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INTRODUCTION 

Recent dramatic advances in the cognitive neurosciences have led to an increased interest in the 
nature of intelligent behavior, and in the major role that emotion and attention play in its operation. 

. This development is educationally agnificant because schools seek to measure and improve the 
intellectual abilities of students, but we've focused more on the linear rational elements of intelli- 
gence than on the key, but somewhat antic, emotional/attentional elements. Educators have been 

. . much intrigued by the growing evidence that intelligence is a multiple rather than a unitary phe- 
nomenon, but our interest has tended toward discovering practical school activities that purport to 
enhance intelligence, rather than towards understanding the neurobiological substrate of intelli- 
gence. We'll thus become vulnerable to educational hucksters who will claim scientific validation 
(that we really don't understand) for programs that they are trying to sell. 

This non-technical workshop and its related materials will (1) synthesize recent relevant cognitive 
neuroscience research that has led to emerging beliefs about the nature and enhancement of intelli- 
gence, (2) discuss key issues involved in the applications and misapplications of thls research, (3) 
suggest how educators might explore the concept of intelligent behavior with their students, and 

- (4) suggest instructional and classroom management applications of these new biological insights 
into intelligence. 

WORKSHOP CONTENT 

Monday Focus: 

Our  Brain: The Source of Intelligent-to-Stupid Behavior 

Why do we have a brain? Plants don't have one, and they seem to do well, some living far beyond 
our lifespan. This initial session will focus on the purpose, development, and organization of our 
brain -- and especially on its principal arousal/focusing/solution/action systems that combine to 



process intelligent behavior. These systems also include our brain's fast (reflexive) and slow 
(reflective) pathways that respond to the issue of immediacy. 

Readings: Student Brains, School Issues (Section 1 - pages 1-18). 
Packet (The Brain Revolution. The Heart of Our Brain. Our Multiple-Everyth~ng- 

Modular Brain) 

Tuesday Focus: 

O u r  Mind: How We Intelligently Analyze and Synthesize 

Jean Piaget suggested that intelligence is what we use when we don't already know what to do. 
This session will focus on several recent educationally ~ i ~ c a n t  theories that expand traditional 
views of intelligence to include the central arousaVfocusing roles that emotionlattention play in the 
process. We've tended to focus on the multiplicity of intelligence without considering that our 
brain's modular sensory, emotional, attentional, memory, solution, and motor systems are also 
multiple in their organization and function. The biological strategy for a developing a cognitive 
system is to move from innate to learned to technologically augmented capabilities. 

Readings: Student Brains, School Issues (Section 2 - pages 19-57) 
Packet (Goleman/Sternberg/Perkins theories. The Downshtjizng Dilemma) 

Thursday Focus: 

Our Environment: Expanding Intelligence Beyond Our  Skull 

We are a social tool-making species. This session will focus on how we've learned to expand and 
distribute our dynamic intellectual abilities by using other people's brains, and machine and infor- 
mation systems we devise to compensate for our cognitive limitations and to simplify our deci- 
sion-making. It will also explore educational issues su~~ounding artificial (or machine) intelli- 
gence, and the school use of calculators and computers. 

Readings: Student Brains, School Issues (Section 3 - pages 59-102) 

Friday Focus: 

Our  Schools: Enhancing Intelligence Within a Box 

This fmal session will focus on the educational applications and rnisapplications of recent devel- 
opments in the biological study of intelligence. It will suggest school environment explorations 
and instructional strategies that educators might undertake with their students to study and enhance 
their own intellectual capabilities. 

Readings: Students Brains, School Issues (Section 4 - pages 103-160) 
Packet (Art for the Brain's Sake. New Books by Brain Scientists) 



iA n old adage suggests Speaacular developments in similar to them) would have 
chose who ignore his- been enthusiastically em- 
tory are doomed to re- braced and instimted. 
peat it. we,,. now cognitive science, reminiscent of inone wav k e y  w.re:n; 
confronting an explo- Progressive Educadon Move- 

sion of new informarion a b u t  Dewey's progressive movement, .men[ led to awide range ofen. 
the workings of our brain that thusiastic implementation 
lpill profoundlv affect educa- 
fional policy and practice. Yet open a world of flew challenges Plan, h e  Dalton (luchas Pian the and Gary che 
pur profession, oriented as it is for school leaders Winnetka Plan) that  were 
poward the social and behav- widely hailed. l was born in 
,ioral sciences with only limited 1927, and so I went to school 
understanding of biology and during the period when these 
cognitive science, stands unready at che principles rhat future voters must ur~der- new approaches had an oppomuniry to 
moment to take advantage of this learn- stand if they are to function as intelli- become integral to the xhoois. Unform- 
ing revolution. gent citizens in a democratic society. nately, my school, like m&t schools at 

Several key policy and administrative John Dewey's School and Society, pub- the time, didn't function on democratic 
issues now are emerging from the cogni- lished in 1899, and Denwc~acy and Edu- principles. 
rive science revolution. How might edu- cation, published in 1916, built on  the far from it. We didn't even explore 
,cational leaders begin to deal with these previous work of others, such as the Eu- representative demouatic values. These 
tssues' Our bearch ior dircctton can be- rop'ian educators johann Pestalo:=i and were not bad schools. butdemocracv w a  

. g o  w~tn an inmgiing h~storical parallel. Frederich froebel, but Dewey became sornetn~ng we srud~ed in civics ;lass. 

Democracy and Education 
I n  retrospect, it seems such an obvious 
idea. Why rhen did it take so long for 
someone to think of it, and so much 
longer for people CO accept it and to in- 
corporate ir into our schools? - 

By the beginning of the 19th century. 
rhe U.S. Constitution had codified che 
basic principles that were to define and 

>govern our representative democracy. 
But it took almost 100 years for a domi- 
nant voice to suggest that the schools 

3 demonstrate the emergtng dernocraric 

this century's mosr powerful American 
voice in the educational revolution. 

Rereading his books, i t  all seems logi- 
cal. Why wouldn't a fledgling democrat- 
ic Kxiery demand that its public schook 
be laboratories for democratic behav- 
ior-tun& to the needs and abilities of 
students? Why use che 12,000 hours that 
students spend in school from kinder- 
garten to grade 12 to demonstrate the 
competing authoritarian societal per- 
spective that our founders rejected in 
our war for independence? One would 
think that Dewey's ideas (or something 

where we learned to write down how our 
total government was organized. But we 
didn't learn how to democratically orga- 
nize our small classroom community. 

By mid-cenmry, when I entered the 
education profaion, progressive educa- 
tion was in serious decline. severely buf- 
feted by its critics. In 1938. when he was 
79, John Dewey published Experience 
and Educndon, a somewhat poignant ti- 
tle for a book in which he analyzed what 
went wrong with his dream to incorpo- 
rare democracy into education. 

The interesting thing is that now, at 
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the end of the 20th cennuy. many of 
Dewey's ideas quiedy have been incor- 
porated into American schoolr 

Cognitlaa a d  Educatbn 
Our pmfession is in a do rma t iona l  
state. A cognitive science revolution, 
which has been under wav for some time ~~ ~~~ 

(with a major esci~atidn during this 
decade), threatens to shcrtly explode 
with a new paqective of what it means 
to be (and teach) a human brain 

Dramatic advances in brain imaging 
and other research technologies are 
moving scientists toward an unprece- 
dented view of our brain at the cellular 

James Waoon and Francis Crick's dis- 
coveries about DNA as the cellular 
m&hanismforDuwuuan 

. . developaun. 
lal principles (about 50 gears ago). 

F ' r e d i a  when such a major theoq 
actually might emage is dif3cult. but it 
probably won't occur before the turn of 
che century and. when it does, it will 
con& elemenu that wiU be culturally 
and pmfessionalIy conaoveaiaI. The 
global brain theory inevitably will lead 
m the emergence of a new John Dewq, 
a new Jean Piaget, a new B.F. Skin- 
ner--~omeone who will aanslate the 
biological theory into an educational 
theory. This is the theory that will 

"The comprehensive brain theory will emerge out of 
Charles Darwin's discoveries about natural selection ... n 

and systems levels. This has led to an 
immense interest in the development of 
a comprehensive brain theory chat will 
be of the scientific magnitude of 
E=MC', in that it will spark a  volution 
in che brain scienccs analogous to the 
revolution in the physical sciences 
sparked by Albert Einstein's refativiry 
theories. It may profoundly alter our 
view of ounelvcs, as democracy altered 
our view ofsociety. 

The comprehensive brain theorv will 

nawform current educational thought 
&xi practice. 
Our pr6fession may thus have a few 

yearsofleadtime Duringchispericdd- 
ucaws should begin W do two thing% 

shifc from our cumnt social and be- 
havioral science orientation to one that 
includes che biological sciences chat 
arc now b e g i  to answer the teach- 
ing/learning questions that long have 
mystified us, and 

focus our enuw on avim to under- 
out dChdcs  ~rarin'sdisdover- stand the development &ore we seek 

ies about n a n d  selection as asdencific and promote prait~cal cducatlonal ap- 
explanation for bioioeical dlverslo ollcadons. 
(a& 150 W). &in's &C'- . Educational leaders ought to read 
(c reconcepcuallration of enetgylttmel several fine non-technical &k to be- 
sin4mcter (abwt 100 years ago) and gin this study (see related story. page 

16). In doing so, ;calk h 
4 v d W ~ ~ g f i t I d  U, 
should focus an maceripb pub 
wichinchepasrAvepesp. 1 

*emwlnp-d 
oryandnrearchinmthctvaldngr "i 
human brain tnevttably will 1 4  
lmPglaadve +m, 
racbatsirvelcnowingwily~ 
mhrowinghowoaTobypass&l 
ing why component vimially g u a ~  
the best we can hope for is ro sn 
W y  onto a good idea, but thcn 
lmowwhpitiswgnidvelyd 

Educators therefore must u 
how best W mpond tn the cognitl 
ence rcvol~ttioh It won't go awal 
just ignore i t  This exploration I 
include the scudy of h e  errors of 
ous failed movements that soul 
a-ansfom ducadoa and the idea 
cion of educationally rig&cant 
tive sdcnce developmeno that W 

important mles in the educatiom 
q chat will unerg.5 

The rask of school leaders U U 
a pmspcccive exploration of the 
ave science rcvoluohn, which m 
spark the dominant educational 
meatofthe tlatcenarrg. f h a c c  
h v e r i e s  are occurring on our 
andsowegetm&dpauinQ 
nings of ail of & &lutionary 
decision making, failures and hua 

