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Problem solving is a centra]ly fmportant activity in any science, In

N . ' . . . . ) . \.0
order to teach such problem solving systematically, it is firdt necessary .to - RN

g
-

: . e
.Such an under-, -.
Q. - N

understand_how good problem solving, performance is achieved.
° ! - ! [ d ,
standing, together with an unders}anding of the performance of novice stu- o

dents.before any instruction,” allows one then té undettake systematic efforts

*

to design explicit instrqctiona]fmethods for teachin§ problem solving.

) In trying to understand coénitive'mechagisms leading to good prob]em
‘;olving, t™s instpuctivé'to stugy what expert problem solvers actually do
(Larkin & Reif, 1979; Larkin, McDermott, Simon, & sinon, 1980; Chi, Feltovich,
and Glaser, 1981), but unwise to»reétkict\one'é'focus {h this way. 'In pa%-‘
.ticular, expe%ts do not necessarily always perform optimally. Fyrthe;more,
the performance to be achieved by studénts as a result of;instructioﬁ can

not merely mimic expert performance. Indeed, students must often use expli-

cit procedures to achieve performance which experts accomplish almost auto-
©

matically by recognizing patterns with which they have become familiar as a
0\ R ’ + ¢
o~ resuit of years of experience,
N\
N . . ,
22 *This article is based on work partially supported by grant #SED79-20592 from
|1 the National Science Foundation.
G o .
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Accordingly, the aim of our work. has been to study effective human‘per- .

“formance .from a more genera] "prescr1pt1ve" point of view wh1ch transcends

thejdescr1pt1on of natura11st1cally occurring phénomena. In particu]ar, our 3
A

.aim has -been to spec1fy exp11c1t1y the kinds of under]ying know]edge 1ead1ng ) -
* to good human prob]em solv1ng performance in a rea115t1c sc1ent1f1c domain,

w1thout necessar11y trying to 51mu1ate what actual experts do. Such a pre-

H -
’

." cr1pt1ve point of view is c]ear]y moré g%neral than a descr1pt1ve one. For s

examp]e, a]though a prescr1ptﬂve theoretical mode] of good performance may
> 'y N ,

be partly suggested by natura11st1c obserVat1ons of expert behav1or, 1t may

a]so be suggested by pure]y theonet1cal task~éna1y5bs Correspondlngty, th

¢

f\
cr1tér1on ofnvalwd t‘tof a é'cr1pt1ve models of" good performance is so]e]y

) - [}

thateft 1ead t7-pred1ctab1y effect1ve pErformance wheﬁ’1mp1emented by a human

»
o AN ’

CETY e subject' eyen 1f 1t‘does not s1mu1ate cTBsely what actua] experts do.

. 'Y .;.
N P e N ~ .
An ana]ogy m1ght help to-c]ar1fy fhe d1st1nct1on between 3 more genera1 R

A | .
5. prescr1pt1ve po1nt of’v1ew and 2 déscr1pt1ve bne. A hypothet1ca1 cogn1t1ve S

El

- scientist, work1ng in the year 100 AD -to formu]ate a_model of good perfor-

s

A
¢ mance in ar1thmet1ca1 prob]em so]v1ng, m1ght have suggested the use of  the
. 0

\ ) [ S

modern p1ace -value. represenfat1on of numbers The.resthing model would have . N

2

1ed to good arithmetical pérformance On the other hand 1t would have been i}
" a very poor descr1pt1ve mode]tyfthe performanCe of experts, all of whom used
:Iﬁ mennm@mlsattMtt;m DR - x " ', e \*‘
A prescr1pt1ve approach.1s more genera] than a natura]1st1c one becausn
1t allows greater room for human invention and exper1menta] man1pu1at1on 1t
. tan a];o be very usefu] for identifying essent1a1 knowledge requ1red for good
:. : | performance and can thereby help to explicate expert know]edge wh1ch is often
) 1arge1y tacit. From an app11ed po1nt of view,'a prescr1pt1ve approach is

. .

. i .

: ?
¢ >

e
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also‘centrally important for instruction and for attempts to improve human

performance

-

In try1ng to specify exp11c1t1y the kinds of know]edge leading to good

. -

performance in &\sc1ent1f1c domain, we have focused our attent1on on good
prob]em so1v1ng performance in basic co]]ege Tevel phys1cs, spec1f1ca11y in

the field of mechanlcs ’ Such sd1eht1f1c prob]em so1v1ng is rea11st1ca11y

- Iy

comp]ex yet suff1c1ent1y simple to be amenab]e to systemat1c wnvest1gat1on.

