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This article, wr1tten for psycholog1sts, educators,

and allied health profess1onals, is both a review of the "Handbook of

- Human Intelligence"

Robert S. Sternberg, editor; and an essay in.

response to it. Following a note on the contributions made to the ,

field of cognitive psychology by Sternberg and the Handbook,

of the book,

chapters

which include conceptual issues, multiple de£1n1t1ons

for 1nte111gence, and a taxonomy of cognitive competencies, are

reviewed. The contributed chapters in the Handbook,

which focus on .

various aspects of 1nte111gence are reviewed separately, with
specific con51derat1on as 'to how each aspect contributes to and
broadens the.definition of and research on intelligence. Areas wh1ch
are covered include: psychometrics, perception and attention, ° :
learning and memory, intelligence as reflective thinking, mental
retardation and the 1nstructab111ty of intelligence, educat1on,
intervention programs, the cultural relativity of intelljgence, and

intellectual development. The paper concludes with reflections.on two

issues that were generated by the author's ‘reading of the book. The
first 1sspe is whether intelligence research exists as & separate
field of inquiry within the broad study of cognitive psychology..
Arguments in favor of a separate subfield as well as potential
dangers (e.g., stagnation and resedrch issues) are presented. The

second concern focuses on a need for the teaching of intelligence in -

light of the information process1ng an& transmission revolution. The .
movement of teaching, from spec1£1c skills, which are being taken
over by computers;, to skills.in how to learn, and adaptat1on, 1s

recommended.
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' aclelLy revolves around processing and transmission of lnrormatlon

Ty

- ) ! /" B B : - K . ) . o ‘. .
& - ”‘7’ . \ o N K B, E
AT P Intelllgence' The, Ability to Learn, or Mopé? -

- A Revlew of the BKandbook of Human Inte llgence

. . w - )/ '
3 T Handbooi( of Human IntelligenCe :
! e . A , R. S. Sternberg (Ed.) . -
/ - ! ' ' -
. // 7 New York:'Cambridge Unlversity Press, 1982, 1031 pp, $60.00
T / L o ; e
) _ I - . : : LS
: f g . S 3 .Alan Lesgold s
y , :

> This arficle Is both a review or the Handbook of Hu‘
S, \ -

psychologlsts and It hasg ma‘?ﬁr strong polan

ding it ralfed for me. The flrst. lssue Is a quest,lon that
Bl
arose as 1 read the varlous Lhapters in this volume Is Lhere really a separate fleld of lntelllaence research

volume and then reﬂectlonsvon two lssues that

~or has lL become ag broad as cognltlve psychazggy" The sec‘bnd ls_\a concern about the need. ror more
teachlng of lntelllgence in iight of proround changes comlng about as we enter an era;ln which human'

‘u . ) . . v
i .

A Mllestone Contrlbutlon L .

Robert Sternberg, the Handbook editor, has pl;myed a ma]or role In shaping the research domaln or
lnLelllgence as we know it today. Whlle lnLel!lgence Is a‘fleld in whlch a number or our mosL produclee
collea"ues work, It Is largely due to SLernberg LhaL the fleid ls seen as a separaLe dlsclpllne He has
created a journa! and an/Advances serles, and. his ownZ’program ‘of research Is both strong cognltlve
psychology and a erong personal vlewpolnt on what Lhe-study of lnLel!lgence should be. Intell:gence Lhe
concept, was born in. the domailn of psychome.trlcs, but It wiil only be vlLal if attacked Lhrough ‘Lhe
cognmve sclences Sternberg ls a central bridging rorce connecting these areas. Thus, It was certalnly

approprlabe for him to lead a number of major psycho!oglst,s and researchers from allled proresslons in the

creation of thls handbook

.

dne can question whether a handbook 'Is a good idea for contemporary psychology, I suppose. The
. L »
argument against one Is that the fleld moves so-quickly that few sLudles. are_sLi!! important flve years after

L . . . ot

lPreparat.ion of this réview was partially funded by Contract Number N00014-70:C-0215 from the Office of Naval
. ' » )
Research, P_ersonn;zl ind Training Programs. It was also funded by "the Learning Research and Development Center,

Uni_versity of Pittsburgh; through funds granted by the National Institute of Education, U. S. Department of Education.

either agency necessarily endorses the positions taken in this review. . T
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Lhey appear l bellevg $hat ths point 8r vlew iIs too prevalenL generally; it certalnly does not apply in the

b

presenL case. In the past rew month since I'vé, read Lhrohgh the. Handbook 1 have several lees

recommended individual chapters to people who wanted to know where Lo start In pursulng a tople, and I

-

see the book as an lnvaluable\basls for Some of the core courses that are-taught Lo graduate stullents. ln
cognltlve psychology There are already new articles Lhat move: beyond speclﬂc concluslons drawn in the
Vi volume but,it wil} conLlnue for many years Lo be a good lnlLlal groundlng for someone starting Lo do work’

. ".
g 5 In this area. ® . , . : .

