


I

S[il)('()Ivlnfiltv(' ()ll l)Jraill and
l_(,h_v,'i(_l'al_('i(m('v._

l (:()lllll|ili('(' ()II l,ilv _vi('ll(:(.'s _lJl(l Ih,;Lhh

_I I l;'v(l(.'ral(:(H)r(liJlati_ (.:(_Lm(ilt_)r

I I ( )lli(e (_IN('i('_(v_]_(IT('(l_n(_l(_gT l)(_li('_'!_'_•;_11_fi_ist1_ti','v_s_,_)_1,_'



Sih'i_) (). (::()t)lt'
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'l'llin rt'p(_rt resulted dirt't'tlv fr(ml the ft)r('sight and It,a(lt't'sllil.) ()l"
Rt'l)rt's(ultalive .";ilvit) (). (.:()ntt' ()f Massa(hust,tts. ,,ks tilt, t'at)killg

miil_)rity nlt'tnl)er (_I"the l l(nl,,,it'Appr()l:)riati:_l)s (.:()mn)ittet,, Mr. (:onte
was anl (_'Jlthtl.,_ia.stit'SUl)l:_()rtt,r ()f l)i()mt,(li(al rt'sean'('h. Re(.:()gnixillg the
a('c()n_l)lishm(.'llt._()f neur()s('i(,lw(.' r(.seal'(h al)(l the gr()wing l)()t('ntial

f()r nt,w tl_t,tl1(_clst(_ trt'at _ll_(l l)rt'vellt brain atl(l lwhavi()ral dis<w(It'ns,
Mr. (:()nit, itltr()(lll('t'(:l l_,gislati(_tl t() (ltwlar( • ill(, It)(.)Ostlw l)e('a(h' ()I
tht' P,rain_. As a r(_'sult(_I'Mr. (.:ol_t(,'_visi(_l, l)ul)li( ', ('()tlgrcssi()Jml, at_(l
il_t('rt)ali(_;d it_tt,rt'st i_ l)raii_ a_(l lwhavi(wal n(,s(,ar('h ('(,_lin)tws t()

14_(nv.

\Vt' r('Sl)('t'tfully r(w()g_izt, Mr. (:()t_tt"s (I(,di(ati()n atHl (.()t_tril)uti(m t()
it_l.)r(wittg th(' ll('altl_ att(i well-I)('it_g ()f"Am('ri('a_)s il_ ll_(' l)_'ca(le ()t' the
Brain ;tt_(i I)t'v()n(I.
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Foreword

The I)v;liN is tilt* most scnsitivt, and c()nlplicated part ()f the hunuu_
b()([x",it i_,tltc st'at ¢)fintelligcncc, interpreter ()f senses and

controller of movement. Viewed as mystcrit)us and inct)nnprchcnsible

in the past, the human brain is at last yielding tip its secrets, giving

us insight into h(_w it works and what goes wrong when it is il!jured
()v diseased.

We have learned m()re al)ottt the t)rai_ and the necvt)us syslt'lll (Itu'itlg

the last 1() years than thr()tlghotll all of hist()ry, and prt)gress (luring

the l)ec;tde ()t' the Brain promises to be quite spectacular. The techn()-
logical vev()lution occurring in the brain sciences, including the devel-

()pment ,)f t)()werf'ul microsc()pes and s()phisticated brain imaging

cleviccs, new and better animal models, and maj()r advances in the

stutlv (,t' genetics, has brought tls t(, a threshold as imp(,t'tant and ;is

l)r()misiz_g ;ts the first iaullch lilt() space. F()r the first time, scientists

can view, stutlv and treat the intact, functioning brain, which l)reviously
has been imtccessil)lc.

The challenlge is cll()rmt_us: m()n'e than 50 million Americans are

affected ea('ll year I)y brain (lis(w(lers that r;ulgc from stroke, brain and
spinal c()v(l in iul7 ;tll(! neurc)ge_letic diseases, t_ Alzhcimer's disease,

st'hlz()t)hreni;i, ;flcoht_lism and drug al)use. One in f()ur Americans at
some l)()inl in lif'e will suffer a braill-related dis_)rder. In the United

SI;ti(',S, i)r;lin-reluled dis()rders (';tllSt, lll()l't' people tO t)e h()spitalizcd
than any t)thcr m;!j()r disc;tse gr()up, inchading cardiov;tsctflar disease

()r (:;tnlccr. Tl'e;ttlnCtlt, rehal)ililati()n and related c()nseqtwnces (,f

t)vaill dise;tscs c()st America ;tn estimated $_1()5billion each year,

Aclv;mcing (_t_rc;tpability t() t_der,+tan(i and eff'ectively treat the many

I)r;tiss ;u_tl t)eh;tvi()ral disor(lers, whether genetic _)r enviv()nmental in

(wigis_, will iml)r()ve eve_'v ast)ect ()t' ()m" s_ati()n's well-being. M;usy

brain (lis()rders (:()ttl(l I)t. l)revenled, cttrt, d ()r ;tllcvi;ttt!d inexpensively if'

rcscar(h (q)l)(H'tu_ilies weft' i'ully cxpl()itcd. Further progress depc_tls

(_n a I)n'();tcl-b;tse(ln'('s(,;u'ch ell'<wt using the newly dcvei()ped tcchn()l(_

gies Ih;ll h;Av(_' ;drc;ul+vgiven pr()mise ()I"Stlt:(:¢,S+',;.