Furthermore we have presupposed that the human subJects, “who engage in such
v -

k N pons

broblem-so1v1ng tasks, possess we11 deve]oped human capab111f:es such as a

. |
bas1c physics pr1nc1p1e§ On the*other hand we do not assume tha¢ such
L3 r
human subfects possess more soph1st1cated or strateg1c forms of know]edge

. 3 -

'\\knowledge of Eng]1sh, a know]edge of . s1mp1e a]gebra, and\a knowledgé Qf

requrred for problem §%ﬂv1ng. Indeed’, our-.main aim 1s~prec1se1y to’ specify
- v / . c

explicitly such strategic procedures and forms of knowledge organization
1ea&ing'to-good problem solving performance. . T

-

[ N

- 14

- INITIAL PROBLEM DESCRIPTION

Y

0ur prescr1pt1ve mode] (Re1f % Heller, 1981), wh1ch aims to. spéc1fy
these more' soph1st1cated forms. of knowlege 1ead1ng/to gdod probiem so1v1ng,

1nvo]ves knowledge of dafferent Tevels of generality, i.e., doma1n specific

/ - )

* knowledge (e.g., .specific know]edge about mechan18s) embedded.1n more genera1

domain-independent know]edge. The'doma1nr1ndependent know]edge includes
general problem-solving procedures subdiViding the prob]em-sofviﬁg process
into successive stages. These stages inc¢lude (a) the generatioh,of,an

initial problem description designed to facilitate subsequent construc;iond

of the problem solution; (b) the actual construction of th _solution, in-

cluding procedures for-making judicious decisions facilitating search{and(c)_

A

+
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“

- the subsequent assessment and improvement of‘the so]ution. The pregeding

genera] procedures are to De used in con3unct1on with a "know]edge base" con-

-

ta1n1ng specﬁflc know]edge about the part1cu1ar doma1n Qf interest. This - J . '

~a .

. know]edge base shou]d have genera] character1st1cs wh1ch fac111tate the

* conta1n ‘certain k1nds of knowledge and be ordanized in certa1n Ways ., ’Such° -

v

/

-

1mpdementat1on of the genera] pro 1em so]v1ng pfbcedures, efg ,'1t shou]d ) >

.

i
1mportant‘character1st1cs df the knowledge base must also be spec1f1ed by a

'
[

prescriptive model of good performance. , | L ' .

The descr1pt1on of a problem is of central 1mportance since the solution -

t e

bf a prob]em.can be 1mp1emented only if it"has been formulated in an appro-

priate representat1on Indeed, the initial de%cription of a problem can
- .
‘crucially determine how ‘easily a problem can subsequent]y be solved, or (’ e

] >

whether it can be sotved at all. Actua] observat1ons of experts provide, P

however,aratheﬂ 11tt1e direct-information about the descr1pt1on process
s1nce experts tend to describe problems rap1d1y and seem1ng]y automat1ca11y
-. .

. - ’

on the basis of 1arge amounts-of tacit know]edge
! . , L
" Qur prescriptive model of good prob]em-so]v1ng performance aims to

specify explicitly how- prob]ems should be desct¥ibed initially 1n "such a form -

~as to fac111tate the1r subsequent so]utwon According to this mode] h o ,

.

process of 1n1t1a1 prob]em descr1pt10n can bevdecomposed 1nto two successive
stages The f1rst of these uses genera] domain-independent knowledge'.to.

generate a "ba51c descr1pt10n" of a problem. The pgrpose of such a- basic-
l “ /

»
descr1pt10n is merely to 1dent1fy exp11c1t1y the 1nformat10n spec1f1ed and

. . / Bl

) wanted in the prob]em, t0»1ntroduce usefu] symbo]s, and to express the rele- .

o~
.

\

vant Jnformat1on in various tonven1ent symbollc representat1ons (e.q. ZPTC' '

tor1a1 as well, as verbal forms). AN - . S e




fant, part of our more-éncompassing model

_generate good theqxetica] problem descriptigns in this domain.

.
e, - ' .

