what other qualities? Is the
temperature warm or cold?  (Rule 23: 'Aak{ for
consideréti%n of different factors)
Yeah, the climate’s temperate and...

Do they have béin or not? (Rule 23 again)

Yeah. .

39
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25 T: They have a lot of rain. 0.K. What do those kind of
configurations predicts as far as grain? (Rule 16

~again) | -

26 S: Rice.

31
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bqgiqning section of Table 1 (lines 1-10) “illustrates the
‘use of both counterexamﬁle’strategies. In one case (linq 5)
the tutor chose Hashington and Orcgon because they have a
lot of water but no rice; 'in the other case ‘(line 9)'he

chose Japan becadse'it is mountainous, but has rice. In the
firast case enough)water wss not surfidient for growing rice;
in the second case flat land’ was;pot necessary for growing'

rice.

The next three segments of ‘Table - 1 show the tutor
asking for predictions about unknown cases (lines 11, 13 and
15) aftor the sLudent had developed the, structure  of
;causality about rice-growing depicted in Fig. 1. 1In ?he
last case the student incorrectly predicted that wﬁeat }is'
grown in Nigeria, so the tutor asked him to consider the
relevant,fsciors one by one., After doing this the student

/ changed his predictibn to rice, which was correct.

Table 2 shows the middle of a dialogue on 6opu1ation
density with ; less sophisticated student than the one
above>\\zo get this student to think. about the \relevant’
factors, it wss"often necessary to use a strategy of picking

a case which nas an extreme wrong value on one of the

factors that affects - the dependent variable (i.e.




T:

-3

Table 2
Fragments from the middle of a’dialogue on

population density (Collins et al, 1975).

In Northern Africa is there a large population density
there? (Rule 9: Pick a case with an extreme wrong
value) | "

N

In Northern Africa? I think there is.

Well there is in the Nile valley, but elsewhere there

is not. Do you have any idea why not? (Rule 12: Probe

for a necessary factor)

Because its not good for cultivating purposes?

its not good for agriculture?

J

: Yeah.

: And do you know why? (Rule 4: Ask for prior factors)

Why?

Why is the farming at a disadvantage?

33
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10

1"

12

13
1L ]
15
16
17

18

19

20

Because its dry.
Right,
(section omitted)

Do you know why there is sparse. poﬁulation in Tibét

- now? (Rule 9 again) . N\

e
.

/

Because its dosorg?r‘

No. .

No? I don’t know. Oh you said it was mountainous.

Very n;:;kainous.

So it isn’t good farmland.

\
OK. It°s very tough to farm when you have mountains
there. You only have valleys to farm in. 0.K. - Now

do you think its very dense in Alaska? (Rule 9 again)

No.

: Why? (Rule 2: Ask for any factors)

31
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A 21 S: I would imagine because of the cold.
22 T: The cold climate. llnd why does a coldv climate...?

(Rule 3: Ask for intermediate factors)

23 S: Therqvagain yoﬁ would have the problem of farming and
pgriculture. |
24 T: 0.K. And are there possibly'éther‘reasons uhj a cold -()5
climate leads to low dehsity? (Rule 3 again)
) | LY "
25 S: Yeah. You would use up more heat and fuel. They

wouldn’t think of it as a desirable place to locate.

‘-
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“population denéity). Thus, northern- Arriéd (line"1)‘ was

dhosen to elicit discussion abqut water, Tibet (line 12) to

elicit discussion about mountains, and Alaska (line 18) to
‘elicit discussion about cold climate. The extreme value in
eaéh case forced the student to pay-attention to a relevant

factor she was 1gn6r1ng.

. In the d;ﬁqussion about Alaska, the tutor’s probing for
. . - . "/, VA 27
Y
varioulwm£n§€¥-0§1tta and prior factors led the studentfto

*construct a aonewhat’ conplex  ne;work of causal

interconnections. In particular, the student sugtbg;éd that’

- cold climate leads to low population density by three causal

chains: one through agricultaral problems,-one through fuel

needs, and one through people’s desire not to settle in cold

climate¥f. Earlier two other factors, dryness and mountains,

had been causally linked to agricultural problems. This
{llustrates the complex 1interconnections that can occur

among causal chains.
N

. Table 3 1s 2a hypothetical dialogue devploped ‘by
Anderson (1972) to {llustrate the power of the Socratic
method as a teaching strategy. What 1is mos; important abdut
the teaching strategies in this dialogue is the way they

force the student to use hypothesis formation and testing as

lystematgz strategies for reasoning about causal
dcpondencies.'
. 39
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1

2

3

4

S.

