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Towards More Effective Teaching and Learn1ng
What | Can Research in the Brain Sciences Contribute?

I. SUMMARY:

Recent advances in research in the brain sciences -- the study of the
human brain -- have been dramatic. At the same time, Specu1at%an in the
popular literature has often been overly-dramatic. 'Maﬁy educators, seeking
implications of brain research for educational policy, are undgrstandab1y
confused.

On the one hand, there is renewed interest among educators, policy

i

makers, teachers and parents in what brain research, or “neurophysiology", has
to say about such dive%seéissues as Tearning disabiiities, qfeativity, the
jmpact of improper nutfitiOH on behav{ér and learning, différences in 1eafning
" modes between males and females, the use of imagery in teaching, and improve-
ments in the teach1ng of art. _Thése latter areas h;ve recéived widégpread
attention through res&ar:h work known as "cerebral 1ateralazaticn" or mare
popularly, "left/right bra1n" studies.
On-the other hand, many of those intimately familiar with.ﬂeuﬁophysia1agy I
are warning caution. There is general disagreement on the strengths and f
_weakQESSEE of the linkages between brain research and educational p@1icyi;
Some é1aim that a strong causal link between "brain and mind“ will never be
established. Others find the correlations strong enough to warrant new péiicy S
decisions, especially regarding nutrition in schools. Most agree, h@gever,
that rigorous, well-designed experiments that clarify linkages betweeﬁ\brain
research and education warrant Furthér attention and iﬂEFéaSEa‘SQQPDFt;
Probably the most important conclusion: more educators need to become
cognizant at least of the fundamentals of the brain sciénces_tbAbetter assess

which, if any, implications for eduiatianaT policy are justified. | f



II. Overview:

Linking Brain Research to Educational Policy: Pitfalls or Promise?

The%e is a growing sentiment among those reépaﬁsibTe for educational
policy that the vast number of studies of the neurophysiology of the brain
-- or research in the brain sciences -- may hold far-reaching implications
for educaiarg in the 1980s and beyond. At stake is the intriguing possi-.
bility that properly formulated interrelationships between brain sciences
and educational sciences (especially cognitive psychology) might allow us,
in Howard Gardner's phrase, "to grasp the brass-ring secret" of 1e§rning. The
-more this possibility is questioned by many researchers, (also by Gardner
himse1?),-thé more iﬁtfigued many policy niakers seem té become.

Several recent works by éutharitative resgarchers arer1iﬂking brain

research to education. The book entitled The Brain and Education (1978) edited

by Jeanne Chall (Harvard) and Allan-Mirsky (Boston Uﬂiversityg now NIH) is cne

 example. Merlin Wittrock's work at UCLA, The Brain and Psychology (1980) and

"Leatningtaﬁd the Bréin“ (1980), is another. !Equa11y signi%icant'wcﬁk by
TééépTé such as Marcel Kinsbcurné; Joseph.Bogen -~ and John Ectles, a Nobel
Laureate -- lend weight;aﬁd substance to the iépgrtance of brain research for
education and especially for educational policy. At the same time, many
doubts and unanswered questﬁans remain,

Most édgiéticna1 policy makers have difficulty in sorting out just what

is:imﬁortaﬁt and relevant for them in the brain sciences. To many who have had

no priar‘expériénie with neurophysiology -- and this includes the vast majority

2



i education -- brain research may-give a deceptively unified appearance of
being a field with.a single, apparently straight forward a%m: to describe the
organization of the bfaiﬁ. To those familiar with the field, however, the
competing schools, aims, and divergent hypotheses édd levels of complexity

that FEﬂdE¥ the notion of linking brain sciences to education too broad and

general to be meaningful. Which aspect of brain sciences, and which sectors

of education?

In this report, we describe some current research that links selected
éspectéiafsbréin research to selected issues in education. Theée issue areas
include the relationship between neurophysiology and cognition; the implica-
tioﬁs of cerebral lateralization for creativity, imagery, and art edlcation;
sex differences in brain functioning; nutrition and 1Eafﬂ1ﬁ§,'ﬁéw methods in
analyzing leerning disabi?itiés;'and implicaticns for a newly emerging concept
of “ha1isti§ education ",

In all of these 5eiezted‘areas, there are ét least three questions that
eﬂucatignai policy makers should explore: | R

- What are those who understand neurophysiology actually say1ng
that is re1evant to cognitive psychology and education?

- Are the Tinkages between brain research and education
strong enough yet as a basis for influencing education-
al policy, or

- Are they at least promising enough that anyone -
concerned with educational policy should be cognizant
of ‘their potential impact and stimulated by their
far-reaching implications? : ;

/
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ITI. Who's Doing What? Some Selected Research Projects

ers who, in our opinion, are dealing with key issues in this field. Most

of these people are well-known; some are younger scholars at the beginning

of their careers, While wé cannot endorse every implication for educational

practice that these particular researchers draw from their research work,

all of them are carefully addressing issues that have the potential to exert

significant influence on American educational policy in the 1980s and beyond.
Because £hé Titerature and research Dﬁ neurophysiology and cognition has

become so vast -- over 500,000 articles in medical and educational journals --

the present report must necessarily omit description of many excellent ef-

vfcrtsg However, throughout the repc%t and in its appendix, readers are

referred to other sources that may be consulted for additional particulars.
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The Teaching of Art and the Studv of Left/Right Brain Differentiation

Work of: Betty Edwards
900 Arroyo Drive
South Pasadena, Cal. 91030
California State University
Long Beach, Cal..
Tel: 213-498-4111

Betty Edwards, author of the book entitled Drawing on the Right Side

of the Brain,* teaches drawing at the California State University, Long Beach.

Her book is being widely used in the teaching of art and is undoubtedly the
best known work having to do with left/right hemispheric differentiation
of the brain. Her techniques are successful, according to ﬁany art teachers.
What Edwards has done is to use left/right hemispheric differentiation to
explain-her highly successful educational techniques as a teacher of art.
Marilyn Ferguson offers a concise summary of Edwards' methods and rationale as
- follows: |

"Although some of these techniques were stumbled upon by
artists over the years, no one was sure how and why they worked.
Jther methods in this book were discovered or devised by Edwards,
first as she exXplored the 'shift' she experienced when drawing and
later when she learned about split-brain research demonstrating the
brain's capacity for dual consciousness. When she learned that the
left hemisphere was verbal and analytical, the right spatial and
holistic, she realized why she was essentially unable to fpeak while
doing demonstration drawings before classes.

Her technigues, developed over the past decade, serve to turn
off the over-active left hemisphere. The left brain interferes with
perception because of its simplistic certainty that if it can name

- and categorize something, it need not look carefully.

The ability to draw depends upon the right hemisphere's ability
to see relationships: angles, lines, curves, patterns of light and
darkness.

*Betty Edwards, Drawing on the R1ght S1dE of the Brain, Los Angeles, J.P.
Tarcher, 1979.
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Among the techniques to confound the lef: hem rispher
Q Drawing upside-down. This keeps the novice artist from
“identifying the parts being copied and therefore perception is more

direct. (Fcrgsrs often copy signatures uﬁs.ce—dahﬂ so their own
bias does not interfere with the actual form of the original

letters.)

o Drawing edges and contours. These are tao diffuse or complex
to interest the left hemisphere. They are un-nameable. B

o ODrawing negative space -- that is, looking at the area

around objscts and drawing that shape raLher than focusing on the
objects themselves."*

A close reading of Edwards' book yields a subtle and important point.
Shé dsvejaggd her methods out of her own empirical practice -- led by her
own intu%téaﬁs about what might work and her own critical observation about
wnat.does work. This is the way most fine teachers develop their personal
methods. Only later did she become cognizant of work in brain resezrch and
discover that the left/right mode 1 provided a clarifying rationale for her
methods. Most reviews of her wa%kvmiss this point, although Edwards %e#seif‘
makes it. This may lead some readers to assume that Edwards developed her
teéhniqués as an application of the left/right model, which-ié not the case.

This distinction is important becagsa it implies that, in this case,
research played more of a secondary rationalizing role than a primary one of
iﬁitiatfng:ar stimulating new practices. Until other learning strategies as
brilliant as Edwards' are deve?aped by starting with the left/right m@deTiand
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applying it to practice, one lesson to be drawn is that the cr
teachers does more to inspire new curricular developments than does the work
of researchers.

*Ma%iiyﬁ Fergusaon, "Tricks for Draw1ng on the Right Side of the 8rain",
The Brain/Mind Bulletin, Los Ange1es, Ca., V@1 4, no. 16, July 2, 1979.
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Nevertheliess, what is most imp@rtant about Edwards' work liss
meking the connection between what works in the classroom and why,
to neurophysiological research. In making this coanection she has
with a clear example of the relevance of neurcphysiological theory

tional practice in the teaching of drawing.

provided us

to educa-



-9-

Linking Brain Growth and Mental Development

Work of: Professor Herman Epstein
Department of Biology
Brandeis University
Waltham, Mass.
Tel: 617-647-2759

Epstein, a biologist and neurophysiologist at Brandeis who has studied
Vthe imp?igatiéns of his work fér education, has found that the humen brain
undergoes spurts in growth and complexity during five age periods: 3=1D
manthsi_aﬂd 2-4, 6-8, 10-12, ané 14-16 years. About 85% of all children fit
this pattern. '

While the first growth spurt is an increase in size, the cher_FDur
manifest themselves as a substantial increase in the complexity of the neural-
networks. Functiané??y, this should correspond to an increased ability for
logical inferences, -according to Epstein.

What adds promise to Epstein's find%ngs is his claim that his brain
gréwth stagés;cérrespaﬁd to Piaget's data on intelligence development. Piaget
postulated four main stages of development:* (-1 (motor stage), age 2 |
(sensorimPtor), 6-7 [concrete operations), and 10-11 (formai operations
stage). Dr. Pat Arlin, an educational gsychp1ggist=FrDm Vancouver, -has
gathered evidence of significant additional déVE1Dp%ent duf%ﬁg aées 14-16 - a
Tinding which corrresponds to Epstein'}y data. The Department of Education

sponsored a seminar in August, 1979, that allowed Epstein, Arlin and others to

. *These ages represent the earliest ages that some individuals begin to
move from one stage to the next. A substantial portion of adults never reach
the final steps. -

b
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explore these relationships.

Thus érain growth périéds may turn out to be a biolegical basis of the
Piaget stages. What implications can one derive by using this knawiéﬂge of
the existence of corra1ahéd spurts in brain growth with mentai functioning?

Enostein has some intriguing hypc;meses:

ne matching of instruction to the thinking levels of children wou1d seem
to be the first task of anyeducational strategy, especially at the junirr
high schog1:12v21_ This is because children around ages 12-14 show a hiatus
in brain growth. The data reveal that only a small minority of children can
experience any change in cognitive level during this period -- indeed that
some 75% of children will sit through three consecutive yéaEs unable- to handle
material presented a§‘th§ level of formal reasoning. Since most junior high
school material uses this level, nearly thres-fourths of the children are
‘zeébab‘ly "turned oF " by it.

What Epstein recommends is to concentrate during this period on af?ecti?e
and psychomotor skills rather than on introduction of ﬁ@véT intellectual
processes. This Would n=cessitate Scnocls dEV31Dp1ﬁ§ instructional materials
that depart from most commercially published programs that invariably intro-
duce new cognitiv; information. Thus Epstein afgues that middle schcol

" programs should

"a) discontinue the mass introduction of novel cognitive skills to

middle grades students who do not have such readiness; b) presant

new cognitive material at the existing skill level of students; and

: ¢) work to mature existing cognitive skills of middle grades 1e§rnéfs,“

Fu#ther,-Epstéin recomnends that "the middle school programs must

be restructured to include a large component of experience and preoctice

of skills within opportunities for interection with.nature, society, and
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peop1é. This will reﬂuiré.traﬁspcsing é substagfia1'partion'of thé middle
schoc1 ExpEF1EﬂCE outside the walls of the schoo1 " This cou1d be done thrcugh
'cammunity service progects, nur51ng hcmes day cate centers, and nagura1A
resource racTamation projects. | |

- Epstein's work also leads him to consider implications for pr@grams'

like Head Start (which he feels occurs at the wrong age ﬁériéd) and for gifted °

chi1dr§n,ZBD cf whom do not manifest formal Qperat1ans at age 14 Atéardiﬁg
tdsEpsféin "Th15 is ﬁQt surprising, since IQ is re1ated ma1n1y to spaed of
1éarﬁiﬁg, while cognitive level is re1ated to style of learning. Thus we aga L
led to predict that close to 20% of high IQ ch11dren shou1d be subject to the
'furﬂsgff‘ phenomenon." - ‘
VEpStéjn and his assﬁéiates have'car%ied out several test pfograﬁgr"
';fhitiETTy‘iﬂxSGﬁE Paughkeepsié schools, .and mast recent1y 1n Lex1n§tan
”.Mass s where he ‘and Dr. Ar11n have: deve1mped and administered courses to .
teachers to SEHS1tTEE thev to d1fFereat cagn1t1ve 1eveTs and t@ Sth them haw :
_;to app1y th e coﬁcepts t@ maLCﬁ Eurr1cu1ar ma;er1a1s tc arch11d's state of

atdeve1opmgntﬁ

Some Raferencss- Herman T. Epstein and Canrad F Toepfer, Jr.,
ek "Basis. for Reorganizing-Middle Grades Education”
.Educat1ana1 Leadersh1p, Hay, 1978

'"Summary Repcrt of SEﬂ1n;r on Coanitive Levels",
COﬂfETEﬁCE he1d 1n Hash1ﬁgton August 9- 1J 1979f

‘;;"Bra1n Grawth and Cégn1t1ve rUﬁ:t15n1ng . CD1Qﬁ§dd ,
I'JDurna1 Df Educat1ona1 Research, VD1 19, 324, 1979

mo
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bstudents taught pr1mar11y through 11near verba]/ana]yt1c31 modes

Guided imggary and ‘the Teaching of Foreign Languages

Work of: Dr. Beverly Galyean '
’ Confluent Education Cunsu]tant e

T ~and Educational Researcher

Los Angeles Unified School District
- Los Angeles, Cal. -
Tel: 213-625-6089
Beverly Galyean,. an education consultant sbe§ia1iziﬂg in confluent/
holistic learning models, with particular emphasislén their application to
foreign 1anguége iﬂStFUEtiDﬂ; has aeve1oped viable teacher training'aﬂd,
curriculum models that are now being piloted in Los Angeles City Schools.

