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TTUINTROBUCTION

A .

This - is the ~Fina1r-Report for contract 400 80~ 0031 The‘«hqf

fm

project began in Cctober 1980 and has contfnued_forawthteemmyears'h:
lﬁnd four months. The Ob]PCthES of the proJect as set forth inhhi a

- BBN Proposal No. PBO ISD 102 and 1ncorporated by' reference iﬁ?fﬁ’“{

the contract,, ‘were as follows:

o To determqne what 4s  known - about ‘the 'teaching -of

~  cognitive skills, draw1ng information both from the

research, 11terature and from -the results of efforts to
_develop cogn1t1ve enhancement programs

o To organize th1s 1nformat1on in a form or : forms, that. .
will be useful to researchers who may wish to do further
worh on 'this. subject, and to educators who may wish ‘to
implement a cognltxve enhancement\program 1n their ‘:own
context., ) : ;

o To identify questions relatlngt,to :the ‘teachxng of’
' cognitive skllls that requ1re research e

z o
~ o

o To xnlﬂlate esearch on some of those_guestions.

The realizay1on~ofpithese'ob}eCtives'”fs tdocurented in a'vfﬁlﬂﬁt

Series. of Quarter]y Progress Reports and Techn1cal Reports that

‘Trhave been submltted to NIE over the llfe of . the proJect or that
i'are_ submltted herew1th “This Flnal Report is organlued in terms -

- of th* Technlcal Reports that Ahave been’ preparedf.xwhlch. for

'convenfence, we have-ﬂclass1fled In five categories: _report

A

- ! 4 .
describing programs\ to teach thinking skills, theoretical

]

reports!, literature reviews and syntheses, reports of'empfrlcal

research, and others. Some of these reports have been pdbfished

and some have been accepted or 1nvited for.publicatloné The .
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f&naﬁé» of "theﬁ'authof(s);4 'TSbm§ tof f£hg>femaiq;ng,reporiévwill

probably’also be published éventua{Ty ?n'onevform°o; another.'

J— 2 U S
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“stalus of each’is indicted in-parentheses following the title and - N
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2. REPORT- DESCRIBING 'PRéGRAMS-‘-:'_'I‘;_O; TEACH THINKING SKILLS

0 Teechxng Thlnhxng. R S Nlckerson “D.N. Perkins, -and
E. E Smith. (To be publx;hed as a book )
This book: deals w1th the problem of teachlng thlnhlng , 1t
‘ﬂViis. organlzedv‘inﬁ three;vparxs&*dl Part 1 'we discuss several

" concepts and eonceptuai disy@hctjone,ﬂby. way of providing a
“'background aga1ns§ which ~ﬁo ;view .vap1ous- epproaches' to the

v}i,teachlng of thlnklng Skl}ls W§ beg1n,thiS part with an anformnal

'fcon81deration of the concept 6{7'inteixigéﬁééf7f&hé¥hﬁéh as Atherbwmm

- ope or &another bias -regarding {he. teachablllty of thipking
.5kills. We consider e,varieiy ofrperspectives on thlnklng.and}
kln peptlcular. the usefulness of the notion of ”ihinkihg skills.”
fwe discuss preblem solving, creat1v1ty. ahd_metecognztlon because
:there ;s an eﬁperxmental Ilteretuye aroune each of these topics
_.that 1s highly relevant to our general subiect; We end this payi

i

‘with a review of a variety of common reasoning deficienciles. The

fact  that the commonality of these deficiencies 1s easy to

:document helps make the case for the need of more effective

methods for the teaching of thinking. | e

In -Part 11 we review several ettempts that have been made to
develop thinking-sktlls  programs: This review is not

exhaustive——we are aware of many progfams that are not described

and there undoubtedly are many more of which we are unaware-—-

o ",cqncept re}etes rather dlrectly to the concept of thlnhlng and:' '

. ofie's understandlng of what 1nte1110ence 1s mav pred1°pose one to



Y

ﬁﬁepdhékféna'Néﬁméhf}ﬁgf5.5f47f3 “iﬁu;iﬂlRepoft{ﬁo.

if.fihpwexer'.;Wé ‘believejfﬁthatgf fhg;rfpfpgramsH  inéiﬁded' are “a -

representative sample of those that exist. Our’ review' is -more.

;dééqfiptlve Tthéﬁ cf@tiégl) fpriﬁafiiyr Sgcéu&e_ in most -cases
'T?bémﬁelling evalﬁétionldaﬁé hgvé'ﬁétfﬁgeh éﬁtaineqaﬁ__:we ventune_ 

N 7 opinions‘r¢gérd{ng stnéngthsﬁéhd'weéggesses of spgcifsc brbgraméil

.1 ;hdwévér\' we urge readers ’fog ségk léﬁp' original sourges for

| ~f i§rPgPam§ of ép?clql interest;‘QoJag‘Lé‘fofm thgif-own;opiniénSfpf

k;;fﬁexr merits. 'Our_hobe~{s~th§t-th?;"béékjwill ‘provide a brééd

i v,
] g

pointers to more complete informatijon.

In Part III\we_discuss the;issue’of°pfogram evaluatldn and

 we»c6ns1der the. gquestion of what the evidence; on :thel whole;

4 !

kindlcates regarding the teaching o? thinking skills. What do the

results of the various effortsf;described in Part 11 suggest

regarding.the legitimacy of the : teaching of tﬁinkingv as an

H

educational objective? What guidance do they provide to teachers.

‘and ‘researcliers who wish to t%ach thinking or to-work on the

{

development of new and more effective techniques for doing so0?