Sternberg’s Chaptéu ' L

Thls book Is more Lhan the sum or 1ts chapLers Whlle lncludlng a wlde range or toplcs oulede hls own

Interests, Sternberg has, wlth assoclates, written Lhree of the’ chapLers hlmselr ln order Lo 1end greater

. ~

. coheren?e to the effort. An Initlal chapLer entitied Co‘hceptlons of Inteulgence lays, a roundatlon for the

| rest of Lhe handbook In’ derlnlng lnLelllgence as goal-dlrected adaptwe behavzo‘r SLernberg and{Salter glve
one clear organlzatlon for the rleld as Lhey see it. The cognllee approach is nicely lnLroduced wth
dlscusslons of procedural .stratezlc and declaratlve aspects of lnLelllgence A varlety of lssues concernlng

Lhe ‘social contexts in which lnLelllgence Is exercised and acquired comes next, rollowed ‘by dlstussion of

-

blologlcal develupmental and lnerucLlonal Issues, in the growth of lnLelllgence The rest of the book Is a

]
~

organlzed by these baslc concerns. i

‘-
The direct lnrluence of SLernberg appears a second time In a chaptr on pfoblem solvlng' and
lnLelllgence ‘the area In whlch his own-work has concenLraLed He revlews wLhe llLeraLure deallng with -

lnLeracLlons between the domalns of problem solvlng. reasoning, and lnLelllgence The revlew Broceeds'l

from a set of qu,gstlons Lhat are. drlven, in parL by Sternberg's own Lheoretlcal approach For example,

~ some of the questlons are: . : ' ‘ . T Con ,

»3

e What perrormance components are posiLed by Lhe Lheory’ (p. 229)

. . . »
¢ Upon what representationror representatlons do these components act? (p. 230)
) . g
\l‘ .

® Wha'L\ metacomponents are used in this form of rea's,onlng?'('p. 232)

° What.are the sallent, sources of lndlvldual dlfferences In reasoning or problem solving at a
glven age level, and how do these sources of lndlvldual differénces manifest themselves? (p.
'232) ' R T . o

» s * )

The review ends with anoLher deflnitlon or intelligence: the ability to acqulre and think with" new -

ceptual systems and to)solve novel kinds of tasks (p. 296). Sternberg’s ablllty to provide mulLlple

definitions of intelligence yz&a plurallty of ylews Lhroughout the volume as a whole. Inthe concludlng
) . . . ; v B ,

El{lC o L - L g
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cha'pt«er."sumnmrmng tljy .forms which theortes of Intelligence can take, Sternberg and Powel.l mention
another derl‘nlrlon of Intelligence aga-ln. . the pkenomena that ordinary people. dhave bee;l rej"errz'ng to as
mt(lh_u nece” (p. 1001). Finally, ln the same chapter Lhere Is a\\table dlscusslng aspects or lntelllgence It
bears the title Tazxonomy o[ Cognitive Competencies. This chapter, as a whole, argues ror a broadening
of theormlcnl conceptions or Intelligence, leaving ths reviewer with the quesLlon or whether mtelhgence is
a dlrrerenL domaln from cognztzon I return to ths questlon i the last sdctlon of thls revlew essay. '
Contributed Chapters
Sternberg gathered a sLejllar cast or.anthors for the remaining chapters of the vdlume, lncludlng'John' “
¢ '1rroll L) nn Cooper -Willlam Estes, Jonathan Baron, Roger Schank Ann-Brown, Joseph Camplone
Rlelmrd' Snow Edward Zlgler Michael Cole Harry Jerlson, Sandra Scarr, and Robert Siegler. Members or
ths celebratod company have descrlbed tire -conrerence that launched ths venture: as one of the most - .
valuable they have ever attended. The’ cast Includes some of the most important, and conSequently most
: overworked, jme'mbers' of our profeSsion. Gettlng all the chapters"contrlbuted y»;as' qudoubLedly a major
chore, but Sternberg went much further. Many of the chapters bear slgns of a serlous edlt'orlalerrort after
_coherence; they rerere ce each other, build on eath other, .and are generally well weitten. Sternberg and
the contribating anphis-have 2 nn\al product they can he proud of A few comments on son;e of the
chapters ryllow.‘ - K N
‘ Psych“ometrlcs c » L . '
Perhaps tlie most lmportant, lnjome ways, Is the chapter by qCarroll that, with the flrst Sternberg -
chapter’rconsrltutesthe lntroductory section of the book. Carroll provides a very lnslghtrur"hlstorlcal'
development or the concept of lntelllgence as created by psychometrlclans There ls excellent and broad
- . ‘cow erage of the msLory of IQ Lestlng by schools An important idea ln the chapter Is that of cr;terlon-
| refcrcnced intclligence testmg the notlon that we should have tests that tell us which intellectual Lasks
students can and cannot handle not whepher Lhey are better or worse Lhan thelr peers. Thls viewpoint
7 (whleh has been proposed In other forms before) nlcely cuts a path that other chapters rollow in which