Rt'ct'tll il([Viill('(,s ill ()ill' llll(|t,l'S|;lli(|ill_ ()t' |Ill., IIt,13,'()IlS S)'S|(,Ill ;ll't:' ;tls() _
stitt_ttlating IIic (t(,vt.h)plllt, lll (_f II('Whigh t('chn(fl()gies in this (:()tmt_7. _:
A _;!j_)r e_l)hasis _)_ basic Inai_ st'it,ll(t.s during the Decade ()t lh(_ ._

l+,rai_ will ;t('ct+l('l+;tlt' this t'fl+_rl.
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'l'llis rep_vt I_r_'nellls highliKllls _1 the Im_nl l_r_llisijlg areas _d'Iwainl

a_lcl Iwhavi_wal s_i_'ll_t,s research Iwing tanit'll _llt I_V IIw Federal

agenwie,s r_',Sl_t_sibh' tiw directillg, __!lctlu_lini_ anld slq_l)cwlin_ _ nlwli

resean'li, l:.acll _hai_tur il_clttcies r_'cen_t sign_ilicant acc_mlflinhmenln

an well as I'111111'¢'phu_s an_! i:}_telllial lwneiits,

TIw 22 separate tg.'dt'ral membt't" ,c_rgani,,,ati_s r_,prese_ted in lIlts

l'(,l)()rl arc' cornntiltit_g a sttl)slatllial i)(wti()ni ()f tlwir nes()ttrovs t_) ll|e

brain_ and l_ehavi_wal scie_w_.,s, 'l'ltis it_teragetwy inv_'_tt_a' alh,ws

tht'ne gx_t_l)s t_ c_c,rdi_ate their research, I_n'_,xm_tec_dlal_rati_n_

among their sci_'n_lisln, i)r_)gram llulnagt'l's and llt_' ii_.'_litnli_n_s Ihc'v

slq_l)m't, and ntimulatt, the integrati_n _1"th_'ir r('nearch and (level-

_pment in_adva_wed, higl_-I_ri_witv, enablinb_ tech_d_gi_'s, s_wh as

inu_ging techniques a_cl genetic studies.

l)enignu_.ti_n_ _t' the 199()s an tilt' l)c'caclt' _1 tht' Brain rec_g_i/es I_tll

tilt' tl'etnt'nch)u.% _i]F_rtm_itit's I]resetltt'd by r(.,Ct,lll ;|lid anticil];_lc'd
aclva_wes in iwaini n'se;irch and tht' ('ll()l'lll()lln ('()nln Ihat dis_wclers _t'

the Iwai_ exact ill human_ sulR'ri_g, limmciai sacritic_' a_d m_ti_lal

resc_u.rces. 'l'ht' c_mpt, lling mennagt' _1 the Decade _t the Brain is
that the bn'ain an(l l_t'havi_wal ncienw_'s are rich with the scie_tilic

i_ens,m_al and tinuuwial I_L_n'den_t' lwain-relat,_'d _lis_w_let'n liw tiw
m_ti_w_. The decade _1'tlw 199()s is the ich'al lime t_ take maximal

advantage _f these _pl)_wtu_ilies.

l).:\lla_ lh'_mh'v
I)in'cl.r
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"I'_iI)I_,_I( '._}lllt,111._
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i (_l'lis.s-( _llllilll_l)i'll_l'_lillAl'l_'il,s

l lllt'l'llilliilli_ii :\clivilics <t<J

l)i'ill_S _111(!Ilic ltl_lill ._tll(lil'li_lll I

,\t,{i11_ _lllll llll' I IIIIIi_lll 1t1'itill /

I ltllllilll Itl'liilVi_lr illlll _1¢'111111[)islli'clcl .i /

lililili _111{I."illill_ll (;llli_! l)illllil_( > I

(;llllllllllllil'_lli(lll _illd .i'il'llMil'V l)is_r_h'rs /

l)lgl'hlllllll'lll _lt till' lllllllilll lltrilill I

l.l'ill'llilll. _ _11111XIl'llHil'V

l,_l'lllillilillili_lll i111(! I_l'sllll'iililtll ill Pllll{'li_lll I

l']ll_,il'tllllllf'lllill llllllilil,,,i llll till' i lillllilll lill'ilill !

r_

Ihl,l_h'i_i Ilil Ill,Jill Ili!illiTftlltt I

i



| l.t.gisl.tive History

lhll',,ll,lllt t_i lilt' l lclti,,,(, (:,)llllllill('l' till .\l)l)i, il)ri;lli(_lls i('l)_irl q_ll Ill('

li,,_ ,ll ,,l';ll l!i_ l.l(l_('l It. ill(' l,,'ll;Irtlli('lll _,I i i(';iltll ,illcl l llllil.lml

•%('txi_ _,511)1II is), tll(' N,Iti_ltl,ll \(Ivis_lrx X(,lir_)l,l_i_ _ll l)i_,,l(h't _ ,1_1(I
,%It,ikl' (:,.ill,'il ,li_,i iii,,' N,Iti_ill.il ,\(hi,,,irx Xll'lll.ll l i_'_lllll (:()II11.1il v,'_'li'

;l',,k_'(l t(i l).,_'l).l, (' ,l,l),,i t,, l,i (:,,IL_i_,ss n_'tlitl_ fill Ill li('lll_in( i('ll( _'5 l)li_ll-

( )I_ %l,li_ Ii ._, l!),_!l lli_' l;il_' (:_tL_",,.,l_li_i_ _il',i,, (). (:_I,_' i_ili_.!l.'('(l

I)_ N1'_.ll,,l l)_,ll,ll(l _V. l'li('_h', iI. I l:l.I/.'_. 171 I,,I".'.¢'(I III_' l i,llisl' ,,,I

I11_' l'l_",i(h'_tl ',i_11_'_lilI_' l)ill ,i_ll,ll_ :.'.'i, I!IN!).ii_(I il l)i'( ,llli(' lhlldi(

_li_' lh._i_i I'_,. I,II11,11i,_II,( ,illi_i_, I_I)_ ,III l_i_l_li__)lli( (ill', ,l_i_l till' IH'_q_h'

Ill Illl* | IIill'll _1,11{'4 II)I)]i4['1%(' till' (h'l ,HI(' %_i111 ,llll)_,l_l i,ll_' I)_,l,_,l_14
,111{I ,ll Ii%ilil"_.