One never b w s  how a rev1 
wiU develop. Could E i e i n  ha 
dicted the mid-century  drop^' 
atomic bombs and the end-of-d 
tury video games? Atomic ena 
che eleuronic revolution both a 
out of his theories. The Chime 
forstrra has nvocharaccers:Onr 
danger; the other means oppor 
Expect both in chis revolution 

Starting Points 
Our profession tends to seek irm 
practical applications of new4 
and raearch 6ndings. but useful, 
dons gcnually don't em- imn 
Iy from major scientific develq 
The DNA code was d i v e d  I 

yet most genetic engineering 
c u r d  during this decade and 
did not em- until mid-1997. 
it's quite a leap from the tight 
trolled variables of cognitive 
laboratory research LO m- cl 
ruearch whve the variables 
h e  walk 

What arc the practical ape1 
of an h h t l  Ifs a wet now W 
ZOyears f romadear~~eof~  
mm our. What we do wirh inh 



&c pahaps in end-of-year, h o l i l e t -  
h). As chiIdhood merges into adoles- 

ce, real interests-and abilities 

really are still in their in- 
growing rapidly. It's a time 

ur energy into getting acquaint- 
this infant that will change our 

I lives-co observe, explore 
. Our discoveries about chil- 

n don't generally surprise us because 
em with their genes 

imiiarly. many discoveries from the 
sciences don't surprise us~either 

've been working with a room 
'ns for a long time, and al- 

hough we may not understand neural 
works and neurochemicals, we do 

a lot about how minds function. 
C folklore knowledge if you wish, 
ur professional instincts generally 

k e  served us well. 

i 
p Sear& for Resources 

owever, we a t o  must get beyond our 
lklore knowledge. Our profession is L unded in the social and behavioral 

kiences, and most educators fulfilled 
e minimum nacural xience require- 
encs in their teacher-preparation pro- F 

L 
E ;.. we must elevate our 
brofessiona~ understanding 
of brain biology." 

.Since the cognitive sciences now 
to many of our 

uestions, we must elevate our profes- 
of brain biology. 

Pushii for change in teacher educa- - - 
on ptogram requirements is an impor- 

long-range solution but, in the 
OR term, we need W start tapping into 
r (typically unused) best local re- 

ndary school biolo- 
d psychologp. teachers 
mined 'brain junkies" 
diaicc seems ro have. 
c e l l u l ~  and systems bi- 

better than anyon'e else, and rhey 

are usually effective teachers. 
It's a loc cheaper and better co identi- 

fy and convene this group, to discover 
how best m u x  them in a vigomus S& 

development program, &m to depend 
entirely on outside consultane. Invest- 
ing a little in impmving their knowledge 
will pay big dividends because you then 
will have lad d m ~ b c r s  constandy 
available m (l) assist teachers who want 
m teach S o  on our brain, ( 2 )  critique 
proposed programs that purport to be 
based on brain research and (3) set up 
and run understandable workshops on 
how our brain works. 

Staff development will be more wm- 
plex and continuing than in some orher 
areas because brain research (like com- 
puter technology) is so dynamic What's 
m e  this year may nor be me next year. 
To wait co get involved until we know 
everychii for sure maka about as much 
sense as waiting uncil the ultimate com- 
puter is developed before purchasing 
one. 

Some argue chac we've successfully 
uxd our brain for cons without knowing 
how it works, and most of us use cars and 
computers wirhouc really undesandmg 
them, so it's not important that educa- 
tors undersand the human brain. I dis- 
agree. Understanding the workings of 
our brain is important because an unin- 
formed profession will be vulnerable to 
pseudmcienrific fads. inappropriate gen- 
eralizations and dubious program thac 
certainly wtll emerge (if they're not al- 
ready knocking on your door). It's also 
difficult m imagine why a person who 
educates brains would not want to un- 
derstand them and to explore ways of 
enhancing their effectiveness, now chat 
such infor&tion is available. 

Emerging Policy Issues 
We need to start thinking now about 
several thomv issues thac will emerge. 
No simple answers exist for a n y  of them 
at this point, but it's bener to contem- 
place them now than to first confront 
them during an unexpected community 
uproar fueled by divergent religious, po- 
litical or cultural beliefs. Two examples 
illustrate the importance of prior plan- 
ning. 

First, the dramatic advances in the 
brain sciences are all predicated on evo- 
lutiona~y theory, and this will be d i iu i -  
ecing to those who are deeply commit- 
ted to a design view of life that 
precludes Danvinian developmental 
principles. These patrons already are 
upset that evolution is included in sci- 
ence courses. and they will be more 
riled CO learn chat Darwinian principles 

underlie almost everything weom now 
discovering about our brain (even 
hough they may befascinated by the 
discoveries). 

People have a righc co their va- 
liiolo, philmphical and sciacitic &cfs 
in a democratic society, and one would 
tmp chat the d i i i o n s  and debaccs &t 
mammocanwillbecivilandptodUE- 
tive-dut is. a search for the gmund 
comecs rather than the consmaion of 
walk thac separate. Let's take the Lead in 
sensitivity and civility in this and other 
areas of pxential conmversy. 

Second. while cognitive research 
probably will support many current poli- 
cies and practices, we can expect it to 
question orhen. For example, the visual, 
aural and movement arcs have taken a 
temble beating in this cost-conscious 
era. and yet evidence is amassing that 
they play a cenaal role in the develop. 
ment and maintenance of a brain. So 
how will we deal with this problem if 
+qr-is-berter continues to rule when 
it's much cheaper to fund a spelling pro- 
gram than an am program? 

I expect chat we'll have similar prob- 
lems with such other issues as emotion 
and evaluation. rigid standards and rigid 
curricular sequences and the role of 
computers in instruction and drugs in 
behavior management. Expec$ more 
challenges as the implications of the 
cognitive twolution tiecome clear. 

A Nutturiag Process 
It's a good time, not a bad time. We're ir 
&i for the long haul. We shouldn't rust 
to claims chac brain research supporr: 
somehing if we can't cite the r e s e d  
h t  proves it. It's not necessary to adc 
the totem of brain raearch immeditel! 
m every successful educational pracrice. 

If our evidence is SW, it simpl~ fu- 
els criticism from our patrons. Let's 
rather cake the time and expend the en- 
ergy to do it nght 

Observe. Imag- 
ine. Explore. Re 
search. Implement 
It's a good sequenc 
for nurturing ou 
biological in 
fan-and also k 
nurturing our mat 
velously new prc 
fessional infant. 

. . . . . . . . . . . . . . . .. .. . ... .. . ..... ... _ ..,...... _ ....................... 
Robtrt Sylnesier, author of 1 Celebration o i N e ~  
rons: An Educdof~ Guide to the Humon Brh, 
a profersor of education a! Univerrifl of 
Euoene Ore. 97403-5267. E-mail: 



THE HEART OF OUR BRAIN: 
EXPLORING KEY BODYBRAIN PROPERTIES 

Robert Sylwester 
Emeritus Professor of Education - U~versiIy of Oregon 

Eugene, Oregon 97403-5267. (541) 345-1452 

We have a modular brain, and an intellect that 
is dynamic and distributed. These three cogni- 
tive properties pose important challenges to 
educational leaders who wish to tune educa- 
tional policy and practice to. our bodybrain's 
biological capabilities and limitations. 

These properties emerge out of three areas of 
inquiry that have combined to create this dec- 
ade's explosion of new -information on our 
bodybrain -- and these areas of inquiry them- 
selves pose educationally significant issues. 

This article will explain the two sets of three, 
and identify key educational issues for per- 
sonal contemplation, and for (hopefully) spir- 
ited staff development and graduate seminar 
discussions. The solutions, alas, are not as 
simple as the exposition of the problem. 

THREE FORMS 
OF BODYBRAIN INQUIRY 

Genetics focuses on the processing systems 
that regulate cell activity and division. Our 
knowledge escalated with the 1953 discovery 
of DNA, the biological coding system (for 
protein synthesis) that validated the genetic 
principles Charles Darwin had proposed about 
100 years earlier (Calvin, 1996). Genetics has 
simply exploded during this decade with major 
advances in genetic engineering. Shortly after 

. . the turn of the century. scientists will complete 
their mapping of the entire human genome of 
perhaps 100,000 genes -- 3000+ of which pre- 

- . scribe our brain's organization, 50% more than 
for any other organ in our body (Wilson, 
1998). 

Knowing the location and sequence of all the 
human genes will profoundly affect the diag- 
nosis and treatment of various genetically- 
related diseases: and many emotional, atten- 
tional, and learning disabilities that affect 
school policies and practices. These advances 
in gene manipulation will also cany a load of 

moral and ethical baggage that we'll have to 
deal with -- including issues that we can't yet 
imagine. 

How should today's curriculum prepare stu- 
dents to deal with the medical/educationaVjudi- 
ciaVreIigious/etc. issues in genetics that they 
will confront as (hopefully) informed citizens a 
decade or more from now? How many current 
educators have the functional understanding of 
DNA, genetic engineering, and the issues that 
surround them to create such curricula? 

Brain Imaging Technology monitors the 
operation of brain systems. The technology 
creates computerized representations of various 
brain properties, such as our brain's blood 
flow patterns, electmlrnagnetic fields, and 
chemical composition. Dramatic advances in 
functional magnetic resonance imaging (m 
technology have attracted the most recent at- 
tention. fMRI can rapidly image 3 mm thick 
slices of brain tissue, and so create a three di- 
mensional image of an entire brain within 2-6 
seconds. Since the process can be repeated 
immediately, scientists can observe various 
changes in brain activity over tbe period of 
time that a subject carrier, out a cognitive task, 
a remarkable advance in our abiity to k t l y  
observe and interpret normal brain behavior. 

Further, less invasive advances in imaging 
technology will lead to the eventual solution of 
current limitations that require the subject to lie 
immobile in a claustrophobic laboratory set- 
ting. These advances suggest that educational 
researchers could begin to use simpler imag- 
ining technologies relatively soon. Costs and 
complexity have thus far focused the use of 
imaging technologies on medical problems, 
and not on the curricular. instructional, and 
assessment problems that concern us (Posner, 
Raichle, 1994. Gevins, 1997. Davis, 1997). 

The 66 doctoral dissertations I've advised 
during my university career gathered data 



through such tools as questionnaires, observa- 
tion, and literature analysis. We did reasona- 
bly well with what we had, but it's mind- 
boggling to imagine how much this next level 
of research capability will do to increase our 
biological understanding of the educative proc- 
ess. 