(From the Introduction)

context within which”individual programs may be viewed and useful @ 7 iy
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" 3. THEORETICAL AND.CONCEPTUAL REPORTS:

0 Ar1stotle s Logxc M:Jhnﬂaﬁﬁs BBN'ﬁépor{ No. 5275. (To.

' be published in G."Bower (Ed.) . Psychologx of -Learning
and Moleatxon. Academlc Press ) : R ' :

‘g
N

This paper is about the old questxon of the relatlon betWLen

: Ari5t°t61‘an logic :and thOUEht | TheilappfoaChw_ hOWever-gisﬁ;ﬁﬁ
fgbqékwards relativw to the norm " Specxfxcally. “the documented??‘”&'ﬂ,

-;déta: on thought 1s acceptud and w1th that ‘as a base thc log1c l'r"

r

}_igwscrgﬁ;pkggdﬁ. TQ;; Ldea stémmed from thé: observation .that_  ¢ 

'authoritleén'd1sagreéi}x to how manv of the syllog1st1c paxrs of, “?

¢

- premises v1eld val1d conclu51ons Among the vanswers c1ted are -

D

~ 14, 18, 19, 24, and zlf; The suggestlon in thls paper-1s that at &
Jtlwast part of the common man’s. apparent ‘rratlonallty ma) bL owedh

v in§tead to'thg‘log;c. |

A proof. is given,bf,how,hany of the . Syllpgiéms‘ are 1ndeed

‘valid, The proof 1s transparent. and 1t Clearly'defjnes-Iikely.
. ‘sources for a number of classes ©; reasoning errors. Moreover, -

it suggests & much simplér‘set~of"rules‘to which Arisiotlé“s'éan.

';be reduced. With this understanding ofAthe logic 1n hand., the °

historical and experimentally documented sources of confusion are
compared. = They turn out to be very closely related. * Moreover,

such ostensibly different models of syllogistic reasoning as
. A )

Guyote and Sternberg (1981) vs. Johnson-Laird and Steedman (19782

©

prove to " be essentially isomorphic when one considers that they-

were based on different models of the logic. Finally, after

sorting, out the_’varlous historical confusions and playing down

10
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. Togic to its reduced ‘form,- the Jaws that .are left correspond

ﬁiyggyrcyosé}vaithwgeriejg;nbrmal performance. (Abstract.)

fnﬁoﬂwAn Outlxne of a Conceptual Frameworh for the Teaching of
o Thlnhxng Skxlls B. Bruce and E.E. Smith. BBN Report No.

-

'“In thls paper we f:rst propose a’ takonomy of the bas;c types

‘ek’of knowledge needed for good thxnklng Next., we cons}der *each '

taxonomxc _type in  turn, - eon51deryng its contentc and its use.

“then, we”note“Bf%ew*umpiﬁ@etTcnS”eT?bu} taxonomv forrdeseribing o s e

hV‘QTpeOr thlnkxna Zend:-togfspeeifying how”to?{eech thinking skills:

i*Flnall» we usespur'taxonbmyvvto characterize several existing

“eprogqams fbr,ieachingé@hipkjpg sKills. (From the 1ntroddction)

A 5:\' :', .

-,

" o A theory - of Plausxble 'Reasoning. A. Collins " and

’uaunMichaISkr. (dzaft) . ‘ . °

- The paper deserlﬁes e?formal‘usystem based on'cMichalekx‘s

B AN

g-;ygéiable;vaiued ‘notation ;fhat.eheracterizes the different types

vuqf_pleu51bLeglogic'dniefence.humansjmake 1in reesoning' about the

world. The work-fis'"besed ‘on’ the plausible inferenees.thap
’ffféQuentlf eccur 1n-peeple'SjEnSWers to:questieps'In.{thls sense

it is a meajor departure from log;cejwhlch is based on normative

RS

theoraes of reasoning.  Because the theory 1s descripti.ely

based, 1t includes a variety of ‘inference patterns fha;_dolnot_

eccur-1n logic—basedvtheoriegf A central goal of ‘the theory is
~to specify the parameters such as the degree of typicality or
similarity that affect people’'s certainty in making different

-~

plausible inferences. (Abstract)

o o 11

pemn e
. i -



: v Q‘;‘ ‘Report No. 5560 Lo " * "Bolt Beranek and Newman Inc. - .

o Siructure Mapping: A ThgoréticaJ'Framework for" Analogy.,
~D. Gentner,. BBN Report No.  5192. (Published in Journal
of Cognitive Science, “1983, 7(2), 155-170.) L

] [

“

A theory of analogy must describe how the meaning. of  an’