T.

T.

6 3

7

T.

Table 3

A hypothetical d%alogué by R.C. AndersOn‘(1972)

Which is likely to: have the coldest winter days,

" Newfoundland or Montana? (Rule 10: Pose a misleading

‘choice where a secondary factor overrides-the primary

factor) S ' i
Neﬁfoundlhnd.

Please give your reasons for .angwering Newfoundland.

-

(Rule 2: Ask for any factors)
|

Newfoundland is further north.

Yes, Newfoundland is further north than Montana‘ Are
you arguing, then, that if you take any two places in
the Northerh Hgmisphére, the one which 1is further
north will have the. lower average winter temperature?
(Rule 5: Formulate a general rule fdr'an insufficient

factor)
Yes, I'guess so.

I°11 tell you now that Montana has lower average

winter temperatures’ than Newfoundland. Does this fact




cause you to change your reasoning? (Rule 12: Ask for

Lo

lnother necessary factor)
Yes.
In what way?

Being further northrisn't as impor;ant as I thought.
Please try teo be-Amore péecise. Would you, for
lnetlnca,l say that if you take any two places in_the
Northern Hemisphere, the one furthest sou has fhe '
coider winter temperatures? (Rule 11: Specify the
relatioqship betwéen a factor and the varraﬁle) |

No, I wouldn’t say that.

What would you say? (Rule 11 again)

\

I’m not sure.

Would you say that how far nonth a place 1is has . no

‘efféct on temperature? (Rule 11 again)

No, I know it has some effect.

.
F2 " - v
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17 T.

18 8.

19 T.

20 S.

21 T.

22 S.

23 T.

2l s.

Yes, you're right. Distance north does affect
temperature, so what do you concluce? (Rule 12 again)
- \'

I don’t understand the question.
You know that how far north a pldée is situated, 1is

one factor that affects the temperature. Yet, you

also know that, even though it |is 'tubther north,
boe

. Newfoundland has higher average winter tomperitures

than Montana. What must this mean? (Rule 12 again)

Some other factor besides north-south ,distaﬁce must

also affect temperature. [/'
Yes! Right! What could this factor be?

I don’t have any idea.

\
{ .

Why don’t you look at your map of North America. = DO
you see any differences Dbetween Montana and
Newfoundland? (Rule 1u: Ask for differences between

-
two cases)

Montana is in the centre of the country. Newfoundland

is oua the ocean.




B
o

26

< +128

29

32

33

l
»

s.

-

What do you mean by "in the centre of the country?"
It’s a long way from the ocean.

: ' . .

Do you suppose that distanqe from the ocean affects
temperature?

Y g

I'm not sure. It-would just be a guess.

True! The name for such a guess 1is hypothesis.
Supposiné the hypothesis were correct, what exactlf

would you predict? (Rule 11 again)

The further.a place is from the ocean, the lower the
tempprature will be in the winter.

.
How could you\ test your hypgthesis? (Rule 15: Ask tor

a test of hypothesis about a factor)

By comparing temperatures of places different

distances frbm'the ocean.

Very good. Let’s do that. Suppose we take St.. Loutis,

Missourt. Which would be best to compare, Atlanta,

Georgia, or Washington, D.C..... ? (Rule 15 again)

4
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BH.S.‘I'm not sure.