Evolutionary Psychology is an important 
(somewhat hybrid) area of scholarship that has 
emerged during the past quarter of a century to 
focus on the properties that unite (rather than 
separate) the human family. Human nature is 
probably a useful descriptive t e r n  Insights 
from Evolutionary Psychology have led to 
thoughtful explorations of why we do the 
things that we do - such as to develop coop- 
erative communities, rear our children in a 
nurturing family environment throughout an 
extended childhood, develop technologies, 
support the arts and religious organizations. 
Leda Cosmides and John Tooby (1992) pro- 
vided the. initial impetus, but others have re- 
cently written thoughtprovoking books on 
various aspects of the topic (Wright, 1994. 
Ridley, 1996. Pinker, 1997. Wison, 1998). 

Evolutionary Psychology will be problematic 
for some, since it scientifically explores areas 
that have previously been the sole purview of 
theologians and philosophers. Evolutionary 
Psychology looks more to our biological roots 
than to the powerful belief systems that have 
emerged within various cultures. Educators 
have been only moderately s~lccessful in deal- 
ing with curricular conflict over Darwinian de- 
velopmental principles during the past 150 
years, and the fmal accommodation, alas, is 
still down the road. How will we work it out 
in a democratic spirit that seeks to construe: 
bridges rather than walls? 

We thus see the recent convergence of three 
important interrelated fields of scholarship -- 
one focusing on cells, one on brains, and one 
on societies of bodybrains. What emerges 
from their combined work is the knowledge 
that we have a modular brain, and an intellect 
that is dynamic and distributed. 

THREE KEY BRAIN PROPERTIES 

A Modular Brain. Our brain has 100 billion 
neurons and a trillion glial support cells that 
combine to carry out our brain's various proc- 

essing tasks. The neurons are so highly inter- 
connected that any neuron is only a few neu- 
rons away from any other neuron (much as 
any of the world's billion telephones is only a 
few key taps away from any other phone). A 
multitude of neurons is thus involved in any 
cognitive action. But how? 

Modularity means that specific systems of neu- 
rons in an area are innately dedicated to proc- 
essing certain tasks (much as certain library 
shelves are assigned to a given category of 
books), but that these neuronal systems can 
expand into less-dedicated surrounding areas if 
they need more power to process their task 
(much as a library's shelves can be reorganized 
to accommodate an expanding collection of 
books in that category). We can observe this 
developing spatial inequality in the larger 
amount of motor coItex space dedicated to co- 
ordinating movement in a person's dominant 
armhand as compared to the other, or in the 
expansion of neuronal space devoted to left 
hand digital capabilities when a right handed 
person becomes a violin student (Filbert et al. 
1995). 

This ability to adapt neural systems to envi- 
ronmental demands is called plasticity, and it's 
obviously central to what occurs through 
teaching and learning. Marian Diamond has 
spent decades researching the effects of a so- 
cial stimulating environment on the physical 
development of a brain. She has beautifully 
synthesized what scientists now know into a 
very useful book for parents and educators, 
The Magic Trees of the Mind (1998). 

How does a brain organize its trillion+ cells for 
effective action? At the major systems level, 
our brain is composed of (1) subcortical areas 
(the brainstem and limbic system) that regulate 
many basic brain processes that look inward to 
our survival, emotional, and nurturing needs, 
and (2) the large six layer sheet of deeply . 
folded neural tissue called the cortex. The 
cortex encompasses 85% of our brain, and it 
processes rational logical behaviors that look 
outward to the timelspace world we inhabit. 

At the cellular level, the cortex is composed of 
hundreds of millions of highly interconnected 
hair-thin (100 neuron) minicolurnns, each spe- 
cialized to process a very specific unit of in- 
formation (such as a vertical line or a specific 



tone). 100 minicolumns combine to form a 
macrocolumn, which can process more com- 
plex functions related to the minicolumns it 
incorporates (perhaps differentiate between the 
cello and flute version of a .tone). 10,000 
macrocolumns (a columnar aggregate of 100 
million neurons) form one of the 52 Brodman 
Areas that each hemisphere contains. Brod- 
man Areas process even more complex func- 
tions, many currently ill-understood. 

Thus, discrete columnar brain areas and sys- 
tems process basic limited cognitive functions. 
These are incorporated into larger, specialized, 
widely dishibuted but highly interconnected 
areas and systems that collaborate on complex 
cognitive tasks. For example, our visual sys- 
tems has about 30 separate columnar subsys- 
tems that process such visual properties as 
shape, depth, color, quantity, and movement. 
Thus, the subsystem that responds to the color 
red processes it on every red object we see, 
and the subsystem that responds to circular 
shapes processes balls/CD'sltireddonuts/etc. 
Several of these subsystems will combine to 
process a single red ball rolling across a table. 

This modular system of brain organization 
means that recent dramatic advances in brain 
irnaging technology can help scientists identify 
highly specific brain areas that don't function 
properly in children with a specific cognitive 
handicap. Locating such a neurological deficit 
is the fmt  step in solving the problem. 

The Fast ~ o r k o r d  Program (1997) developed 
by the Scientific Learning Corporation 
emerged out of research discoveries of specific 
aural processing deficits in children who were 
seriously delayed in learning to speak and to 
comprehend speech. The program has 

- achieved remarkable results through its use of 
stimulating videogame technology that speeds 
up the child's aural processing ability. This 

'may well be the technological prototype for 
future interventions that require extensive 
practice in order to speed-up/slow-downhe- 
wire the various adaptable neural systems in- 
volved in a disability. 

Our profession has become interested in theo- 
ries of multiple intelligences in recent years, 
and these theories are based on our brain's 

. modular organization. That the location of 
most neural systems, subsystems, and inter- 

connections involved in various intelligence 
categories have yet to be precisely identified 
doesn't diminish the reality of brain modularity 
as the biological substrate of the theories. 
Modularity is an important concept for educa- 
tors who accept any theory of multiple intelli- 
gences -- and imaging technology will shortly 
provide the brain map that lays out the organi- 
zation of our brain's multiplicity. 

This suggests that it's also important to think 
beyond multiplicity in intelligence. Most 
bodybrain systems are multiple We obviously 
have multiple sensory/motor systems, and we 
now know that we have multiple emotional and 
attentional systems. We've known for some 
time that we have multiple memory and prob- 
lem-solving systems. What we have is a mul- 
tipleeverything bodybrain, and intelligence is 
only one part of the qzte intticate equation. 

Dynamic Intelligence. We're used to 
thinking of intelligence as something that oc- 
curs entirely inside our brain, but this is now 
seen as a very narrow view of a complex proc- 
ess that also involves our body and the envi- 
ronment in which our bodybrain functions. 
Dynamic is a better term, ore that combines the 
interactions of the three (Clark, 1998). 

Candace Pert, who achieved fame with her en- 
dorphin-related discoveries a quarter of a cen- 
tury ago, suggests in The Molecules of Emo- 
tion (1997) that biology no longer supports the 
notion of a body-brain separation. Hormonal 
peptides course throughout our bodybrain to 
process the emotions that drive our behavior. 
We are not centered in our brain, but in our 
completely combined bodybrain. Consider the 
negative effects of an upset stomach on test 
taking, if you thiri that intelligent behavior is 
all-in-our-head. 

Further, we actually tend to off-load a lot of 
ow decision-making -- creating external proce- 
dures and technologies that adjust timdspacd 
energy in our environment to simplify intelli- 
gent decisions. For example, consider how 
much cognitive energy we typically spend in 
trying to determine which supermarket check- 
out stand will move the fastest, as compared to 
the lack of any such thought in a post office or 
bank with a next-availableclerk system. Or 
consider the shape of a scissors -- how we've 
created a marvelous technological extension of 



our handlfinger system that allows us to easily 
cany out a precise cutting function that would 
be impossible to do with our fingernails. 

We use icons to simplify decisions in complex 
environments, an extension of the natural clues 
our ancestors followed to locate water and 
food. When driving along a succession of 
gaudy strip malls, easily visible corporate 
icons help us decide when and where to turn 
off for gas/food/lodging/etc. (and to ignore alI 
other icons that contain information we don't 
currently need). 

Calculators and post-it notes extend our limited 
short term memory capacity, and telephone 
books and dictionaries save long-term memory 
energy. The list goes on .and on. We've cre- 
ated technological capabilities on the outside of 
our skull to extend our inside biobgical capa- 
bilities -- and so we can't measure internal in- 
telligence without factoring in the effects of the 
external technologies we use. 

Consider the foot-dragging that occurred in 
dowing students to use calculators in math 
tests - as if doing it with paper and pencil was 
somehow more intellectual (and did ancient 
educators similarly decxy the intellectual loss of 
finger counting when paper and pencils ar- 
rived?). 

The recent explosion in electronic and com- 
puter technology has moved our dynamic 
brain/bodylenvironment relationshp to a new 
level. Natural timdspden?rgy have become 
cyber timdspacelenergy, and they've escaiated 
our ability to rapidly organize and process vast 
amounts of information. One dilemma is that 
children tend to have a better undersmding of 
the new electronic technologies than their par- 
ents. They've spent countless hours playing 
with them to explore all their possibilities, 
while we adults tend to master them only as 
limited tools -- as an expensive typewriter, a 
means of keeping accounts. 

Parents are thus at a disadvantage when trying 
to help their children understand the opportu- 
nities and dangers electronic media pose. Our 
14 grandchildren are all connected by email. 
which is a marvelous opportunity, but this ca- 
pability also means that they can individually 
engage in chatline conversations with danger- 
ous unseen predators.The school must con- 

front the dynamic nature and processes of 
technology, and especially electronic technol- 
ogy, but we seem to be moving very slowly. 
We're the last pencil-driven institution in our 
society. 

Distributed Intelligence. Our upright 
stance and consequent necessarily narrow fe- 
male birth canal have led to a brain that is born 
only one third its adult size (as compared to 
most animals that are born with an almost fully 
developed brain). The biological solution to 
the problem is to be born with a full comple- 
ment of neurons, but with neural systems 
functioning principally at a survival level. 
These protosystems then mature by expanding 
their connections, as environmental challenges 
dictate (and this explains the nature of the post- 
b i  size increase). Thus, an infant can in- 
nately suckle and crp, but must later learn to 
use its mouth and voice to sing Bach arias. 
The stade reflex is innate, but the child must 
explicitly learn how to cross a busy intersec- 
tion. 