I ()l'l'i('i' ill" ,_(.'it'llt't' ;111(tTt,('hulihigy Ihili('y

( ,lll_l('ns II,ln I('llll('_ll'(i IIl,II II1(' ( )lli( (' ill .%1il'lll _' ,111(I I I'_ I_l_)l_l_s

I't_li_ _ (()_1 I') h',l(I I'{'(I,'_,_1 ,_, (l%ilil'n ill i ()_)lllill,tlill_ lll_' s( ii'lilili(

l'llt)ll I_1 tlt1' l)l'(,l(h' _,1 II1_' I_lJIII (ll_lllnl _ R('lil)ll I()1 I:_l)). Ill

I _",I)_11',l'. tli_' ( )%I I_'_ I'{'_ll'l,II (.l_lil (_lllillilI.L_ (:_lllll_ il Illl %1 i1'11_ (',

I' ll_ili('['l IIi_, ,111(I I _'( Illllil{)_ (}( (_%1' I ) ( :l)llllllill('i' (ill Ill{' ,%_i_'_l_('_

,111,1i l_',llll_ II,ln t_)_ I_{'_1 ,1%111)( ()lillllillI'(' I)ll 1)_1,1ill ,lll(I I))t'tt,l%i_)l;ll

_( It'll( l'%.

li('l),llllllt'lll t_1 \_111 tlIiIIll'

I)('tl,llllll{'lll ill ( I,IIIIIl_'ll I' _i

l)t'l),lllllll'lll l_l ih*tl'lls(' ;i

"7
Ih'liillllll_'lll _,1 I' I1_'1_

I )['li,llllll['lll ill ! I_',illll ,i11(I I IIIil1,111%('t%ii ['s !::

Ih, t!!_ l!l !hi Illilil ltptll • IlItil! I



l)c.'ll,.Iz III1('111 ill _I,II_'

l)('ll_.lrlll|l'lll ill \'t'l_'l,llls ,,\llilil',
i'_ll_,irc1,tlltl_'lll_tl ih_ll'_:lil_ll ,-\_t'tl( s

N_iii_lii_ll ,\l'llllllilllil'k .lil_l Sllll/'l' ,\lllliilii',ll'_lli(lll

Xillillil_il _l'il'il('_' ]glllilcl_ilillli

{ Illi_'_' _Jl_._llili_ll.4l'liil'lil _ili(I Ilil(lt41'l

()llicl' ill _l'il'll(l' iill(i 'l'l'l'illilll_ll.{$ ihllil_

l'll_' i;( ;( :,'i1'71'(',llliiiliilll'l' _)li l.ili' ,_l il'lil'l", iilill i ll'illili. Iliiiiil'(l ltl'

1)1 Ii I_i As,si_illilll _l'(l_l'llii_. ' liar I I_'iillli, lliliil's (). Xllisllli, XI.I}.. iir.lhl I.,

liilS cli_ll't41'll Illi', _iilll_liillliilll'_' willi:

* (ll'_il4llilil. _ ii llllili l_t iiill'_l_ill' i'l._.l'_ir(h i,tiilris,

* ilillliillllilil4 ,sl'il'llliti_' lll_il4rl'ss iii Ilil' til'l(l,

, (li'vl'l_li)ilit4- iiil'chiilli_iiis I_1 + ilill,rii_ili_llilil i_lll_ill_)i_illi_iil,

. rl'vii'V¢illl, 4 liillillillil iilill ilil('llilili(llilil ll_llil_ is_,ill','.i,

* II'_ili.'il_ililit4 rl"_l'iil'l'li iIb, cl)_l'iil"_ ilil_ II'l'iililil'lil _lli(I lii'l'Vl'lili(_li

iilllllil'iilhili_i, iili_l

• sirl'lib_lhl'ililll_ Ilisl'ii_,l' lll'('Vl'lili_lii _,I1ii1¢'t4i1.,, Ilirllill411 II1(> iiilih,l-

slllii(liiil4 _t hil41i-iisk lll.lilivilt/s.
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F_xcculi_'_'Sl111111_a1"v

'l'lw I',K. i)('(;ul(' c)l lltu Ihaill c_l'l_'r_,wi('llli,,Is Iltr()ll_ll()liI Ill(' I"('(h'nll

(',q_vuHIllwlll _l IIIli(lu(' ()l)l)t)rttillilv It)aclv_111('(._lll(I _q)l)ly miulllit_(

kll(_h'(lb{(' _ll)(jlll 111('I)r_d11all(I I1_.nc)lls sv',IL'sII, I)larill_ lh¢, II('xl !()

1111111_111l)ul1_ivi()1', ,_('ilSUs_111(i(()111!111111i('_IIi()11,h.arlli11_ a11(1111(,111()r_,

_,ii_,Ii( (iiu111ic_iI _lllur_1Ii_)11s,.111(I_,11%ii()11111(,111_iIi111_'racli()11s, l)r()_r(,n,_
i11 ll1_,su ,ii(,,i_ _11,)11hIh,;1(l h)lu(lli(ii()11s ill 111()rI_I]iI,_Ir()111])r_ii11_IiI(I

,i_,,a_)_i_ _I_.,_I (li_,)r(h,v_ _,i(I t_) i1111)rl)_u111u111si11lllu (l_Udilv _)1lil_'.

. 111_' _(iUllrr ('ss¢'111i_iiI_ _1111111(h'1_l_111di111__I 111_'l)rai11 11_is

, I111_'iIl('ll1(_(hdl_ius all(I ru_('_ll(ll I,._l_ I(_ (.x_1tlli11¢' Illu I)l_)(r_('_

nl,11_l_i_1_,

_l_rl(I _u(. _lr,)ll_b, _1)111111illu(I!_)_1_1_111ci11__)llr 1111_iur,q_l11(li11_(_1_
II1(' lll_l_ali I)l_d_,

rill,, i_,l)_tl i i(h,l_lilh,_ i_i_, rusrilr(ll _ll_'ilS I11_11('_11hl Ii_rll_ IIi1' I)_lsis i_1

'qlllllllill'itill_ IJl(' Ig'(h'l al iu livitius ill till's(' Ilill(' ;Irl'ilN II|iiv Ill' Ii)llll(I ill

lllu I!;I{ kiII lllu 1('l}(Irl. IIi iuhlilhlll, lllrl,{' ,11¢'ilsIII;II '_11;IIIl!lu llilil'

I¢'S('ill('ll _tlu;ln---I},!_j( r¢'sl'm ('11,I(.( Iiiil)ll_}_) _|11(IJl11_'111;IIh_IIi|I

!