35 T. Why don‘t you look at' your map?‘Mayﬁé that will hélp
~ you decide. o o

36 S.'T would piek Washington.

37 T.° Why?

38 S. Because it’s at the same latitude as St. ﬁouis.

39 T. Why is that importént?~ . ' ‘ A S

-

40 S..ngl, if Atlanta were warmer, I wouldn’t.know whether

it was_ because it was' nearer theg ocean or further

_ south. - s < ‘

41 T. Good thinking.




/
In Table 3 the,*initiél- QUestipn By the tutor was
‘designed -to entrap‘the studgntfinto sa&ing that Newfoundland
is coIder'than Montana, because its 1ati£ude is further
nérth?{'when in faét Newfoundland is warmer, Bécause of the
’ ocean;~.A similar kind of éntrapment occurred in one of my
: dialoéues, Qheré the question was désigned to elicit a wrong
prediction about the vaiue of the dependent variable:
KT) Is.it(;ery‘hot along the coast here?‘(points to Peruvian
Coast' neép the 'eqdator) (Rule 10: Pose a misleading
'questionfwhere a secondary factor overfidesbthé primarf
‘vfactor.): . o |
"ké)rI don‘t remember. - ‘
(T) No. - It turns out thené's a very cold current coming up
along éhe coast: and it burips against;Peru, and tends to
make the coastal aréa cooler, although " it'éb near the
eduatoh} v
Like the‘counterexample and extreme value -strategies this

strategy involves the eareful selection of cases to bring up

certaiQ factors.

- In line 5 Ehe tutor formulated a ‘general rule, which
waé incorrect, byb.SUggesping'that the insufficient factor
(1atiéude) mentioned by the student was éufficient‘ to
determine the dependent,variable,temperature (Rule 5). This

C

strategy is an alternative to selecting a counterexamble by




[N

Rule 6 (”Lo;don is further north than New;York'and yet it°’s
warmerﬁ) or telling the student hé is wrong ané asking for
another factor that affectis temperature (Rule 12). Though
it did n;t occur in any of the dialogues, there must also be

‘the possibility of fordulating a general ;ule (Rule 7) Qy

asserting that an unnecessary factor the student mentions is

ynecessary.

When the student agreed to the general rule, the tuto

“pointed Qut Ehe error Qline:\V) and started a éeriesvof

' questioné designed to force the sfudenf to figure' out ‘that
gistance from the“ ocean affects temperature. By applying
Rule 12 in line 7 and:ﬁéain in lines&i7 and 19, the tutor
tried to get the student to hypothesizefanothef factor that
miéht account for his error in prediction, In lines 11, 13, »
and 15 he tried to test the student’s understanding of the
relatio@® between lafithde and‘,temperat;re F(Rule 11).
Finaliy, in iine 23 he asked the student to consider what
differenceS“begwéep the two - cases might account for the

effect on the dependent variable (Rule 14), and this

succeeded in eliciting distance from the ocean.

The tutor then tried to get the student to test “the
hypothesis'he had formulated; first by asking a very gener51
question (lfﬁe 31), and thén a quite specifiq‘question (line
33). In lines 35, 37, and 39 the tutor appears to be using

variations of several of the rules (Rules 14, 2, and 4




from the ocean," but it is not clear to me how to fit the

D 2 S

ru;es above, or any other rules, to. the three questions:
- This failure suggests that ﬁhe rules as presently formul@ted

are too ‘close to the surface structure of the dialogue.

student s assertion that the cases differ on the dependent

: variable (i;é. whether the rebels should be admired or

hot). Afsimilar extgnded comparison of two cases occurred
in a dialogﬁe on population density (Collins et al., 1975)
where the comparison was betwegn Java with high.density and
other Indonesian islahds with loﬁ density. .Comparison df
cases is intrinsic to th;' Socratic strategy, and hsimilar

cases that have different values on the dépendent variable

underlying causal structure to explain.

Figure 2 shows the causal structure that was derived by
!

@

-

respectively) with a dependent variable something like ngood

vs. bad comparison in order to test the effect of distanceb

The hypothetical dialogue by R.C. Anderson in Table 4

illustrates the use of the Socratic strategy for tutoring

\\\‘//:3?‘1 causation. It shows an extended use of ~two similar
_ cases to elicit causal factors that can account for the

usually require the most extensive elaboration of the

the student during the dialogue. I have depicted it here to‘

g




”PEOPLE TO
'BE SUPPORTED
AND ADMIRED/

“PEOPLE WHO,
FIGHT FOR THEIR
RIGHTS

DISENABLES
DISENABLES

PEOPLE HAVE
- NO VOICE IN
GOVERNMENT

PEOPLE'S ACTION
1S WRONG

PEOPLE
BREAK THE

£ -
Fig. 2 The causal structure built up by the student

during the dialogue in Table 4.
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~help explain how the Socratic rules were applied ih this

dialogue frggment.( There are ‘two aspects of the diagran
that differ from Fié. 1:  the ‘explanation, link and the
disenabling link, both of which relate causal links tpiother