We need a long childhood and explicit inshuc- 
tion to expand the power of our complex of 
neural protosystems so they can function at the 
sophisticated level our culture requires. This 
requires some kind of extended bonding be- 
tween parents, and between parents and child. 
Add kinship extensions, and children grow up 
in a dependent society. Someone will care for 
them during their first two decades, but then 
the social contract is that they wiU spend the 
next several decades caring for their children 
(and the children of others in our complex so- 
ciety). 

So we are of necessity a social species. This 
innate sense of dependence means that every- 
one in a social group must be able to do some 
communal things (suchas beiig able to speak 
the common language), but not everyone has 
to be able to do everything (such as being able 
to repair a car). Repairing a car requires spe- 
cialized knowledge and skills that require ex- 
tensive training, but we don't often need to 
repair our car. Thus, it's to everyone's ad- 
vantage for a few people to specialize in car 
repair, and to maintain their abilities by doing it 
as a vocation. anu o~hers tu specialize in 
something else. It's a complex tit-for-tat ar- 
rangement (you repair my car, and I'll teach 
your children), and an extension of the concept 



of a dynamic brain that provides our species 
with an additional powerful social brain. 

The result is that schools assessment programs 
have sought to identify individual student ca- 
pabilities and limitations -- and it's good to 
help students discover how their interests and 
abiities can be channeled into an appropriate 
useful vocational specialization. The seeming 

' need for precision in assessment led to a focus 
on factuaVcomputational knowledge that can be 
easily and precisely assessed, at the cost of 

' ignoring subjective knowledge (as in the arts 
and humanities) that is more diff~cult to pre- 
cisely assess. So I look in vain for reports on 
the atts and humanities scores when the news- 
papers report the results of local school testing 
programs. Are 26 lettern and 10 digits and 
namddatelplace information all that our brain is 
about? 

Daniel Goleman's excellent synthesis of the 
dramatic advances in emotion research (1995) 
alerted many educators to the temble error 
we've made - to use assessment precision as a 
principal criterion for determining curricular 
impor&ance. We've ignored the important role 
that emotion and emotion-related cmicula 
play in intellect. 

. The marvelous thing about our modular brain 
and its dynamic distributed intellect is that its 
definitive properties include a wide array of 
capabiities that emerged over eons to respond 
successfully to dangers and opportunities, but 
also to create a qualitative social life that in- 
volves loyalties, the arts, science and the hu- 
manities, belief systems, and the abiity to en- 
joy a beautiful sunset. We do disservice to our 
bodybrain when we provide it with lirmted op- 
portunities during its formative years. If our 

.bodybrain can do something, it ought to have 
an opportunity to learn to do it properly and 
effectively. That's the challenge our profes- 
'sion confronts as we now discover our brain 
as we never could before. 
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OUR MULTIPLE-EVERYTHING MODULAR BRAIN 
Key Functional Braidcognitive Systems: 

ACTIVATION SYSTEMS 

TENSES: Our primary source of information on what's happening inside and outside our body's mantle 
If skin. Our sensory system is composed of a complex set of receptors that monitor relatively narrow 
anges of properties of the internal and surrounding environment for specific changes in the composition 
hd movement of molecules and light rays that strike our body -- changes in temperature, air and physical 
iresswe, reflected light rays, and the chemical composition of air, water, and food. 

!his system activates: 

EMOTION: A general term for a complex, three-part, thermostat-like arousal system that interprets and 
waluates incoming sensory information -- thus alerting us to current and potential dangers and opportuni- 
ks. % 

Temperament provides us with a (perhaps innate) lifelong general bias to environmental chal- 
lenges. It's set somewhere along an anxiodi ib i ted  -to- boldluninhibited continuum. Tempera- 
ment is useful in that it allows us to quickly and confidently take the first response step - forward in 
curiosity, or backward in concern. Since we frequently follow our temperamental bias, we tend to 
become quite competent in it over time (eg, bold people get good at responding boldly - similar to 
handedness developing exceptional competence with the favored hand). 

Mood provides us with a short-term (hours to days) response bias. It probably emerges out of 
fluctuations in the various chemical cycles that regulate bodybrain functions. Mood informs us (and 
others through our body language) of our current and perhaps unconscious level of interest in the 
challenge, and of the amount of energy we have to respond. We may thus avoid a challenge on one 
day that we would embrace on another. Since others can generally sense our moods, they may 
temper the demands they make on us. 

Emotion itself is regulated by a set of neuronal systems that provide a variety of immediate posi- 
tive-to-negative response biases to challenges. Emotional systems that respond to events that have 
occurred include surprise, acceptancedisgust-anger, and joy-sadness. Emotions that focus on 
events that might occur include anticipation and fear. 

rhis system activates: 

ATTENTION: A complex focusing system that allows us to identify, engage in, and maintain goal- 
directed behavior in situations in which multiple competing distractions beset us. Three functional systems 
regulate our attentional processes: 

The Orienting System disengages us from the previous objecdevent, and moves to and enhances 
the new target. 

The Executive Attention System recognizes the identity of the target, determines the signifi- 
cance of the target, and separates the target from background information. 

The Vigilance System maintains a sustained level of alertness. 

This system activates: 



SOLUTION SYSTEMS 

Solutions to the many intemaVextemal challenges we confront emerge out of a complex set of interacting 
conscious/unconscious neuronal systems that involve such cognitive elements as learding and memory, rec 
son and logic, and a wide range of reflectivehflexive problem-solving strategies. Various theories of intel- 
ligence (that combine these cognitive elements) have emerged, and &ese p&port to classify the kinds of 
problems we confront, and the general strategies we use in solution. Howard Gardner's Theory of Multiple 
Intelligences is perhaps the best known of these theories. It is adapted below to reflect the functional brain 
systems that regulate it: 

REFLECTIVE SOLUTIONS: Cognitive challenges m O U T  a sense of immediacy -- life's 
continuing challenges. Solutions often emerge slowly, on the basis of a reflective exploration of alterna- 
tives. Brain systems that direct reflective thought focus on the following environmental challenges: 

INWARD FOCUS: 

Who? Who am I, and who are these people around me? What does it mean to exist? 
PersonaYSociaYExistential Intelligence 
(Gardner: IntrapersonaVInterpe~~onaVExistential) % 

OUTWARD FOCUS: 

Where? Where am I, and how can I get from here to there? How is nature organized? 
SpaceIPlace Intelligence 
(Gardner: SpatiaVBodily-KinestheticMadst) 

When? How long has this been going on; what should we do about it; what will happen 
if we carry out our plans? 
TimeJSequence Intelligence 
(Gardner: Language/MusicallLogical-Mathematical) 

REFLEXIVE SOLUTIONS: cognitive challenges WlTH a sense of immediacy, a concern fo~ 
survival (such as the awareness of a rapidly approaching car). Responses come quickly, and often on thc 
basis of limited scperficial information. Such rapid reflexive responses can lead to stereotyping (racism 
sexism/elitism/etc), regrets, and apologies -- but in the survival sweepstakes, a rapid (even if it's not thc 
best possible) response is preferable to death from delay. 

Escape? Should I avoid it, move away from it -- flight responses 

Attack? Should I attack if eat it -- fight responses 

Mate? Should I mate with it -- gene pool responses 

This system activates: 

RESPONSE SYSTEMS 

BEHAVIORIMOVEMENT: are principally mediated by three sets of appendages that constituo 
our motor system -- our leg/foot/toe system (moving), arnv'handlfinger ;ystem {handling), and necklmoutl 
tongue system (talkingleating). Our mobility is central to cognition, because it provides us with imporfa 
environmental problem-solving options not available to plants -- and so we have a brain and they don't. 



HUMAN BODYBRAIN DEVELOPMENT 

THE SEQUENTIAL DEVELOPMENT OF A NEURAL SYSTEM 
THAT PROCESSES A KEY BODYBRAIN FUNCTION 

We're born with a basic, survival-level version of the system that functions with limited inshuction 
and effort. 

Explicit instruction and extended practice mature the system so that it can respond to more complex 
challenges. 

A normal human abiity range exists that limits responses beyond this range to virtuosos and sa- 
vants -- and to the technologies we develop that extend performance of the function beyond our 
biological capabilities. 

CHILDIADOLESCENT DEVELOPMENT 

Birth to Ten 

The principal developmental task: how to be a human being. 

This development focuses on knowledge and skills related to movement, communication, and so- 
cid interaction. These often require the mastery of learned sociaVcultd conventions, traditions, 
and rituals (such as the mastery of movements associated with various games, of the differences in 
various spokedwritten languages, and of a specific culture's definition of good manners). 

These abilities develop slowly and awkwvdly initially, but become rapid and reflexive over 
time. During this period, adults tend to accept error and uneven development -- realizing that such 
(generally unconsciously operated) abilities develop gradually. Children tend to depend on and 
model their parents' and other adults' behavior as they learn how to identlfy and solve problems. 

Ten to Twenty 

The principal developmental task: how to be a productive reproductive human being. 

We go through seven profound lifetime changes, and three generally occur between 10-14. The 
seven life changes include birth and death, the mid-to-late life lessening of our reproductive and 
cognitive capabilities, and the three major early adolescent shifts: 

* from childhood to puberty, the onset of our reproductive capabilities, 
* from concrete to formal o~erations (Piaget), the maturation of intelligence. and . - . .  
* from an authoritarian to aconsensus morality, the maturation of ourpersonal values. 

We could consider the 10-20 years as a second childhood -- the awkward beginnings in each of the 
three areas of change, the gradually movement towards the confidence and competence character- 
ized by upper adolescent response patterns that are often delayed and reflective. Life slows 
down. Adults don't accept error and uneven development as easily as they did a decade earlier. 
This is unfortunate, since children must emotionally disassociate from their parents during adoles- 
cence in order to discover their own identity, and to personally confrontlmaster adult expectations. 



Daniel Goleman 
EMOTIONAL INTELLIGENCE: 

WHY IT CAN MATTER MORE THAN IQ 
(1995, Bantam) 

PersonaVPeople Skills: 

Motivation: 
Can persist optimistically in frustrating situations 

Impulse Control: 
Can control one's impulses, delay gratification 

Mood Regulation 
Can regulate moods (such as anger), so that distress doesn't reduce one's thinking capa- 
bilities. 

Empathy 
Can empathize - with a caring and hopeful sense of how the other person feels about 
something 

Social Competence 
Can quickly size up and then appropriately respond to social situations 



Robert J. Sternberg 
Successful Intelligence: How Practical and Creative Intelligence 

Determine Success in Life 
(1996, Simon and Schuster) 

The Three Elements of Sternberg's Triarchic Brain Theory of Intelligence: 

Creative Intelligence: The cognitive processes we use to identify and formulate good 
problems and ideas in at least some areas of life. This frequently involves questioning ex- 
isting assumptions and overcoming obstacles in our search for new ways to do things. 