Intelligence is treated as a set of speclflable capabllitles for which we.can test and which ‘we may be able

.
-~

to traln. ~ : ‘ ) ‘ - -
. o : | ‘ \ . \ .
: Perceptlon and Attention . : . . \‘“3 - - '

. A chapter by Cooper and Regan addresses the question of the role of perceptldn and attention in*

lntelllgence. It contalns 2 very Lhorough review of eforts to relate various -perceptual processlng _
parame’ters to lntelllgence, concluding that speed of access to concepts In memory Is correlated with verbal
intelligence and Lhat encoding speed Is correlated with spatlal processlng proﬂclency Evidence on the role ' \
of mental representatlon manipulation speed was round to be more equivocal. In any case, Lhey point out

that these Lhree measures account for only a small amount of the varlance in lntelllgence test scores.

ERIC . S
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Coope'r’a.nd Regan also exblor;e the possibiiity that Lheré are attentional and/or strategic components
to lntelllgence. Like most of us, they suspect sﬁch cbmponﬁnts exist. Hdwever, they poln.t out the need for
much more and much better reseafch' before meaningful acc.ountg. of such asp"écts of intelligence.are likely,
noting that it Is*hard to undefstand Indlvidual differences In attention and perception since we do not yet

-have good understanding Ior fhose mechanisms. I see no reason, though, w.hy reéearch@)n such individual
differences might not be as l’lkely to drive research oh "the basic mechnahlsﬁlls as vice versa, so long as the

“eventual need for a mechanistic theory is kept in mind. N

- i
L
« N N :

Learning and Memory t . o . R .

» . .

Estes, in a care_ru_l analysis of-the relattlon'sh‘lpAbeLween lﬁtelllgence ahélearnlng and‘ memory, gives us’
, another deflnition_ of Intelligence to add to our collection. -.,.intell_{gehce [is] adaptive behayior of the
' % infiivi'dual, usually characterizéd by some element of problem solving and directed by cognitive processes
and operations.. This répresents a spéclallzatlon of some of the definitions aiready glve‘n--lntélllge;lce iIs to
be taken as lnvblvlng operations on mrental representations. In the context of a solld, careful re\}lew of the
status of ou'r"knowledge about learning and memory, Estesntakes a poslﬁlon separating‘learnlng from
, . . .

lntelllgen/c/m Inteiligence for Estes seems to be 2 prbpefty of behavlbr; It is Jointly determined by cognitive

s function and by motives. This Is quite different from lntelllgen!e as the abliiity to learn or Intelligence as a
. . v .
set of performaince parameters for th cognitive apparatus. - : : 4
Inteﬂlgené\e ag Reflectlve thinking = \ - - "
\

Baron, ina chapter labeled Personality and Tntelligeﬁce, proposes a theory of thinking which contalns
a development or’ the notlon of reflective thinking as a primary component. He suggests that such.a
Lhcory could serve.as.a framework for studylng indivi_dual differences in thinking, théugh he does not
suégest that lfltelllgence and extremity on msasureg of thinking traits are necessarily the same. He also
Lrle_é to demonstrate Lhe. close rel'aglonshlp between- personality development “In general and‘ the

developmenﬁ of inteliigence. In all of this, he teeters on the edge of a ciaim that lntelllgence is a famiiy-

-

resemblancé' concept (In the sense of Wittgenstein) that does not have a speélﬂc set‘ of deflning
'charéct‘,erlstlcs. As wlll be discussed below, this matches well Wlth the many different deﬁnltlons provided )
in the Handbqok. Overall, Lhe'*chabter prompts"’mu_ch reflection on the pam_re o°r Intelligence but does not
.rulﬂll' the encyclopedic function scﬁne mliht propose” for a handbook. Perhaps It Is this tendency
thoughout' the wolume Lo' emphasize Issues for l.'eﬂectlon and to provide essays based upon expert

» - reflection that leads me to belleve that the volume wlﬁl remain valuable for quite a whiie.