f | 'épal°gy is derived fré@ ipe meanin;s of its ﬁarts.»InAthe‘jﬁ_jﬁ"f
o ,ffvh‘istfuc%yte—manﬁigg theory, the vmihtérpretatiQn “rulés : ar¢>lf»“ fik
iilff:{ 2chafac£eriz§df'as. iﬁpligitf rulesf for mapping knowledge about a;-v.ff:755 b:
E base doﬁainuintO'a {aréét dqméin..'TWO impériéntvféatures.of éﬁév»
niﬁeory aré (a)-the fu{és”depend only on syntactic préﬁert{gs Offi¥ f
{hé wnowlédge’;egrésentatioﬁ. and notnén tpg Speciflc content .of
?' ;ﬂﬂthe domains; . and (b) the_theoretica}ffrémework allows;épajdgies o
';io bé'displnzuished clganly from literal “similarity s£§£ements. fﬁ”
‘ ’ aﬁplicqtions,of abstp&ctions.»a;d:othgg,k;ngs-af comparisons f. |
L  ,; } - Tﬁo mépp}né;ﬁringiplés»arf described., (a) Rglations between
5 ST ‘gbjécts..uréihégxihaﬁ étt;rbupesxof pb1é¢tSJ are mapped from base
;“ iéviaiggt,t;hd{igj Tbﬁ;pqr@f&uldr réLatlons mappeé are determined -
E" | | ;f by sYstematlégiy gs.definedqéby iihg;igxistence of ,Qigherworaer :
, " yfelationsng(ﬁbst;;c{)ﬁp’ S l |  ﬁ;; .
' L “ ol Thoughts fbn:?' Tcéﬁhxﬁgi ,ﬁThxnk4ﬁg, R.S.Nickerson.
(Published 1@L§duc§}1éﬁél_Pf§d§r§h3p. 1981, 30. 21~2§.)
., ’ A pragrum to enhance ﬁﬂlnk;ﬁg‘migft reasonably focus on four
N 3.»3~ s ;ypes Qf. qbiectigés;f §p§ii§iesf methods,  knowledge, and .
N attitudes, éih¢  termi'éb;}ggiési;iS'intendéayio connote specific i
- '7‘th;ngs dne.might.wan£5Sthent%7ﬂémée>qble‘tp do. thods refers o
) fﬁfo sﬁfucfured ways o} éﬁproqch)ﬁg_tdSké and subsumes the notions
o G '. - . ' ?
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:.o(V'Strategies, - procedures, and heuristics. »Kgowledée'refers to

Pt r;;understand.' At & tgde refers to poxvts of v1ew perspectlves or f

/

- facts, concepts. or pplncxples that one might waﬁt»fstudents to

>

" opinions that one might want students to adopt ‘I‘h is taxonomy,
:_;Jlike most others: has some’arbitrarinesé about it. It does,

- however, provide a convenient frame of reference for discussing
s . R . I

sbme xmportant aspects of vimprb%fng intellectual performance.

”’r(From the 1ntroduct10n)~

<

o Counting, Computing, and the Representatzon of Numbers,
. R.S5. Nickerson, BBN Report No. 5172

'ﬁithey' are nepresented_;vrsuallv In thxs paper. several anc1ent

systems for reprPsentlng numbers are compared w1th the ‘Arabic

';fqr,.computlng is duer"in flarge_partxto-the_compactness of its »

i “bbﬁiQuS} re1aﬁionshrp Ato,‘the quantities they represent than do

- fsvstema' whlch ‘ré:mused throughout thé:;world today. It is

J;l suggested that the superlorlty of the Arablc sVstemoas a vehicle

W pofutionET?The greatér,cbmpacthes$¢hasjbeen‘bought at the cqst.o{

'greaterrabstnuqtness, Numbersuin the,Arabrcgsystem bear" a less

numbers in many earlier systems. Moreover., the elementary

D §

n

(arfihmetic operations of addition and subtraction are also more

" numbers is similar in an obvious way to the addition of two sets

-L“'ab§tract;£iu some of the earlier systems the addition of two:

A3

Qd(_gb)eqts, and - the corregpondence between subtraction with

fi“nuﬁbers and.thé subtraé{ion'of one set of objects from another is

'13ﬂ

e

: PO : I :
B L [ R 1 - cn
. B - - .- - * B

'
e

ku.ggwy 1Lm1sw¢o manrpulate numbeng_depends_ln part on— ROWe o e e i
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" might- be -an, effective vehicle:
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also relatively ‘direct. ‘The greater abstractness of the A;abié
a'gys;ém may ﬁake‘it somewhag,mcpe djfficuitiiq learn, and it may
'fgébSGRFﬁﬁ;thﬁﬂ.PQ§1$;;f9r’Su;h.¢1em¢ntarynarithm6tic'cpératibns“as
if‘éarfying andegir§Wingi The.PQwer of:tﬁésYsiemvliés in the fact ﬁ 

that once it has been learned it is the most efficient of any

’ of all‘mégnitudes. (Abstract)

o Computer Programming as a VéhYcTé“f&r.Teaching Thinking
. Skills, R.S. Nickerson. (Published in Thinking, 1983, 4
42-48. ) : e : , o

©

Perhaps the basic réason.fbr:tghg"?belief that vprogramming_i”

“useful cognrtivé skills is the. aésumptién"that programming is

- prototypical -of many ~¢ognﬁtiveiyg dgmandlng tasks. It is a

creative endleavor requi(ingvplanning, precision 1n the wuse of

- language. the generation andFLéSting of hypotheses, the ability

to ,ideniify actionA'SCQuences_~that will  realize specified

A

objectives, careful :agtentipn'to'dgtail. and a variety of other

'skills that seem to reflect what thinking is all about. Perhaps

the best way to exﬁloregthe»plausibii;ty'oj the. assumption 1s to

consider, in a conjectural way, what some of the generally useful

cognitive skills that could be acquired tﬁroughAﬁrogramming might

be .-

In what follows the term “skills" will be given a

sufficiently broad connotation to include abilities, methods,

b4

fﬁfcih; acquisition of generally

- .system yet deVéloped for representing and ﬁanipulating'quantities;il§7
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v‘ know1edge. and attitudes . (Nickerson,' 1981)..>TuThe'7following

‘conjectural list was produced with this connotation in mind. It

contains . exampleé of skills, “broadly defined, that seem to be

v

. finvolved In programming and that oﬁe‘mighl'therefore hépea {or be

‘-ﬂébie’to teach via the teaéhinglbf programming.

Planning
Rnticipaping
Problem Decomposition .