Analytic Intelligence: The cognitive processes we use to consciously solve wewill- 
structured problems, to make intuitivelreasoned decisions among choices, and to judge the 
quality of ideas. It involves: problem recognition and definition, formulating strategies, 
accurately representing information, allocating shortflong term resources, and monitoring 
and evaluating results. Much of our educational testing focuses on this form of intelligence. 

Practical Intelligence: The action-oriented cognitive processes we develop principally 
through experience that help us to effectively analyze things we confront in everyday life, 
and then to use this information to solve such problems -- street smarts. 

Successful intelligence is the most effective when it balances all three of its creative, ana- 
lytical, and practical aspects. It is more important to know when and how to use these as- 
pects of successful intelligence than just to have them Successfully intelligent people don't 
just have abilities, they reflect on when and how to effectively use these abilities. 

SUCCESSFULLY INTELLIGENT PEOPLE: 

are self-motivated, independent, and reasonably self-confident 

can control their impulses, delay gratification 

initiate things, complete tasks, and follow through 

don't procrastinate, and know when to persevere 

. . translate their thoughts into effective products and actions 

know and make the most of their abilities 

are not afraid to risk failure, and accept fair blame 

seek to surmount any personal difficulties 

can focus on both the larger problem and its consituent details 

balance creative, analytical, and practical thinking. 



David Perkins 
OUTSMARTING IQ: THE EMERGING SCIENCE 

OF LEARNABLE INTELLIGENCE 
(1995, Free Press) 

COGNlTIVE FACTORS THAT ENHANCE BEHAVIOR: 

Neural Intelligence 
The quantitylquality, speed, and precision of our various innate brain systems 

Experiential Intelligence 
Specialized early and useful context-specific experiences 

Reflective Intelligence 
Reflective regulation of our knowledge, skills, and attitudes: 
knowing our way around various knowledge/skill realms 

REALM THEORY 

A realm is a topic or activity that people can come to know their way around. 

It's knowing more than knowing that and knowing how. 

REALMS CONTAIN: 

Action system: Actions~behaviors related to the activity 

Belief system: Beliefs/values/feelings related to the activity 

Concept system: Concepts critical to the acquisition and expression of beliefs 
and actions 

. . 
THE LADDER OF REALM GENERALITY 
(from quite general to quite specific - with examples of each realm) 

Level 
1 DISPOSITIONAL REALMS (thinking dispositions) 

clear - broad - deep - sound - curious - strategic - aware 

2 CHALLENGE REALMS (basic thinking challenges) 
decision-making -justification - explanation - evaluation - remembering - problem 
solving -problem finding - representation - design - prediction - planning - learning 



3 TOOL REALMS (techniques that support thinking) 
brainstorming - graphic organizers - pro-con lists - concept maps - stepwise 
strategies 

4 TECHNICAL REALMS (technical resources for thinking) 
formal deduction - systems thinking - taxonomies - game theory - 
probability/statistics 

5 FIELD REALMS (thinking tuned to fields, vocations) 
physics - history - the arts - rnath - law - business - plumbing 

6 SWUATIONAL REALMS (somewhat specific thinking situations) 
purchasing decisions - conflict resolution - negotiation - policy making - managing 
emotion 

7 CONTEXTUAL REALMS (specific contexts of thinking) 
used car buying - house design - career choice - treaty negotiation - trip planning - 
restaurant meal ordering 

HUMAN INTELLIGENCE IS: 

distributed within our brain, and within our culture through various human and 
machine interactions, 

affected by the cognitive overload of our complex culture, 

dialectic, in its multiple approaches to problems, and 

metacognitive, in its self-awareness of its own cognitive behavior. 

DEFAULT COGNITIVE PROCESSES 
THAT CAK REDUCE INTELLIGENT BEHAVTOR 

Hasty Thinking 
A hasty survival-type response (when a rapid response isn't necessary) 

Narrow Thinking 
A narrow, biased (my side), fixated definition of the problem 

Fuzzy Thinking 
Overgeneralization on the basis of limited information 

Sprawling Thinking 
Aimless disorganized mental wandering when confronted by a complex problem 



THE DO WNSHZFTZNG DILEMMA 
A Commentary and Proposal 

Robert Sylwester 
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Metaphors are useful, since they connect 
complex concepts to understandable objects 
and events. All metaphors (and also maps, 
models, and explanations) contain a certain . 
level of distortion. For example, the star 
constellations don't represent actual stellar 
relationships, but rather provide a simple lo- 
cationklirection model for non-astronomers. 
Metaphoric distortion is acceptable as long as 
the metaphor adequately communicates the 
essence of the concept, and users understand 
the nature of the distortion. 

Recent cognitive neuroscience developments 
are altering our understanding of a variety of 
brain systems and processes, and so it should 
come as no surprise that some of these new 
undentandings suggest that we'll probably 
have to redesign or even abandon some of 
our long-established much-loved metaphors. 

' I believe that downshifting is an example of 
a widely-used metaphor that has outlived its 
usefulness, because it doesn't zdequately 
communicate current understandings of how 
our response systems function, and espe- 
cially those that lead to aggressive outbursts. 
What follows, therefore, is a critique of the 
metaphor, and a suggested alternative. 

The Downshifting Metaphor 

Downshifting is a mixed metaphor that 
emerged out of Paul MacLean's Triune Brain 

- - model and a car's gear mechanism. It implies 
a three shift automobiie drive system. When 
I ask educators who use the metaphor to ex- 
plain their understanding of it, they tend to 
respond somewhat as follows: Low gear (the 
reptilian complex) drives primitivelreflexive 
resporlses. Middle g e a  (the limbic system) 
drives emotional responses. High gear (the 
cortex) drives rationayreflective responses. 
Thus, someone who is currently functioning 
rationally may be confronted by a difficult 

problem, and downshift to an emotional or 
primitive response level (much as we down- 
shift a car when we're confronted by hills, 
mud, etc). When questioned further, most 
view downshzjiing as a negative action. 

The key problem with this scenario is that our 
emotions are not a centralized response sys- 
tem (as second gear implies), but are rather 
part of an extended alerting or arousal system 
that establishes the emotional tone and bias of 
our response to clear and ambiguous dangers 
and opportunities. Emotion is quite transi- 
tory, mood might last for days, and tem- 
perament provides a lifelong emotional bias. 

Our several specific emotional subsystems 
alert us to dangers and opportunities that shift 
our attention from its current focus to that of 
the emerging problem -- and these actions 
then activate our various response systems 
(or as I've previously written: emotion drives 
attention, which drives learning, memory, 
problem solving and just about everything 
else we do). 

Since our emotions thus don't respond, but 
rather simply establish and help to maintain 
the focus and intensity of our attentional and 
solution systems, it's neurologically incorrect 
to suggest that we downshift from a rational 
to an emotional response (second gear). 

A second problem with the downshifting 
metaphor is that only one car gear can func- 
tion at a time, and our brain is a marvelous 
parallel processor. So to use the current car 
metaphor, I could be driving with friends and 
simultaneously carry out all of the following: 
(1) automatically operate the car's navigation 
mechanisms (low gear), (2) monitor a beauti- 
ful orchestral piece on the car radio, and note 
dangers and opportunities in traffic patterns 
(middle gear), and (3) cany on a thoughtful 
conversation with my friends (high gear). 



That's some gear box! Downshifring implies 
to me that our brain functions in only one re- 
sponse mode at a time, and it doesn't. 

I indicated above that many folks view down- 
shifting in negative terms, and that creates a 
third problem. Each of our several response 
systems evolved to carry out an important 
function, so primitive responses aren't neces- 
sarily negative. We don't have to use good 
manners when our life is on the line. 

Most of our responses to challenges involve 
simultaneous behaviors at several levels, and 
so we ad hoc our way through life with re- 
grets and apologies for acting too quickly or 
for delaying too long. Would that the cogni- 
tive line between rational and irrational re- 
sponses were so neatly drawn. 

Consider the film, Saving Private Ryan. It's 
apparent that the concept of downshifting 
isn't up to the task of explaining the complex 
emotional/attentional and primal-to-intellec- 
tual dynamics of the high-level militarylpoli- 
tical decision to risk the lives of several sol- 
diers in an attempt to save the life of one. 
Was the decision goodhad, moral/immoral, 
heroic/cowardly, rationalliitional? 

Further, who were the good guys and who 
were the and bad guys in the film (consider- 
ing that the German military tended to send 
Polish and Estonian youth to defend the dan- 
gerous positions that are the focus of the 
film)? We see what is called downshifting 
throughout the film, and yet it seems an in- 
adequate metaphor for the complexity of the 
many violent behaviors depicted. 

Finally, the limbic system (which is central to 
the Triune Brain Theory that sparked the 
downshifring metaphor) has recently come 
under increasing critical assault (LeDoux, 
1996. Brothers, 1997. Pert, 1997. Pinker, 
1997). We now know that our emotional 
system is neurologically widespread, al- 
though many of its important functions in- 
volve structures (such as the amygdala) his- 
tcrically associated with the limbic ystem. 

I've gotten a lot of mileage out of my index 
finger/bagel/construction paper model of the 

Triune Brain, and I now think that I finally 
better eat the bagel. 

I'm not arguing that we can never con- 
sciously move from a rational to a primitive 
response mode (as implied by downshifting). 
Continued frustration with a persistent prob- 
lem could certainly lead to a deliberately di- 
rected primitive outburst, but primitive re- 
sponses aren't generally deliberate. They're 
stress-driven, and are typically precipitated 
by serious new information. This means that 
the previous situation itself has now changed 
to a new situation -- and this then-now sepa- 
ration finally suggests how we might begin to 
think of a new explanation for what we for- 
merly called downshifting. 

A Proposal 

Cognitive problems can arise out of external 
sensory information or internal mental proc- 
esses. Most incoming sensory information is 
initially processed through the thalamus into 
two separate response systems: 

. We have a relatively slow, analytic, re- 
flective (primarily cortical) system to explore 
the more objective factual elements of a situa- 
tion, compare them with related memories, 
and then rationally respond. It's best suited to 
non-threatening situations that don't require 
an instant response, life's little challenges. 