This basic descriptign is then used to generate a "theoretical descrip-

-«

3

tion"’of the problem, i:e.,Ja:de]iberatz/redescription of the problem in -

terms of special concepts provided-by t doma1n~5pec1f1c know]edge base.

part1cu1ar, the generat1on of such a th@ok\t1ca1 problem descr1pt1on 1nvo]ves
~ f

1dent1fy1ng the part1cu1ar ent1t1tes of 1nterest in the prob]em' destr1b1ng

< ? R .

.these ent1t1tes 1n terms. of concepts spec1f1ca11y provided by the knowTedge

" base; and exp]o1t1ng the knbwn properties of these descr1pt1ve concepts.

Such a deliberate redescription ot a prob]em'in'terms of the conceptsfpro-
N < . r . .

vided by the knowledge base gréat]y facilitates the subsequent search for a

12}

solution since all princip1es in the know]edge base are expressed in terms

of these part1cu1ar concepts and become then readily access1b1e

. N -

The precedTng comments imply that a. we]] structured know]edge base about

any doma1ﬁ shou]d have characteristics which ﬁac117tategthe useful descrip- °

tion of any situation within this domain. In particular, an effective Know-"

ledge base should specify the particular entities of interest in the speci-

fiag doma1n, the concepts most useful for describing these ent1t1es, and the LT

propert1es of thesde concepts Furthermore the know]edge base should contain

exp]fc1t guidelines specifying procedures for us1ng the preeed1ng know]edge

to *describe any ‘'situation within the spec1f1ed doma1n.

: Because of 1imitations'of_time'and‘space,.the.present paper focuses

attention primarily on expiicit procedures for generating effectiye theoret-
ical prob]emsdescriptdons. Needless to s Y this is only a small, but %mpor—
4 : =\ : . ~

f good preblemssolving performance.

] Restricting our attent1on to the part1cu]ar doma1n of mechan1cs, we sha]]

first specify, from’a prescr1pt1ve po1nt 6f view, the knowTedge needed to

Then we sha]li

Ine




o . N N . . ‘ . . / ~

d1scuss exper1menta} methodstfaﬂ’test1ng such a theoret1ca1 model and some
. .o /! . .
. of the resu]ts ebtained by such exper1ments . [

¢ - Yoo LA ‘.
@ . . N, " . / - . , . -
., ", -y .2 . g .o
. " .- -

Vooes THEORETICAL PROBLEM DESCRIPQ'ION IN MECHANICS .~ . . .

b ..

. .

The pneced1ng genera] remarks aboutftheoret1ca1 prob]em descr1pt1on can _
now be exemplified in the pant1cu1ar sc1ence of mechanics by identifying the

A a
pant1cu1hr ent1t1es of_lnterest in this doma1n, the special concepts used to

descr1be these ent1t1es, and the part1cu]ar propert1es of these concepts N

-

"The knowledge ba‘se of mechan1ts Spec1f1es that the ent1t1es of interest
(
“in this domatn are part1c1es find systems cons1st1ng of severa] part1c1es -
L] ) ' N
. (e.q., str1ngs, rigid bod1es, ..). As indicated 1n'F1gure 1, -the knowledge

s
base 1ntroduces two d1fTerent c]asses of spec1a] concepts tp deser1be suth
§ {
N ) part1c1es, name]y 1ntr1ns1c descr1ptors" and "1nteract1on descr1ptors The 1§

.
)

intrinsic descriptors descr1be 1nd1V1dua1 particles. Some of these descrip-

- ., tors (such as "mass") merely characterize any part1c1e the others are

-

J%mt*lon descriptors" (such as “position", "velocity", 'acce]erat1on“) which
are used to describe the motion of any particle. By contrast, the 1nter-
action descriptors do not descr1be 1nd1v1dua1 part1c1es, but the interaction

between sych particles. For examp]e the force“ exerted on a part1c1e by

-~
J

some other particfe iP one such interact1on descr1ptor, "potent1a1 energy" is
¢ . , ‘ .
- another oner . : . ‘ , .

'~The knowledge base for mechanics specifies important properties of the
«preceding descriotors "In partfculaf, "interaction Taws" specify how the

>1nteract10n descrﬁptors are/related to the 1ntr1ns10 descr1ptors of then >

1nteract1ng part1c1es (e g , how the force on one part1c]e by another is




|

LS

. KNOWLEDGE BASE FOR MECHANICS

ENTITiES;. pé}t-icles a:;d systems thereof

INTRINSIC DESCRIPTORS

\0 . X

4
> . .
chy&a’cterlsilcs
;

I \

mass

' motlidn
pasition-
velocity
acceleration

-3
- . : . 's >
4> ) : o “i
. r\ L)
i
- Vd
INTERACTION DESCRIPTORS "
force, potentiat energy,...
J

4

INTERACTION LAWS -

N

long-range short-range

ol -




7

_ retated to the characteristics of thé’partic]es and to their relative posi-.