{
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Can Intelligence be Taught? - .. .

Perhaps the tour “de force of the entire volume Is the chapter;by Camplone, Brown, and Ferrara, on

mental retardation and z‘ntclli]cnce 1 havc.‘ already made subst'antlal use of the chapLer In some of my - '

“own “orl\ ‘and have sent others to It."I Is a strong exploration of a central Issue on which the ad\lce of

psycholog,lsts Is regularly sought Is intelligence teachable? The chapter goes beyond the set of lnterests

one usually thlnks of as anOlvlng menta! retardation and sets the stage for a general Lh.eory of the

Insttuctabllity of lntelllgence, especially when Intelllgence 1s Lhouéht of as the ablllty to learn _efﬂclengly.

therature on thls tople, including the authors” own extenqlve work, Is revle,wed thoroughly and with great
. ° .

Insight. ¢ '. : ‘ B . .

S

..we* have chosen to exclude.. more traditional pSychomeLrlc ywork We have omitted -ft .
7

One statement made in thls chapter bothers me: ,

O

ERIC
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-butlders and psychometrlcall) oriented theorists in one Important way. Our (eventual) alms are
both improved (llagnosls and *remediation. T}re goal of reducing the problems encountered by
slow lcarncrs requires a more detailed and elaborate process analysis than does the

) com(ruct:on of standardized tests, a task in which the products of previous experience can
provzdc all the information necessary (emphasls mlne) Thus we are concerned with the
components of.Intelligent functioning raLher than with its correlates or products (p. 397)

It may well be reasonable to exclude much of the Lradltlonal psychometrlc work on these grounds, but this

e

should not milslead Lhe reader ifito belleving that Lhe fleld of psychometrlcs can contlnue to ta a

correlatlonal approath that lgnores analysls of cognlbl,ye processes any more than any other aspect of

)

cognltive sclence can. Ofcourse, l}, Is also ‘true that the fleld of psxchometrlcs sorely neeffs a theoretlcal
base for such problems as item generatlon For this, a synthesls of cognitive psycholegy and psychometrlcs
is needed, not a wholesale replacermnent of the wlsdom of decades or testing research
. ‘ . ' i . .
I belleve Lhalt emplrl_cal methodologles have not‘qulte kept up with the rich evolutlon of cognitlve

,lh'eorles in recent years. We need to find better ways of valldating our theorles, Ingluding our theorles of

lntelllgence. The efforts of several decades of-work on rellable means ro"l' measuring aspects or Intelllgence

should not be discarded wthouL. considerable reflection .on speclflc ,}measurement concepts that were

developed by psychometrlclans We need all the hints we can‘ﬂrld - Of course, Lhe Brown: Camplone

laboratory has contributed rlchly to the meLhodology that has developed too, buL more Is needed and

some or It may derlve rrom Lradltlonal test lLem generatlon procedures ‘nd other psychometrlc
. B

contributions. ' ’
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Education and Intelllgence a4
A chapter by Snow and Yalow presents a scholarly . ov‘ervlew or the ways ln whlch lnLelll"ence as a

e

concept has lnlluenced education from eariy times Lo Lhe present, along wth a good summary of work on

the cognltlve psychology of lntelllgence and learnlng that Is or especlal relevance to educaLlon _For’a

. ~

cogn\uve psychologlst who wants to understand how research [elatlng to lnLelllgence could lmpact

cgg\nlnlveu :

.

educatlon Lhe chapter Is an excellent startlng polnt For educators wantlng to nrld ouL abouL Lhe

. psychology of lnLelllgence I strongly: recommend going beyond this chapLer To ‘a large éxtent, Lhe set of

researches that have dlrectly consldered \educatlonal problems represents oniy'a smatterlng of Lhe deﬂnlng

- studles of thinking and lnLelllgence Whlie the chapLer does a good Job of explalnlng why educators should

be lnLeresLed in Lhe cognltlve psychology of lnLelllgence Lhe oLher chapters and’ Lhe works Lhey clLe are

necessary readlng If any se]lous undersLandlng Is to develop.l R '-V--
Interventlon‘ Programs ) ) R , "’, :

n . A chapter by Zlgler and Seltz addresses sotlal pollgy. lssues refiating to lnLelllgence IL deals largely with
Issues relatlng th lnLervenLlon projects deslgned to lmprove the prospect.s o&ldentll‘lable groups of chlldren
who would otherwlse not be expested to do weli In school or on Lhe job On nrst r.eadlng the. chapter,‘l
wis - worrled about Lhelr assertlo.n L‘hat lmprovlng .soczal competence rathe’\than lmptovlng mtellzgence

ought to be soclety’s goal How ver, _Lhe chapter proved to be a solid revlew otethe errectlveness of
S \

lnLervenLlon programs, Lhexproble s In documentlng program errecleeness »and Lhe complexlt,les of