Teachers are trained to use a variety of affective, emotive, intuitive, and

nonlinear learning activities such as guided imagery, visualization,.medita-

tion, body movement, p-ychokinetic art, music, drama, and fantasy/ dréamZ§SP
agtivjtiés to help children master basic skills and tradit?oﬂaTrsubject

matter. Empirical fesu1ts from these prcjeztsrshow.that the children {elemen-

“tary to high s:hcc1;i“giftéd“ to "low achieving") taught via these ‘affective

nonlinear ﬁethads=tend to scofe higher on te;ts of basic Skf115 ‘than do,

- According to Galyean, the students achieve more not: on1y cogn1t1ve1y but

75how impressive gains in behavioral norms as we11, H1ghfs¢hoa1 Etudents

d crease negat1ve classroom behav1ars when they meditate and angage in gu1ded -

imagery a:t1v1t1es on a-daily bas1s with their teacher. _E1ementary ch11dran

'déﬂcﬂstrata a more rapid readiness to begin working on basic skill material
~after.experiencing medwtat1ve and gu1ded imagery act1v1t1es Hyperactive

gfch17dren calm quickly when expoﬁéd to gu1ded body mDvemEnt and CEﬂter1ng/

breathing/meditative act1V1k1esg' And. in severa] 1nstances teachers rEEOFt

14



accelerated Tearﬁﬁﬁg of campﬁtatianaT 5ki115*aﬂd reaéing material following
“imagery activities. ..
Galyean's work is influenced by the baikgfound of her doctoral studies in:

Confluent Education, duf%ng which time she wés prepared_in the fd11ogiﬁg
»cgunse11ing.strategies:_ Eesﬁait; encounter group, human relations, psychosyn-
thésisi values awareness, transpersonal iégntificaticn and-RQgerian c@uﬁse1-
iﬂg_?§3he also 1inEs this to brain/mind theory and neurophysiological re-
search, including hemispheric 1ate#31fzatioﬁ; It should be ﬂoted-that, unlike
Betty Edw;rds, the connection sh;,drawé-between 1atéra1ization énd hér W6fE is’
not c1ear1y demﬂnstﬁgbie Rather it has to do with emp1ayment U1 e ta1 |
imagery..as a powerful learning tool and respect for a dTVEFS1ty Df cogn1t1ve
- styles in- 1nd1v1dua1 1earners
GaTyean s work has generated 1mpnr{ant emp1r1ca1 results which .show the

des1rab1i1hy of us1ng a mix of trad1t1ana; aﬁd non- tr3d1t1ona1 approaihes 1n

one c0ﬁ301nt 1earﬂ1ng prccedure

For examp1e, in a.recent fore1gn 1anguage teaching experimsnt whigh she

' conce1ved and d1re:ted in Los AngeTes, students benefitted dramat1ca11y

; from this conjoint TEarn1ﬁg=procedure As repcrted by the Bra1n/M1nd Bulle-

~ tin, th1s program for seventh to e]evanth graders

"included gu1ded 1magery, movement and art therapy, Fantasyi pcétry,
_“drama, music, values c1ar1F1cat1cn and healing arts.

A related project 1mprDVEd the Eng11gh and Span1sh of Ch1cano
children, k1ﬂdergarten through third grade.

" Using a var1ety of 1ntrospect1ve canversat1ona1 aat1v1t1es, students
generatéd their own study programs.  They estabTTShad what they wanted to
~learn and practice, Beverly Galyean, project ‘developer, told Brain/Mind
Bulletin. "The teachers apply a self-awareness type of 1anguage activity
to the regular text lesson. For example, when students practice the
past/imperfect tensa, they close their eyes, breathe deeply and take-an

_3,.;:
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imaginary j@u% ey to some 5ignificant event in the past. Then they open
their. eyes, drjaw and write in the Fare1gn 1aﬁguage about what théy
Exper1enced " -

Anather example of the use of emotions 1in heigh;en1ng a lesson:
When learning |[to use the French verb aimer (to 1Qve) in clauses beg1nn1ng
- with ‘bécause, students close their eyes and imagine themselves in the
Y presence of F}ve persons they love. The students are asked to tell these
‘ people why they love them. Finally, they draw the loved ones and write
captions in the F@re1gn 1anguage.”

Hhat makes thlis work mastlimpressivé is that students performed, on the
whole, almost tw1[e as well as campariscn groups. on speaking and writing
tests. In add1t1jn "many DF the Jjunior-and senior high studénts reported
pas1t1ve changes fn the1r persona1 11ves as we11 as their ability to concen-véir

tra;e in school.";

R

*"Confluent Teaching Doubles Languaa% Test Scores s ura1n/ ind Bﬁjjetiﬁ,

Los Angeles, Ca., Vol. 5, no. 10, April 7, 1980. B
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Use of Symbols, aﬂd ImD11cat1cﬁs for Art Eduggtjgﬁ

Aphasia, |
Wwork of: Dr. chard Gaqdﬁer'
T ) Hervard Graduate School of Educat1@n

Longfellow Haﬂ1 ;
Cambridge, Mass. 02138 j
Te],v 617- QQS 4342 o

/ |

!

It is perhaps paraéoxTEa] tnat thase who can say little -- pat1ents

S

SUTFﬁr1ng |f@m’"aphas1a", or the 1@55 Dﬁ certain language ab111t1es -- may
/

LéJT us more than most/ about bra1n and mind, accarding to Howard Gardner who |

3;ud1ss brain functions of aphasic pat1%ﬁhs at Veterans Hasp1ta1 in Bcstan .and

whD also EDﬁdUCtS research at Harvard on art educat1on and the dEVE1@pﬂEﬁt of

farg1st1c sk1115

j . After yaars erwcrk1ng W1Lh pat1ents whc have su.fered d;ﬂaga to r1ght

i gnd 1e t hem1sphafe§‘of the1r\bragn * éardnér is Skeptica1 of Dvers1mp11f1,

] idichotamwes that,ass1gn for exgmé1e, ﬁ1nqu%st1c fki11s to the left Siée;of 

the brain andgaesLhat1c ab111t1§57ta ﬁhe Tright. 74
d Lale d155@:1a=;

r1ght handad bra1F damaged sGEgects,;he concluded ‘with a'
: ;\Tﬁ énsﬁFé adequate

that is, "an,lntact IEft hem1sphere dges not. of it
/
t1: Wessages" and -"an 1ntact right hen1sphere dces

In a recent tESL of

il tionty
'Il .
: ,Il R - s
) camprahensian ija11‘ii’g
/ e . ;
Tﬁese cana]u51@ns resulted
/ - |

x~ff'~x not guarantee adequate aésthat1c sens1t1v1ty Ex
) fFDT g1v1ng a series of tests requ1r1ng subJects tg Fa1ate me;aph@r1c sen-

tences w1;h a p1zture that "went best“ W1Lh a part1cg1ar sentence

wh11e Gardner ‘uses rigorous nethods in such FFSE&FEh even he notes

: *Work conducted at Boston Veerans Acministration Hospital, Aphasia.
T~ =Qas§arch center, Jamaica P1a1n end Dﬂpar;ﬂent .of~ Veura1agy, Bgston Universi-
o th'Sch@@1 of Medi:inei‘gostan Mass. R
o : L ’ ' b =TT N ' \ .
’ **}f\é CDmprEhéﬂS1Dﬂ oF FELEQHDF in Bra1ﬁ Danagad Pauments" in Era1n
1677. @?, P . }: S o
LT . ' . (- '

—
u.
) lF-mn
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" {s that the 1eft brain handles "the familiar! while the right
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: the extreme difficulty of accounting far the large number DF var1ab1éi/1n;-

/ {
vc1ved ;In the research cited above, for example, he separated subjects 1nt@

grDupS of pat1ents with 1es1ans on the right hemisphera, left hem15phere, left
ﬁ
8ther

Fa:tors such as precise.site or size of lesion could not be taken into ac-

antericr, and left posterior p1us a demented and a control group.

count. Exper1menta1 limitations such as these and others have 1ed Gardner to

L=

‘remark that-one exp1anat10n as plausible as many in today' SJfDDUT&F 11terature

brain deals w1th

“tﬁevuﬂfaﬁjiiaf“g His article on “What We Kﬁpw_(ané Don't/ Know) About the Two '

Ha1ves of the E%ain“ is an éx¢é1ient statémenf of caution in this field.
Gardner's work at Harvard as‘d%réctor of Project Zero* chuses on the

5y§temat1a Study oF art educat1on and reflects a growing Soph1st1cat1an in

relating bra1n and mxﬁd tD 1anguage and other farms of expression. In Tongi-

P

" tudinal studies of n1ne,ch11dren start1ng at. age one, Gardner follows the

development Df seven d1fferént “fam111es" of symbo]l use: iaﬂéuage,véymbc1ic

wioplay, numbers, music, dance and mavemEﬁt twa-d1mens1ana] representat1on

(drawing and mappiﬂg) ‘and three d1mens1ona1 réprpsentat1cn (clay and b1o¢k\

bui1ding) - He Eritiques P1aget‘s wark as giving "scant consideration to the

11ttle 1nformat1aﬁ about pracesses of 1ntu1t1@n crgatjyity, or novalfth1nk—_*

ST

1ng" LT ;f:-_ . ' | 3 *'_, ) fi\\xV

The wérkiét,Prcje:t=ié}é is nearing ‘a phase of attempting to apply the

:{ E L]

-
i
-1

*lha name refers to the amount QF know1edgé considered availab1e ab@ut
art education when the project began A N

*"Deve1gpmenta1 Psychq?agy After P1agnt", “Hdman Deve1@pméﬁt, 1979, . :/
3 !

7] s . : : .
5. EERERS /
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/ " insights gaxned from jts new Frameworks and exper1ﬂent31 resu1t5 to DWQDTﬁg/

probTemg in art educat1gn by working with EChDQ1S museums, children's te1e—

?:v1s1cns, and Dther agenc1es Imp]1cat1@ﬁs for present-day art educat1an are
_Far -reaching and hava a1ready had "c0ﬁ51derab1e impact on Amer1can th1nk1ﬂg
about art1stic edu&at1gn', éCiOFd]ﬂg to,The Washington Post (April 27, }QED).
For e§ampie, Gardner Feé?slit=jsﬁwfpng for 'schools to isolate gftisticféki113

from linguistic Eﬁé§ and ‘to label the. arts nonbasic to edutation., Tha/cféa;
tion and apprec1at1cn of art can be a1ded by goad téa¢h1ng, w1hhcut wh1ch the

whole waer of art will remain beyond the reach of most children. ;Gardner

/

a]sa‘takes a CDﬁﬁfOVE?Sia1 position that there is a qualitative and quantita-

tive deciine in'children's drawing abilities .around age 7, a fact /ignored in
-classroom practice. - ; R } /

I3

Howard -Gardner 's provocative, systemetic research is being ?urthéf

i B Vv

~amplified via a new pro;ect that seéks to prav@ka new th1nk1ng about "Human

ipdténtiaT" ’ Sponsored by the Van Leer FDUﬂda;1Gﬂ with a %yan .to Harvard and

d1rectéd hy Dr. Harq1d Lasker, the "h?nan potent1a1s ﬁregect? 15'1ikéﬂy to :
prcv1de a; test for some of Gardner's hypotheses during the coming 3-4 years."
I "" ) : . g s

J/X

Some References: The: Shattared F1nd7 Thé’Féf;én7Aftar/5%aiqj¥m@§a,
C Knopf, New York, 1975 - P '

/ S The Arts and Human Develbpment, Wiley, New York, 1973 .