& p

tions). Such interaction laws are specified for variaus kinds of interac-

‘tions encountered in'qatbre, but can be classified intd the following two:

’ . Y .
: i .“ . ' . . ‘ . \ . <
types of interactTons: Some of these interactions are "1ong—range" because
D ~
..they are appreciable even if the” 1nteract1ng part1c1es are(separated by an T

\

apprec1ab1e drstance (The pr1me examp]e is the grav1tat1ona1 1nteratt1on
of a particle w1th the earth.) The other 1nte§gct1ons are shortorehge%j

because they are only appreciable when the 1nteract1ng particles are so c]ose f

“

‘that they "touch" each other. (Examp]es are the interaction‘of & particle Ty

1n contact W1th a str1ng or w1th the surface of a- so]1d obJect )

L3 -~ -

Last]y, the knowledge base for meehan1cs specifies important "motion
: ‘ 1 -
principles" which specify how tfi€¢ motion descriptors of wparticles change with
. . ’ , ) it 5
 time as a result of the interaction between particles (e.qg., how the acce]- g

erat1on of a particle depends on the force on this part1c]e by other part1-

( -’
cles). These mot16//pr1nc1p1es provide the science of mechan1cs w1th 1ts . ~
' great pred1ct1ve power : : ’ ’ ’ AR , "
" - f v .

The precedlng factual know]edge in the knowledge base_for mechan1cs can

xS

be accompan1ed by explicit rules spec1fy1ng,how th1s know]edge is to be used

foragenerat1ng an exp11c1t theoret1ca] description of any problem in mechan\\

< +

ics. The main steps of this descr1pt1on procedure dre the following:

(]) Identify the: part1c]es of interest at each time of Tnterest.
- -

(2) Descr1be the motion of each such particle by drawing a d1agram Lt

-~

) ’ » . 3 . (3
indicating all ‘available knowledge abolit the position,. velocity, and accel-

' )
eration of th1s part1c]é R . T
N i ~
- (3) Descrbbe the_ }nteract1on of th1s part1c]e by drawtng a d1agram 1nd1- -
cating ah- ﬁorges on this particle. Do this as fo]]owsn (a) [oent1fy all - ,

R S , ‘
objects interaéting with the given partic]e by long-range forces. (Ordinarily




th1s is Just the earth 1nteract1ng w1th the given part1c1e by grav1$at1ona1

.

forces.)' Indicate’ the corresponding forces and their propert1es; as’

.specified by the interaction laws for lang-range farces. (b) Identify all
S . . R
objects which touch the given partic]e " For each such touchlng obJect 1nd1-
. N . ¢
. cate the correspond}ng\shprt~range forces and "thei¥ propert1és,'as spec1fJed

by ‘the 1nteract1on 1aws for short range forces T e oy -

s

(4) Check that the despr1pt1dn of mot?on‘and of forces 1s qua11tat1ve1y

'éons1stent with known ‘motion pr1nc1p1es (e g.,.that the’ acce]erat1on of the.-
part1c1e has‘the same direction as the tota]lforce on"it). A
;he Ppreceding procedure based on the knowledge base of mechan1cs, 5on-'
st1tutes a prescr1pt1ve model of how to»descr1be effect1ve1y any prob]em in’

‘ . .

mechan1Gs One wou]d pred1ct that the 1mp1ementat1on of th1s descr1pt1on

‘ procedure by a human subJect should Jead:to the\\ollow1ng 1mportant conse-

' °
~ . ~ v

' quences L. - . . - Co

(1) It shou]d 1ead to a very exp11c1t initfal descr1pt10n of any nechan-

1cs prob]em 1n terms of thé‘specIai concepts of mechah1cs In part1cu1ar,

e®

this déscr1pt1on should be apprec1ab1y more eXpT1c1t than that apparent from

A x :
observat1on 'f xperts or than that presented‘1n textbooks

AR}
1

(2) The descr1pt1on procedure shou]d he]pjstudents avo1d many common ﬁ
I

errorsA‘ For examp]e, 1t shou]d help avo1d<the common m1stakes of om1tt1ng -
A

certa1n fofces or of enqurat1ng non- ex1stent forces.