J

‘nodes. In a more detailed representation these tko kinds of

links would be attached to causal nodes with antecedent and

conseduent'links see Norman, Rumeihart, & the LNR research

/

group, 1975). The explanation link is a formalism to allow
for expanﬁibn.gf any causal 1link into its intermediate
steps, whicﬁ the student was forced to do by one of the
teachers questiong. The notion of disénablement derives

, . ]
from Abelson (1973), and was necessary to characterize the

way the student tﬁfétedfcértain concepts as negating other

causal dependencieées. -

The dialogue starts with the teacher picking a well

known case, the Américan revolution, and asking for the

. value of the dependent variable "which side to support." The

student said he would- support the American side, because
they fought for their rights. This established the first
causal dependency in Fig. 2. 1In line 5, as in the earlier
dialogue, the tutor formulated the student’s explanation as
a general rule; altering Jslightly the dependent variable

from "support" to "admire". Again the studént agreed with

-

Y '
4() ’ v~,
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Table 4

A<hypothetical dialogue by R.C. Anderson (1972)

1 T: If you’d been alive dubing_ the American - Revolution,
o which side would you have been on? (Rule 1: Ask about

the value of the dependent variable for a known case)

/

2 S: The American side . !

s
it

3 T: Why? (Rule 2: Ask for‘ahy factors)
4 S: They were fighting for their rights.

' )
5 T: You admire people who fight for their rights. 1Is that
true? (Rule 5: Formulate a general rule for an

insufficient factor)
6 S: Yes.b

7 T: How aboq; the young men who broke 1into the draft
office and burned the records? Do you admire them?
(Rule 6: Pick a counterexample to the general rule)

’ ' | .

8 S: No, what they did was wrong.

L
e

9 T: I thought you said you admired people who fight for

. '3
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10

1

12

13

14

15

16

their rights; so why don’t you admire the draft

resistors? (Rule 21: Ask for consideration of a°

possible value)

S: I do admire them in a certain sense, But what they did

was wrong.
4
T: What was wrong about 1it? (Rule U4: Ask for prior
factors)
{
S: They broke the law.
T: Why 1s that wrong? (Rule 3: ‘Ask for intermediate
factors)
S: It’°s 6bvious. If everyone broke the law ,there would
' be c¢haos. | —
T: You are saying that what the draft resistors did #as
wrong because they broke the law. The American
revolutionaries broke the laws, too. Therefore, to be
consistent, you would have to say that what they did
was wrong. (Rule 6: Pick a counterekamplg for " an
insufficient factor)
S: That was different. Those were unjust laws. They jg;>
'l
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17

18

19

20

21

22

23

Ve

didn’t recognize the authopig} of the government of

that time.

The draft resistors say that the war in Viet® Nam is
immoral. They say that they have the right, in fact a
moral obligation, to defy the laws that support this

war. (Rule 6 again).

[
4

I don’t think Viet Nam is such a good thing, but you.
just can’t have individuals deciding which laws they.

are going to obey. - , .
So, you would say the American revolutionaries should

have followed the.. law. (Rule 20: Trace the

consequences of an inconsistent prediction)
Yes, I guess so.

If they had obediently followed all the laws we might

not. have had the American Revolution. Is that right?

~ (Rule 20 again)

Yes.

They should have obeyed the laws even if they believed

they were unjust. Is that right? (Rule 20 again))
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24 S:

25 T:

26 S:

27 T:

28 S:

29 T

I'm not sure. I suppose I have to say yes.

In other words what the American revolutionaries did
was wrong. That’s true isn't.it? (Rule 20 again)

No, damn it. They were 1in the right. They were
fighting for their 1liberty. They didn’t have any
voice in the government. There was t;xation without
representation. :

' A

So you would say that people do have a right to
disobey 1laws' 1if they don’t have a voice 1in ﬁpe
government? (Rule 5: Formulate a general rule for an

insufficient factor)
Yes

The draft resistors don‘t have a .voice in the
government. According to what you have said, this
means they do have a right to disobey the draft laws.

Is that true? (Rule 6 again) .