_ "Nhatiwe Know: (and Don't Know) Aboyt the Two Halves
.‘@? the»arain“ Harvard Magezine, C¢ mbridg » April, 1978-

"with Suzanne Hamby, "The Role of fhe R1ghL Fem15phere
in the Apprehens1an BF Camp1ex Lingu1st1c Hauar1a15"
.Qrthaom1ng _

i - -

o
L":': .
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Cerebral Lateralization and Cognitive Develcpment

Work of:  Marcel Kinsbourne, M.D.
’ Department of Neurology
Massachusetts General Hospital
Baston, Mass.
and Research Unit, Shr1ver Center _ ,
Waltham, Mass. . SN
Tel: 617- -893-3500

Kinsbourne is most notable for hiS;iﬂtEFESt in left/right 1atefia1ization
as it affects learning disabilities. His article with Merrill Hiscackréntis
tled "Cerebral Lateralizatioﬁ and Cognitive, Development"* provides an excel-
lent and cémpréhehsive review of the literature on this subject. . Kinsbourne's
| iﬁtgréig,iﬂsfﬁé @uTtidiménsiDna1 re1atia;ships'amaﬂg child deveTmeé%t;
cognitive growth aﬁd.déve1op%anti neurology and 1earﬁ1ng disabilities reflects
h15 tra1n1ng as a ped1atr1g1an and ch11d psycho1ag1st who has- deveicped
éxpert1se in" neurology for the purpose gf:cTar1Fy1ng-1ssues in ch11drenvéﬁ
1ga%n%ng and psycho1agj; E | » ‘ |

His particular %esaarch iﬁterasts ﬁef1éct this iﬁterd%gcip1inarj Df%enf
tation. His work fccuses on Tanguags d1sab111t1es in ch11draﬂ (he has.Wﬁ%ttén

:a bDDk ent1t1éd Language DeveTopnent and heuro1og1¢31 Théoﬁy**) and on.. atten-

t1@ﬂa1:pfab1em5-and aut ism (bath of wh1ch may -have 1mpartant neurg1agica1

zonnéﬁtﬁans&

S

Re¢ent1y he has turned his attention to the role. nukr1t1@n p1ays in th1s

my Df issues. For examp1e,\1n%the March. 1980 issue af ECIEngg, he coauthared'

N A e 7 )
"\ *From.Jeanne Chall and
Uﬂ1VEF§1Ly of Ch1cagn Press,

\
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/an article on the re1atichéhips of food dyes to hyperactivity.*

His work on 1EFt/Pightv1atéfi1i2étiéﬁ is contained in his book entitled

 Asymetrical Functioning of the Brain.**

{
/ '
\
i
!
-
)
&
5% by
.
o /
.\ :
i i‘:

*James M. Swanson and Marcel Kinsbourne, "Food Dyes Tﬁpa1r Perfor ance,’\

of Hyperactive Children on a Lab@ratary LearnTng Test",rSgyé@ce, Va1 20 0%,

no, 28, March 1980 , A | U A\ | | \\
| esCambridge University Press, 1978. o \\ |



Sex Differences in Hemispheric Asymmetry

Work of:  Susan Leigh Star-
- Department of Sociology
ffff University of California, "San Franc1sca ( ,
4249 24th Street
San Francisco, Cal. 94114 :
Tel: 415-641-44783 /

Susan Star is a young feminist scholar whose wGPk'Gﬁ sex différences
{'Jin hem15pher1c aSymmetry has been pub]15h§d in severa1 Doaks edited by
Ruth Hubbard Pr@fessor of B1oiagy at Harvard. Hubbard, whg is foremcgt
- among Fam1n1st s;ho1ars concerﬁad with the ways in which sc1ence views
woren, considers Star to be tha most articu1ate and accur&te feminigt
critic.of the left/right-brain research in.particular, and sexist‘biaéas
>in %hé 1itgratQFe on the ﬁsyéhciagy of cansciausness-in geﬁeréj.td;_
-:rwith care and balance in-her research, Star shows the difficulties
inherent in broad éiaims that males are ﬁ@réiti@é%iy assa;{atéd Wiﬁh4ieft _
brajhzéunctianiﬁg and Fema?eé‘with right brain fUﬁctibﬁingzi Such claims, |
| qujéxamPTE wau?é imﬁiy'thét méﬁgare more verba1]y ski11&d than,wémen,

which is contrary to the results of standardized tests.

*Susan Leigh Star, "Fem1n1sm and the Psycha1agy of ansc1cusness,"
Science/Technology and the Puman1t1es Fa11 1979, Vvol. 2, no. 3, pp.
303-308. } ; s .

3
' %
‘;) 2%
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Her artic?es; "The Politics of Left and Right: Sex Differences in
Hemispheric Asymmetry”,* and Séx Differences aﬁd the Dichaicmizatign
of the Erain: Methods, Lim%t5; and Problems in Research on Conscious-
‘ness, Mk provide a clear cr1t1que of key problems associated with
1eft/r1ght bra1n research valuable not Dn1y for the Fem1n15t issues they
raise but also for the more general 1§sues in the braln sciences. These
include methodological difficulties, conflicting data and interpreta-
‘tions, tﬁe exteﬁf to which»sccia1 values and %dec]@gy influence the
1nterpretat1on of SCTEHLIIIC data, and the m1scgﬁc2pt1ons pr@moted by

writers who toa often m15take conjecture for fact when relating thé

neurosciences tc human nature.

4

*Tn an anthology abaut women and b1c1ngy, Women Look at B1D1ogy Laok1ng

- at Homen, Ruth Hubbard et al. (eds,), Cambridge, Mass.: Schenkmaﬂ, 1979

SN ’ |
\ : , L
**]n Genes and” Eender- P1tFa11s;in Research on Sex and Gender, &d.
M. Lowe and R, .Hubbard. (N.Y. Ecrd1an Press, 1979). A third article,
"Right Brain Ep1stem01@gy“ w111 appear in a book of essays for the Modern
Languagé Association Commission on the Status DF komen, J.P. StanTey and
S Hgog and, (eds. ) _ | _

\
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Cre§§iyit31WCr§§ﬁjyjtyijesting, and Cerébrajfﬁemispheti;ity

Work of:  Professor E. Paul Torrance _ -
with J. Pansy Torrance’
Department of Educational @Sychology

_College of Education . _ VU

University of Georgia

Athens,-GA 30602

E. Paui Torrance is one of the most prolific investigators in the field

of creative behavior. 51nce 1958, he has baen nurturing a quiet reva1ut1@n to

make eiéﬁéhtary, segandary, higher, and career edu:at1on more cﬁeat1ve. His
long history of téaéhiﬂg creativity and of developing creativity tests com-
bines w1th his recent interest in 1Eft/r1ght brain research The imp]%ca-
tions of his work Fcr 5ch@o11ng are far- reach1ng ‘and 1nc1ude %undamEﬂtET

reor1entat1on of teacher training tawards more creativity;- creat1v1ty tests as-

a Qaunterpo1nt to IQ test1ng,vdeve1cpment GF new 1nterd1sc1p11néry curr1cu1ar

sgudy the. Future that ga beyond the walls of the cTaserDm even for EIEmen
'tary schac1 pupils; and 50 On..
Some of Thé ﬁTgh11§hLS of h1s work are encapsu]ated below: \}?-

o The creat1ve eduﬂat1on revolution: - Educ 1Dn today is more creat1ve

than 20 years ago. In 1975, a]T 108 sixth graders Qf a 5tab1a regre:ent t1ve

' Geofgi;':chca1 were adm1ﬂ15tered the same €F§au1v1ty tests given tD thE1r 91
counterparts in lSS?: the greatesg ga1ns were in erg1na11;yfaﬁd.é1abcratiaﬁ,
two characteristics of créativity.; These résu1t§§ger§;confirmed by Flanagan,

who recorded increases in creativity at the-€ame time as noting decreases in-
grammar and computation skills.

i@bjéztive studies administered in 1252 -showed that prospective. teachers

.- Y

had attitudes that would not reward and even would suppress development of

i) =
<4



creative abf?it%gs, By 1978, 96% of a test sample of SDSﬂteazhers!instrainiﬁg
thought more class time should be used for tea¢h1ng creative th1nk1ng

c I§§t1nggz In.1959, Torrance pointed out that if one identified as
gifted ﬁhé upper 20% of a school population baseﬂ'aj an intelligence test, 70%
of the most creative would be missed. The most wiéeiy used tEstvar creati-
vfty‘is the TTCT (TOrraﬁéa Tests of Creative Thinking). It has been translat-
ed into 30 Tanguagésg. In the US, over 1DQ,DDD-5tudénts také the test annual-
1y. Over 1000 research studies have examined its utility -- to all age
groups, with minorities, and for its long-run predictability which is now
being validated tﬁrough a ZQayear follow-up study (%n progress).

.0 Left/Right Hem1spher1c1ty Tcrrance believes that the accumuiated

- research on the SpECTa]TZEd funct1ons of cerebral hemispheres "has giVEﬂ
additiona1 theoretical and=empirica] support” t@‘his;wcrkf Therefore he has.
V;deﬁeicped testé‘For right, hemisphere (ﬁdnverba?) thinking, such'asf“SDunds:
and Images" published in 1973. He aiso deve1apéd "Your Sty1e of Learning aﬁd
Th1nk1ngﬁ (Fourth revision) for use w1th narmaily Funrt1on1ng adu1t5 and
adQTés:éﬁtsg | ?

‘As reported in Ef@jﬂ[ﬁindﬁ5u1j§tj§:(1979) Torrance has shown that

| peop1e can change thé1r praferred styles of 1earn1ng through ‘training, that

those hav1ng a left- hem1§phere sty1e of processing 1nformat1on score 1ower on
tests'of creative th1nk1ng ab111ty,_and that g1fted students w1th a pFEdDm1n=
”an;1y 1eft§bra1n style have graater d1Ff1cu]ty in seeing 1mp1icat1@ns of new
knowledge. | |

o Combining Futur1sm and creative. éducat1on Two extraordinary-programs

“were developed by Torrance g;,aig to encourage children istattihé from age 2-3)

Ui

2
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and adults to think creatively about the future. These are the “Fﬁturé ,
Problem S@iving Sociodrama" and the "Future Problem Solving Bowl". Break-
thraﬁghé are achieved in both téchniquesiwhan participants are ébTe to use
s“stataé Qf‘écﬂsciausﬁéss other than thévordfﬁary, fully fati@ha1 states“; i.e.
: ematioﬁavaact@rs aré‘equaiiy im@attant to intellectual Qﬁesvih imééing the
future. Both techniques also are commonly used outside thé classroom wa11§,
in one case at ths Goddard Sééce Center wﬁere-studenﬁs were "taken to ahéthzr i;,
§1anet" and asked to design a new way of Iffe. |
Tcrrance Fee1s it is especially important that gift ed/ta1ented ch11dren
be exp@sed to such future-oriented techn1qu25: By 1978 the Future Prob1em
Solving Bowl 'had expanded from the initial 23 h1gh 5choa1s in nDrtheastern
‘Georgia to over 300 schoo1s and 6000 students in 24 states In 198D the

,:Un1vers1ty DF Nabraska adm1n1§tered the program, supportéd in part by the\

_Nebraska Agsoc1at1nn for the E1Fted to an est1mated 30, DDD peap1é* ‘ - \’ -

1

%5‘\ .. ;g§ergat1gg§1 gspeigs; Tcrrance C1té$ work from 25 d1fferent c@u-e\
| trigé}sﬁawing;thgt é%eatﬁvit; can be 5tud1ed_crpss—cuitura11y. He has ex-
amined styles of learning g%d_thjnk{ﬂgvin“the USA, Japan, Israei, India, and |
Mexico. ;Sémé qcncTusiensé Japanese stuéénts score higher on intuition,
' verbaT in§truétion1 and precision while US‘StudEﬂté are=higher;-résﬁectiv51§§‘

iﬁgiagic demonstrat1@n, aﬁd 1aoseness (1ack of structure)

‘e Sumgar Y Tgrrance has canducted wark along the 11nes degcr1bed above

with pre-school children, with studaﬁts in career education, and with the -
elderly -- as well as in elementary, secondary, and higher edQEéti@ﬁ>=— and has '\

developed well-researched tests for ﬁeaF1y all of thémiisThese are listed and

described in "Hiéh1ights:,.eegrgia Studies of Creative Behavior, ,1970-1979",

e
<




available from the University of Georgia. -The extensiveness and originality
of Torrance's work makes him a most provocative and substantial figure, the
impcrtancé of;yhgse work has been underestimated in our opinion.

