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. The questjon I decided to address fs'whether.tognitive

-

Science has anything new to say about educat{on, givenithat some‘
Qf-the'wor]d's best minds have been thinking about education

for thousands of years. The}ansuer I think 1is yes; Cognitive
s . P )

7 Sc1ence provides a set of tnecdretical-formalisms and analysis

o A b

techniques that can’be used to‘study teaching and 1earning of

topics 11ke math and sc1ences in a genu1neTy nove1 way My"'
\

p]an 1s to éhow how - th1s 1s poss1b]e with two case stud1es

«“' ' . ! -
‘f1rstvI w1J1 out11ne some work St%gens and I (Co]Tans, 1977;
/ : ]

o N
-

- Steﬁens & Co]11ns, 1977; Stevens, Goldin & Co]]1ns, Jdnm, press)

-

//aue done on tutorwng by.the Socrat1c method and second I will:
£ E

desﬁr1be work of Brown & Burton (1978) on d1agnos1ng students Q;

A, ov
proceduraﬂ errors in. ar1thmet1c. Tthe are'only examp]es of the

..., Y

. kind of ana1yses poss1b1e T 'ﬁﬂf}fi- . - &
Ind our work on Socratlc tutor1ng, we ana]xéed d1a]ogues~by

a number of tutors teach1ng d1fferent subJects (med1c1ne. geé-

graphy.a etc ) u51ng the Socrat1c meéhod The Socrat1c‘method is N

made up of a varuety of 1nd1v1dua] strateg1es ﬂJhese strategies

s

involve entrapp1ng the student "into m1stakes of: d1fferem; k1nds,
confront1ng h1m W]th counterexampTes, forc1ng h1m to make pred1c-

t1ons, etc Genera]ly the method requires the student to der1ve

-~

. o

genera] pr1nc1p1es From spec1f1c cases, and 1earn to u;e\these
pr1nc1ples to make pred1ctgons about new cases *',

A - g
B E) » [ 4 Lt . = . i
. - 3 <-

3 : vr ' ’ - . N [ :
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S1mon K1972) it was poss1b1e to character1ze the different stra-'

4

teg1es tutors use in terms of ru]es of the form "when in s1tua:

-

tion X, do Y." He can g1ve a few examp]es to show what these

X . -'. : > - :; . o E / - .‘ . oo ’
rules look like: T - A A -
| . Rule 1: Form a geneYaT'rule for,an‘insufficient,factér. -
If . ) N L L

: L , —

(1) the-student gives as ‘@an-explanation-one or more factors that

are not sufficient,

then - P ¢ S T -
= s b" sJ‘ we .

(2) formu]ate a. general Hu]e assert1ng that theufactor g1ven is

<

suff1c1ent and ask the studeﬁt 1f the rile 1s true.
'\\ . Ty N a . -
L o N . - . ' Y . . ; . . s

‘.{‘)‘ . . L - Coe N
. Example: Af?athe student:gives water as the reason th2y grow rﬁce.

.in_CHina, ‘ask him “Do you think any. place with enough water can

grow rice?", ¢ ) '
. i - X C . . .. i : -

_ . . v % @ ‘ . ST . . ' - .
s;le*Z: "Pick a counterexamplg for an insufficient factor.
If ) ’ N i P . - ‘~:
4 : X, . - - -

(1) the student g1ves as an exp]anat1on one or more factors that

. o

are not suff1c1ent or |, . ¢ R T o ) =

- q Loel - o
-~

PO

(2) agrees to the general ru]e in- RuTe 1

then _ NP ‘ : . - o ’ T

Pl ) .
- "'\

(31 p1ck a counterexamp]e that has the r1ght va]ue of the factor(s)

\

g1ven, ‘but the wrong Nalue of the dependent var1ab1e,'and

(4) ask ‘what the va]ue of the dependent var1ab1e is for that case,'

. 5 .

',or (5) ask why the casua] dependence does not hold for ‘that case

- - . - -
. RS R - . - -
- @ . . - < -

5CT)

"Us1ng ‘the.: product1on ru]e forma}1sm deve]oped by Newe]] & I

1 —
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Example: If a Sf”de“§¢91V95 water as the reason they grow rice

enough water-can grow rice,

in Ch1na or agrees that any p]ace

Lp1ck a p]ace 11ke Ire]and where there is enough water and ask \

“Do they grow r1ce,1n Ire]and?" r “"Why don t they‘grow r1ce in

v Ireland?" - .. - cT : ' .

ey
m“%\‘

Rule .3: Question a prediction‘madg without enough informationc:

N
* .

If

(1) a student makes a pred1ct1on as to the va]ue of the depen-t ;
dent var1abTe on the basis of some Set of factors, and’ , L

. (2) there 1s[another walue cons1stent w1th that set of factorsh

Lt ~ i v -
e . - " J <

then s y N Y
(3) ask the student why not ‘the other va]ue\ T

. ; M . e

N\

'Example:“ Iﬁ the student pred1cts they grow*wheat in N1ger1a be-

- !