No. We have a democracy. The President and Congress
are elected by the people. Therefore, the draft

resistors are represented. They do have a voice.




the general principle, but instead of telling the student he
was wrong, the tutor*responded‘with a counterexample. = He
chose as a counterexample a group of people e student was
not likely to admire, but :ho. were >f ing for thelr
rights. In order to deal with this counterexample the
student declared that the causal dependency above was

disenabled when the people’s actioms were wrong. This

established the first disenablement in Fig. 2.

The tutor further elaborated the student’s "causal
structure Dby ;everal "why" questions that established the

notion that breaking the law leads to actions being wrong.

Then the tutor in. line 15 brought up the American

revolutionaries as a counterexample, because they too broke
the 1law, though thé student did not regard,their actions as

wrong. To deal with this counterexample, the student

developed the disenablement that unjust laws are all right

to break. Then the tutor in line 17 returned again to the
draft . résistors a; a counterexample, becau#e they too broke
what they considered to be unjust laws. At this point the
gtudent tempora?ily gave up the disenablement he had
propbsed. But in tracing the 'consequenc?s of the causal
structure buillt up (lines 19-25), he realized that another
disenabling condition (;the people having no voice 1in the
government" together Qith "uEXust laws") will differentiate
thé American revolutionaries from draft resistors. Thus the

dialogue ended with a partial victory by the student and the
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’ ’
development of a complicated causal .structure.

)

Tables 5 and 6 show: two short dialogues with the
Sodratic system (Swets & Feurzeig, 1965); in Lhelrinstbthe
student tries to idenlify the disease of a patient given
various symptoms and Min the second he.tries to identify a
random letter of the alphabet given various features. This
was a CAI system déveloped to force the student to reason
v qyith'causal dependencies he had alreaqy learned, such. as
goes on in médiéal diagnosis. This system is particularly
rich in strategies for dealing with predigtions by .the
sthdent; “ aﬁﬁ, in particular, forcing him to consider
relevant ractorS,‘ to ignore irrelevant’ factors, and to
consider'alternativ; hypotheses. , | “w

Table 5 is from the middle of a dialogue where the
student had earlier collected a large amount of data about
the particular case. _The fragment starts out by testing the
'student's ability to make a prediction about the dependent
variable for this case, where the correct solution 1is
unknown. There are two rather nice strategies that occurred
after this. One stratedy (line 9) 1involved asking the
student to. consider a hypothesis about thé. dependent

variable otheéD than the one generated by the student



P

Table 5

bialogue with the Socratic System on medical diagnosis 

1 T:‘

(Swets & Feurzelg, 1965)
Y|

We ‘ve got a fair amount of information -~ at least
enough to raise some, perhaps several, diagnostic
possibilities. Have you any in mind? (Rule 16: Ask

for’a prediction about an unknown case)
Yes.

Name one.

-~

Pulmonary infarction.

Fine. Pleural pain, dyspnea, fever and the physical

"exam signs and symptoms are certainly consistent with

pUlmonary infarction. Do you think that shaking

‘chills and the presence of rusty sputum further

support this diagnosis? (Rule 22: Test for consistency

with a given hypothesis)
No.

Right. Though the white count s consistent, isn’t
1t? (Rule 22 again) , ‘/7 .
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'8 S:

10 S:

11 T:

12 S:

13 T:

No.

Wrong. The white count is consistent. This should
further support your diagnosis. We've considered one
possibility. Do you have another diaé?bsis in mind?

(Rule 16 again)
No. ' . * ) J

In that case I°d like to talk about viral pneumonia.
(Rule» 21: Ask Tor consideration of a possible value).
The t#chycardia, high WBC, elevated bespiratoby rate,
shaking-Qﬁ#il;, bloody sputum; and severe pleural pain
all lend wéiéht to tha; diagnosis -- right? (Rule 22:

Test for inconsistency with a given hypothesis)
Yes '
You’'re way off base. There’s not an iota of truth to

any part of what I just said; in fact, the opposite of

what I said 1is true. You’'d better review some

elementary medicine, doctor.




himself. The other strategy (lines.5, 7, and 11) involved
asking' the studeht.ib_ponsideh @hether Varidus s?mptdms (or
factors) wehe'cpnsistent~with ﬂhe 'valug of the dépendehtx
variable 'being'cdnaidered. Béth of these strategies testéd
the student s knowledge of how"different factbrs rélate}'to
différent values of the depehdent variabie; | o