Hypofhe§1s_Generapion and Testing

The concépt of an algorithmic procedure

The;,c_o.n.‘c_.e.p,t,é.éj_w_éﬁh.e.ur_i.s.t-i_é,_p.no.c.f:dur.e____._-.--__w.___ :
The}iaegfdf a paramete;iiéd procedure |
Thg idea of'a pyocedural hierarchy

"The importahcg';f the prezise ﬁse ogglangque

The importance of avolding unnecessary complexity

The fact that there are many ways to represent the
same procedure .

The idea of indirecL'reference

‘The difference bLuetween .syntactic and conceptual
errors '

The difference between functionality and eiegance

(Excerpted from article) . .

o Problem Theory, D.N. Perkins, BBN Report No. 5265A 

=
. v

The paper“presents ten dimensions. nine binary and né with
four. .values, for -characterizing problems of all sorts." The

problems treated range from constructing - proofs to such

15

10

o]
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3

'1;bpen—ended tasks qs_Writing?aﬁpogm or5adveftising:a product. The

'?dimenSions measure departure '£rom “formalityﬂ as exhibited by

o

;phoblems iike proving Q,méthéma;jéal «theprem; The dimens19ns

}

;'rBoil'Béranék and Newman.Inc. =A ; N

";Aaddress factors such as whether the problem solver has access to L
”i’fuilrjnfofmation about the current state of. the ‘problem (for."v

'} ieXamP1€1- yes for a proof, chess, or bowling, no for bridge), '

whetbef the state of the problem is only changed by  the problem

‘*iisplvgr "(yes ‘for a proof, no for chess, bridge, bo%ling), whether

..

‘the opérations the problem allows can 'be reliably ,carriéd'"out '
~f(yes for .a- prozf."no “for éhess, ~bridge, and bowling). The

. analysis considers /the. kinds e¢f cognitive skills and style.

$
1

"de-formalizing"” that cut across different pfoblem_types.

o

o On the Teaching 6f Informal.Reasoning, R.S. Nickerson,

~ BBN Report No.'~557%. (To be published in R.F. Dillon
and R.J. Sternberg (Eds.) -~ Psychology  and C.sriculum
Design, Academic Press.) S '

This <chapter drews one: contrast between éutomatic and

deliberate inferencing and another between closed and open-ended

problems. It addresses the. question of teaching informal

LR

reasoning of the type that involves deliberate 1nferencing on

open—~ended problems.  The prototypical task®of interest 1s that
of  figuring out what to believe in daily life and. more
particularly, -that of evaluating informal arguments. It is

suggested that although the ability to evaluate informal
¥ . v

- demanded by formal probfems,andnvarious departures from fdrmalit& L

“and con%kudes by examining skills of formalizing s&nd
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_ éfguments' rationally and reasonably-vis as importqnt’és.mosl

_.Abiiities_we bossqssq‘wé'do not know how to improve this "~ ability

-

“very much by training. Three types of impediments fo effective

“reasoning . in the evaluation " .of = arguments are

I

"]’discuésed: knowledge-'impediments} methodblogicai impediments.
°‘_andgéttitude impédiﬁent§.~ It is suggested that efforts Lq,'ﬁeaqh

}f_informal reasoning should. address all three types. (AHs{rgct)

- .
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N 5

ey o = — T = ‘z
- R
s -

17

12




.

‘up seeim to operate ‘on either

-

 Report No. 5560 IR Bolt Beranek and Newmah Inc.

‘4. LITERATURE REVIEWS AND SYNTHESES = - g

o What is Intelligence? M.J. Adams, BBN Report No. 480i.

-quss~cu1tural research has demonstrated time and agaxnv‘v -

Y,Qh tasks designed-to measure - intelligéﬁce varies ~distinctive1y;,]_

- that, notijust'the level, but the pattern of people'svperiprmance‘_ ' 

with»_their,culturalféhd educational backgrounds. _In this paper,

- 'several genres of° verbal reasoning problems are examined in

search Qf experiential feactors that might'wérk to support or

:ffdistort their uhdgflyi@g lngic.' In, each case, the factors turmed

the interpretation of the problem or =

" ‘the perception of its solution demands: that is, they appegr"io";

~affect ~aspects of the solution that are orthogonal to the

-assess. - The implicati ms for cross—cultural assessment of

reasoning are discussed. ({(Abstract) ‘

o Microcomputers in Education, W. Feurzeig, P. Horwitaz,
and R.S. .Nickerson, BBN Report No. 4798.

»--Compuier}assisted instruction . has .been -a ippié of

~considerable 1nterest among' .researchers and educators for more

>

than 20 years. ‘To date, accomplishments have not matched early
expectations. - One of the major limitations to progress 1n this
field has béep the high cost: of computing resources. . Recent

advances in._microg)ectfonics technology and, in particular, the
development of -the dompuier on a chip, have greatly reduced the

cost. of computing hardware, and have also made possible the

<
o .