Some Referenaes- "Creativity and Futurism in Education:  Retooling",
Education, Vol. 100, summer, 1980 N

"Role of Hemisphericity in Performance on Selected
: - Creativity Measures", Gifted Child Quarterly, 1979
- = 7 Vol. 13 (with S.A. Mourad) v

~ "Perceived Changes in Sty]es of Learn1ﬁ§fand Th1nk1ﬁg
(Hemisphericity) Through Direct and Indirect Training",
Journal of Creative Behavior, Vol. 12, 1978 CWTth C. Reynolds)

"Torrance Tests of Creative Thinking: Norms-Teghn1§a1¢Manual o
(Ragearch Ediﬁihﬁ)", Personnel Press, Lexingtomy Mass., 1966 ,:f

a%/ 3;

G1Ftéd Ch11dren in the CTassrc@m Macmillian, 1965 <7

Is Creativity Teachable?, Phi Delta Kappan Education Founda-
tion, 1973 _

_i"Eva1uat1ng the Elusive Aspeets of Career Education”,
Journal of Research ‘and Deve]cpment in Education, 1979 Vol.

12 7777%7

', Feaf
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Learning and the Brain

‘Work of: Prcfessa%rﬁer1in C. Hittrch

- ~ Graduate School of Education

University of California
Los Angeles, Ca. 90024
Tel: . 213-825-8329 - .

Wittrock's interesté centér on the relationships between cognitive
}'psych§1agg and ciassrocm'instry;tiOHi He has taught courses in both thesé
areas at U.C.L.A. 1In the interest of further illuminating those relation-
ships, Wittrock has recently turﬂed‘his_attenfion to exp1a§iﬂ§ the interface
of cogniti;e psychology and neurophysiology. The fruits of this exploration
are contained in a series of articles which, taken together, provide the most
complete and useful review of the literature that relates brain_Fuﬁcti@ning to
cognitive processes in learning. Wittrock's work in articles 'such és "Learn-
ing and the Brain"* éﬁd "Edu;ation and the C@Qnitive Processes of the
Bfain"** is careful, even-handed, well-researched, and insightful.

“:Hittrgik's own research in the area of learning and the brain is high-
1i§htedﬁ5§“his work 1in generative praéééses in 1earniﬁg and memory, particu-’
larly as these processes relate to the acquisition of language and reading

skills.

which children and adults generate meanings for written language by relating

*"Learning and the Brain" from M.C. Wittrock, ed. The Brain and Psychology,
Academic Press, 1980. - - a

**'fdycation and the Cognitive Processes of the 8rain" from Jeanne Chall
“and Alan Mirsky, (eds.) Education and the 8rain, University of Chicago Press,
1978. _ o - T

_— 5 ' ) -", B . R - EEY
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it to their knowledge and memories of experience. B8y this constructive
process they-make sense out of prose and connected discourse.. In constructing
his theary of generat1va cognitive processes, Wittrock makes reference to two
éssent1a1 learning processes which have been studied both in neurosciences and
in cagﬂitive.pgychDTDgy{f attention and encoding.* !
Wittrock's theoretical work has been supplemented by empirical studies
- such as those he describes in "Learning and the Brdin". B

“In a number of studies, my students and I have studied the
. effects of the generation of imagery and verbal elazborations upon
learning in school. Bull and Wittrock (1973) found that when
elementary school children drew simple. pictures of the definitions
of vocabulary words they remembered more of the meaning of the words
than when they wrote and studied the definitions.
In another study (Wittrock et al:, 1975), a familiar story
facilitated the generation of meaning for new and undefined vocabu-
lary words, Doctorow et al. (1978) found that instructions given to
junior high school students to generate a summary sentence after
each paragraph of a story sizeably increased their ratent1an and
camprehens1on of the stories.

In a recently completed study (Wittrock & Lutz, in preparation),
college students reading a chapter from Rachel Carson's book, The
Sea Around Us, increased thzir memory of the information in the
chapter by constructing a verbal analogy for the main idea of each
paragraph or by constructing a summary sentence after reading each

.paragraph. In these studies, self-generated verbal or imaginal’
representa;1ons of the information to be learned facilitated learn
-lng . Il%f

, *Encadiﬁg has to do with the constructing and storing (in memory) of
abstract and concrete representations and interpretations of EVéntS from
EXPEFTEﬂCE. -

~ **Byll, B.L. and Wittrock, M.C. "Imagery in the Learning of Verbal Defini-
tions”, Br1t1sh Journal of Educat1aﬂa1 Psychology, 1973, 43, pp. 289-293.
Wittrock, M.C. et al. "Reading 'as a Generative Pracess",-dourna] of Educational
Ps chn]aa , 1975,67, pp. 484-489. Doctorow, M.J:., et 2l. "Generative Process

in Reading Ccmp*ahens1an“, Journal of Educat1ana1 Psychaiagy, 1978, 70, pp.

109-118. Wittrock, M.C. and Lutz, K. "Reeding Comprehension and the Genera-
tion of Verbal Aﬁalcgies and Summar1es " 1n preparation.
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Wittrock's {mpartance -then, rests b@th on his integrative ski115 as a
1ntegrat1ve research and thecry building as a cognitive psych@]ag1st

Considering h15 sa11d systematic, multidisciplinary wark, Wittrock
deserves to be regarded as a leader améng those wga are attémpting to reach
a useful and ba1ancéd Uﬂderétaﬁding of a va#ieﬁj:cf implications in thé
re1at1®nsh1p of bra1n functioning to cognitive Dsycha]agy and of both these

areas to classroom 1nstruct1aﬁ



III; hHD DDING WHAT? ADDITIDP\AL NAMES AND lf{ESEARCH WORK
Many more names and research projects were suggested to us during the course
of our inquiry. Given the constraints on time and ?escurcgs; not all could be

-followed up and investigated. These include

Dr. Joseph E. Bogen, M.D. _ A neurosurgeon who has- participated
Roos Loos Medical Group in the disconnection of cerebral
1711 West Temple Street ~ hemispheres in severe epileptics.
Los Angeles, CA. 90026 " . He has related left-right laterali-
Tel: 213-413-1313 - zation to parallel ways of knowing in .
; : several articles.. Readers are referred

~ to his article "Some Educational Impli-
-cations of Hemispheric Specialization”
in Chall and Mirsky.

Professor Jeanne Chall Widely recognized professor of read-
Harvard Graduate School of Educat1on ing. Editor, with Allen Mirsky, of
Cambridge, Mass. 02138 o Education and the Brain, 1978.
Tel: 617-495-3521 ' T .
Or.Eric Courchesne - S Engaged in research on 1earn1ng dis-
Medical School : abilities and EEGs. ’
University of California
San Diego, Ca. 92037
Dr. Joaquin Cravioto, Chairman ' Malnutrition and education. Has data
Division of Scientific Research ) on 200 village children in Mexico,
Hospital del Nino Iman , from their birth to age 7, on effects.
Insurgentes dur 3700 of malnutrition.
Mexico city 22, D.F., Mexico ' : -
" Dr. Peter Fuller : Engaged in research on learning dis-
"Child Development and o abilities and .EEGs. o

Mental Retardation Center
University of Washington =
- Seattle, Washington 98105 -

Tel: 206-543-0124 B

br. David Galin . He studied left/right brain in
[San FTEHCTSCD] —% young children.
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- Carlton Gzjdusek
National Institute of Health
Washington, D.C.

Dr. Norman Geschwind
Harvard Medical School
Boston, Mass.

Dr.. M1chae1 Gazzaniga
Department of Neurology oL
Division of Cognitive NEUFDSCTEﬁCE .
Cornell Medical School
1300 York Avenue
New Yark New York

" Tel: 212-472- 8296

Dr. Muriel Lezak'
- Clinical ‘Psychologist
Veteran's Hospital
Health Services Center
3710 Southwest Veterans Road .
Portland, Oregon 97210

Te1*; 5@3 222-9221

! —

Mr. Joseph Psotka
Nationa! Institute of Education
Department of Learning and DeveTnpment
1200 19th Street N.W.
Washingoton, D.C. 20208

Tel: 202-254-6572

Ms. Julia Sherman Director

Women's Research Inst1tute of Wisconsin

3917 Plymouth Circle
Madison, Wisconsin 5705 ’
Tel: 608-233-0255

i) 7

L

Works in the field of neuro-
physiological pathology.

Considered one of the foremost
researchers on the relationship

- between ﬁeur@phys1olagy and

behavior. /

Significant work,in left/
right brain studies and
handedness. /

¥

Author of Néurapsy:hgiogiCET
Assessment, 1976. Worl

psychology, 1ntégvat1an of 1eft/:.=

r1ght brian, and reading.

Helped to organize conference ,
on neurphy31a1ogy at U.C.L.AT0

‘mid=-1970s. - Continued 1ntérast

in the field. s
Vs

£
4
/oo
Work on sex differences in
brain functioning. :
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Imp11:at1ans .Dr fducat.@n Jg1g 1:-1 TE;D

Organizer: Ms. Mary Leighton
: « . College of Education
University of Oregon
- Eugene, QOregon -
Tel: 503-686- 3407

From JuTy 15-19, 1980, over 900 Edgcatars (mainly teachers) gaihéred
}
to hear eight speakers discuss research on the human brain as a passibie new
. » i : /

significant frontier for educators. The topics and speakers were as follows:
The Challenge of Brain Research V

Herman Epstein, Prafessar of B1Q]ogy,
Brandeis University : /

Biological Time: Thé Cjoi@;ﬁithfﬂ Us
Michael Meneker, Professor of Biology and
Director of Neuroscience Training and
Rasearch, Univeﬁsity of Dregcﬁ

Development of the Human Era1ﬁ
Marcus gatobscn Professor of Aﬁatomy,
University of Utah College of Medicine

Specialization in the Cerebral Hemispheres
Murial Lezak, Clinical Neuropsychologist,
Veterans Hospital, Portland, Oregon

, . . / . o /
Sex Differences. in Brain Function T /

Julia Sherman, Director, Women's Resesarch : /
Institute c. Wisconsin -

»Languagngrocess1ng in the Brain ) ’ /
D. Frank Benson, Professor of Nauraigay, !
The Center for Health Sciences, , o ]
Los® Angeles _ / . g , /
1Enﬂarphia§: The Body's Own Opiates - o /
Avram Goldstein, Professor of : . ;o
Pharmacology, Stanford University e : /
: _ /
Biofeedback: A ChaTTenge”ﬁofthé Priorities . /
of Brain Research ' - o
Barbara Brown, former Chief of Experiential /
Physiology, Veterans Hospital, Sepulvede, - .
California . . e , /
‘ o S
- Td ;
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Ms. Laighton concluded that therconferéﬂce was successful in informing
the parti:%paﬁﬁs and érovaking their thinkingg Howaver, the presentations |
were less germaine to educational practice than had been’hopéﬁi Many felt
that this research wci?d become more relevant Furtherﬁiﬁto the future -- some
said as far as 25-50 years into the future. The experience of this vé%y good
symposium indicates at least two things relevent to the Horace Mann Léarnipg
CEﬁtéé. '

B First, small worksb@p§=wou1é probably be more productive at this stage
fhaﬂ 1arge symposia. What is needed now, and what few agencies seem to be
sponsoring, are @pportgnitias for brain TESEEFQEEFS to think about the educa-
ti@naiaimpiiéatigns of their work, together with and aided‘gy Cogﬂiti{é |
ésgéﬁoiég{stsi . This process requires small group interaction with sufficient
;tiﬁe to deveiap researchable propositions. | N ) |

...Second, even though brain research Téf;%? years away ngm much of educa-
t%@ﬂ%1 policy, it is very close at .hand in at least one important respect,

which is the ethical dimension. Just as the |purposes of ‘research in genetic

engineering recently sparked constructive controversy, it is quiée pagsib1é
that brain r;searcﬁ'may p%@vake similar debate. Pfapéf1y Farmu1;ted, such
diSEuSSiDnaCOUTd_bEﬁEfit neur@physio1§§y by indizétiﬁg new pri@ritiés'and it
could help educators understand the strong aﬂd‘weak_p@ints-of brain research.
In order for such debates to be properly formuygtéd, educational policy

| makers will have to become better inférmed abolt the present state-of-the-art

of brain research.



Iv. TOPICS FOR DISCUSSION: ISSUES AND IMPLICATIONS
.The work described in“the foregoing pages can be summarized as fol-
“lows:
A gfo#ing collection of evidence indicates that left and right sides of
tﬁé;humaﬁ brain process’infgrmation differently. While there is general

ag?eémént about the existence of these differeﬁigs, their precise nature anq
signi%icaﬁce are the subject DF caﬂsidérab1e Qisagréemanti' The increase in
scientific éxperiﬁéntatian*has been matched -- 1f not exceeded ss_by popular
Sﬁetu1atiaﬁ:- it has become fashionable to relate many behavioral dichotomies
to specializations of Eithéf;tﬁé 1eftlaf fight-hemispharei Distinguishing
scientific hypathesis from unsubstantiated specg1atian‘thus_has become d{FFi-

cult for adazﬂzafgsseéﬁﬁng implications of the brain.sciences for educational

policy.