.

envlronmental issues Lhat perhaps have more lnﬂuence Lhan dlr'ect lnstructlon The'-followlng quot,atlon

seerlls a good summary of the klnds of issues addressed ln their chkpper: -7

It may seem undramatic to €nd a dlscusslon 'or soclal policy. lmp’llcaLlOns- or research on
J
) -lnLelllgence with a recommendatlon of ramlly support programs IL would cerLalnly be’ })

eye- catchlng to polnt to new cures ror retardation or training procedures Ll’lat create genluses

.

But as we’ have argued ln ths chapter,.our andge base generally does not support
expectatlons Lhat changes In socletal practices wlll el‘rect drastic changes ln lntelllgence
. . \ . [] . - N Lo ~

\
.

Desplte Lhese dlmcultles. psychologlcal resea;eh ,on, lnLelllgence does have soclal pollcy
lmpllcatlons ‘there Is good reason to belleVe Lhat several kinds or lnLervenLlon can- ralSe
-functional levels of lntelllgence for persons. whose measured IQ is commonly lolv There ls
further evidence that a Lhoughtrul coordlnatlon or Lhese various Interventions coulg help many
. children and Lhelr ramllles to adapt, better to soclety and Lo achleve a beLLer quallty or dally
existence. . A LA

1

I personally ‘am lncllned toward a more cognllee and more ruturlstlc vlew We are becomlng a soclety

]

wth an increasing gap between the opportunltles avaliable to a Lechnologlcal ellLe and a mass populace

displaced by automation. Much.or whaL it Lakes Lo,be in the elite group' comes under tihe headlng of

T . . \

- i o . ) N v

6
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]
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Cultural Relativity of Intelllgence - oo : .

Q‘)n o . -

~

by

Intelligence as adnptlve capablllty Those with lesser amounts or these capabihtles may need to have thelr

entry Into a good life engineered through training approaches we have yet to consider. A carlcature of the

" Zlgler and. Seltz paper is that such englneerlng is unlikely to go well, whlle some family support programs

have been prover to produce Jmprovem%hts I belleve we must contlnue to try more dlrect approaches as

'well even thou"h past su;:ce =ses are hard to establlsh and even though what may have worked so far may

later fall because of the st;iklng changes produced as we move toward an information economy. I wiil

_return to this issue nea'r‘lhe end of thls review.

R

+ AT

A chapter by the La-porat_ory_ of Comparative Human Cognition (the ego—fr%e nom de plume of Mlchael-

. Cole’s Laborator,v) addresses\,‘the problem of cultural specificity of intelligence. As Cole has sald in Other

forums, it Is quite shocking for a cognitive psychologist to go to another culture and be outsmarted there
by -.peo;)te who undoubtedly would not score ail that high on an IQ test. The LCHC ‘chapter., after
slloW'lng"\"s'h_v s!gnlﬂc._ant linkages between cross-cultural anthropology and the study of cognition are
dltﬂg{ult.j goes on to cons‘ld'er the role of cuiture In intellectual development. It conta)ns many useful °

references to a later chapter by Slegler and Rlchards that Is written from the viewpoint of developmental

. cognltlve psychology <The LCHC authorlng team suggest that culture Influences children’s envlronments

- and. hencc thelr cor*nnlve development ln four ways: (a} through .variation In the occurrence or non-

occurren(e of speclﬂc b’aslc probiem- solvlng envlronments (b} through variations in the rrequency or

: problem-related events (c} through the patterns of co-occurrence of events; and (d) through reguiation of

_‘ the level. or dlrﬂculty of problem tasks the chiid encounters Vygotsky s concept of zone of pronmal .

dwclopmmt ls e\plored In connection with this analysls This concept has only recently been accorded

" the attention It deserves and has yet 10 be treated by many learning theorlsts or researchersspeclalizing In’

PAruiitex: providea vy enic [

o Intellectual Development

P _slmulatlon modellng of cognitlve processes.