II Cro_s.(:|ltttl| K Pro_p'am Art.a_

Bll,_'il_'/{I,._'/r('/I, I_11"_t'111kllil,,vh,(l_(, ,ll)l_ill lilt, IH;lili _111(iII('rV(l|lh _.%MI'Ill

it hllill Ill)lilt Illu tltllll(lillJi_ll _1 I1_1_i(I I'_,l'ilrl II..%11111%uX;Ullt}h's _d

illll),_; I;1111I)_l_i( I'(,_,_'ill('ll (lll('_liiill_ i)11 wllJ( II _Vl_lk IIIIINI i illllilllli' i HII _,

i)¢' ;il('tl. 'l it_'s{' ill(ill(i(': II_l_ Ii('F%(,_( IlllllllIillil*_tlt' II1_1111;111%III'IWt'('II
,lll(l .lltlllll_ IJll'lllNt'l%i'n: Jll_lS'_t'll('_ (Jl'lc'rlllill¢' Illll lll,il Ill'l'V(" jl;llJlw;l%_,

Ii1'1_1)i k_ ,llllI Ill'Ill ill Ih'%_'lltl)lll,'lll' _111(IIIIIlV Ill)l:lli;ll I),)(h t'llt'llii, _|1'_
nil( II ;I,_ lldllMIlilll'l% ;11111 tll|llllllllt'n klll('(i I)l';lill IIIIl('ihtll, 'l'tlr Ilt'%v

I'('{l('l ill illili_l|i%l' |11 _t'lllll'lll't' till' I|lllllllill _('l|llllll' i_ iI!|t1|111'1 1'_11111]11(' II1 _:_

l_',,(',_ t II II1,11will _,i_'hl t);Isi__i1111_lill_llilul IIl_ll l;lll It' _ll)l}liu(I t_ llll_h'i-

J)i, ,ill! i_1 lJl_ I',l,!!li tli!!it • _!l}i|tl I



sl,lllclijj_lllt'lltt,ll,lllll,,lill<lli_]llt't!,L_iq_l, lh_l_litl_,tlttllth",tlillli_ll

ell IIil' IIIIlll,lll ._l'lll'lil lll_lih ' i', ,I lil',i ',lq'l_ t,lx_,ll(I _It',tlill_ illcli'+i_ltl,IF

i/t'_l I_l¢'_t'llli,_ll ,111(Ill('.tllllt'lll I)lil_till+l% I111 _ Ill,_s_' .tl lisk I,_l ,_l'll('lil

(li,,,_Hh', s. ( )lllt'l illlll,,, 1,1111,ll_l)lit .lli_lis ,_1Iliis t,_n_',ir_II i111II1,h, _h'_t'l*

,)l)lll('lll ,ll Ill'x%ll'l IIIlid, t_i('s ill _lllltlll|,llil)ll, Illi( ll)s( I)l)+_ ,111_1lid),)lit s+
l,,_ils lll+ll xvill .Ii(I ,,lit(lit"+ +li!nlt'_l .ll llolth'o sI+.111(Ii11+_lilt' ll1(di+t iII,I, llollt
li(_il ,_I i111' lil+.lill. (_lilliili1('il It',i,' ,il ,_IiiI_,II,, l_ll ',_it'lllil+( ',111<lii's x_ill
i)i' t'lii+i +11I_11 ii+lsii, li,"_i',llt 11.

"/'+'+'ll+lulu/_x'.+\(Ix+llli,t's ill lli,'lllll++( il'll( (' It'( 1111(d,i_x, iii(111(liILU, ,,,il+llisli-

i,++11_'tI(,_illi)111_'ls, 111,Hh'lii1._ It'( 1111i(itl_',,.IiI(I l_l_lili illm_il1_ l('(+1111,,l,_X,

11+IXt'(II +llilillii ,Ilk l)_Hisli,'+l s( +i'llli_l,,' t.ll)+It JlX Ill Ilil(li,'i '+I+111(II)l iI+11

III11(li(lll ,111i,I<Ixs111_ ii,111+ Illt+,,i,' l_itd,, ,11hm ,,(ii'illi,,Is l_i i +II+11111.+
sliil*i' ,UI_I +ll1,_h,'_'llh,hi_li, +11(I+11.1..111(IIt+ I li,'+ili,' _,i111111+IIiI_11n(il i11+ii11

11111(lh_ll. 1111'It' is ._li,',il l_i_1_isi, ' I11,11ili,d_'i 111+11_'1_i,+lii,_ ',111(Ii_'__,I ill(,'

ilr,1i11 xxill It's1111i11 ili"_x 111i,'i11,1tI,,,il _h'It'i, Ii11_ ,11111l),_li,liIii111x i ,1111,('I+
i11_ 111,111xt llrlt'i111x 111111i,',iI_iI)h,._t'11('Ih i111xIm,,i,.(l (li_.,1_t's ,_I flit' I11_iili

,111(I(i,'1111,11lli,'iX(illS,,xslt'111. 111i1(i_lili_i11 I(111111111.ii11_tl+_i_.1iIk11(ixvl+

t+(l_t ' (,i 1111111_111(list,'+(,,(,'. i t's_'+11,ii ill ll1_'st' ,ili'_Is i', lik_'k I,, ii,'x,,1111i(_11+

i,'(' Xil,li 11.11i_I11+II+11(111'_ii+t's _,tli 11 .Is t*_illilltlli'1 +111(Is,,li<i ,+I+II(*sili( liil

_Ilill ii11111si,it.s+

l_llrr, cllhuicdA_'lil,ilir.s', St, it*lIt t' is ltx Ilillllit. i111_,1I1_11h111.11.,t11_1I1u111x(il

lilt' ,1_k_111((',, II! I_i,lill It'nu_li_ II ill lilt' (,llllill_ (h'( ,l(h' _vill li,',+llll II,IIII
_,ll k, ,lllllll( I(*,1 ill ,_(h'illiljt (t'1111'1s,11,_1111(IIll(,' _,_1hI. _ il,lllisl,+ 11(_ill

Illl' | 'llil¢'(I _l,lli,',_ ,tIt. 1,1ki11_,1_1_1111,1_t',d IIl1' xs(_lhlx_hh, illll'lt',,I ill Iill'
I)liiill llx jllillill_ ill i111111111)i+I,)1 i111_'111,11i,_11illt ,dl,tlHIl,_ti_' It*,t'_111II