=

In this section, we begin by describing some methodological problems that
make it difficult to link ﬂeuféphysic1cgy and cognition.  Then we identify
several key issues of imgortaﬁceat@ educatmﬁsi noting areas of agreement and

\.

disagreement among researchers.

Methods in Neurophysiology and the “Brain/Mind" Problem

Educators should be cognizant of a number of fundamental methodological

problems.

. 0 None of‘theﬁstesentffesearch methodologies can determine with
.certainty how the braijn functions. o )

What we krow about how the brain functions comes from resagrchvthat
is limited by our ability to get physica11y:insidé;the 1iving brains of fu11y}

functional, normal human beings: Research strategies have included

g
o
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1) observations of the interior of the brain by neurosurgeons
working on live animals, dead humans, or on human beings af-
flicted by pathology or injury;

2) researchers' observations of behavioral distortions-.in human
subjects known to have certain brain dysfunctions;

‘electroencephelograms (EEG's) which through extesrnal monitoring
distinguish between different kinds of brain wave patterns
present in different regions of the brain, correlated with
externally observed modes of mental functioning or responses to
behavioral tasks;

L
—

4) a host of othar externally e;hibitgé and monitored behaviors
such as eye movements, listening patterns, and performance on a
variety of kinds of tests.* '

It should be pointed out that the major contemporary impetus for left/

right brain studies derives from early work cn ggﬁp;mglfadujis by Roger

Sperry. Years ﬁatar, doubts still persist 25 to how much'eﬁp1aﬁatign ebnormal
brains can provide about normally-functioning, intact. brains.

Anétﬁaf methodological problem is the difficulty in pinpointing locations
for brain functions. AS‘Eardﬁer has pointed out, itrcannot be proved that a
function is housed in é particular location just begausé'that function is
impaired by damage to that location. His famous aha1agy is that the function-
ing @%ia radio can be terminated by cuttiﬁg off the p{ug, but no one would

conclude that the sound was "housed" in the plug.

As Merlin Wittrock explains: ’
E;ﬁ‘ "Cognitive functions cannot be reduced to neural structures and

psychological processes..." (1978) "... the precise neurolo-

gical mechanisms involved in different types of learning are not
known." (1980) ’ '
VHEﬂCE, thoseé interested in Céﬁﬂéétiﬂg;ﬁEQfE1Dgiéa] functioning with

l2arning must rely on findings which are aiway§‘1imited by being unable to
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"get insida" the live, fully functioning, healthy human brain.

e Relating brain function to cognition or behavior requires con-

structing a hypothetical m@de1 of the mind. Such models are built
by postulating aSSUﬁB 1ﬁns and “T1111nq in" where EV1dEﬂE%7j§w

incomplete. As useful as such models may be , they are experimen-
tal hypctheses ﬁDt nard Fact as 15 56ﬂ§t1n§3 1mp11éd

=

Genﬂra;1ng modals of he mind is an age-old occupation of ph11asaaher§
more 1y of psychologists and most recaﬁh1y of neurophysiologists.
Sperry ahd his associates constructed such hypothetical models in generating
the notion of two brains from research in patiénts whosa hemispheres had-been
severed. This procedure is invariably used by everyons who ?E1E£ES a model of
éampiax neu%c1agi§a1 functioning to human ccgﬂitich; thought, perception,
learning, memory, and so on.

The difficulty in verifying relationships between neurological structures

. and cognition is sometimes referred to as "the brain/mind problem". A

“recent book  on the subject includes a dialogue of great interest between

philosopher Kaﬁl\?opper and Nobel Lauriate néurophysiaiggist John C. Eccles.

SeNf and Its Bra1n * reflects the recurrEﬂt notion that the

e

Its title, The

brain and mind are indeed different entities. Whether or not it is the case
tha? the miﬁd is greater than the sum of the brain's parts, the problem of the
dif%erence between the nature Df,ménta1 processes and the nature of neuro-
physiological functioning is at least one of two separate 1eve1$,of‘aﬁa1yses,
that may be correlated but not easily linked in any direct causal manner.

Many of the problems.in the research arise when causal relations are

posited across.levels such as' these. And there are many levels, ranging

*Carl R. Popper and John C. EcéTes Ibnge1f and Its Bra1n. New York:
Springer International, 1977. .

37
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upward in elaboration from synapses aﬂd_ETEctrD!chem{zaT functions, through
néurc1cgi:ai regions of t;e béain, to mental functions at -the psychological
level, to zampiex:humaﬁ behaviors at the level of the 50§iai sciences and
humanities.*

The construction of hypothetical m@dé1s of the mind seems both iﬂévitab1e

and promising One virtue of re1atiﬁé ﬂeuraphysio1ogy to cognition is that

mind that more adéquate1y portray mental functioning. Caution, however, is in

order: since the dis%inztians between empirically verifiable data and the

hypotheses drawn from that data are often disregarded by many popularizers and

deé1S of mental ?unctiOﬂing to be interpreted as facts about. how the brain
works. .- i |

VSusan Leigh Star squarizes thegs prab1ems cogently, showing how literal-
1y hundreds of "models of the mind" have been derived from Sperry's original

work on no more than 20 adults:
The current strong wave of interest in hemispheric asymmetry

began with the work of Roger Sperry, who studied persons with -~

. severe epilepsy who had .had their corpora callosa (the nerves and
other tissue connecting the two halves of the brain) surgically
severed in an attempt to control seizures. As a result, these
people had two separately functioning brain systems--their right
hand literally did not know what their left was doing.(unless they
had a chance to lock and see!). Sperry presented the two sides of
the brain in such people with a variety of 'stimuli--verbal, tactile,
and visuai. On the basis of his subjects' respcnses, he was able to
generalize about the types of functions that the two hemispheres
perform separately He concluded that the left half of the brain

" determines logical thought, most speech, mathematical ability and
"executive" decisions, while the right half rules visuo-spatial

3

*For further discussion of the levels of analysis problem, see Steven -
Rose, The Conscious Brain, Vintage Books, New York, 1973. S

)y — s
- :“gj('
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ability, emotions, and intuitions. His hypothesis about the left
hemisphere c@nfro111ng verbal functions was Eupgarted by obser-
vations on brain-damaged people with lesions in their left hemi-
spheres, many of whom have more and severer speech impairments than
those with right hemisphere lesions.

The strict equation of spatial ability with right hemisphere
functions, and of verbal ability with the left, combined with the
tenet that it is most natural to use one side of the arain at a
time, formed the basis for subsequent theories about sex differences
in asymmetry Sperry's hypothes1s, based on his obseryvations of
fewer than twenty patients became a "Tact“ that was subsequent1v
used to build new thearies. *_

Since we are in a period of intense interest in neurophysiology, it
is not surprising that adnumber of brain-based models of the mind are cur-
fentiy in uéé. In addition to the many modals ref1ect1ng the 1eft/r1ght
brain d1ffexent1at1an there are also models stimulated by research in ar-
tifical inte]?igeﬁce (M.A. Arbib's Metaphar%ca1 Mind, for example), models
basad on thecriés of brain evolution (P.D. MacLean s Triune brain) and a modé1

. . : S
based on the image of a holograph (KarT Pribram's Holographic Tneary ot

ConSE%ousness).

Perhaps the most impcftang‘ﬁaintefar educators is to proceed with great
éare wﬁén re1atingé1garnin§ to the neurosciences. This warniﬁg, repeated by
many in the field, is well summed up by Jeanne Chall and Allen Mirsgy who

conclude their book Education and Ehe Brain with the following statement:

"Every chapter author acknowledges the great famp1ex1t; of
the brain and the theoretical disagreements that arise from this
CDTQ]ER1ty If this brings confusion and uncertainty to the

*Susan Leigh Star, "Sex Differences and the Dichotomization of the
Brain: Methods, L1m1ts and Problems in Research on Consciousness,

Program in Human Development and Aging," University of California, San
Francisco, in Genes and Gender: Pitfalls in Research on Sex and EEﬁder,

Ruth Hubbard and Mar1an Lowe (ed1tars), Gordian Press, iMew York, 1979.
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different neuroscientists, it brings an even greater sense of inse-
curity to the non-specialist. In the search for certainty, there.

may be a tendency to hold one simple theory. It is important for -

the non-specialist to know that-the various brain theories are being

constantly refined and modified."*

Creativity, Imagery, and Art Education

The most practical implications of cerebral Tééeraii;aiién to classroom
éraitice concern the areas Df creativity, imagery, and art éducat1oﬁ The
papuiar success of Betty Edwards and others in téach1ng draw1ng, the research
of Howard Gardner in art education, and the EFEat1V1ty enhancements and
testing by E. Paul Torrance all deserve Further expioratjdﬁsg Despitg some
obvious commonalities among the work these people represent, there are pro-
found and unresc1ved areas of d1sagreement Gardner, for esamp1e, wou1d not
view the brain as two halves in the way Setty Edwards does; rather he would K
descr1be “sevan brains", or seven bra1n Funct1ons thag correspand to the seven

symbc1 systems he stud1es_

Both Gardner and Edwards seek to enhance ngnverba1 skills. In contrast,

» Tgfranae and atso NTttFDEk would "draw on the right side of the brain" to

=

develop 1j§;yi§tjgrcapazitiesé Wittrock, for example, uses imagery to 'in-

crease vocabulary skills. Torrance seeks ways to enhance written expraéa

sion. - | ~
Thus in the prﬁmising‘areas of creativity, imagery, aﬁd art education,

"educating for both halves of the brain" means very different thingé to dif-

ferent peop1ég, For policy-makers, this implies a need for more experimenta-

tion and for further dissemination of a variety of information and ideas.

*Jeanne Chall and Allen Mirsky (eds.) Education and the Brain, University

‘of Chicago Press, 1978, page 376.

7 -
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EThTS cou]d perhaps best be done thraugh sma11 workshops that 1nva1ve not’ Dn1y
FESEEréhEFS:bUt pract1t1cners as well. It should ba ncted that the 1980

he1d suchvwcrkshopsg More 1nformat1on on their program tan be obta1ned From
Ms. Anne Dickassh, Program Direétcr, MEﬂta1 ‘Imagery Cénference, 219 Nolte
Center, 315 P111sbury Dr1ve S.E.. M1nneapo11s, M1nn 55455. For further

- d1scuss1ans in thTS area, see Joseph Khatena, "Creative Imagination Imagery

Where 1is 1; Ea1ng?“, Journal of Creat1ve Behav1or Vol. 10,.n0. 3, 1976, pp.

©159-192.

"'Sex Differences in Left/Right Brain Research: Fact or Fantasy? .-

) -.In the pnpu1ar 11teratura, the left s1de of the brain 15 then

‘ated w1th fema1e ccnsc1gusness To what extent are such c1a1ms -
bsrqgout by resear:h? , - i : L

\

\

CTa1ms of this sort are not well supported by present neur@phys1o1ag1ca1

'researéhg They seem to be. based on earTy specu1at1ons of wr1ters 1ike Robert
'l Qrﬁsteinf:agd others whq were extrapoTat1ng From researchabased hypotheses
whiéh”hEVE'éince'céﬁe to be seriolsly questioned, even by'érnstéin himself.

‘Susan Leigﬁ Star sums it'up well:

chophys1c1ogists have rev1sed the1r initial toncept1ons of bra1n
~ asymmetry, and most, 1nc1ud1ng ‘Ornstein, now rea11za that there is
’nc dua11ty of consciousness.in the brain."*=* _ .

_} L *Rabert Ornstein, The Psychc]ogy of C@nsc1ausne55,‘New York, W.H. Freeman
’ - and CDmpany, 1972. P S

1 **Susan Le1gh Star "Sex Diffarences and the D1ch@tom1zat1un of the
Brain: Methods, L1m1ts and Problems in Research on Consciousness, Program in
Human -Development and Ag1ng,“ University of California, San- Francisco, in
Genes and Gender: Pitfalls in Research on Sex and Gender, Ruth Hubbard and-

-Marian Cowe (ed1tors)? Gordian Press, New York, 1979.
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Nenethe1eee, Drﬂste1n s The Peycho1ogy of Censc1eueneee remains very

influential and many voices eeht1nue to echo. ceheept1chs now out-dated.