©

- . . . -

In Table 6 three otherLStrategies ocqurréd,wqich:’teach
imbortaht reasoning Skillé., One strategy (1%ne$ 9,and’i1)
quésiioﬁs any predictions ‘that are made #ithout enough
informationa vAnothén: strategy (line"13)_ questions LEF

ﬁStudenﬁ‘if he asks about«infdrmation thét‘is. irreieﬁant to
phedictin@ 'éhe value of the dependentavariaBle‘hﬁthﬂEhird
strategy:v(line 17) . points oug' when a prediction is
inconsistent with the gactOps thatylhave been discusSed.
" These ;hfee strategies stress the‘skills of asking éhe right ~
4questibns and not jumping to a,conﬁlusion too quickly. /
CONCLUSIONS |
_ The theory has takenlthe particular shape iL, currently
" has because og/the particular dialogues that“were‘available

to me forlanalysis. There is a need to look at a wider

. range of dialogues, such as the Meno itself, in order to

obtain a more complete set of rules. "Furthermore, because I

-
Jdo
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5.
-

10

A dialogue with the Socratlc System to: identlfy a letter
1965) ‘

Tablé 6

(Swets & Feurzeig,

: Start when ready.

| CURVES?

. One. .

'LOOSE ENDS?
Two.
OBLIQUES?

Zero.

You don’t have enough

right answer. How do

informatio

you know i

yet to get the’
isn‘t J, for

5

example? (Rule 18: Question a prediction made without

enough information)

| v

52

-
|
|




-1

12

13

14
15
16

17

T

You don‘t have enough information yet. wa do you know

it isn’t C, for example? (Rule 18 again)

HORIZONTALS?

)

Zero. That was a wasted duestion. It did not eliminate

- -any possibilities. {Rule 19: Point out irrelevant

factqr;)v

QERTICALS?'
Zero. Good questioh.}

G. |
‘- | &

Wrong. Your guess is inconsistent with the information

._you'vé beenkgiven. You must have forgotten that the

right letter hasn’t any horizontal lines. The letter

you guessed can’t be right - it has too many loose
1

ends. (Rule 20: Point out an inconsistent prediction)

\ .

\\

Qi
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have ‘not seen enough instances. of each rule, the

characterizations  of the'rules that exist are not likely to

be in the most general form possible.
]

As the rulés devélbped a general structure‘ begaﬁ, to
emerge.. The fira£ set of -rules (Rule 1-15) teach the‘v
student to formulate geneﬁai prinéiplés from specific, known
cases, while tﬁe second set (Rules 16-23) teach the studént:"
to apply gsﬂggaly principles that he has learned

(abstracted) to_‘unknown cases. Further, withiﬁ the first
set there is a Structure among the three kinds of:m"Why"
questibnS‘ that . ask for factors ?Rules 2;v3; and 4). There
is also a parallel struétUre between the ~théee ‘kinds of
‘ruleg for haﬁdling unnecessaﬁy Vs, insufficient;factors
(i.e., Rules 5, 6, and 12 parallél Rules 7, 8, and 13).
Where such structure emerges, - it 1is possible to specify

rules (as was done for Rules 7 and 13) even though they have

not occurred in the data.

!

In ordeb to make the the;ry in any sense a complete
theory, it ‘is:clearly unnecessary to pursue the search for
" greater gtructure through further. data analysis. Ip
particular, -the lack of'any structure amoné the rules for
applyiné khown principles to unknown cases emphasizes their
tenﬁative nature. One important possibility is that there
maj be one~to~-one ‘correspondence” between the formulation

" rules (Rules 1-15) and the application rules (Rules 16-23).

038 g
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®

';In fact, Rule 1 in this sense corresponds to Rule 16; one

o ,
asks about the dependent variable for a known case and the
other for an unkno%n case. jTrying to construct such a

¢correspondence will turn up obvious omissions in the

data-based theory presented here. For example, because

there 1is a rule (Rule 19) for handling irrelevant factors

among the application rules, it suggests there must be some

such rule in the formulation rules, though there is none

currently. Though the theory's origin is mired in inelegant

. data, it -may yet find elegance through structure.

8 - .
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