(3) The descr1pt1on_procedure should somet1mes lead to easier reformu—

- lations of problems. (For examp]e, a question ask1ng "when a str1ng becomes

"slack” is automaticaily transformed into.auquest{on asking,:when‘the force

by the string becdmes zého", a question which is much more easily interpreted.

&

and answered.) -




. » ¢ ¢"
‘ 9 - .
;_)- .
] * \ . -
\fk; \ . (4) The explicst problem description generated by.this procedure should

\ .
. appreciabf& faci]itate the subsequent so]ution of‘mechanics*probTems. In-

k]
.

?

deed the )n1t1a] prob]em descr1pt1on Gan be the major-difficulty in efertain

!
“problems and,' once 1mp]eménted, can'make their subsequent sQ/yt1on fa1r]y
__trivial. 7 ’ ; 7 0 1
- M Q‘.\ . \.i -~ . .
- . S - . s M > . t. '_
R P ' : - ‘
o v EXPERIMENTAL METHODS FOR TESTING A PRESCRIPTIVE MODEL - -

In the preced1ng sect1ons we have 6ut]1ned a prescr1pt1ve mode]l whereby

. a human subgect’ﬁhou]d/re]1ab1y be able to generate usefu] 1n1t1a] problem’

]

(Y

descr1pt1ens & As ment1oned.preV1ous]y, the ultimate cr1ter1on of validity
K \ -
.t - of, such a 'model 1s*not whether it s1mu]ates c]oseTy what actual éxperts "do,

.

but Wwhether it 1éads to pred1ctab1y goodﬁperformance Accord1ng]y, the-
basic parad1gm qu,test1n§ the validity nf such a prescr1pt1ve modejl 1s the

fe]]ow1ng Induce a human subJect to adt 1n accorﬁance w1th the prescr1pt1ve

A 2

N '~~mode] and observe whether the/resu]t1ng performande has the pred1tted and

desired character1st1cs i T ‘.

° ‘ . ’

]
14 < .
LY

“in wh1ch. a human S‘u,bJect s ﬂduced to act uhder "external contro] " )Th1s

O ~

~, experimental procedure may be c]ar1f1ed by a fam1}1ar analogy, the situation

€

Where a p1]ot ]ands his plane in bad*weather wh1]e following directions from

t . ]
N an ¢1r—traff1c contro]]er on the ground Under these cond1t1ons, a human

nnformat1on processor (the pilot) makes extens1ve use of h1s soph1st1cated
r.know]edge but re]egates higher-Tevel contro] of this know]edge to externa]
. dfrect1ons. Th1s s1tuatgon can be viewed as an exper1ment with the fo]]ow1ng
,,interesting characteristgcs' (1) It a]]ows a Separat1on of high-level .con-
tro] know]edge from Tower-level 1mp]ementatJon know]edge éor examp]e, if
the p]ane were to crash the 1nformat1on retrievable frqm the taped

j L) - « ! -~
. .
s - '
. ' . -
s
. .
.

A

‘e

A part1cu1ar way of implementing th1s general parad1gm is in experiments




9 »

conversations between pilot and ground control would allpw one to distinguyish

& (" . .

f ) y r> .. L e
whether the crash occurred.as a result of sound contro] d1rect1ons1mpropér]y

\ executed by the pilot, or- whether it occurred as a result of fau]ty~contro]

»

.‘diréctTons By contrast, if a p1lof crashed h1§pﬂane wh11e f1y1ng ent1re1y

l ?

under h1s own contro], oné could not d1stﬁngu1sh whether ‘the fau]t was in the
’ .
. p1lot S h1gher -level contro] know]edge or 1ower level 1mp$bmentat1on knows

. 1edge (2) A set of contro] d1rect1ons spEc1ﬁy1ng how to 1and a p]ane can

D

be viewed as a cogth1ve theory spec1fy1ng how a Human subJect, w1th soph1s-

&
t1cated human capab111t1es, can 1and a p]ane In other words, such contro]

AR

. d1rect1ons wou]d.const1tute a good theory of p]ane 1and1ng if, ajﬁ on]y if,

. -

.- the corre&t e;ecu;1on of these d1rect1ons 1eads to re11ab1y effect1ve landing .
", ', of" p\anes (3) Such~a validated: theory of p]ane 1and1ng cou]d ultimately be

AN

uSed as_ the bas1s of a theory ‘of 1nstruct10n for 1and1ng p]anes‘ Such an

« !

e
instructional theory wou]d'need\ig teach hﬂman subJects to 1ntenna11ze, and

i carcy out\in:ependently, the- contro] d1rect1ons~wh1ch had prev1ous1y been

Q PN A

2e Tt ".'L. .
..