2. We have a fast, conceptual, reflexive 
(primarily subcortical) system that identifies 
the dangerous and opportunistic elements in a 
situation, and then quickly activates powerful 
innate or learned autcmatic response pro- 
grams if survival seems problematic. This 
fast stress-driven system developed to re- 
spond to imminent predatory danger and to 
fleeting feeding and mating opportunities. 
Our emotional/attentional systems thus are 
primed to quickly focus on (for example) any 
loud, looming, contrasting, moving, obnox- 
ious, or attractive elements that signal poten- 
tial danger, food, or mates, and to rapidly 
signal the information to our solution sys- 
tuns. 

The fast system thus enhances survival, and 
so it's the default or go-to system, and not 
the one we downshift to. If anything, our 



response would typically begin with this im- 
mediate reflexive response system and then 
upshift to a more reflective response if it be- 
comes apparent that the situation doesn't re- 
quire an immediate response (just as in a car, 
which almost always begins in low gear, and 
then shifts up). 

Unfortunately, the rapid superficial analysis 
of the fast system often leads us to respond 
fearfully, impulsively, and inappropriately to 
situations that don't require an immediate re- 
sponse. Stereotyping, prejudice, regrets, and 
apologies are but four of the prices we hu- 
mans continually pay for this powerful sur- 
vival system. Worse, the neurotransrnitter 
and hormonal discharges associated with fear 
can strengthen the emotional and weaken the 
factual memories of an event if the stressful 
situation is serious andfor chronic. We be- 
come fearful of something, but we're not 
sure why, so we've learned little from the 
experience that's consciously useful (because 
a reflexive response functions uncon- 
sciously). 

Further, chronic activation of our fear path- 
ways can result in physical deterioration 
within our memory systems. I suppose that 
it is these elements that have led to the nega- ' tive reputation that primitive responses seem 

h to have in the downshifting metaphor. But a I . .. 
p m h v e  stress-driven reflexive response is 
truly advisable in a situation that requires an 
immediate forceful response -- such as sud- 
den acceleration or rapid braking in response 
to traffic conditions. 

Realize though that our stress system evolved 
to be used as a temporary rather than con- 

- tinuous response system. It's like salt, a little 
bit is biologically usefi~l; a whole lot is gen- 
erally harmful. 

. . . . . . . 

I don't believe that we must have a metaphor 
to describe our dual response system. Why 
not just use the terms reflexive and reflective? 

The explanation might go something like this: 
When our emotiondattentional systems re- 
port a serious problem, our first line of either 
defense or attack tends to be reflexive. Pow- 
erful reflexive response repertoires are un- 

consciously activated. Our slower refective 
problem-solving system is simultaneously 
alerted, and it can soften or even over-ride 
our reflexive system's response (if it can 
quickly come up with a better solution), or at 
least negotiate a delayed response (such as to 
count-to-ten when anger flares). 

On the other hand, we tend to activate our 
slower reflective system to solve challenging 
problems that don't cany the sense of imme- 
diacy that activates the reflexive responses 
that impede reflective thought. 

We thus have two excellent solution systems 
that can independently and cooperatively re- 
spond to most of the challenges we face. For 
example, I'm currently typing reflexively 
(unconsciously, automatically) but I certainly 
hope that what I type comes out of refective 
(conscious, deliberate) thought processes. 
Both processes are essential to the production 
of this commentary. They are neither posi- 
tive nor negative. They exist to carry out dif- 
ferent (but often simultaneous) functions. 

When I was learning tc type, I was very re- 
flective and deliberate about striking the keys. 
I consciously knew where all the letters wer= 
on the keyboard, but I was slow and inefti- 
cient, because I couldn't simultaneomly (1) 
reflect on what I would write, and (2) type it. 
Today I don't consciously know where any 
of the letters are, and I'm a fast efficient 
writer and typist, bccause I can use my con- 
scious reflective system to focus entirely on 
thinking about what I'll write, and my un- 
conscious reflexive system to simultaneously 
carry out the appropriate typing actions. 

The two systems also function equally effi- 
ciently in response to social challenges. For 
example, a teacher could be reflectively 
working with a class and suddenly be con- 
fronted by the inappropriate behavior of a 
student. She could immediately reflexively 
respond to that student while continuing to 
function reflectively with the rest of the class. 
There's no shifting, just a simultaneous re- 
sponse to two different stimuli, something 
our parallel-processing brain does with ease. 

It's possible that a person biased tcwards re- 
flexive responses may reflexively respond to 



many situations that are better solved through 
reflection, and a principally reflective person 
may likewise reflectively delay responses to 
imminent dangers and opportunities. It's not 
a fool-proof system -- as the daily news con- 
tinually reminds us. 

Children must learn how to intelligently solve 
problems beset with obstacles, and so they 
must come to understand, respect, and effec- 
tively use both of the systems. The school 
environment and curriculum should enhance 
this learning process by reducing the specter .. 

of threat when it doesn't enhance the reflec- 
tive learning process, which should be con- 
scious and deliberate. 

Fear is an important element of some reflex- 
ive learning, however, and so we appropri- 
ately insert it into practicing automatic safety 
responses, such as fire drills. However, feat 
doesn't enhance and isn't necessary in the 
mastery of most school-related automatic 
skills (such as reading, computation, typing). 
Place students in a positive challenging class- 
room, and even the youngest can understand 
the value of practice activities that lead to the 
automatic mastery of important things. They 
did practice endlessly and joyfully when they 
learned to walk and talk. 

and instruct response patterns. Further, we 
shouldn't think in terms of shifting back and 
forth between the two (as with a gearshift), 
but rather realize that we tend to use the re- 
flexive or reflective system that's initially best 
suited to the current situation, and that we 
probably also use both systems in a variety of 
currently ill-understood combinations to re- 
spond to many of the problems that we face. 

Reflexive and reflective are easily under- 
stood terms that are commonly used by cog- 
nitive neuroscientists, and they don't contain 
the problems that downshifing has. They 
work for me, and so perhaps also for you. 
The option is for someone to come up with a 
better, easily understood, scientifically ap- 
propriate metaphor. 
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discovered in ancient sites required 
many hours of personal effort (Allman. 1936). and buying 

. today's equally nonfunctional st"ng of pearls takes the income 
from many working hours. The energy and cost are similarly 
high for the choreography and improvisation of dunce-from 
square dancing to ballet, figure skAIing co llockcy, couple 
dancing to tennis. The visual, aural. and movement ans arc 
cxpcnsivc, and WC pay with little complaint 

What is odd, then, are moves to reduce or  eliminate funding 
fnr school arts programs (and in rills discnssion, I'm including 
physical education and sports within the broad category of thc 
arts). Why would a culture t h ~ t  values aesrhctics and pcak 
performance in the a n s  cut cducattonal programs chat preparc 
the next generation of anists and athletes? 

Part of the explanation may lie in the currenr push for 
increased school efficiency and economy. Good arts programs 
are not efficient. nlcy're difficult to evaluate in an era 

concerned with measurable standards. Educators have there. 
fore i ~ a d  to conrinuzlly justify ans programs, but not algebra or 
spelling. This justlfication tends to focus heavily on public 
performance (concerts, plays, spans, and a n  shows) as if 
that's all thdt the arts are about. Funher, it has led to dubious 
cause-andeffect c!aims that the :,as improve scorcs in otkrr 
curricular areas. 11's a rcal strercll tu irnagine that the ans  
cn~crged aeons ago to enhance spclling and algebra. The ans. 
language. and rnatllrrnntics h ~ v c  imponant biologicz! values 
tl~cmselvcs, bcyond their marvclc,us interactive propmies- 



Must math also then enhance music to 
remain in the curriculum? 

Evidence from the b d n  sddlces and 
evolutionary psychology increasingly 
suggests that the arts (along with such 
functions as language and math) play an 
important role in brain development 
and maintenance-so it's a scrious 
maner for schools to deny children 
direct cumicula~ acc?.to the arts. 

The arts are highly integrative, 
involving many elements of human life. 
Let's focus on two key elements: (1) the 
heightened motor skills that we call 

beginning specialization for those 
whose interests and abilities warrant it 
(such as in sports and orchestra). 

Movement Is Central 
to Life and to the Arts 
Why do we have a brain? Plaats seem to 
do tine without one; many mes far 
outlive us. We have a brain because we 
have musde systems that allow us to 
move toward o p p o d t i e s  and away 
from danger. Plants must take whatever 

..coma along, including predators that 
nibble leaves and commit othei indigni- 

cognitive system that can transform 
sensory input and imagination into 
appropriate motor output-to decide 
whether to move or to stay. Mobility is 
cenual to much that's human-whether 
the movement of information is physical 
or mental. We can move and talk. 
Trees can't Misguided teachers who 
constantly tell their students to sit down 
and be quiet impky a preference for 
working with a grove of W, not a 
dassmm of students. 

Although a cognitive decision to 
move may involve billions of neurons. 

performance and (2) the heightened 
appreciation of our sensory-motor capa. 
bilities that we call aesthetics. Humans 
have a seemingly innate desire to go 
beyond the mundane, and to do it with 
style and grace. The discussion below 
focuses on four emerging themes that 
help provide biological suppon. for 
school arts programs that build a basic 
background in the arts for all students 
(such as movement skiUs in physical 
education and singing in music) and 

ties. So why would an immobile tree 
even want a sensory system that could 
recognize an approaching logger when 
it is incapable of fleeing the impending 
assault? 

Or consider the sea squirt, which 
initially swims about until it perma- 
nently attaches to a rock or coral. It 
then begins the rest of its immobile life 
by eating its now superfluous bnin. 

Because we humans are mobile 
throughout Life, we need an intelligent 

only about a half-million 
motor neurons activate the 
musde ,groups that make 
up ;Ilmost half our body's 

:weight. OUF jointed motor 
system, with its complex 
brain-musde connections, 
provides our brain with a 
remarkably effective extemal 
mechanism for action. It 
comprises the toc/footfleg 
system that's about half our 
body's length, the tinger; 
handlam system that 
extends our reach about two 
feet beyond our body, a flex- 
ible neck thiat increase the 
geographic range of our 
head's sensory receptors, 
and a remarkable mouth that 
begins-digestion and also 
communicates through both 
sound and expressive facial 
movements. 

Our sensitive sensory 
system and fmely controlled 

' movements are aLro central 
to the visual, aural, and 
movement arts: whether it's 
the fine-motor control of a 

painter, the practiced pizzicato of a 
violinist, or the choreographed pick- 
and-roll of an M A  team. 

Consider the culturai signiticance of 
vimoslty in our three bottom-tetop 
motor systems (the movers, the 
handlers, and the talkers): the legs of 
skaters, runners. and dancers; the 
expressive hands of pianists, anists, and 
mimes; the mouth of speakers, singen. 
and horn playen. Our culture values 
them all bccausc they so celebrate what 



arc othcnvise simple, ordiaary move- 
ments. How an one promote a 
cuniculum that reduces the acceptable 
moyement of this magnificent 
appendage system to one band labori- 

I ously writing words on a pla.ying field 
1 the size of a sheet of typing paper? 