~ cause it 1s,fert11e and warm, ask h1m why not rice. ” :
i ' " ‘( AN ’ ;
I whlle-1n one sense the Socrat1c method is a s1ng1e approach-

- that 1nvo]ves teach1ng ‘the- student to reason from cases, in
4—- . K '

another senSe it 1s made p. of a var1ety of. these spec1f1c stra< T

teg1es that good»teachers hgt upon 1n the course of their teach-

ing.' Some'h1t upon one set, some ‘upomw another, though there 1s
R i ! 3 & .
usua]]y some over]ap There i's 11tt1e need For teachers to verey’

H -

AN
ba11ze these strateg1es, since the1r app11oat1on on]y depends on{\

.a

an 1ntu1tﬁve feel as to how to use theme If they are taught
4%

m-ihey-are usua]]y taught by‘f;amp}e Sq tbeﬁ%’1& no very spec1f1c_ /é
body of k?ow]edge about the Socrat1c method and hence there/Js )
no theoryeto be extended and ref1ned, In fact,unt:] comgute\f\\ .

-
-

prov1ded5us w1th forma11sms-for expressiﬁg “process models,"

N

-

N 3 < . .
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. 1t is un11ke1y that anyone wou1d have_ thought of construct1ng a
'specific theory abouf suth a thing as the Socratzc method.

By making the tac1t know]edge about Socrat1c teach1ng exp11-

-

cit, it becomes poss1b1e to educate teachers about the Socrat1c

\

method We can teach. them “the strateg1es that many d1fferent ¢

[Ad

teachers have developed nd the s1tuat1ons where they apply. If'theyv-

7,

-

were to evo]ve the meth_

on the1r own’ orffrom watching other

good teachers, they wou1:.at best develop only a subset of these
strategies. | . o : B o
> 4 o Y

‘More genera11y the method ot-ana]ysis'can be-app]ied to
analyze: the specific strateg1es used by ‘the most,. effect1ve
. teachers;1n the %ountry Such_an:analys1s can be‘der1ved from - )

>

| o - Y .
v1deotapes of actua] c]asses Th@'ana1ys1s would determjne the

-tegcher S 5ystemat1c patterns of response tb»particu]ar teaching

situations It. 1s a. k1nd of forma] analysis that simply was/not
) -
:possible in- terms of ear11er forma11sms in psychology, such as

= -
'i

S-R bonds or stage mode]s SImp]y put we can now construct a

formal theory of the strategtes~used by “our most successfu]

. /

teachers, and we cantherebylnake the1r accumu1ated tac1t know-

1edge ava1}ab1e to- every potent1aW*teacher - ST,

fee. . ST

My second examp]é concerns mode111ng the 1earner to d1ag-

-
4

nose h1s m1sunderstand1ngs In a system ca]]ed BUGGY, Brown & l

/ >

Burbon (1978) deve]oped a: representatgon ca]led ‘a procedura] net-

z ° .
L]

work in which they represent all the procedures © . 2ssary to .

“ ’ 2« ' %.‘%
carryout add1t1on ahid subtract1on 1n,exp1icit dete . In Bﬁ GY
procedura] errors are represented as perturbatwons of the - i -,

correct procedures. In this way the'program can\s1mu1ate.any

R . . . _ _ .
e - _ .
{ . > - . . .

- : . .
o - - o

-y
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»~c0ns13tent procedure -that- students fo]]ow even- 1f 1€'1s -a-wrong — -
procedure as in the examp]e be]ow

Consider five “snap shots' of a student's performance do1ng
add1t10n a.s m;gﬁégiépseen on a ‘homework ass1gnment. Before.gro; ©

B

~

ceed[ngs d1scover the-studént's‘bug.

”

Samp1e\of the student's work

41 328 {,989 66 216 !

9 - +917 . 52  +887 +13 |
50 1345 - 1141 7053 229 4

'Once you have discovered the bug, try testing4your hypo hesis by

'"S1mu]at1ng" the buggy student so as to predict his resuTs on

A
o«
r

the f0110w1ng two test prob]éms ‘ o ' J TN
. N {‘, - - . kgi
44% 201 - ’ o i TN
+815  #399 . . ~
T\ o
The bug 1s reaT]y qu1te s1mp1e In computer terms, the

<

EaA [R4iy

stUdenﬁz afterdeterm1n1ng the carry,forgetsto reset the :carry

"reg1steﬁ' to zero and,’ hence the amount carr1ed is accumulated

\-J

‘ acrosS the coJumns For example, in the student ~S second prob-,'