[}

Arter two very good chapters on the evolutlon and the genetics of lntelllgence (of less concern to

' educators l wlll assume) the chapter on. Inteliectual development by Slegler and Rlchards rollows The

hapter ,comp,ares P,lagetlan, psychometrlc, and Informatlon-processing approaches to . the study of

'co‘gnltl‘ve developme'nt and ends with 19 specmcly stated concluslons Slegler and Richards emphaslze the

lmportance of multlple approaches to the study or development., They also highlight the important

' contrlbutlons or e{iﬁtlng knowledge and or how a glven situation Is encoded to whether an Individual

behaves lntelllgcqﬂy ln that situation. * Summarlzing thelr,' discusslon, they suggest that the dramatlic
stage llk‘e changes ln cognltlve competence may-be a function of how one tests for competence and/or.the

envlronment(s) In whlch competence Is acqulred
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All told, the thousand pages of this handbook provide. an excelient overview of slgnmcar’ltlb";(.éh.d
primé&rily psychological) views of the nature k_)f lﬁtell!gence. It ls‘ a very important contribution to cogn_ltl;/e
psychology and other allied fleids. Chapters in the area of neurophysiology and p;ychoblology as ré’iatéd
to Intelligence had also been planned but did not’, mdterialize, and’a plauhed contrlbutlon in the area or
artificlal lntelllgence‘ had to be replaced at the last minute. A summary paper was contributed by Dehn
and Schank, instead. It Is a good summary but not as extenslve @ contribution as some of the others.
Since my Interests lie In that direction, I wish the z'iuthors had been part of the project from Lh:z outset, so .
we could have more elaboration of the overview they provide. Nonetheless, the book as a whole Is a

masterpiece, It also presents such a broad view that one can extract at least ten different senses of the

"meaning of the word intelligence. These are shown in Table 1,

Is It a Separate Field?

Because so many different senses of th nature of intelllgence ‘were presented, I got Lhrougt{l most of
the Handbook before 1 was able to stop worrylng about whether intelligence Is really separate from
cognition In general. Indeed, I stili feel Lha£ all cognltive psychologlsté should know what Is prcscnﬁed In
the Handbook and_&tha-t the training for someone Interested in Intelligence should be grounded In a
disclplilne such as c%gnltlve psychology, cultural anthropology, or computer science. However, 1 now am
more sanguine about the potential for a s:ubffeld of research that Is multl-dlscl‘pllnary and devoted to

Issues of Intelllgence. I still feel that a set of applied conccrr;s Is needed to give focus to this subfleld.

[

The argument In favor of having a separate subfleld Is that psychologlsts studying Inteiligence need to
be in contact with allled disciplines wh'ose results can help ll.lumlnatc‘phenomelia. tht involve more than a
context-free set of cognitive capabilities. Also, it 1S essentlal, as I argue below, that Intelligence be studled
with a view toward the problems our soclety faces now that moderate levels of Intelilgence are found in
machines as well as in humans. The danger I foresee, though, Is that as an Interdiscipliiary agenda rather
than a separate sclence, the subdomain of Intelligence could eventually stagnate. In flelds such as
developmental psychology, people are sometimes hired or not according to whether or not they are really
devcldpmcntallsts. Work on Intelligence wili best be done by people who are sumclenu'y immersed In a
discipline, such as cognltive psychology or cuitural anthropoiogy, Lhat they will somctlmcs be attracted to
probIems outslde their focus on Intelligence. This should be encouraged and so far things are going well.
Vigliance Is rcqulrcd. however, to assure that what holds the fleld together Is expertlse relative Lo a

common set of research Issues and not abjuration of concern with other related topics on which the study

of intelligence must feed,
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Having spent substarmal time with ths-volume, being taught or sometimes reminded about inteliigence

from many polnts of view. a related Issue concerns me: Are we studying intelligence with sufficient

.

" concern about ir'nprbv'ing it? Certalnly there are scholarly programs that Involve-intelligence, and these

Q
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should contlnuc llowever I belleve that an,v capabllities for teaching Intelligence that ~v‘vﬁe can develop and

exploit rapldly are crucial to at least Lhe short-term prospects for our soclety.