‘externaf:

'. Let us now turn from our ana]og o externa] contro] exper1ments de )
° N - < -
s1gneg to#test other prescr1pt1ve mode1s of human perfornance, e g., models °
[ 4

of effect11e prob]em descr1pt1on . To darry out such experrments, one needs

Q o ! ?

f1rst to design a program c0n51st1ng of step by step d1rect1ons, and asso-

. [
2y

) c1ated know]edge, whereby & human subJect cdn be gU1ded to act 1n accordgnce

) w1th a spec1f1ed model of performance qu examp]e, suoh a program m1ght

.
)

cussed ear11er Su h a program shou]d be’ prob]@m 1ndependen\,.1 e., equa]]y
[} N s
applicable to any problem Ln the specrf1ed doma1n Eurthermpre, one must
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- ject.

(theumode]

11 . L
N . i ' . ‘ { Q.. :yj” .
program is desigped. In particular, the individual directions specified: by
the programmust be reliably interpretab]e and executable by theehumah sub-

They must also be formulated at an appropriate level of detaii, i.e.,

Idetai]ed enough*to provid% adequate guidance, but not so excessively detailed

as to be burdensomeior d1stract1ng to the subject. ..

In the actual exper1menta] procedure-an 1nd1v1dua] human subJect is

_then asked to carry out spec1f1ed tasks (e g R the descr1pt1on.and subsequent

e

. so]ut1on of various problems) by executing success1ve]y venba]]y stated

directions according:to a program specified by the model.. While so doing,
the subject is asked. to ta]& out Toud aoout his or her. thought processes and

the whole session is tape-recorded. Detailed data can thus be gathered about

the subject‘s‘nritten output and verbalized thought processes while respond-
ing to the external control directions. , |

Such detailed observations allow one to obta1n the following kinds of

. 1nformat1on to test the proposed model*of performance

(1) Qne can ascertain whether the, propoSed mode] of good performance is,

i fact, suff1c1ent to lead to good performance Th1s’can be done by deter-

! . '
m1n1ng whether subJects,EWOrk1pg under’ extern&] contro] Jn accordance with

~

do 1ndeed ach1eve good performance. (Note that such exper1ments

. do not imply” that the proposed mode] is un1que since other mode]s might also

be suffitient, or ‘even super1or, in produc1ng good performance )

' (2) One can verify that the prerequ1s1te basic know]edge wh]ch the

_mode] presupposes of human subJects, is by 1tse]f not suff1c1ent to produce

good performance.

work w1thout external gu1dance of the mode] and observing that the resu]t1ng»

’

. performance is poor. U

This can be done by 1ett1ng subJects, with such know]edge, -

-
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(3) One can ascertainswhether selected features of the proposed model 4
M T

. are, in fact, necessary to achieve good performance. This can be done by
- a : . . .
comparative experiments where human subjects work under external control of

. 5 -

a modified model which lacks §elekted features of the proposed model of good

- h \ . . h < ¢ ' -
performance.’ The predicted performance deficiencies should then occur.

. . ]

. (4) Finally, oné can test.whether the proposed model of good performance,

when implemented, leads to’ specific predicted features_in the resuiting per-

K N . - hY
formance. For example, one can ascertain whether, and how, the occurrence

of speﬁific errors is prevented when human subjects act jn accordance with

a

che model.’

¢ . =

It should be emphasized that the aim of such external-control exper%ments

is to ascertain the merits of a proposedbmodeT of good performance, but’ not

. :

to teach SubJects may of;course, 1earn 1nc1denta11y while worRing under

- . ~ -

conditions of external codfrol > However, such 1sarn1ng need not occur

because external contro]*d1rect1ons do not become 1nterna11zed. A subject,

° perform1ng very well wh11e work1ng under external contro] might thus revert |
to poor performance when externaﬂ contro] know]edge 1s subsequently removed
The fo]]ow1ng paper by He]]er and Re1f discusses in much greater detail

the 1mp1ementat1on and results of such externa] contro] exper1ments des1gned

-

to)test a model for generating effective 1n1t1a1 prob]em descriptions.
a P “%i; .. . -
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