It's b i i .  
Some argue that schools aren't in the 

business of developing such skills at the 
virtuoso level that basic motor skills 
should sufEce. OK, but I wonder why 
these same people relentlessly press for 
(1) higher performance standards in 
curricular areas whose skiU component 
is being displaced:by computet tech- 
nology and (2) the simultaneous reduc- 
tion of programs that move students 
from basic to advanceg levels in arts 

i areas that are so central to the human 
spirit. 

! Sophisticated Movements. 
Must Be Learned 
Developing smoothiy contmUed 
muscular systems is a priority of child- 
hood and adolescence. Suckling is 
almost the first mobde act of an infant. 
followed by the brain-ourward matura- 
tion of the arm and leg systems-eating 
before grasping before walking. 
Eecause mobiIity is a central human 
characteristic, these innate systems 
must develop early at the sutvival level 
without formal in.%uuction or even 
mimicry (blind cfiildren master walking 
withouc ever having obsenred.it). This 

development includcs specific, 
currently ill-understood period. during 
which various specialized brain systems 
develop (such as walking at about age 1, 
talking at about age 2). 

Children drnied thc opportunity to 
deveiop a survival skill that they would 
normally master with ease during its 
window oJ~opportuniIy may not 
recover from the deprivation. A good 
example is the tragic case of Genie. By 
the rime she was discovered at 13, hcr 
disturbed parents had almost totally 
deprived her of normal language devel- 
opment. Competent therapists who 
tried to undo the damage were only 
marginally successful (Rymer. 1993)- 

Most folks realize that the neural 
systems that process language must be 

stimulated through cunversatlon to 
-ta the l& h g m g e ,  m d  we 
correctly insist that schools f o q  on the 
key demerits. Within the same student 
brain, h o w c w ,  is mother set of neunl 
systems that p n m s ~ s  musical form 
distinct from language. Song uses such 
elements as tone, melody, harmony, and 
rhythm to insert important emotional 
overrones into a now sloweddown 
verbal message. Ow brain's language 
and music systems both must be devel- 
opmentally stimulated-and especially 
those subsystems that regulate highly 

that each bnln conFmnts. 

Highly SP- and C O O ~ t e d  
movement patterns, such as thox used 
in alUpnphY, violin playing and tap 
dancing. must thus be taught, m d  
m e r y  is typically difficult The impor- 
tance Of the a r l y  acquisition Of such 
skills was dcmonnnted in a recent 
study of right-handed violinists (ELbett, 
Pantex, Wenbruch, Rocksuoh. &Taub. 
1995). Separate, specific brain yeu 

control right-hand and left-hand finger 
movements. Violinists who began 
lessons before the age of l2 developed 

The a r t s ,  language, and mathematics have 
important b i  01 ogical v a l  ues i n  themselves , beyond 
t h e i r  marvelous i n t e r a c t i v e  propert ies.  Must math 
enhance music t o  remain i n  the  curr iculum? 

controlled motor activity Ouch as 
speaking, singing, writing, and playing 
musical instruments). 

Both language and music permeate 
our environment. How can anyone 
justify a curriculum that seeks to develop 
language but not musical capabilities? Is 
spelling really biologically more impor- 
tant than melody. .when both expm 
cultunlly significant sequential informa- 
tion? Are our innate music networks 
something like unwanted tonsils or 
appendix tissue to be removed rather 
than to be understood and enhanced? 
How can anyone have such a limited 
view of our brain and the curriculum? 
Recall the plight of Genie. How many 
musically limited srudenrs are now 
emerging from school, having had practi- 
cally no competent professional develop- 
ment of their innate musical ability-or 
for that matter, of their spatial processing 
centers that are so central to the visual 
and movement ans? 

We're born into a complex world 
with an immature bcin that is one-third 
its adult s ix.  &cause we can live in a 

wide variety of environments, our 
sensory-motor development beyond our 
innate survival necds rends CO focus on 
the specific environmenral demands 

important dicTerences in the size and 
complexity of these motor areas, which 
didn't develop in nonviolinisrs (who 
had little need for left-hand digital 
dexterity) or even in good violinists 
who began later. 

Michael Jordan, a basketball super- 
sm,  is another interesting example 
(Klawans, 1996). At 31, he decided to 
switch to baseball. With all his athletic 
ability and resolve, he didn't do nearly 
a s  well as he had hoped. Throwing a 
basketball through a hoop requires 
senso~y-motor skiUs different fronthose 
needed to hit a baseball approaching at 
90 miles an hour. Even major-league 
pitchers are not recycled into hitters 
when their pitching abilities wane. 

Survival-level cbgnitive and motor 
skius are universal and innate. Early 
instruction and effort can get us beyond 
mere survival levels into the normal 
limits of human capability Vinuos* 
level abilities are highly specific and 
require the commiunent of early and 
extensive training. Many young people 
exhibit this skill-specific commitment 
when they continually practice special- 
ized skills. Call it play if you will. but 
Jcan Piagec suggested that piay is the 
serious business of childhood. 



Smooth Movements Enhance 
Self-Concept 
Scientists have recently been exploring 
fluctuations in the levels of the neum 
tnnsmitter xrotonin. Serotonin inhibits 
quick motor responses and thereby 
enhances relaxation and the calm assur- 
ance that leads to smoothly controlled 
and coordinated movements. Because 
effective movement is so central to 
human life, it's not surprising that xm 
tonin fluctuations help regulate our 
level of self-esteem and our position in 
movement-related social hierarchies. 
Our own awareness of our increased 
motor skills and the positive feedback. 
of others play key roles. Most 
people periodically experienc'e 
bursts of self-esteem-if only 
after making a neat Nm on the 
dance floor. 

Elevated serotonin levels are 
assodated with high 
e s t m  and social status, and 
reduced serotonin levels, with 
low self-steem and soc~al 
Status. In motor terms, low 
serotonin levels cause the irri- 
tability that leads to impuisive. 
uncontrolled, reckiess, aggres 
sive, violent, and suicidal 
behavior (Sylwester, 1997). 

This knowledge about sero. 
tonin suggests that good school 
arts and physical education 
programs can play an imponant 
role in developing the f i e -  
motor control that allows 
youngsters to discover how 

theater, dance. Scientists now know 
that the initial instruction for many such 
abilities must begin early, and we can 
argue that it shouldn't depend entirely 
on parental ability to f m c e  private 
lessons if our entire culture benefits 
from the abilities. 

But we can tun only so fast and jump 
only so high. Some people devote years 
of their youth trying to jump an inch 
higher than anyone else has ever 
jumped. Others are content to use a 
ladder. Technologies are thus another 
way to go beyond normal human limita- 
tions-whether it's us~ng a calculator to 
compute, a phone book to extend 

aesthetics) is thus an important element 
of an arts education. 

The am may provide another impor. 
tant cognitive xnice, however. We 
have multiple neural systems to process 
emotion and intelligence, and some may 
infrequently activate in real life. The arts 
(and probably our dreams) help main- 
tain the strength of such systems by acti. 
vating them in stimulatingpetend 
situations during periods when real life 
d w n ' t  challenge them. Use it or lose it 
is a cognitive reality for neural systems 
m e d  to the challenges of the imme- 
diate environment. 

For example, fear is a key alening 

remarkable the human body 
is-whether it's drawing a picture with 
tightly controlled movements or 
dancing with abandon. Human mobility 
isn't just about getting from here to 
there. It's doing it  with style and grace. 
3 e  arts are ohen the celebration of the 
ordinary, but we tend to celebrate 
artists, musicians, dancers, and athletes 
whose movement patterns are extraor- 
dinary. 

Virtuoso Movements 
Are Transcendent 
Our culture spends heavily to develop 
and appreciate virtuosity in aesthetic 
movement patterns-sports, concerts. 

memory, a drum to increase the sound 
of chest beating, or skates to create an 
an form out of slipping on ice. 

Some people move artistically and 
others just watch othrr people move. 
People who don't sing attend concens; 
people who don't play attend sponing 
events; people who don't paint 
purchase paintings. One marvelous, 
aspect of the &s is that they cognitively 
stimulate both those who do them and 
those who observe others do them. The 
arts are a total win-win Situation. The 
doers and the observers both discover 
something about the further reaches of 
being human. M appreciation (or 

emotion (with a distinct neural system) 
that may infrequently activate in real 
life. But the ans frequentiy activate it. Is . 
the universal childhood attraction to 
fearful fairy tales and other scary stories 
and games related to an unconscious 
need to develop our fearsystem 
responses in playful nonthreatening 
situations so that the system will func- 
tion effectively in real-life threatening 
situations? Consider other basic 
emotions: anticipation, surprise, joy. 
sadness, acceptance, disgust, anger. The, 
a m  embrace them all-whether it's the 
joyful emotional release of a clown's 
comedy, the disgust of war elicited by . 



Picasso's Guentica, the exciting antici- 
pation of the unknown ending of a close 
sporting event, or the sudden alertness 
brought about by the crescendo bars of 
Haydn's SurprLce Symphony. 

The skuation is similar with our 
multiple intelligences systems. 7he ans 
develop and rehearse many of these-a 
pianist simultaneously activates bodily- 
Idnesthetic, musical, and intrapersonal 
systems; children playing a team game 
simultaneously activate just about all 
systems. Or consider the task that 
young children face when learning the 
completely arbitrary ZGlener sequence 
of the English alphabet. Most of us have 
trouble remembering the 10-digit 
sequence of an area code and-phone 
number. Children u s m  simple melody 
to easily master an ab7uact ZGunit 
sequence, ending the song with a 
request that the adults be impressed. 
We truly are. Try it without musical 
support. 

Emotion is an unconscious body and 
brain system that alerts us to dangers 
and opportunities. It activates our 
powerfu!, multifaceted attention system 
in order to organize the myriad 
conscious and unconscious rational 
systems that our brain uses to solve the 
current challenge. Emotion and atten- 
tion thus become the pathways into all 
rational cognitive behavlor. Consider 
the cognitive plight of those with disor- 
den of their emotion and attention 
pathways-ADHD, anxiety, autism, 
bipolar disorder, dyslexia, mental retar- 
dation. obsessivecompulsive disorder. 
schizophrenia. 