I_i,lj¢'_ In, ill'+ Ill,lill}.P, sIll(lit,',, ,ill +\l/llt'illll'l's ,li',t_,l_t ', t ,11+11+1(Is ,111(!lilt'

II I)ruK+,+ttu(I lilt, Xrtliu, A(l{lit+liim

11,11)_'l_i lii1(i s(ii111i,i11,, l,i IIll' _l(IV_il1_ 11,llhi1_,11li,Ib_i'(tX ,diltil_ ;III(I

,lh (,li,,l ,11_llS_'+.\I+11111ilI_lliill11)t'l', ,il It'i'll+l_i'l'., +I11_Ixx+,i1111'll(il t+llihl +

I)t'ill i11_+1_('tint* (lIlt il (1,,l_,s I('_111+11Ix, +ill(! ('+1(II xl'+ll IIl,)11s+tillls ',t

t+lllt'l_c'llt x I(tltlll '+isils i111_1(h,',tllls ,111'( illl',l'(I llx IIIll_ ,11_11st'.,\h_ll(d
,illlist. +t11(I,th _lli, di,,lli .1_+lill I(ll,+ ill Ilitll ,_11111ll,llli( (h.,llll,+. +111illi,.I,II

,11(,_ll,d ,_xll_llilllli,. is ,I li,.illliii+_ _.lll,,t. (ll II1(,111,11l/.l_ll(lilliilll+ Ill¢ , lli,.illlll

( IINI_ illl IIi II+ll ill (11 I1_ ,111(Iilh tlllid ,lllll',,(' +111(IIlll'il, llllSt'(Illt'lll I'_, Itllill

lit'ill k _ I++llii_illi,lil ,i xt'ill +I,tl',,l',ii (ii ('tt,_i i,, i111+Iillixi(lilit4 lilt, Ilillllt'-
x_+lll1,,I(ii illi(h+l +,l,iliflilli.4 II1(* iililttiilll+l ,ill(,i I llilil ill ii_,,, ill iillll,_l' liiiXl'

lilt liillliliil lliiliii IIIlil lillii+ iillil lti_tl4ii*,, ', i', tH'ili_ illillll' llll II'Xl'iiliill. 4 Ilil'

_t'llt'Iit illl(I lli(it Ili.'lllit ill +l_ll¢'t I_ ill ll_hlil Iliill.

l +'liKilill lui(i lht' iluuiiin liP((hi

+\ ,,It',lllx ill( 1i'+l_,t' iil lilt' ilil iih'lil t' ,tl lit'_t'll('lilliXl' liiiliii (li',lli(l('l,, ,,Ill+It

_1',.\l/lil'illil'l '_,iill(I il,II kiil',,,lli"_ (li',,i,',i_t'"+lid', lil t lllllllliiiil'll Illl' illlXXill(I

',liill iii (lit' 1%, il_!' (li',liililiii, tii+ ()lit '+ill it'ix IlllX'_ ,,lit'it(I,, x_l'll liXi,'l +!tit

llilli_lii iililiillillx ,ill illi' I (lit" <ll lti,'_gl!i +X_illi <ll'lli('llliil, illi(I iiii,, ti_Iiil'

'+_ill ,llill_+,,l ( t'l I,Iiilk I lilili!ili(' l_l i i',,l', ( ;lit I('lil li,*',,l'*,llIli lili_ll lit,*',
iiit lii_l(' illt'itlitX iii_ ,lli(I Ii!iih'l _,li II(lili}4 Ilit' I ilil'_l'_, ,ll Itl'llli'lllill iilill Ill(,'

lliiltiillll_i,,illli,ili_t',,lli,II _l(liil iii Illi +Illliili_,lll ili_lixi(liiilln x_illi Illl'_l'

<li',,_l (It'( ',,, Ih'xt'h_lliii _ ill (lit+Ill' (li,i_iil+'_t".,. iill(I lilt(lit(l. 4 IIl'+illllt'lll_, lill
Ill,tilt (li',lll(li*i', lil Ilil' i'hlt'l Ix.

B



Ii ihumul ll,..lluvior lUld Meut_l l)br_,'der_

.%!¢'11l,II ,11111I)('llil_,i,llill ,lis,,l'(h'l's 111i¢'('1 Illilli,_11_ IIl._lill'l'ililli _1_il-

(111'11,lll(I ,l(llllls, IIIl(I II,l%t' ('lll|l Illl)|l_, ¢'_'_Hl,illli(' ,11111m_i_ll (.,lllst,-

(iIi('iilI'',,I,_l{pilliliili,ill,t',,ill_III¢'II_.'V,l('_('ill'(_hl('['llli,d!i_i('siivilil-

,ildi',t_ill_,illlllf,'l_,i,,i,h'_it(h',,,_'il'lili,.,l,ii11r11,_v,'ir'_i1111i11_I,__ilill

,11',,__ ,HIlillll(' I,i (h,_uh,I) _'lti'( li_(' II't',lllllt'lil_ I()1' (h'lHr_iv_, (lI_,'-
ti_'l,, dllll _11111'1s¢'_t'lt' III('lllill iilll¢'ss(",..\11 ('._llilllsi(tll ,If I'l'('¢'ill '_llHI-

il'ssilil)ill(lll"i|(lIlliilll'tlt'lIll111('rstill|(liii_,__I l}i('(i!tln('sill'illt'l|iill

_,i_lilt,',,_I111_'11111iilii_(,,.,.,¢'.,,l)('_,_i,'h_l)111_,'ill_i ,'iI'_'(Ii_¢' lll'illli!t'llls

i Bruin .i_(l Sl)iu.l Cord DmnrKt,

l)illliil_(' I() lli(' (r('1111'il II¢'I'_,IIIlN N%NII_IIi iN i! lllitj()l' l)lil)ii( _11t'1ilI11 I)I()I)"

h'lll iI'I(i illr I'H II" _)I _iild,llJIl(iilll l'¢'M'ill('ll ('i'li)i t_ 'II_ ,| liilllll)('l' ()[