18

13

(4

.. “processes of logic or réaéoning'phat_{he problems are intended to-



vawfw~mw¥wBo+t”Beranekaand Nennan Inc. . 'n SRR Report'Noﬂwggéb
¥ _Mpaggaginé of " very large amounis of computlng épwer in portable
jfdeetceS;: The trend of provxdxng 1ncreas1ng amouﬁks of conputxng
'ffperf in 1nereas4ng1y smaller packages and at ever decreasing.
,Qost.is expected.to continue tnto the foreseeable Iuture: | This
i_reportu is motivated by the belief "that this trend has very
;;snbstantiat innlications for the- future-' ase ?of‘ .computer
ifteehnology &rnlueducationr ‘Following a cursory review_of the

»fntstory of computer assisted instruction., the -capabilities -of

' dstate—of—thejart ‘microcomputers are 'describedJ Currently

~available mlcrocomnuker software witnupotential edueationalo uses

- = ) . R : .
. NI N N P -
: e . et B 4

;“*f“#f“nmfsffthen'”sUrveyed and some ant1c1pated future developments azefa

!
I

d.f:dtscussed. (Abstract) - - . - : S

'fo_ Understanding Understanding R S Nxckerson. BBN Report
' No.' 5087. (To be published in “American Journal of
Educeation.) : o '

o

"Sereral experimental studles are reviened. the,"results of
-whieh suggest that = students ~ often fail to acquire an
understanding of some of the concepts.%relationsnipsu prlnciples.
h'and processes that are-fundamental. to- trad1tiona1d0n1gh .school'
oourse material . The qaestlon of what 1t means to understand
'sometning'is considered. Several suggestions are made regarding
how undersianding. might, be facilitated In the elassroom.

(Abstract) |
o Three Uses of Compaters in Edacatlon R.S. Nickerson,
BBN ' Report No. 5178. = (A portion of this paper was

published under the title: Computer Programming as a
Vehicle for Teachxng Thlnhlng Skllls _See above.)

PR
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T?. é ‘Compufer ieéhnolbgy has the potent§91 to impact education in
ii  { f_'i a 'Vafieﬁy pf wg{s, This paper.disqusség Fhreé of tﬁém under fhe
}\ uH§ ii ‘;1?6piCS¥ (1) the pomﬁuger as ‘a general-purpose 'iool; - (2)  ';::
;,2 ,/W ',v:qomputef~a$sisted giﬂs}rgé{ion; Lénd‘(B) programming as E vehxcle//2{ '
_(’ ”', er acquiring gghefally us%ful-cognitive skills. ' - _}
. ) .o L o \ . /‘ . o
G S " Because the cowputer.is a powerful generalfpgrpose tbpl tﬁat‘
t "_t'ig being used in-more and more contéxtsn its use in  schools and e
“}ﬁ educationql>activities-ﬁs also'increasing and undoubtédly-wxlli_;
icontihue- to do so. Increasingly easy accessibility of computlﬁgkﬁ{.'
I'P sources-—to= “st udents- wiil~en ‘C'OU rage—thet reegre ater use- : \1n \ e
”';vrgducationgl défivitiés “and 'a831gnments? as  will ﬁ%pe_grow1$g-
= . . o
ffsfgnificance thét, computer literac§  is acquiring | in the
wérkplaceu | i | |
Mieal Comejer?assxst;d ’insiructloﬁﬁj.whiéh to'dqte,h;s féiied ta
u‘ffuffill early expect;&ions, étill ghows ehormoué {promisg. Theff'
| reéSéﬁs for-expectlng-CAI to be effective are qogpelling and the
technology ;s‘rapidlf approach;ng‘the point at which the/ ﬁse of
.computers -to teach at leas{‘éome aspects of conventlonal'cpursév 
mateflélican be Cost'eff¢ctiveﬂ The majér impedrmént' to moré
efféctlve use of this technology at the présent time hppears to
T ' :! bhe thé paucity ,ofrﬁhigh*QUaflty eduéation&i software. “ The
5 ) :
5 software tpat has been developed for purposes of en{ertainmént is
;' S ’superiér ;n many respegts to Qhét 1s generally available for
' _ ' éducational‘purposes. _An_espec;ally attractiy% peswibility ig
. tha£ of de&elopment ‘zdf\'sqftware thai gdyh edﬁgaygs an;
| gngertains, - : ~

BRI s 20
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The use .of computer programming as a vehicle for the

4

"tgéchrng of génerally#use{ul thinking skills also appears to be a

‘fpossibiiitj that is sufficiently promising-

to warrant serious

. éfforts toward that objectivei Pfqgramming'rs protoijpicgl of

" methods, concepts, principles and attitudes that are likely to be .

:“ééqdired in the .course of ‘learning to program have broad ..

“many cognitiv¢1y~demaﬁding« tasks. Many“qfv the abilities,

O

‘f app}icqbility toﬁogpéf domains as well. Itnis not known to what

-

'}‘QXLept skillg,/that are acquired in the leérnlhg_of programming

.

__spontaneously ‘transfer to other contexts. Nor _is. it know_ how

 {;effective_ programming would be as a vehiclé~ for teaching

e
7 e}

'fgenepally—usefﬁg_thinking ékilis.fif'ah'explicit;%ffdrt were made

1
1

" to use it for that purpose; It is sugges{éd_ihere that .this

. approach to the teaching of thinking skills is worth trying, and

v:éeveral skills that mjght be candidate objectives for such an

‘approach are identified. (A%stract)

o The Teaching of Learning Strategies, R.S. Nickerson,
W. Salter, 5. Shepard, and J. Herrnstein, BBN Report No.

5578,

Learning”is being viewed more and more as an active process

~

over which the learner can and should exercise consiferable

control. This view stands in sharp contrast to that which sees

learners as passive ‘receptecles standing ready to receive

whatever information and knowledge teachers may choose to pour

‘into them. It also raises the question of what is required to
control and manage one's own learning. An_.interest in this

18 231.;,1
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‘question has lead  many researchers to attempt to identify
 ef£éctive "strategies"” Ior_leérning. and to explore how ‘they

“might be taught.