Emotion and attention are thus criti- 
cail~ imponant brain ;ystems that must 
be nurtured beyond their innate initial 
survival levels into the limits of human 
capability. Tliey'rc the unconscious 
dooway Into a conical room abuzz 
wit11 conscious conversation :tnd 
pniblcrn solvins. Unfonunatcly, sch~~ols 
currcnrly tcml to Y;IIIIC thc conscio~~s 
con\.crsdt!on xnd solutions. not thc 
uncotlscli,us doom:ry to the solution 
((;~,lctnati. L99j) \VC can accehs urlr 
ntri(rtl:$l/logic:ri t hu~~gl~ t s  tlirr,ngh c:tsily 
mc:ts~~rcd l;~ngu:tgc. but 011~ ULICOII- 

sciolla clllati~)n/:lrtcntion r,lllg thnlllgll 
diflicult-to-mc:~s~rc. nonvcrb:tl body 

states and feelings-our conscious 
awareness of unconscious emotions 

WDoux. 1996). 
Emotion and attention (which are 

central to all activity in the arts) often 
lead us to important rational behaviors 
that wouldn't have emerged if we 
hadn't walked through that arts- 
enhanced doorway. Emotion drives 
attention, and attention drives learning, 
problem solving, behavior, and just 
about everyrhing else. 

The Arts Are a Wise 
Educational Investment 
It's probably appropriate that emotion, 
attention, and their amhandmaiden 

I t ' s  a ser ious matter 
f o r  schools t o  deny 
c h i l d r e n  d i r ec t  
c u r r i c u l a r  access 
t o  the a r t s .  

don't lend themselves to the easily 
measurable efficiency of rational 
thought. One can argue for the biolog- 
ical value of an alerting/focusing system 
that can rapidly size up and respond to 
the flow of things, untrammeled by 
conscious factual detail, verbal catege 
rization, and precise evaluation. The 
regrers that follow precipitous decisions 
are preferable to death from delay. This 
may be why emotionally improvised 
movements are such a stimulating 
element of the arts-whether it's the 
broken ficid run of a football halfback, 
the intricate interplay of a jazz trio, or 
rhe flow of:ln abstract painting. 

Emotion. :attention. and thc arts areht 
;xborlt tilc sccuriy of a correct ;inswcr. 
hut r:~tlicr ;tboctt a jacki~f-;ill-trades 
c~II<>tl<Jn;ll br;lin rlvat h:ts quick, 
nullriplc, invcntivc solutions to most 
problems. E\.cn when a part of the 
rcslmnsc p:$trcrn is sec. irnprovlsation 
can occur \vtrllin the response. Tm 
[piani\ls 17l;tying the same s<)tLdt:t wxll 
~pl;iy 11 10 dtlicrcnr way,. 

'fo ;~rguc fur the tmportalcc of 

emotion and attention in cognition 
doesn't suggest that reason and logic am 
unimportant. Reason and logic 
consciously move us toward an intelli. 
gent, learned response that's typically 
our fmt choice when we confront the 
problem again. Our brain thus devel- 
oped two separate but integdted 
systems, and the transcendent move- 
ment patterns that characterize the ans 
often provide the integration between 
emotion/attention and reasodogic. 
Only the mindless would suggest that 
education can function with one system 
but not with the other. Only the 
unimaginative would suggest that both 
systems must be judged by the same 
criteria of economy, efficiency, and 
objective measurability. 

This dixussion of the arts began with 
the imponance of motion, and it ends 
with the importance of emotion. Both 
are cenual to tile a m  and to We. They're 
two inseparable sides of a very valuable 
biological coin that each generation must 
invest in irs young. School arts programs 
are a worthy investment of that coin. 

References 

Allman. W. (1996. May 20). The dawn of 
creativity. L1.S News and World Repolx 
53-58. 

Elberr. T.. Pantex. C.. ~ienbruch. C.. 
Rockstmh. B.. &Taub. E. (1995). 
Increased conical representations of 
the fingers of the left hand in string 
playem. Science, 270, 305-306. 

Goleman, D. (1995). Emorionui intelli- 
gence: Why it can maner more than 
IQ. New York: Basic Books. 

Klawans, H. L. (1996). Why Jficbael 
couldn'r bi1:And other tales of IiJe 
neuroloa ofsports. New York: 
Freeman. 

LeDoux, J. (1996). 77,e el>?otional Brni l i :  
Tile ,n]~sreriorrs tozderpirznings o/ 
ernoriorzai lqe,'Uew York: Simon k 
Scl~uster. 

Ilvn~cr, R. (1993). Genie Alr obl~seil 
child's I7ie1,r h.oin srlc~icc. New Y o r k  

Robert Sylwester 18 Proiersor Emerltus 
oi Educat~on at the Un!versity of Oregon. 
tugene. OR 97403-5267 (e-mali 
bobsylQoregon uoregon edul 



New Books 
by Brain Scientists 

Ten books based on new research in the brain sciences 
have broad relevance to educators. 

Robert  Sylwester 

T he recent explosion of new 
discoveries in the brain sciences 
has sparked the publication of 

many tine books for interested readers, 
both scientists and nonscientists. I 
highly recommend the following books, - 
which focus on educationally signif~cant 
issues in brain research. AU have been 
published since 1996, an important 
concern in a rapidly moving resea~ch 
field. Perhaps most imporrant, the scien- 
tists who wrote them not only partici- 
pated in the laboratory research they 
discuss, but also have the ability to 
effectively explain their discoveries to a 
wide audience. 

Susan Greenfield is unusual-a prac- 
ticing scientist who writes regularly for 
the popular press. Her The Human 
Brain: A Guided Tour (1997) is a fme 
nontechnical introduction as  you begin 
your journey toward understanding 
your students' blains. 

Development 
Three excellent books discuss develop 
mental issues. For decades, Marian 
Diamond has studied the effects of s 
social, stimulating environment all a 
brain's physical development. With 
Janet Hopson, a noted science writer, 
Diamond has compiled the research on 
brain plasticity into a marvelous, prac- 
tical book for parents and teachers. 
Magic Trees of the Mind How to 
Nurture Your Child's Intelligence, 
Creativity, and Healthy Emotions from 
Birth Through Adolescence (1998). It's 
an excellent mix of clearly explained 
scientific research and solid advice on 
how to create stimulating home and 
school environments. 

Stanley Greenspan's The Growth of 
the Mind and the Endangered Origins 

of Intelligence (1997) is a thoughtful, 
practical exploration of the stepwise 
development of intellect. Its special 
focus is the emotional interactions 
between child and caregivers. 
- Leslie Brothers studies autism. 

Drawing on her research-among those 
who can't emotionally relate to others, 
she has written a fascinating book on 
the neurobiolology, emergence, and 
nurmrance of social behavior, Friday's 
Foofprint How Society Shapes Ihe 
Human Mind (1997). 

Emotion 
Joseph LeDoux, a major researcher 
in the field of emotion, has focused 
on fear, perhaps our most important 
emotion. The Emotional Brain: The 
Mysterious Underpinnings of 
EmoffonalLife (1996) is an excellent 
introduction to the neurobiology of 
emotion for anyone interested in.the 
important role that emotion plays in 
education. 

Candace Pert's Molecules of 
Emotion. Why You Feel the Way You 
Feel (1997) is a delight. Pert achieved 
fame with her groundbreaking endor- 
phin-related discoveries. She's had a 
fascinating career since then; this book 
is part autobiography about a woman in 
science and pan exploration of her 
intriguing perspective on the important 
role that peptides and hormones play in 
regulating emotion. 

Intelligence 
Educators have recently brcome fasci- 
nated with the multiple nature of intelli- 
gence. The following books will expand 
your understanding beyond that area of 
interest. In How Brains Think: 
Evolving Intelligence, Then and  Now 



(19%), neurophysiologist William 
Calvin once again demonstrates his 
ability to lucidly explain complex cogni- 
tive concepts, a pattern he established 
in seven previous books. In this book 
(and in a more technical companion 
book, Cerebral Code), he proposes a 
fascinating theory of the location of 
intelligence-how our brains are wired 
to make decisions on the fly. For 
example, we often begin an extended 
conversational sQtement without 
advance conscious knowledge of the 
words we'll use to end it. 

Whereas Calvin's book addresses the 
entire field of intelligence, Stanislas 
Dehaene's The Number Seme: How the 
Mind Creates Matbemutifi (1997) is a .. 
marvdoui exploration of the location 
md processing systems of one impor- . 

rant area of intelligence. In describmg 
the neurobiology of mathematical 
knowledge and behavior, Dehaene 
explains such things as why fractions 
are more difficult to process than whole 
numbers, why 7 X 9 is more diacult to 
learn than 3 X 4 wen though both are 
similar simple memory facts, and a 
whole lot more. 

Human Nature 
Evolutionary psychology seeks to under- 
stand why we humans do the things we 
do. Two stimulating books give readers 
an excellent introduction to this impor- 
tant, emerging field. Steven Pinker's 
How the Mind Works (1997) is an 
extended and often humorous expl* 
ration of the quirks that make us such 
an interesting species. It's a marvelous 
book for teachers, full of fascinating 
insights and stories that will lead to 
interesting classroom discussions. 

Edward Wilson's Codience: l7~e 
Unity of Knowledge (1998) is a thought- 
provoking, somewhat controversial 
book with profound educational impli- 
cations. ?he renowned scientist argues 
for the unity of all knowledge systems- 
science, social science, the arts, ethics, 
religion. He suggests that all are based 
on a few fundamentd natural laws that 
are deeply grounded in biology. 

This List has taken you from a simple 
nontechnical introduction to our brain 
to a discussion of the complex issues 
that are emerging from our increased 
scientific understanding. Realize that the 

-- 
Books  on t h e  Brain 

Cons~lience The Unity of Knowledge 
Edward W~lson 
New York. Alfred A. Knopf, 1998 

The ~motional:.B~~~j,',The ~ysterious 
~nderpinni$4$$gmdt@nal Life 

Joseph ~eooui, . F,: ' ' 

New York: ~imoti~&:.~ihuster, ... ., . 1996 

Molecules of Emotion: W~?YOU Feel 
the Way Y6il &l ' 

' 

Candace Pert ' . 
New York: Scribner, 1997 

The Nupber Sense: How the Mind 
Creates Mathematics 

Stantslas Dehaene ~ . 

New York: Oxford, 1997 

bnin revolution is occurring on our 
watch. It's essentizl that the current 
crop of educaton understand the bnin 
(at least functionally) before developing 
brain-based educational applications. 
The ten brain scientists in this List are 
excellent guides. Get acquainted! 
P- 
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