_ ,,ll(liti_,ll_ i11_Ii111i11_ hl'il(I illl(I sl)i11111('_,I(t illjlll'_, _'l)ih'l)_s, illli'('-
Ii_iI',,(li,,_'_u.,_.",llli!lilll_'iI I111'I111_iIIii11ii11['I'_11',,,,_sIl'lll,,dl_Ik¢'ii1111

_'11_,'Ii__li',,_i_l_'_',.ll,'.d.._Iy'.ul,,._d/.i._"',,kill_i _ti',id)l_'l_i_i_-
,li'_.'_l',,_II11,_Ii',.1111_I,__I l'.,_i._ili,,('_,,ri1(ll_t'ill,I_'r(,``('111i,_11_iIs_i(l_

i_i_,_i_,.1111_Illlu,l_',,('h11)i_,illitl1(lI_'li111'111_'111_d llt'illlil¢'lll_iII('

l)i_l_,,_",_'_H_Iil_i,,lili_',,.Sl('i1(l'_l],n_',,,,i',l_,'i_111iI(It'il)li_Hlil)_

llt'``_ _11_I_ tlt'iU111_'ilt', l_1 r/.h'/_s_', iIli([ 111'``_,itlliI_il1_ I_'_ l_11i(l_U',,111t'

11_'II_111__ iu111isl_ (h'``_'l_l) ,,iII_' .11111s111_('s_1111.,llr,_i_'ill iII)i)I'_11111_'s

',I_,I,,Ii_lli11111_i11*('si',,I1111I11_',,I),_11_ili)r111_'ll(_'Idli11(g)iIlllirs_lllills_'li-

_,_i.,l``1111_'_.I111_'l)lilillilll(lll('lV_ll',_``_11'i11.'l'lli..,l)_'ii_I,_llt,ilrlvI(1
11_.'il_i,_l_,.',,[,i,,li_'ll_li,,u_,,(',,I!I111i111]i(lIIIIIIIiI11_.Illi11¢'L'i_il_.'(l

_Idl( '_, _ll_li_' i_, II1_' lllii'(l h'i1(lil1_ (illlS(' _)I (h'iiIl1111111111_' 111_i_I((_111-

,I_,,,_,.,_..,. ,,I _Ii_11ilii_ _(.(l_li_i,_ _(.I_I)iliI_Ii_. I'I_. s,_(i_l _I

ill ',ll_k_' l_'_,_'ill_ll illl(l ('(ltl(iilill_ lilt' l)_il)li( ' ill)i_lll r('_(",ll(ll i('_1111s

(_'_ll, Il_i5 l_l_l_'_ ,, is lik_'l_ I,_ (_111i11111'IIIl(h'l" I)('('_(h' (_1II1{' l),l'i_i,_

,III_'( l I11_' l_lilill illl(l llt,l'_.,)tlS s_sl(.lll, ,_('``v 111_)I_'('111111'_t'11['Ii(' t¢'('11-
I ¢,_i_lli('_ _,_` '̀ I_'IIH'(I ,,_i(,_lists i(h'_lil_ ('l_r,_(1,,(_1_n_lh)(iui(_i_n Ii11

\,_i,_i_I _,(I_'I_ I_, (lis,,i(h.,n (,i II_(' I)__i,_11_(Inl)i,_l ('_(I _(' (_'iti-
_.._lh_ii_l)_,ili_t li_, _'_i'_I_ ,_i_II_(' _('('l_i1,_is,_Is11_(Il),_ssil)h' Ir('i11-

_I 1111)I_|_'_s i11 !('s('it1_ll I:,_,. I11_' l)(H(,111iill I(_ i111('YiilI(' _I ('tlr(, 11_'11r()-

I,,_i(_l (li_'_(',, ,,_( II ,u, I'_,ki_',_,_'_ i_i_(l,.\l,,li,:'i,_i,.'1"_,.Pl'('iilllilli11"v
l('_I'i|i(II 11',,ilI_(il!Ni)_[``*(,(Illlr_,ilsI_)il.li¢'v_*llt'itllllt'lltlhillll_iSstll)-

slillllii111``(li,_ii_i,,li_'(ltli,_'_'_I('111i)ll)ilrilb,sislidh_v,'ii_,Ksl)i_l(',_i(l .,

i,_i_n. ,\11i111;II", ',','ill _,Hilil111_' I(_ I)(' 11Vi1]1111l)]('1111d111'(',,'s_111"__(.',)111!)_- _.

lh'(i1,h',_Illlulh,illll,l!l(_iw_11(II}I



• Communication and Sensory Disorders

Because m_,st dis_wdevsof human sel_sesare itwisible and II_)t third,
they have llot received sufficient research ;Ittel|lioll. During the ];|st

decade tremendousadvanceshavebeen made intmderstandinghow

cuesilltheenvironmentarccoded by thetlerv_)ussystemand what

g_)eswrong incommunicatiolland sensolT disorders.(;realstrides

havealsobc'enmade in developingmeth_)ds_)fpreventionand treat-

merit,lhiovitiesfortheDecade of"theBrainincludeclaril_,,iilgtherole

ofgeneticand immtmologicallhcl_)rsinlhesedisorders,developing

new diagnostic techniques, and lbstering new approac'l_cs lo pr_sthe-
ses and other tools for mlgrne]ltatiotl or rest_wation of' function.

lnterdisciplinar}, studies of sensory development, t:_gnition and lan-
gtmge deveh)pmenl will improve the outlook For those std1'ering from u
variety of senso_T and communicative dis_wders.

N Development of the Human Brain

The delicately balanced system that guides the assembly of the brain,
cspecially during fi:tal deveh)pment and in the mollths after birth,
can sometimes thil, leading to often devastating disabilities, lz_ the

Utlitc:d States, we spend more than $20 billion each year caring for
children and adults with birth defects, growth failure, abll(wmal

pubescence and other deveh)pmental disabilities. Understanding the
mechanisms respollsible tot both m)rmaland lhultv deveh_pmellt of
tl_e nerve,us svstem is essential lbr futtlx'e prevention and treatment of'
these disorders.