In +this peper :we revIEW“ﬁdmé;bTMthEMWUFk”Tﬁ”Wh?S”ErU&”and“”‘
7ﬂ a§tempt to summarize &hat has been found to date. We begin with
'? af>d;scussion .biv}hg éﬁesfion-of wﬁat ;,stpategy_is énd contrast:*‘

 ¥thisvcoﬁcept‘yith sevéral.réiated ones. Wé“ihen cohsider ‘éoﬁe
Zfév&dence that =& Qarlety‘ of- iearning strdiegles are used .

’~spohtaneous}y by students without being taught. We review the

 ;reéults of . several effort to teach learning strategies under
controlled conditions. On the basis of the results of ‘these
‘?f' ‘s£udies.‘ we draw some conclusions uwbout the teaching of such

~ strategies. (Abstract)
B S o " Retrieval Inhibition for Part-List Cuing: A Persisting

Enigme in Memory Reseerch. R.S. Nickerson, BBN Report
No. 55%4. (To-be published in Memory and Cognition.)

When people are asked to recall words from.a list they have
"just studied. or to -produce us many 1tems as possible from a
well—~known category (e.g.. states of the United States), having

~available a subset of the items as recall cues oftenr does not

_ e . ) -
" facilitate retrieval of the remaining 1tems and. sometimes
. inhibits it.  The finding,. which has been referred to as the

"part-list cuing effect,” has been obtained many times with -a
variety of experimental tasks, including recall from cetegorized

and non-categorized lists - and retrieval from very .long-term

*

we .o #2
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memory. This_ paper reviews the studies that havé yielded the
eiieét,_and considers ‘several explanations of it ihat ehave been

proposed. ‘None of these explandtions 1s viewed to be entirely

adequate and compelling. (Abstract)

18
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5. REPORTS OF EMPIRICAL RESEARCH

o Teaching Study Stralegies, A. Collins, D. Gentner, and
A. Rubin, BBN Report No. 4794. (To -be published in
Cognition and Instruction.) S -

This  paper = describes an experiment in teaching study

fstrategies to high‘ scheol_fstuden}s,‘ CIts pﬁfpese_ was to
eihvestigate the transfer of some Lheofetical hypotheses about
v  sLudy ski}ls.into-prectiCe. A group of students wa§ tﬁﬁorea.en a
 eonefto~one basis and their progpeSs.was mehitored by.a=se;ie$ ej

" tests and observations of their studying and note-taking

\

- ‘behavior.” The results .%hewed that tutored students scored
» fprogressgve1y better on éuccgssié% tests as compared to-a matched

.eonirol group of students. (Absiract)

o .Inguiry Dialogue On the nature of Lenses, A. Coll{gs.
(To be published in C.N. Reigeluth (Ed.) lns ctional
Theories  1n  Action: Lessons lllustrating Selected
Theories and Models.) '

We have studied a variety of 1ngquiry teachers” 1n order to

‘abstract the  goals and ‘strategies they use in their teaching.

Induify teachers have two overall goals. One 1s to .teach a deep

understanding of a particular domain so~that';tudents can make

“novel predictions about the domain. The other 1s .to teach

students to be good scilentists, sc¢ that they can construct

‘general rules-andwtheoriés. and be able to test them out. The

paper presents . a dialogue constructed to jllustrate aspects of
inquiry teaching, together with an anafysis of the specific

strategies used by the teacher in the dialogue. (Abstract)

19 }2341 ', |



;

- Bolt Beranek and Newman Inc. \~ Repbrt No. 5560
o I S

g

|

j

R U 1 L : |
"0 ""Analogical™ jDeyplopment”'qu the Novice. Expert Shift,
- .D. Genter, BBN Report No. 5478.. v : '

”

- There is - a weli-documgntéd developmental .jmprovemént on

"taskS’ involving metaphor cand'analogy. This has generally been

held ‘to result from an age-related increase in 'cogniiive.
.ulqapability: In this research we,askfwhethefythjs'imbroveméht
'1cpu{d result simply -from an increase with age 1n knowledge about

,;ihevspecific domains of discourse (the knowledge hypqihesis).

- In  two = experiments, we compared . interpretations of

scientific versus general analogies by college science students

r thh; those of liberal arts’students. If analbgic&l develdpment

~results from.'acquisitaon of domain-specific expertise, the

3

science subjects should produce better interpretations of the _  f_:g1ny

science analogies than the liberal arts students.

The results provide no evidence for the domain knowledge

g

hypothesis. The two ‘groups of subjects showed no 51gn1ficanf

difference 1n their siyles of analogic comprehension. :The

amplications of these results for a knowledge-based view of

e

analogical de?elopment are discussed. (Abstract) . jf )

4

o, Are People’'s Estimatés of What ~ Other People Know:
Influenced By What They Themselves Know?, 'R.S. .
‘Nickerson. A. Baddeley., and B. Freeman, BBN Report No. C
5573 . ’ v o - o

An exploratory experiment was done to investigate how our

estimates of what other people know are influenced by what we R B ﬁ

\

; . o ) e
H ) .
PR .t »
.
.
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'«6u¢§§{mgs'”gnqw._JfTﬁ§;hybotheSes‘were of interest: (1) that one

.is:ﬁ6r¢ iikely.{§35é1§eve‘thqi other people have a particular bit ‘i_: wf:-3':>

Y

',FQf-khowledge'ifﬁﬁhewﬁég it oneself than if one doeg not, and (2) .=

1

,agéhgp§{'39nelﬁrsiiﬁogé' likely to ‘overestimate the commonality of

NS

‘.ﬁ fkﬁQﬁ1édéé-th§tﬁapgﬁhas oneself than of knowledge that! one does

<&

)

Subjects ans

P ,'_-,‘,;f i

3 & *

_ ostimated the .percentage of

know the answers to these questidns. The reéﬁlts were cohsistent{:1 

“with both hypothe%es. (Abstract)

‘o Memqnj‘Sehrch;of Semantic Categories Following Exposure
‘to Category Instances, R.S. Nickerson, E.E. Smith, and .
R.W.' Wallach. BBN Report No. 482z2. : ' ‘ =

!