What differences in left brain/right b;a1h functioning are now thought to
exist between males and Fema1ee, ehd'whatfeehee can one make of any such
d1ffereﬂeee7 The research findings and .even the hypothéses are eehf11et-
qhg-end contradictory. Three examgjee of such hypotheses are provided on the
Fo11@@ing peéee Theee exemp1ee are eQEErpted ehd described in some detail,
reflecting, the 1mportance and complexity oFx;h1e issue, Reedere whe prefer te
do ep may skip or\ek1m to the next topic for discussion that begihe on page

50,

&

.
W
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E)iAMPLE 1:%

T Tio Cfampetmgﬁypa&hesex abzaat‘
Right Brain/Left Brain Functions

Tne following two hypotheses have been among the most widely
discussed and believed theories about sex differences in brain asym
metry. They are bothi.based on alleged s2k differences on spatlal and
verbal tasks, and represent two entirely different reasonings from
basically the same set of “facts;” Levy and Sperry say that women
are inferior on spatial. tgks because of a lesser ciegTee of laternlizo-
 tion; Buffery and Gray say that they are superior on verbal tasks

" because women's brains are more laiemtgei“ \\ o Y

'The Lecy-Sperry Hypothesis
Levy and Sperry begin their reasoning by noting that fernales
perform poorly on certain tests for spatial abilities, and that left-
handed men perform poorly on the same tests. Left-handers, they -
 state, perform poorly on these tests bécause of “cross-talk” from )
their left hemispheres whilé performing the tasks: they aresaidtobe - "
less lateralized. The authors argue that the superiority of rignt- :
handed males in such spatial tasks is due to a greater lateralization
of the brain: Levy states that “it might be that female brains are
similar to those of left-handers in having less hgmsphenc spedaliz. . )
tion than male right-hander's brains.”* She-an ) :'alsﬂdﬁﬁ'j;f“‘“_.‘ ~ k

furtner analogy between fefnales a:}d left-handers: they state thatin :
left-handers Ianguz.ge is mediated by both sides of the brain (whereas . N
- in right-handers it.is a left brain function) and that the language
S ‘ @mr.uanent in theright hemisphere of the left-handers (alleged to be
) al:sent in right handers for the most part) is what interferes with
“pure” right-hemisphere performance on spatial tasks (In fact; it is
N not true that left-handers usually have bilateral language represen-
tation!”) From this Levy and Sperry generaliza to females who, they - :
Do assume, also have bilateral representation for language, and they e
-~ conclude that this is why females as a group perform more poorly '
’  than males on spatial tasks
A number of researchers have already begun to accept theu'
hypothesis as fact, and are using it to interpret further findings,
.although the problems with it are legion. Levy and Sperry do not
address training and socialization as possible factors in perfcrmane;
of spatial tasks. They do not verify their assumption that the tests

address the critical fact that females consistently perform better.

mezsure the degree of hemispheric specialization. And they do pot | \

than males on tests of verbal ability, a fact which would seem to con-
tradict their assumption that females have bilateral language ™
" representation (which, by their reasoning, should make their verhal
abilities poorer). Rather, they seem more interested in explaining
male superiority on sr:aqal tasks, whatever contortions of lagm this

fmght demand. o .
*‘egcerp}‘;ed from Susan Leigh Star, Qpimti —
o o _ h R
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EXAMPLE 2

The Buffery-Gray Eypat.ﬁesis :

_ Buffery and Gray examine the same test scores as Levy and
Sperry, which show that males perform better at certain. spatial

tasks; but unlike ‘Levy and Sperry, they also take into account
female verbal superiority. N * h

To explain how both apparent superiorities can co-exist, Buffery
and Gray construct the following hypothesis. They postulate that in

- -malss, linguistic and visuo-spatial abilities are represented in both
hemispheres, whereas in females they are separated into the left and -
right hemispheres respectively. (Thus for Buffery and Gray, females -
are more lateralized than males, exactly opposite to Levy and :-

Sperry's a:gdu.;gion,) Buffery and Gray then assert- that bilateral
representation is most efficient for visuo-spatial tasks — a direct
contradiction of most ‘theories — because these tasks require a

‘global, holistic perception. Hence males, with less lateralization

than females, perform better on visuospatial tests. Then, with a
confounding leap in.logic, they assert that verbal tasks “require
more lateralization,” since they are more “specific” and “delicate”

‘and “localized” than spatial tasks. Hence women, with greater

lateralization than men, perform better at verbal tasks.
There are at least three serious problems with their hypothesis.

“The first is that deriving a more global or Gestzlt perception from
superior performance on the spatial tasks that have been used in

these tests requires a bit of imagination. For instance, one task is the
rod and frame test, which gauges the ability, in a darkened room, to
adjust a movable glowing rod within 2 tilted frametoa vertical posi-

tion. Another tests the ability to distinguish pictures of familiar .

objects that are concealed within a camouflaging background. The
ability to take a figure out of its background context is called “field
indépendence” and is used as g.%;;rzmple of “spatial ability.”

In these sorts of tests females,
separate a figure from its context, and are therefore s2id to be more

‘field dependent than males. From this it would appear that females

are the ones who exhibit Gestalt perception (right hemisphere), yet

- thisis attributed to men in the attempt to explain their supposedly
" _superior spatial ability. ’ LA )

~  But A more blatznt contradiction emerges from the BufferyGray
" theorizing. They casually mention that . : .

. { .
male superiority- on visual tasks only appears when
manipulation of spatial relztionships is involved. On
"tasks which depend for their/execution principally on the
discrimination and/or comperison of fine visual detail,
the direction of the sex’ differences is reversed. Thus .
women are befter than/men’on.... a number of other

.~ tests of visual matching and visual search . Jemphasis

”

on the average, are less able to,
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EXAMPLE 2 (.cgntinued) *

Thus, the only tasks that show men are more able are tests of

manipulation of the environment or some part of it. The equation of
. this with spatial ability, not to mention its hlgh valumg reflects the
. respect accorded| male skills in this society. _ ’

Buﬁ’erf and Gr—ay end the abeve quote with: "Thus women are
better than men on ... 2 number of other tests of visual matching .
and ﬂsua] gearch whxch are predictive of good peﬁarmafug on
dlerical ts.ﬂ-s.““
Finally, Buffery and Gray, like Levy and Sperty, flever identify by
" means of physiological tests the hemisphere! whose presumed
activity they associate with a particular task They postulate that
men are less lateralized than women; they pastulate that verbal’
skills require greater lateralization, -and visuo-spatial skills less
lateralization. But they never measure the brain activity of mzlesor /
- fernales during the performance of any of thess tasks, S

i

“* excerpted from Susan Léf’igh Star, op.cit. v \

Tl
S
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EXAMPLE 3* o

WITTROCK: SEX DIFFERENCES IN COGNITIVE PROCESSES

In 2 thgrauﬁh review, of the psychological literature on sex
differences, Maccoby md\_]:zklm (1974) reported that the verbal
abilities of boys and girls are quite similar undl early adojescence.”
At about age eléven and beyond the verbal ‘abilities of females are
supcrior, by about .25 of 2 standard deviadion, to the verbal abilides
_of males. In adolescence and adulthood, males are sup::mr by about
4'of 2 standard deviasion to fernales on visual-spatial tasks, and after
abour age twelve or thirteen op mathematical-tasks’ a]sc:/ No sex
difference was found in an;lyﬂr: abilicy, except for a male'superior-
ity when spatial ability” was involved in §5cmbcdd1ﬂg complex
figures,

: The recent r:sean:h on :he :«:gmve processes c:’f the brain
camp!;m:ns the above Endmgs in several mn::gtmg Jways. Fcr

over a decade a mild controversy has existed over the difference:
 between the sexes m*he:mxsph*nc d;smbuman of ls.ngu;’ge and spadal
. processes. Levy and Sperry argue thag, campa:ed/thh women, !
~ men have a greater degree of lareralizadon, with yverbal processes
- in the left hemisphere and spatial functions in the rlght hemisphere, /
while women tend to have both verbal and spatial processes repre- / /
sented to a slightly greater.degree in each hemisphere, Buffery and’/
Gray argue nearly the opposite, believing that spe:ghipen:epﬁnn
~and camcquendy’ other verbal processes of girls develop earlier and
become more.. strongly lateralized. than those of boys, who have
. spatial prc;csse.s more ‘equally represented in both hemispheres.®
Why a strong lateralizadon increases language ability in females,
while its' opposite, bilateral cerebral representation of nonlanguage -
skills, facilitates spatial ability in males is not made clear.
fn the recent literature, Ray et al. report that males were
lateralized for so-called righe hemlsphzy’\: or lefc hemispheric tasks,
.while no statistically significant dxﬁcr;ncgs between the same tasks
were found for females.1% Hannay/ and Malan: found that males,
but'not females, showed a right visGal field suptrmrxey for recogniz-
ing nonsense words, indicating lgss lateralization™ D\f/lmgmsn; func-
tions in females than in males.¥* Witelson found 'spatial functions
. well lateralized in boys at about age six, but not in gitls /unl;ll
o \\bnu: age thirteen.?® On the/othef hand, Wolff and Hurwitz, found
€
i

arlier and greater left h:,jxsph:rn: sp:zxallgﬂnn in girls faf serial
eguladon of motar behgvior, that i, keeping in time ‘with a.
metgonome and taoping /a2 steadv rhyvthm.!® With\Jbicfeedback
information about heart! race, females shifted to 2 greater righe .
hemisphere activation than did males in an -atternpt to influence
, their heare rates.!®* Both scxcs were equally effective at self-regula-
/ . fion of heart rate, although :h:}r used saﬁ:what different S.:steglts '
</ ] - ~ in :ﬁammg the- cqun;lcnt outcomes. R

S '.*'exéérpted Frcm_MgC. Wittrock, "Education and the
\ L o Cognitive Processes of the Brain", in Education
v - ~ and the Brain, Jeanne Chall and .l\ﬂanf‘rrvrsk_y, (editors), .

o ! ’ o University of Chn;a_gc: Press, 1978.

j . . \




EXAMPLE 3 (continued)+

‘a

: - : : /
/ Tucker studicd analytic-spatial and synthetic-spatial /tasks and
" found that males used their Icft hemispheres predominantly in the
analytic task and their right hemispheres predominantly in the
synthetic task.!®® Females used their righf\and left hemispheres in
the analytic tisk, but showed 2 g cat:rfEEG difference between .
rostral and caudal (fronc 2nd back){re /gmﬂs within the same cortical
hemisphere: Bogen et al. found :h;: black or white urban women -
: da as wr:ll as’ men on Ehg SJE;E Gé ..:lt Cgmpl:x:mn Test.m '
mtcllccfml tlslg are eit her nonesistent in most areas, arererng:kably
small in the remaining areas. Tlﬁ{gv da\nﬂt emerge uncil adale.sc:nce,
suggesting an influcnce of zulf;urally dstermined. roles.

- There is no educacionally relevant empirical suppgrf in the
studics reviewed here for the belief that one sex is more or less
intellecrually qualified than the other to pursue academic learning.

~ The observed differences in hemispherie lateralization, which are
still concroversial, reflect a richness and diversity in. the use of
cognitive processss to attain equivalent outcomes and equal pro-
ficiency. ~

* axcerpted from M .C. Wittrock, "Education and the
Cognitive Prccesses of the Bram" in Education
and the Brain, Jeanne Chall and AHaﬁ Mirsky, Zed*ltors),
Un1ver51ty Df Ch1¢agc Press, 1978

 Wittrock, in a 1auer article, expands upon this
conclusion: ** , :

- * Although as groups, men, women, left-handers

and rignt-handers somet1mes differ in cognitive |
proficiency and in the ways they process - /
information, the groups also overlap sub- . 3;/

P

stantially 1n cagn1t1ve proficiency and in
-methods of processing information. One edué/
cational implication of these f1nd1ngs is tﬁat
although some individuals will ‘be more pro-
ficient than others at academic- learning,.
_ students should not, by reason-of sex or
S == ~handedness, be d1scouraged from the pursuit .

: of any- academ1c subject. ma;ter tauaht in
schools.

** M.C. Wittrock, "Lé’*‘?“l*“‘ﬂ anc thz Brain",
The Bram and Psychc]ogy, Acaderrm; Press 1980.

4y




Scmetmes, these unc1ear and ccﬁfhctmg 1nterpr‘etatwns of research
u'lts aré not adeiuatéy reFTected in.the papu‘lar 11terature Many other- .
;w1se warthy causes may do themse]ves more harm than good by seeking support on
such a weak base. For examp’le Susan Le1gh Star presents a fermmst cr1t1que

ch this prab'lem as 1t occurs in fermmst 11terature
, /
. ;’
Feminists utxlmng the research on hemxsphenc s,s?miﬁf

should be careful to avoid similar pitfalls and not take right a.nd left

: brain dichotomies hteﬂly when analyzing women's oppression, or

\ .. at Jeast not use them in the sxmple litaral f2shion in which they are
' " popularly represented. There 1s a.strong metaphoric relationship
betwean the popular dichotomizations for “right brain” and “left

brain™ functions/perceptions and some of the ideologicalimaterial -

d:ﬁ’erenrg Ee‘-ween fem;msts and s-a:isfs. S-ame femxmst valug that

tsﬁs, ‘and 6uahsm_ chever. Lhe Imi;agﬂ of male darmmg ona
social leval with “the left brain” is too simplistic. .