-’

It Is almost a cliché to say that we are experlencing a revolutlon, wrought by the computer, that rivals

Al

the lndustrhl revolution. Like many clichés, however, It I3 also true. Because machines can be bulit 'Lhat

" behave relatively intelligently, the value of average and mediocre lntelllgence Is being depreclated. In those

domains where the averafe, or slightly below average, person could do well, machines are taking over,
devaluing Lhe lmportance of the human worker who has noL acqu!red new aptitudes for success in an
information economy. As a result, I belleve that compensatory instructlonal programs deslgned to brlng
cognitive performance levels up to the level of the average or almost average person will be less valuabler

in the future, especially If they’'concentrate on the kinds of skllls'machlnés handie well. On the other hand,

~

training in skiils selected with reference to the changes in our economy could be very promising. The -

posslblntles can be seen from several different po!nts of view. . ’

»o \ , . )
One point of view, found In parts orizI Handbook, 1s that Intelligence Is the abllity to learn from

lncomplete or Inadequate Instruction. Cert approaches to occupational Lralnlng are lmpllcltly grounded

L

In this view. It we develop a sounder curriculum for training a sklll, then le;s Intelligence wlll be required
.Lo fearn from It. So, for -cxan‘lple, the character of courses In the use of word processing tools changes as
more of our soclety becomes:Ipvoived in using them. New courses emphasize explicit procedural ttaining
more than abstracted princlples, avolding the need/qror the Intelligent capablility to apply amr. abstract
principle In a new concrete sltuation. This approach can only succeed If we emphaslze not the rote
learning of tasks a machine will soon absorb but rather the-human aspects or dealing with word processing
systems. Perhaps word processlng operators should be trained more as interfaces -between text generating

pecple and‘4a text processing resource and less as rote symbol enterers. Bullding of well-trained human-

machine tearms might well be the goal. Such teams wlil need human captalns.

More generally, the things we 'understand well enough to teach to the léss Intelllgent, we can also teach
to the computer. Thus, I find that many of the occupatlonal training programs we have today teach
speclfic skills that will rapldly’ become obsolete. This Is a recent change. My father and I learned the same
Industrial arts skllis In junlor lflgh school, and .arter graduatlon elther of us could have found many Jobs
‘using these skills. Today, very lttle of that curriculum I8 still occupatlonally relevant. Ironically, the

more éuccessfully a particular occupatlonal speclalty can be taught, the sooner It wii] be automated away.

.
'
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Partlculquy tragic are courses emphasizing "computer training,® Some or/;,hese courses teach only the low
level, éodlng of pre-clebermlned algorlt,hms. a role about to be assumed by automatic programming

systems. = - \\ - ' ' S ’
- L B B
: . ) : ’o
We .do not know for sure where the Jobs of the rut;uré wlll lle. Some say that.janitorial and other
servlce jobs are mbst llkely to dominate. Others expect the growth of industries to be more directly
st,lmulated by the computer, leadlng to more hlgh~t,echnology positlens. Perhaps all are correct. A more
prlnclpled way to pian education- for this complex future can,be_ derlved from the views of inteliigence
expressed In the Handbook. First, there Is Intelligence as the ability to learn In less than optimal training
envlronment,s.' Second, there Is the cuituraliy-reiative view of inteiligence. Both vlew_s' can provide ldeas
about how to’ help the majority of our fellow humans, those wﬂho are not guaranteed poslt,lo'ns among t,he
technology elite. '
, ! L .
From the viewpoint of Intelligence as a set of learning skiils, we/se’e that humans will be needed exactly
where we don’'t understand a domain weill enough to deslgnv_ ro/olproor' l'nst,ruct,lon.' This suggests t,hat;;
learnlng ﬁo fearn skl.lls are a particuiarly critical aspect or int,elllgence‘t,hat, we must learn to teach. Th‘%a"“
successes reported by Campione, Brown. and Ferrera are heart,enlng, b\ut, much more effort must be
lnvest,ed In the specification and training of learning skiiis, whlch our chlldren wiil sorely need. Teachers
will also need learning sklilis, because they wlll need to make more ljapld adjusp_m_ents to the contents or» .
the currlculgm. Teaching requires bot,h‘ specific knowiedge and more general Intelligence. Many teachers
have good learning .skllls. but I suspect some couid beneflt from lnst,ruct,loﬁ in how to ‘_learn/. how to reason,

: { .
and how to abstract formal or numerical representations from a situation. ‘ \

In addition, teachers vwlll need more than purely cognitive capabliities, as always. For example, there
are aspects of motivation and leadershlp lmgolved in teachlng chiidren that wili not be readily imparted to
machines. As computers enter the classroom, teachers will need to work with Lherﬂ. as leaders,
stimuiators, and troubleshooters, fliling the roles machines do not flll ‘'well. This partnership wili be '

essentlal 'In other areas as well. Many of our Interactions with computers are frustrating, bécause the

machines were programmed by people who couid not antlclpate the speciflc demands_v;)e mlght make on
them. Learning and problem solving skiiis wlli be needed by those who hold the inevitable jobs concerned

with troubleshooting man-machine Interactions, in banks, at telephones In business credit departments, in

_stock rooms of factories, and at government Infp¢mation centers. Today, these heiping roles are

undervalued, partly because they are often fllied by people who think less flexibly ‘than the machines they

work with. Can we teach some of the skills that would permit such people to do a better joly .