Subjects generatedvas‘ many} words" as
::SpecifIEd semantic category - (birds or count?{gs)“after having

_performed & list-learning task with words drawn from the same or.

T

"a different category. - Results were inhconsistent with those .of 5 ’
previous studies that had éhown that increasing the avéilability k_i_v'

"of some of the items of a category, by presenting them 1n.ﬂ; 4 .

advance, i1mpaired the subjects’ ability tojproduce the ‘rémalnlng

-

1tems 1n the  category. In this experiment, dégfee of . A
avallabi1lity . was !manipulated by . selecting- for advance B
presentation items thai +typified the cgtegbrj to differeni.*\‘3  V;j,‘ '

‘degrees, and by giving the subjects different amount s’ of exﬁbsgre __: V

©

to the items by mgané of =& Ii$¢~leafning ‘task. Increased

typicality and increased exposure both increasédtihe availability Sl

“26

wered questions selecied'from thé;sei:forfff

hey, could from a

*ﬁhfﬁh;ﬂgdééh”énd\Narens (1980) have pfovided'ﬁbyms. ' They -alabﬁ“ft.gf.

dther\bgople Whé;Wbuldxbe 1jkely L9l -
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o

K";'of the 1tems presented in advance (as evxdenced by performance on

[>)

A A ' : o .
. performance = on the subsequent list-generation task). 'An account

pui;the.oiscrepancy'between these results and - those of. previous

;;;;;;lw;ﬁexpenimentsmis%gugggs;edTMWh;éhMinyokes;ghecne&dnhwﬂfmactwo,st&gefm;mgmc;c_;m;;;;vw

‘"TAreplaccmentf thher;aspectsgof‘the results that are discussed p‘

'f‘fg include the'fact“that*suhjects'generated more than twice as many
veinames of,countriesbas names of birds. although ‘there are many

fmore b1rd names than country names in the language. and’ the fact

that subJects generated onlv a relat1Ve1y small percentage ‘af the ’

f}»poss1brlxtres in both_cases. 11P1ot$ ;of cumulativerwnumbers of

v
A

‘7~"items producedeersus timefwere‘fitted with‘exponential functions:

5,

of the curve, was inversely related.to . the rate parameter, was

f‘_taken as consistent with the idea that the number of non~target
v ‘ ‘ ) : |

. items in the search sets was small in comparison to‘thewnumber of

-,vetarget 1tems contained in them. (Abstract)

2

"iifthe I’St learn1ng task) but ‘neither decreased the avaxlabxl1tYfE’

?bfffthe4 r¢maanQ£ ”itemsa“xn_?the Cutegqry (as }evidenced by

i search. process: . .that ' involves  .some random . sampling with

”':(of: the form n(t)~n(&ﬂ (1 eﬂa The fact that n(®), the asymptote

)
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‘6. OTHER KEPORTS

§
!
i

o Notes _About Reasoning, R. S. Nxckerson, BBN Report No.
5191 (To be publxshed as a book )

This 1s;no§*a textbook on reasonlng. . No claim 1is made

“sometimes made, the format that is typically used in preparing a

. . review has beén intentionally avoided.

The use

f
g , |
fthat is what the ‘document is—a. set of notes.

Thus ‘the vdlsFursiveness. of the style'and sometimes.fragmentary

i

- nature of-the'%ontents. And, as seems appropriate for a set " of

either for compréhensiveness or even’for‘balanced coverage of'the

:,:qn reason1ng;. ndeud whlle al]usxons to experxmental flndlngs are 

of the term "Notes”‘in the title is a considered

notes, this {one contains - & mixture of rbszrvations about:

g

'
- i 3
v - j . : : .
expre551ons o(\ opinion. and conjectures that cannot. My main
i
I

motlvatxon for producxng these notes was to help’ clarxfy my own

thinking abou} the. toplcs discussed, working on the assumptxon
- |
that the process of writing'about a subject is as good a way as
’ |
!

o

therev is fq force oneself to make one’s ideas about ihat subject

[

clear. There }s,alsq the possibility, of course, that the actual
| : 4

result.is to make clear how fuzzy those ideas really are.

[
1 . i

[ . . i . .
" Nothing i$ assumed wiph" respect to the reader except a

generalv interést in the subject of reasohing and a-tolerance for

ideas that are still in the process of being gdnmed.f To the

I N .
sy

28

.23

can be readily - substantiated with data and S

= wosubjects - 'Nor-do these notes Teview" “the” experlmental llterature*

B
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[rextent that there 1is- a target. reader, it is a teacher at-

'3wseeondary7school or junior college level - If any of these notes

oy

'; ttproveA to be useful to someone: who is trylng to help students to

*fbbecomerbetter reasoners, they will have more than served their

>

| pu'rp“o's'e'?"" T & S S.., of @ course, a'large"stepf romldeas in the =
‘.;Vsketchy form of those’ presented here to Jnlly'°"deve1oped

'i currxculum materxal suxtable for classroom use. . On the other’

e b e N B PR T e LS ST T L 4 RSt et semet fg b b g et Tt S — PR e ey e VIR s 2

e

nf ehand one needs ideas from which to develop curripnlum material,
‘515&ndJ it is hoped that some of those in these notes may be useful

:-‘to that end. (From_the Introduction)

-Methods, Fatlaeies and - Games: Comments - on . Some
~ Approeches to Training Information Processing and -
‘Prot'em Solving Skills, R.S. Nickerson, BBN Report No,

- 5576 S A : o

.This -paper is a commentary ‘on three other papers presented

_ at the ‘1983 Amerxcan Educat1ona1 R“search Association Sympos1um

e?on ”The Tralnabllxtv of Information Processes and Problem solv1n

Skills," Montreal, Canada. The paper focuses on certain aspects

of the papers that appear to the writer to be subject to debate.