4

lem,. (e-.g., 328 + 917 Foua1s 1345) he proceeds as fo s: > i
.)8+7 =-15 sg ‘he wr1tes -5 and carries 1, 2+1- 3 plus the one ~,:C§ ]
carry 1S 4‘\Hest]y 3+9 = 12 but that one carry f%om the f1rst _
co]umn is sti]l there -- it hasn t- been reset - Yo) add1ng |

in to thi s, column g1ves 13. . If this is the bug; then.the answers

Y

to the tést prob]ems will be 136} and 700 This bug is not 'so,
'absurd when one \9hs1ders that,a.ch11d m1ght use his fingers to -

'remember the carry and forget to bend back his f1ngers, or _§

]

counters, after each carry- ig added. s

O ’ . - X ' . ' :
- . - - " . , 3
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to look random. - %

: 3
- user cannot produce[the same_gnswer as BUEGY on

. way teachers can be taught how to be exper

following:

- It turns out that it_is very difficult . for experts. to dlag-iA“H“

nose systemétic'errors that'BUQGX makes}~espec1a11y when the er- -
rors are in low TeVe].procedures)that are called by different
' . ' ‘ N - .

high 1eue] prooedures, or when there/is more than‘one bugﬁjnidif—-

=

: | 7 -
ferent proceduresC To a teache;/fhe students.errors are likely

g

.Qné£;§§ the BUGGY program can be used is to train teachers

and £fba€ﬁt§\hbw to diagndse bugs. The program selects a bug, .

and nges a few examples of the bug as man1fested in work1ng
3

'prob]ems. The user thenxse1ects prob1ems for BUGGY to. work .

until. he thinks he has figured out the bug Then BUGGY presents

him with five test dases where he myst s1mu1ate the bug.. .If the
&, ’ T

ny of theftast

cases he then goes}back to trying to d1agnose‘£h' bug. Ip this .
iagnosticians.

More 1mportant1y Brown & Burton have used»BUGGY to analyze

automat1ca11y a subtract1on test taken by 1300 students 1in the

[ 4

4tﬁ“to 6th grades They ound that about440% of the students

e

I ~

* used essent1a11y COrﬂégt procedures,'about 20 ‘have what appear :

- to be raé?Jn errors to BUGGY, and about 40% have systemat1c pro-_

Y,
cedura] errors. From their data they. have comp11ed a 11st of the

20 most frequent errors in subtraction and the1r frequenc1es

- among grade school students. The three most common buygs are the
' . . . . Id .

'
v

\

1. Borrow from zero (e.gq., ]d3-45'= 158) Frequency 107/13001

(S

When borr&ﬁfng from a column whose'top.digit'is 0, the -
student writes 9, but does not cont1nue borrowing from the
coTumn to the left- of the O ' 5\\b

LIS

~~



A\l : b c
2. Smaller fnoh larger (e.g., 253-113'=_]45)1 Frequenby,= 54/]30b -
wm~s¥-MQJhe~studentasﬁbtracts»the%éma11¢}~digit“inuajco1umnwf}omthe;-'u*
larger djgit\jégardless'of which‘bpe is on top..
y 3. Difference of_O-N = N énd Eump over zéro»in borrowing

R (e.g., 204-25 = 129) "Frequency=34/1300
.o T _ i} ' , S .
When ever the top digit wp a column is. 0, the s;udent writes

o \ - ,
the bottom digit in the gnswer; i.e., 0-N = N. Whem*the

student needs to borr: o a column whose fop digiﬁlfs
o .O,‘he skips/that co]g;n and bﬁrroﬁg'frbm the nexF one.

- The implications df BUGGY for-:;stiﬁg-are,profaﬁnd. No
,__1ongér(need a test be a'mgané t; assfgn a_s;ofegto ajstudenf.

A’score is an arbitrary measure that_£e11s very 1itt1e;abou£

how well ;he>studeht“j§ doing or what his real r ibfem is. For:
example, a'sihgfe$Eug~iﬁ’a Tow leveT procedure will produce,

. many more wrong answers than several bugs in ”igher Teyé] pn&-
ceques}&fghdt.a test becéme§, if BUGGY is ﬁéxeﬁ seriously, is -
a me;ho 'fdr diagno;ing the” students gnder?ying errors. - The_!
oqtéomeris a s?&temépt oi;whaéerer speci”ic procedural errors -
the student is making. Thén teaching can be direéged‘exp]icit1§'f
at the.bugsf{he test has diagnosed. - L e |

fely be “ _ BUGGY "arithmetic had beén studied very thor-

But bymapplyingia Cognftive Science analysis, -Brown
& Burton cou]d'find new insight;_into the prdb]éms children
are' having. cher-basicfski]]s Lﬁ%gher mathematics, reading, S

*'writing, etc.){are more difficult tb_aﬁa]yie jnfth{s Way, but
;'fhe;1esson should be obvious. 'Ihere is énormous leverage-in

| | . . T e - ,,:7' ~ .

this kind-of analysis and the potential implications for prac-

e T -
7 tical’'education are .profound. B ] S
e

"Q‘.» ' | 7" é"ﬁé | S
. —4 : 11 . B . 4 1

-
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