• Learning and Memory

The ability to learil and retain information may be the most important
function of the nervotts system. Research ill this area is interdisci-

plimu3,, involving researchers ill the nettr_sciences, cognitive psych_flo-
gy. behavioral sciences, engineering, and other technical tields _d"
study. Ftlndamental brain research f_)c'used (m ic'am_ing al_d Illelll()l'V

may yield important inf()rmati(m t'_)r th(_se concerned with treating
indivkhmls with learni_g disabilities, dyslexia, and ()ther (iis(wders

related t() learning and mem()_'. There is als() imp(_rtant c'c()_()mic

potential in these studies. Our natiott needs the technological pr()dttc-
tivitv inherent in large-scale comptttev models a_d et_git_eeving devices
that simttlate intelligent I)ehavi_r. (:_)mmercially vial)lc,, artilic'iallv
intelligent c(Hnpttter systems are l_.';tsible it_ the Decade _)t"the Brait_.

• Rehabilitation and Restoration of Function

Successes in improving survival after injuries and illnesses involving the
brain and nerve,us system have made rehabilitation ;u_d rest_watit_ _d'

|'ttnclion increasingly i_nl._ort;tnt eleme_ts t)t'medical care. Tlae United
States has achieved m;!jor ;tcc_m_l)lisl_menls i_ rehalfililative tech-

niques to help palients with it range el'disabilities. The development
of artiticial limbs is eSl)c'cially n_t;tl)ie, ;1_¢1pi_)_eeri_g acc_n_plisl_-
mel_ts art' emergiJ_g t'rt_m rese;u'ci_ on _ettral pr_stlwses_dt, vices Ihat
directly assist the I_el"v_tts system It>veplact" ov exlt, l_d _t'_w_fl_gical
t'u_cti_)_. These devices include auditory prostheses ti_v the de;d', i)lad-

I



clef ct>llll't)l l)l'_)slll_,.st'.st'_r ._pillai c_>rd ill jtlr.v victiln.s, Iwur_m_u.wular

stinlttlati_m l_r paralyzed individuals, told vistutl prc>stht, se,s l'_>rthe

vistutllv itnpair¢'ci.

• Environmental Impacm on the Human Brain

Rt'c<:nt studies hay<.' impr<_ved t>ttr km_wlcdgc cff h<nv ¢'tn'ir_mtnental

l'act_rs, such as penticid<+,s, dictm'v nlilteral+s _tllcl hazardmls n_>ist, if'v-

elm, catlse Jlt+r,+'<_ussvstt'tll t'lvml'tlncti_>n. Scicntistm art' tltlC_wt'l'ilt_ tl_t'
basic mcchal+isms tlildc+,rlyin_ lleurol<>xic cx't'nt,,+, and thb+ flew

utlth+,rstanding Ires in_pr_ved t ht' ability t_ predict rt'lati_>_._hip.s

bctwcCl+ expostlrc and r+u,.sp_+nses(>I' the ncrvt+tlS svst('In.

_-_+
-=
E+

l),'t,_d_ +,_i lht' lh,zin I!I!IIi • _(11)II
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Cr()ss-(:tltting Program Areas

Basic Research

Bil.sic IIt'llrl).st'it'llt'(' t'xl)h)rt'.s lilt' I)rltill illi([ II('i'V()LI.S .SV.Slt'IIIIt) (li.sc(wt'r
lilt' litiltliinl:t'lllltl wliV.s ill which IIt'ltl'()li.s w()rk. "l'ht' di.sr(wt'rit'.s Illilt

:'()lilt • Ii(ml ti:i.s rt..st,ilrt'h art, tilt, httii(lilig I)hwk.s lit.(,(It,d It)illlSV,'t'r

(llit'sti()i:.s ;|b()tll lilt' I)raill, I)t, hilvi()r, dist,ast, illl(I iiltt'llilgt'llct', I_t'Ciltl.st'

lilt' hlitllltll lit'all: is .s(I t'()llll)lt'x illl(I .slill llirgt'l.v clit]itltlt It) .sillily, it is

Ilt't't'ssm'V I() t'itrrv _tlt basic' rt'.st';il't'h ()11C_)llll)anativt, lv .sillllllt,r Ifi(_h_gi-

cal sv.stt, lll.s il!l¢l _)ll ilIg't'lli_)lt.s l!!t)(It'is, Igw t'Xilllll)lt', I::ll('h t)t'whill
i.s kl:_Wll ill)()tll lilt' ha.sic ii:t, chal:i.sm.s ()1' tht, hlli::al: I't'tii:a till:it' it:trial-

Iv li'_nll w(wk c)ll lilt' h(w.st'sll(w ('rill), l_a.sic ,St:lclit'.s (ill cravlish lilt%':,

givtul .scit'lllist.s it grt.ilt clt.ltl ()1 litll(l_l it'nilal knl()wlt'clgt' ab()ut .slfitlal

it,tlt'xt,.s. AIItl b;tsic tt'.st'illth IHI lilt' _ltli(I giillll iLX()ll Ilil.s pi'(widt'd

Ill(_.sl _)l' lilt' I'llltdalnt'llli:l kl:(_wh'dgt' rt'gilrditlg h()w ill(livicltla! aX()!l.s

t'_)ll(lll('t .sig'tlal.s.

l_asic IIt'tll'_).st'it'llCt' rt'.st'zlr('h ill it bl'_)ad rat:g:' (d' ticl¢ls is alwav.s t:t,t,(It'd

I() st'iil'('h I_)r (l:lt'.s I_) bl'iiill Ittlit:li_)l:.._lll(lit'.s IllilV lit' ()11sV.slt,lllS I'illlg-

il:g lr(u:l il I_'w IIt'lIl'()llill ct'll.s in a lal)(Jral(Jl'V di.sll, It) illvt, rlt,I)ralt,
I)raial.s with _lliv a tuw htltl(Irt,(I t:t,ll.s, t() brilii: .slll).sVSlt'lll.s it: vt, rlt,I)ralt..s.

Vt'rlt'hl'itlt' .sltl(lit'.s t'xlt'lld li'(Hl: ;tl:t'itqll .sl)t't'it'.s .sli(h ;t.s tilt' lal:ll)lt'y

Ihr()tlgh It,vt,l.s _)f*illcrt'il.sillg bi_d()gici:l r()lnph'xilv It, tilt' hill:roll.