The problem of Interacting with a computer programmed by someone from 2a different culture Is
particuiarly great. I have found _lt, Intriguing on several occaslons.to ‘watch people who are not from

middle-class, business-oriented backgrounds fnteract with automatlc bank teller machines. Some people try

16
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repeatedly to get mowmey from an overdrawn account, or they ask a 'rrlend to try. lising the card Instead.

leen my knowle?ge of the banklng system and the people In It, this seems rrultless Howevef, ‘in oLher/\’
)

cultural settings, one sometimes succeeds In getting money by asklng ror it seVeraI times, and there are

cases when a friend has beLLer “connections for this purpose. It seems to me that there wiil be a role in the
tuture ror people who can Lranslate between the constralnts or one culture and those of another and Lhat
ghis sort of skill should be a target for improved lnerucLlonal programs. 'The abmudes for

accommodating .different cultural v_lewplolnt,s may be quite different from 4hose for high technology jobs.

°

I have been suggesting that the very thngs Lhat seem the hardest to do, teaching Iearnlng sklils . and

Both types must be-fostered.

adaptive troubleshooting capabliiities and Leachlng cuILure-speclﬂc skills of guidance and leadershtp, will be
more productive in future efforts to help the less Intelligent. - Chapters In the Handbook tell us this will be
hard, and that successes ‘have seldom been demonstrated In the past. However, the value of the sort of
l~nﬂexlble, untransferable skllAI-s traditionally Eaught Lolthe less Intelligent wili _be depreclated in a soclety
where machines can learn to do anything we can teach really well and where\?roductlve :SOCIa.I rolés keep
shifting. We simply have to keep trying--to dlscov‘e‘r the- essential skllls of learnlng and adapting In a

computer-rich soclety and to learn how to teach those skills to a variety of peoﬁle. .

. -

We must also recognize that forms of lntellilgen'ce which involve capabllities of leadership and wisdom
will be particularly valued. Thus, cross-cultural studles of intelligence will be lrhportant as will cognitive
studles of social Ieadgrshlp skills. Agaln-, what will be critical Is dlscover‘lng hhow to teach such skiils. Also,
we will need to bulid a theory of the organization of Intelligence to accomplish tasks that require groups of
people or machines to work together. There was no chapter on the organlzation of Intelligent efforts In the
Handbook, and I am hard pressed to think of anjr’one‘who could write one. However, the problem ls:

already belng addressed in computer sclence, and It merits attention from psychologists and educators as

well.

N

The Industriai revolutlon triggered the need for new sclences and technologles, includlng many forms of “

englneehng, physlc_al studles of energy transfer, and materials sclences. ‘Simllarly, the informatlon

! (9
" revolution will require continued efforts in the study of Intelllgence and cognltlon as well as underpinning

sclences of Information processing and Informatlon transmlssion. Intelligence 13 the ablllty_)to adabt to-
changes In circumstances, to learn how to handle such changes: The advent of auLor;laL'l'c‘" information
processing will continue to produce changes,in how we can be valuable to each other. Therefore, the need
for skill In learning and sol.vlng problems -wiii |ncre§se, even as tradltional problem solving environments
are taken over by the com’pl’ner. The educator's task, as thls happens, wlll be enormous, and banking on
simpie solutions that have worked In the past will not be sufficient. A substantial research ba$g will be

needed If we are to do better. As the Handbook of Intelligence demonstrates, this Is startlng to appear. = ;

- ' /
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However, unless future efforts are drlven more by .our need to learn how to teach c¢hlldfen who wlll be,
living In a world domlnated by Its rellance on Intelllgent -machines, those efforts will not be sufficlently

~ focused to be useful. <, - o T e R o

~.

- e

e Goal-dlrected adapﬂve-beha;/l'or; ,

.

e

e The ablllty to acqulre and think with new conceptual systems. - - . .

e The ablllty to solve novel kinds of tasks. »

N i
. o .

g e Problem solving ablllty. ' PR - . .

e Planning and other metacognltlve skllls.

) ) .
- e The ablllty to learn from Impéifect Instructlon. -
et AL
° @ Memory access speed. . .

e Spatlal representatlon encodlng speed.

Ld

e What people think Is Intelllgent.

e What IQ tests measure. .

Table 1: Deflnltlons of Intelllgence seen In the Handbook of
' Intelligence : .
. _ , a
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