An example of this kind of cversmphf ction c:s;—;uﬁ in an mde
by gina:

So duahsm r@d% in the very bfam The ways of per-

ceiving that came to be m:;ed in the left hemlsphere
are the tools men used to take control of the planet
. Linear thinking, focused narrowly enough to squesza out
human or emotional considerations, enabled men to kill
... with free consciences. Propositional thinking enables
men to ignore the principles of morality inherent in all
ithe earth's systemns; and to sat up instead their own ver- -
sion of right and wrong which they could believe a5 long

L s.s its laglc was intemnally eonsistent ... All ways of
. \ _perceiving that threatened the logical ways with other
realities were grouped together on the other (ﬂg:'nt) side’

T T 5

of thlbram and labé ed “@i

The separation of “gmd"’ and “bad” quaht.;g into left /
and right sides of the brain, 2nd the unijversally constant '
valuation of qualities, can be se2n in every patriarchal
cilture thmugh its a..hztues t::vard left and. ﬁght-
handédﬁess Ce ,

1_ . . §

. o ! T )
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Gina here introduces 2 dualsfn that fEJEeELS as male our ability t5~
use the tools of intellectual reasoning and lozic and this, too, is._ )
dangerous for it perpetuates stereotypic nﬁs:uhn.,_lfsmmme ~.
dualities, and evén more subtly so if they oczur in.the same person. h ~
Our left hﬂmxspheras are not precarious, “male” places to be visitad X
but not dwelt in. We need to utilize both halves of our bra.ms ina
flexible and adaptive manner, l:r-g-asi 2s gina suzzests, in 3 moral
society which respects the a:tmtxﬁ of both,

~ For feminists, our central concemns must be to ehrmnate p2triar
cha) mechanisms that have blocked the expression and walidetion of
language and spatiallintuitivelenvironmenta) skills in women, and
to encourage the development of thasa skills i in the holistic manner
of whn:h we seem to bé capable. .

Another perp’lexmg issue that canfnunds the question of sex dﬁferem:es

-is the nature-nur‘tur-e cantrqyersy_i Even where there are differences that show

3

~up on EEGs between males and females, it remains unclear whether such differ-
-ences are due to differences in innate-neurophysiological structures or -

~ whether they are socially induced. Some assume that because the research *is'

dn:human nautre. Dthers, however, po’int out that differences even in the ;

~ physical devehpment of the bram can be due to factors such as sama’l ‘en-

v1ranment, nutr'itmn, etc

An alternative 'and 1ntr1gu1ﬂg apprgach' is cf:f_,exréagby the work of Herman

Eps;e1ﬁs* , , \

It was Ea1nted Dut above- that the hra n growth spurt of girls }
at acge eleven years is about twice that of bDys, while. something ‘
1ike ‘he converse is. Arue of the brain growth spurt that occurs

dround age fifteen” years If we conpect brain growth with mental
growth, the quesiton arises about the implications of a quantitive
difference”in brain growth during a spurt peried. In this instance
of a‘quantitive difference, it m1ght be possible to discover the
,qmp11cat1ons because it accompanies a sexual dimorphism so that the
. two. s]asses QF 1ﬂd1v1dua1s are read11y d1st1ngu1shed =

: o Tl . ' \
— . L ' e R )
— | . o )
- i e :

*Herman Epstein, "Growth Splurts! Dur‘ing BFEiﬁ%E’\!é]dmeﬁt Imp]‘icatmn\s
for Educational Pchcy and Practice" in J.S. Chall and A F. M1r‘5k_y, Educatmn
and the Brain, University of Chwaga Press, 1978 "




. A s1mp1e hypothesis would be that girls need a very d1fferent
. ~and more challenging, curriculum from that of boys at both- ages, the
Kﬁx input being far more intense and complex for girls arcund age eleven,
and carresp@ﬁd1ng1y less intense and complex around age f.ifteen.
One can imagine that.curricula developed mainly-for boys could be
inadequate or. even harmful for girls at age- eleven., Indeed, the
failure to adapt educational inputs at.this age to the far greater.
capaz1t1es of girls might be respens1b1e for the relative lack of
females in thé more theoretical-or abstract professions. Presum-
ably, moreover, the inadequate program for age eleven girls would
later make the g1r15 _smaller deve1opment at fifteen .even less
effactive. - ’ '

This 11ne of thaught car "be re]ated to the famous proposition
enunc1ated by Bruner stating that "the foundations of any subject
may.bé taught to anybody at any age in some form." Our failure to

.~recognize the higher-level form accessible to girls around age
e1even may depr1ve them fc the needed barkground on which to build
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L arning DISab111t1es ' /

""" /

e  Left/right bra1n/research 1mp1ies that some 1earn1gg disabilities

are correctable./ New techniques us1ng EEGs promise somE 1ﬂd1cat1anffj
for new d1rect1oﬁs for exploration in such cases. B )

!
/

One of the méstfimpartant implications of bféinfﬁés%arch and a "spin off"
of left/right brain studies concerns 1§arn1ng d1§ab111t1es Chall and Mirsky*

céﬂc1ude that ’ _ P
"For educatars who fear that physical brain dysfun¢t1ons
or defects are permanent and 1rrevers1b1e, the evidence presented in
__~this volume is reassuring. At appropriate times, the research

- " indicates, stimulation will produce a change for the better,

— - Because DF this streng relationship betw=en the brain and the
stimulation it is given, many of the authors state directly that
collaboration of educators and brain scientists in research and in
practice is essential.” (p. 372) :

Art1c1es by K1nabeurne and Hiscock ent1t1ed "Cerebera1 Lahera11za—
tion and chn1t1ve Deve1@pment" and by Rita G. Rude1 %%k ent1t1ed “Neuro-
p1a§t1c1§y: Implications for Development” and EdUEatlon", both take up this

theme. .Herman Epsteigﬁ;jtes”*éf the area of learning disabilities as the

most iipcrtaﬂt new frontier for neuraphysfc1agy! New techniques in EEG uée
; r@m1s1ng néw 1ns1ghts, accard1ng to Epste1n‘

The question of brain plasticity is partiCu1ar1y important. One inter-
pFEtétiOﬁ of left/right brain studies stresses that thought, -memory, and

learning seem to be network functions. Thay bridge various areas of the brain

a5

*Chall and Mirsky, Education and The B8rain, op. cit.
**in éhaTT éh; Mirsky, op. cit.

***in personal communication to authors.
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ﬂﬁfather than remainihg 1Qcaiizéd Functigﬁs; " To be sure, the brain tends to
spegia1izé; as do all highly complex systems. But fﬁe particular ways:in which
it spec%aTizes seem to vary .across individuals.
' Neurép1asticity“5uggests that di?fe#ent points in the brain can také on
new Functidns if necessary. According to Karl Pribram, “with%nrany (brain)
system and'ta some extent between (brain) sggtems; t%e laws of mass action and
equipotentiality hold."* This means that ﬁﬂTess a brain lesion is massive, -
it will not necessarily have 1dng andv1asting specific effects. Further, by
refEFFing tD "eqﬁiéctentia1ity",.Pribraﬂ means that QEmagﬁing heaithy;braiﬁ
tissue-can often take up the function of tissue that has been damaged or
destr;yedg’icne EanQPt Jump tgzthe conclusion that a high perce§tage Qf those
afflicted wth brain damage'can develop as though nothing has occurred.**
Rathe# it indicates that for many learning disabled children the p]ast1c1ty
of the brain -a_a111ed with appropriate remed1a1g1ntervEnt1cn -= will perm1t
considerably richer deve1apment'thaﬁ wou1d be the case were the brain not so
flexible. in its fgﬁchian1ng What wauld be-urefui Far edu:atarz to explore,
in this’ regard, are new 1ns1gh;5 1nto "appropriate remed1a1 intervention" gﬁat
can ba'sugéested by neurophysiologists such as Marcel Kinsbcurne (see des-
cfiptian»an page 18) and perhapé Dﬁi'Peteeru113r (note méntiDn on page

_30). | | | "

*Karl Pribram, "The Funct1nna1 Role of Muscle Sp1nd1es -- Facts and
Hypotneses", Braiﬁ 1975, Vol. 98, pp. 581-86.

**For insight .into the 1ntr1cacy involved see Rita G. Rudel, "Neuroplas-
ticity: Implications for Development and Education", -from J. Cha]] and
: A. Mirsky Education and the Brain, uﬁ1vers1ty of Chicago Press, 1978, Pp.
269~ 397 ' :

5 ~
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Nutrition: ReneygdfiQ§2restfin the Impact of Improper Nutrition -

on Learning -and Behavior

Essential to maximizing iearning thEﬁtiai is proper brain grpwth'
and ?Uﬂctiaﬁiﬁg, and essential to bath of these is_préper,nﬁtfiticn. A
growing awafeﬁess of this need has led to increasing attéﬁﬁicn by many tD the
deleterious effects on learning of inadequate‘aﬂdfér imp%oper nutrition. |
Inadequate nutrition and its effect on 1garniﬁg has been:}écogniied in
"with increasing alarm in developed countries 1ike the United States and other
_Eﬁaticﬁs where sofca11§d "junk foods" may exacerbate pfcb]emsvin 1earﬁing
capacities. o . ; — -

Tha‘resaarch'wcrk on nutrition, brain development and functioning,
and learning and behavior is extensive. To assess it properly wouid require a
reﬁcrt at 1éast equal to this survey on brain sciences.. Since thé constraints
af.tﬁe present project did not permit the necessary feviéw, we present only

several comments here, These are intended to alert educational pc]icy makers .

i

to the renewed political interest in nutrition as well as to the EﬁistEnca of
. e
Thé literature on nutrition and educatién;‘a1ready large, is g}awing.
A recent issue of the Teachers College Record, summer 1980,-Vol. 81, no.

extensive research work.

4 is devoted to "Learning and Eating: The New Nutrition Education”.. Other
relevant representative articles are: B. Ashern and M.D. ‘James, "Deleterious

_ Effects of Chronic.Undernutrition on chnitive Abilities", Journal of Child

Eg?gho1aggﬂand"Psychiatry; vol. 19°(1), 1677 pp. 23-31; Manikebéfg, F. et al.

=~
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Nutrition no. 25, 1972 pp. 765 772; and Scrimshaw, N.S. and Gordon, J.E.

AMa]nutr1t1on Léarn1ng and Behavinr, Cambridge, Mass: M.I.T. Press, 1968. \

cents" (1980), the staff at "The Door™ of the International Center for

At the same time that the research is expand1ng, pub11c 1nterest and _

controversy over nutrition is growing. A burgeoning interest in the rela-

tionship betwéen diet and such "disorders" as hyperactivity (a catchall

classification), childhood depression, etc. has been the subject of a number

.of publications directed at the genera]°ﬁu51ici  Furthermore, the Congress,",

mctivaﬁedLby7thE’skyﬁacketﬁngréosts”affmediﬁa]‘gare;fhas become sufficiently"

interested in proper nutrition that it may stimulate new résearih and de-.

ieTspment in the area of nutrition edu;gﬁjpﬁgu We think it is reasonable to

expect expanded interest and activity during the 1980s inifésearch that-relate
nutrition, human deve1opment'(inc1uding;its physical, neurophysiological and

cognitive components) and education.-

There are likely to be many direct implications and: programs resulting

from this gr@wing'interEEt in nutrition. Most obviouslyy it augers for new

curriculum materials and teacher training in areas 11ke nutrition education
and health It may also cause FEVTEWS* and restructur1ng oF scnoo1 1un¢h

pragrams and lead to effarts to curtail or restrict sales’ oF "gunk food" o
i

school premises. D -

In additicﬁ there may be efforts to target partizu1arAﬁDpu1aticns.who may
be sufféfing from chraniciinaquuate’nutriti&ﬁg For example, in "A Proposal to

Provide Expanded Nutrition Counseling Services for Disadvantagéd'Urban Adoles-

ES

S - . S : . . : Y

Mlsafeguard the hea1th and we11 be1ng of our ch11drEﬂ"

*Such as mandated by ﬁhe National School Lunch Act of 1946 passed "to
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|
i
Integrative Studies recommends programs to incr=ase adolescents' know1edge of
\
the principles of nutr.t1on und to establish a greater concern and sense \ e
of self-responsibility for the1r own. bod11y and mental we11 being.
'There is great room here for some 1nnovat1ve th1nk1ng about how ‘programs su\n \\
as this tould be made part of the standard secondary school expsr1ence and . \

where approprqate,.taught in vocational schools. o 7 . \

- The Brain: Two Halves or One Whole? \ |

Implications for Holistic Education

For educators, one of tbe most important implications of brain research
and especially of left/right brain studies is that teachers need to focus

afresh on the WHOLE 1earner. By viewing the brain as one whole rather than

-

separate halves, an emerg1ng concept of "ho]1st1e educat1an“ becomes poss1=

. s :
ble. While st111 the subJect of cons1derab1e d1sagreement, increasing nmﬂbers

" of scholars are beg1nn1ng to 1nterpret cerebra1*1atera11gat15n in this inte-.
, gratea way. |

» Most people st111 think about th1s ‘research in terms of the dichat@mr

A

_between left and rLght hem1spheres. Many claim that one side (usually
the-1eft) rece1ves greater attent1on than the other, and that re1at1ve1y
speaking the r1ght side is “neg1ected" T1t1es Df art1c1e5 and bocas, such

. as "Educat1ng for Both Halves of the Bra1n" or Draw1ng on the Right S1de

- of the Bra1n may also re1nforce a tendency ‘to think of polar opposites.