&4

o . - R Y-
DN . . . & . N
. K . ) . -

—- -

— A.A‘ N




o o  -;”§eport No. - £5660- - . Bolt Beranek and Newﬁan Inc.

. - - - - T

3 7.. OTHER ACTIVITIES OF NOTE

. A mailing list'bf-feseéfchers and gduéators was prebéred and -

o ?:J}ofwafded to'NlEjﬂ,Names=for.the'mailing listfwéré'obtajnqd in & I

variety pf‘ways;'in;ludjnggthrpugh the following notice . in- ASCD .
. - f'.T&Update.jv published by the ‘Association jor- Supervision and '_

'm,’ LCurriéulum'Develbpment;"’.,' .

y " e zip e . ' . I et - . . . L e area Mg e ae s e, e AR e Lt * A AN T i Faglh S TN KA 28 R T8 eI
A e 3% P A PRI T 8 aat A ¢ R O IR D e R R, R R R AP SR A T e - e - . E * - B T

Educators énd‘reSearchers;,wovking with_'prqgramS' to

énhanée,thinkiﬁg Skii;s;are)beinglstﬁdiéd.by Bolt_Beranek.
- _and .Newﬁan, }or_ the“.NaLiénal Ihstitute bf_Educéiion. IR
Educators.and'researcﬁgrg'ﬁquin% with such prdgrgmsé méyv -_;Lif}: ‘“
E: be. on the “mailing list by sending thél( nameg gddrésé.
: pasitioﬂf_whether fésegréher or préétitioner.~and nature. .
l; RS of their activity or- interest to Brenda;Stafv; BBLi
e ;. v " Beranek and Ngwman Inc:; 50 Moulton:Street;'Cambridgé. MA
. 02238. |
Most 'ojv the people whp responded identified thqmselves as-- 
“practitioners. | ’},
SeVQrai cognrtlve~§kles training programs were Visited g ’271'A
o ~during the course of thé pféjeqt.~_Among them were Michaeel Cole's .V ?;
T :érogram at the Univsrsity,of Cafifornia at San Diego..'wﬁigh is
'i .centered on the Teaching -of metacognitivp and problem¥sdlving.
; ' o s{rategies, the. Instrgm¢n£al ‘Ennichhéni program’ of Reuvén )
"Feuerstein. ps.implémentea in Nashville Tenﬁéssée{.the*Phiiosbphy i
i for Children program o!. Matthew Lipman as implemented in
30




'17; 1982. Notes from the meeting were forwarded to NIE.

:il_ L i
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. Bolt Beranek and Nevman Inc. . - Report-No. 6660° - .
- rSecaQCUSQ-.TotOW&,',ahd .pnion City, New Jersey,.apd’the ThiStle.v ._e‘;:e
."v;.‘._.p_rgg»rgm _'-“n,Newérk:.“'.Ne:W Jerse}". - , m

- for ‘the Annual Meetgqg',off the Ameficanw’Eaueéiional.'Reeeaech ,7f[t i
’.#‘AéSOEietien on  Mafehf Zfe 1982. vThe‘objectiee of the sympos.ium i ei: {7
ffeiWas to dlscuss a varlety of ways in whxch the teachlng of purpose/ : e fe”’j
"”wwfifeanq?eellltate themelialnmentmof other educaiionalﬁwg:elsjffwi;hei”mmm?%mwi-;ﬁ_*jf
fthfée fOrma1~Presentailons fQCPSéd[ODJ (1) the‘iﬁpgrtance‘of an - eiQ.ie
~eiuﬁderstandigg of = purpose to j;héA derImeéntf_éf Fedding- and 1;;:¥ if'
;i7writ;hg skills, (é) relativeteffeetiveneés of'e pufpesefor}enteéf; ‘ f:f)f'}f

\ v'approach to teachtng,pezcedural knowledge. and (3) ’ihe vtEBChing‘ k-gfff':
;Of purpose as a WQY of improving study_sk;lls. The.symposium was :e:g.“M 
'f-organlzed by R é Nickerson, tge three’ presenters were B C. 5 .11.?;
;?‘Bruce. A. Rubln. (Purpose in Readxng and ertlng) E.E.° Smith, _ffljeiit
’._(Purpose in tLe “Giving ' and Follow1ng Cof Instructions); e €;T;?:
ViA.»Colllns, D. Geniner.-ﬁ. Rubln.‘(Purpose in -Teaching -Sk?lls). : e¥“;ia 
" The, eiscussent' w3§‘ Bonn;= Afmbeuster of ‘ihe Universi{y' o; '1“. ; 
ylllipois. ‘Synopsee of ehe three formal "presentations can be - Leyjeie
fegnd in_Quarterly'Progfess Report No. 6 | ,ij'};fz

_At" the request of NIE, we participated in an Ekpert's i ;fj;i

’Heeilng ‘on “The Impact of Neﬁ Information Technoiogies on . ;Ee
'Learning Processes and Equallty of Opportun1tles” at the Center ];)1"

for Educational Research end Innovation in Paris on Deeember _593 s V“!u;
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