1One 1mp11cat1on of the "po]ar oppos1tes" view is to search fcr ways to
d=ve1op, or remediate, wh1chever side’ is "underdeveTDped" This reﬁedia1
“approach is. 11m1ted in two 1mportant ways

F1rst, we still lack adequate descr1ptions about what each hemisphere Dfr

4
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the bra1n does. For example, the two sides are sometimes referred to as

““yerbal" for the left hemisphere and "imagistic" for the right. Yet, in

aztua1ity, therrﬁgﬁt hemisphere has some language capacity and both hemis-

pheres process images. What may differ is not so much whet they process as

bgy,théy procegs J E. Bogen has suggested technical terms for clarifying

t

this issue: HE calls tha pracess of the left hem1sphere "propus1t1ona]" and”
the process of the right hemisphere “app@sitiona]" *

A SECEﬁd prDb1em with the remedial approach is that d1fferences across

“individuals vary caﬁ51derab1y_ Identifying such differences through stan-

dardizéa testing may lead to labelling some people inadequate because they

fail to cont orm to certain standard patterns. Should. such tendencies occur,

" the resq1ting stereotypiﬂg may be more cast?y in its effects than any benefits

accruing to individual learners.
The alternative -- and a more accurate and productive one in our opinion

- s to, stress the iﬁterdepéndEnce of the two-halves of the brain; and

‘therefore to search for ways that integrate the functioning of the two into

some higher order. Using this integrative interpretation of left/right brain

research leads naturally to consideration of activities which may be thought of |

a

as "holistic education”.

Merlin Wittrock addresses this issue:

* *The term propositional characterizes a process which tends to name,
categorize and. sequence information. The term "appositional® is best des-

cribed ds “"gestalt orﬂented“, or simply "not propositional”. In Betty

Edwards' work appositionality amounts to being able to process information in
a way that allows the drawer to see things afresh -- in an unnaned uncate-
gorized way. One; advantage of the term1nc]ogy “propositional" and "apposi-
tional" is that they avoid pre- ex1st1ng nat1ans associated with terms 1ike

" "intuition and emot1oﬁ" :

4]
W
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"Before beginning the review of empirical studies of hemispher-
ic brain processes, I wish to emphasize that the cortical hemispheras
overlap greatTy in ability function and are richly connected with
each other through the cerebral commissures and -other tissues . ...
the so-called dichotomy between the hemispheric functions probably
results from a slight- advantage one strategy has over another
strategy which is surficient to produce specializations of some
functions . . .  The brain also specializes within each hemisphere
as well as across hemispheres., No dichotomy of function does
Jjustice to the sophistication and CQmpTEx1ty of the human brain."

and again

"(R)esearch . e . 1nd1cates the importance of understanding
that people process information in different and multiple ways .which
may intearact with one another . . . the art of teaching needs to
devise sophisticated ways to facilitate the multiple processing
systems of the'brain. . . . In match1ﬁg teaching methods to appti-
tudes and processes, there is the issue of which mode should be
{used].” Instruction may often be better when mu1t1p1e modes are
used--not just the learner's dominant mode."* _ .

. ) .
. _ o
- , \ o
*M.C. Wittrock, "The Generat1ve Praceszss of Fem@ry" in The Human
E.Bfaiﬂ pages 66 and 179-180. - :
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Lists of dichotomies such as those offered bj Joseph Bogen and Eatéy

‘ Edgéfas can all be seen as parts to be‘éreativeiy integrated in a holistic

approach to mentéT %uﬁét%bﬁ{aé'aﬁd'féagﬁ%ﬂga This iS'fhe:UﬂdEF1yiﬂé assump= -~
ti@ﬂriﬁ the pﬁESEﬂtaticn of such 1{stsi Further, it matters ma%é_that these

dichotomies have the power to attract and motivate gé@é%e than whether or not.
they accurately ref1éct‘propositﬁana1 and appésitiaﬁéT FUﬁCtiééfﬁg.éf the left

and right hemisphérés of the brain--which, in fact, many of them d@~not_;

Paralle] Ways of .Knowing

‘intellect ; - dntuition , ‘ s
convergent ‘ divergent C
- digital . - . analogic
secondary : primary
abstract ‘ concrete
directed . : free
.propositional imaginative
analytic . : ~relational
lineal . " nonlineal
rational. : intuitive o o
sequential . o "multiple - ‘
analytic ~holistic
objective subjective
successive. . simultaneous

v

Source: J.E. Bogen

*A few caveats about such lists are -in order here. First, we refer back
to the section on Sex Differences and reiterate the notion that there is no
left/right "duality of consciousness in the brain.” Second, the question of
such lists and dichotomies has become so widespread that Psychiatrist David =
Galin has issued a warning against "dichotomania". Third, critical perusal of
such lists raises many guestions about why particular phenomend are listed
where they are. For example, synthetic thinking certainly can be Tdentified

"as a step in analytical thinking as it is employed in dia1§ctiza1 enaylsis and

General System Theory.
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ERIC.,

Aruitoxt provided by Eic:

V'erbal: Using words to name, describe, de-
fine.

Analvtc: Figuring tl thmf?s out step-by-step

and part-by- -part. ,
Svmbolic: Using a symbol to szand for some-

tExinigi For é\cample the drawn form <&
stands for eye, the sign + stands for the
process of addition, -

Abstract: Taking our a small bit of informa-
tion and using it to represent the whole

thing.

Temporal: Keeping track of time, sequencing
one thing after another: Doing first things
first, secc:\m;l things second, etc.

Rational: Drawing conclusions based on reason
and facrs. -
Digital: Using numbers as in counting.

Lcrmcal Drawing conclusions based on logic:
one thing folloumg another in logical order
~— for example, 2 mathematical theorem or
2 well-stated argument. )

Lmear Thinking in terms of linked ideas, one

thought direcily following another, often .
leading to a convergent conclusion.

Nonverbal: Awareness of things, but minimal
connection with words.

wholes.

Svntheric: Putting things thEthET to form
Concrete:<Relating to things as they are, at

the present moment.

Analogic: Seeing likenesses between things;
- understanding metaphoric relationships.

-\Dﬂtemgnral Without 2 sense of time.

wll

Nonrational: Not requiring a basis of reason
or facts; w x]lmgncss to suspend judgment.

Spatial: Seemg where things are in relation to
other things, and how parts go together to
forma w ho]e,

Intuitive: Making leaps of insight, often based
on mcomplete patterns, hunc:hes feelings,
or visual images.

¢

Holistic: Seeing whole things all at once; per-

cemng tha ov erall pa\:’terﬁs and structures,

— - e S ——

Source:

Betty Edward s.

LonTﬂg carefully at thess 11sts, one does not need tu know much abcut

brain research in order to recognize that integration would be deswab‘le in.

the service of full human development and functioning.

Perhaps it is most
3

reasmab‘ie to read in all this a crying out for more holistic mcde.s, for

greater awareness of the whole human being as learner, and for more hc’hst*i(: :
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andiintégﬁativg goals and strategies for eduéati@ﬁa1 practice and for richer,
more stimulating learning environments. -
e ‘uCai}sfnrmﬁare»hﬂiisti;jeducation are 1ikéiy to caﬁ£{%u§ aﬁd intensi-

fy over the next decade. Cne cannot help being impressed by the vitality of 7
the holistic heaTthf@gvemenE which has arisen as people have begun ta.rééég-
nize the fimits of the medical ﬁade1. We Sugéest_that the basis for a sfmi1ar
moveméﬁt in education exists and that such a mavemént has already been emerg-
= ing for some time. .

ror ajvarieti of réasaﬁs, hawever,_this assessment may bé overoptimis-

-tici Per%aps the most saberihg sign that such th%nking is 1ikely to remain on
:-the margins of educational thought is the persistent Qita1ity and wide-spread

accsptaﬁce’af the back-to-basics movemant. Névertha1e§s, we regard much of

the ’mterest in the 1eft/r‘1ght brain m@de1 as reflecting tZe CDntmmﬁg
}Emargénce of the value Df holism since the middle 1960's (iﬁth the rise Gf
the ecology mavamént mcre genera11y and the affective movement in educat1on)

This cant1ﬁu1ng emergance is 1ikely to have an even more powerfu1 impact on

educational practice thaﬁ the brain research be associated with it.

| hz'.




V. APPENDIX S -

“Abstract of Key Articles
Describing Research in

the B8rain Sciences

Inc1uded in this saction of the noteba@k are several art1c1eg
~ which, taken together, provide a gaad overview of neuraphys1c1ogy and its
- }e1atiaé,to2123rﬁihg:and education,
The F%fst article
Timothy J. Teylor, "Aﬁ Intéﬂdﬂctiaﬁ to the

‘Neurosciences" from M.C., Wittrock et al, _
The Human 8rain, Prentice Hall, 1977, pp. 3-37.

: p#cvidgsian i]1ﬁ5tré£éd intraducfian to the anatomy, chemiétfyj and physiology _'
of the brain. He emphasizes the brain's structures and %uhctions; including
,arausai} métiVétiDﬁ; Tearning and mema%&i fn a manner that is aé:essib1g to
}n@nsexperts and're]evéﬁt to the:interesté-QFAedycatorsi | B
| The second art%cTe isigy-" |
'*ﬁ2f1in C;gﬁittréck;f"Learning and,théiBra1n",{

from. M.C. Wittrock, editor, The Brain and
Psychology, Academic Press, 1980, pp. 371-403

H1ttrock is an educational and cagn1t1ve psychc1og1st whose pr1mary 1nterésts
are in CDgn1t1ve processes of 1earn1ng and mem@ry,»and in the re1at1an between
these and bra1n Funct1on1ng H1s wark is notable for 1t5 1nc1us1veness and .

even-handed tréatméﬁt of a wide variety of relevant research.
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~ The article by

Marcel Kinsbourne and Merrill Hiscock,

a - “"Cerebral Latera11zat1aﬁ and CDQﬂ1t1Vé
Development", from Jeanne S. Chall and
Allen F. Mirsky, Education ard the Brain, .
University of Ch1caga Presg, 1978, pp. 169-222

: pr@v%des an éxcei1ent and comprehensive rgv1aw and evaluation of the litera-
ture of left/right lateralization ‘as it relates to cognitive functioning and
-TEarﬁing disabi1ities, It is a caréfuT analysis which points out many of the

Dntrad1ct1@ns and competing hypotheses in the research

The fourth article’ »ﬁa;

Susan Leigh Star, "Sex Differences and. the ~.

Dichotomization of the Brain: Methods, Limits,.

and Problems in Resarch on Consciousness" from ™\
Ruth Hubbard and Marian Lowe, editors, ~N
“Genes and Gender II: Pitfalls in Research on  \

Sex and Gender, N.Y. Egrd1an Press, 1979, pp. 113- 130\

has;beén»reférred\ta-exténsive1y in our section on sex differences in left/
. right brain research, Haﬁ whéie aﬁiicie bears reading not only as a caréfui
and articulate Fem1n1st cr1t1que of research aﬁd hyp@theses, but also as a
p1cture of the 1mpcrtant re]at1@nsh1p beween the hypotheses. and cultural ¢
Starectypes, a re]at1onsh1p which 1is m@s;1y cver1naked in other 11terature
The article by
Rita G. Rgde1  "Neurap1ast1c1ty Imp11cat1gﬁs for W
Development and-Education", from J. Chall and A. Mirsky,

Education and the Brain, Un1ver51ty of Chicago Press,
1978, pp. 269-307 '
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-!_as that of Tatéra1izat10n and probably more so in ‘relation to 1earn1ng.disaa
‘ : : ;

‘bilities related to brain damage and dysfunction--which, in turn, are areas
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of educational practice to which neurophysiological Pesearéh may makea its
?Dramést contributions.,
The final article is by
Jeanne S. Chall and Allan F. Mirsky,
“The Implications for Education", from

Education and the Brain (same authors), _
University of Chicago Press, 1977, pp. 371-378

and }s iﬁiTuded because it briefly and usefully Summarfes the conclusions
Fﬁcm-their edited book, which was the seﬁenty—seveﬁth yearbook of the national
society for the study of educatian; It is cited by many as the bogkign the
brain most relevant to educators. | a

Itiis'fg11aﬁed by a Glossary of re1evanﬁ terms prepared by

Kenneth J. Talbot,-from H;CQ Wittrock, et al.
The Human Brain, Prentice Hall, 1977, pp. 185-207.
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