('.()lltl)h'lllt'illillg Iht'.st' .sllldi('.s art, !lit' lilt.sit' lill)(_r;ll(wv t'Xl)t'rinlcllt.s till
lilt' I)r;lill'.s l'llllCli(m ill ht'hiivh)r, (ill !lit' w;Iv wt' tl.st' _)tlr .st'll.st'.s It) t'tHI-

lr(d IIl_)Vt'lltt'lll, ;111(i_)ll lilt' illlt'rlit'li(Hl.s ht'l_.vt't'll ('l:(l()('rillt' itll(I llt.rv-

()IPisVML'III.S,

()I:t'()I"tilt't'×riliIIgaspt't'l.s(d(itrrt'lltw(_rk()lltilt,l)t'ailli.sthatdi.sri-

plillt'.s Iliill wt'r¢' I)rt'vi()ll.sly iii.sulalt'd tr, ml t'ilrh ()lilt'r, .such a.s ::l_dt'clt-

lilt hi(dr)g v, t'lt'rlr, q)hy.si_d_)_q', II('lil'()illllil(Hily, p.ss'ch_d()gy, t.ligillt't'rillg

;tl:(l c(mlptllt, r II:(_(It'liltg _)1_IIt'tlral i:t'lw()rk.s, art, c(mlillg I()g('lll_'r ill

w;I.V.sIh;:l W('l'(' ()lily dl't';llllt'(I ()l'.jll.sl it ti'w vt'ar,s ag(L

Rt,.st,;trch (ill .slicll disl)ilriltt' IH'Jgillli.slll,s ;I.s li'uit llit'.s iu:d nlalnlllal.s is

rt,vt, alill R titndat:lt'lllal .sit:lilltritit,.s ill Iht' wltv.s tht,ir II('t3'()lt.s sVstt'n:s art,

pill I()b{('lllt'r (lltrilig t'llll)rv()llic dt,vt,hq)lnt, lil, S(it,llti.sl,s art. i.s(dltlitlg

all(l cl:iuaclt'rizilifl, gt,llt'.s (ill lilt' I:l()h'cltlltr h'vt'l Ihill (It,lt, rnlill(, llt, lll'al

circllits itlv_dV('(l ill c(mIpIt'x Ir, llilvi_H'.s .sluclit'cl by p.svcll(d()gists. Th('

t]lltlillR.s ill ('iit'll h'vt'l _d allab,',si.s ill't' ('()ll.sidt'ral)lv t,llrich(,(l, ;lid ill

i:lilllV ti:.st's Ill;tit' I}_)s.sit)h', Iw lill(ling,s ill _)lllt, r h,vt,l.s. *l'()(lay all lilt:,- _i

brl';llt'(l itl)l)l*_itt'll It) I);t.sic rt'.st'illt'll (ill tilt' IIt,l'V(Hl.s.sv.sltqll is I)111"1()I'll __

llillllrlll I)l'_rt's.si()ll I)Ltil(lillg ()ll I)itsl dis('_vt, rit,.s. Slllclit,s ()t' lilt'
llI()lt't'llh's illv()lvt'(I ill lilt, (I('vt'h)l)nl('lll :|!It! lill:(;ti()l: ()l I)r;:il: ct,ll.s
:lilt'i'll('[ (hi.st'iv witll .slll(lit'.s ()1 ;lllilll_:l lit.havi(_r itll¢l hlllllilll I}.sv(II(d_igv. .'*

E

It('( il(l,' ill IIIU I_l,lill l!l!I() 1211111! i_



'l'llr(.t, I('cl111_d_Ri(_11(h'v(,h_i)lllt.llls inl lilt, Imsl (l('t'_L(h' m't' (Irivijl_ ('111-

I'('llt t)('tll'()s('it'll('t' (,l'l'()l'ts tll+tl 111'('h'+lclill_ It, nl(rUc.'llitl(lill_s. Fil"st, Ii(.'u-

I"c_st'it'nltiStn Ii_lVt' i1(',,v _tl)ilitit's I(_ tl"+lC't'i),_lll',v_l_'s _111(It(J i(h'nllil_' lmrli(:tl-

Im" t'('ll tvi)('s +is tilt' rt, sull ()1 _lll (,xt)h_sh_ll _)1n)('w _i11_11(_n_i(111

tt,c111_i(111(,s,i_('lt_(li11_ l)(_v,'('l'l'tll n_t'v,'st+ii_lsmill inllrm'(,llulm" (l'ut,s I_r

Ilisi(d_R_', v(_lt+tgt,-s(,n_itivt, _lvt,s t_r r('_ll-ti_l(' n_n(_llit()l'inlg (_tv,'h(dt' i)(_t)-

_._l+Itit_11sul"('_.'lls.im11_u_1(_('_,'t(_cht.mit+_11I(.cl1_li(lUt.stt_I_iI)t.It",_issvs_)I

ltlr livinig tiss11_,, S_.,c(m(l, ('()inl)11tt, rs In+iv(,((1111(,i111()virtlmil,+' t'v('n+,+'I1111,

+tlh)wi111_rt,+11-ti111(,(I+_t11m1+11ysis,m)l)histi('+ttt'(l stilllulus cl'('+tti(m, Vt'I'X'

hiRh tt'1111+)t_1'+ili't'.,,,t)Itltitllt t)l' ('h'(+ll't_lJllxSi()h)_i('+11 t'Vt'lltS, 1111(Itl't, int'll-

(h)tls 1111111(+_tl)ttll't' +incLst()l'+1_t, (++11)+tl)iliti(,s.Ill 11l't,w ('+ist,s, ll1+t.j()r('()lll-

i)ut+!ti()nml t,l]_)l'ts with .',+tll)t'rc'(_llll)tltt'l+S ()i" l)m'+lilt'l l)l't)c't'.'+s()i's 11+|v('h'(l

It) (It',+'(,h+l)lltt'lit (_I'tli(,()l'it's ill)()ill ll|ll(.'h lllt)l't, ('[)llil)It'x svstt, ItlS t11"

111t_(It'iitt'u1't+11s. Thir(l, tilt" t(_(11s(_t' 111(_lt,ctllm' _t'lit'tit's _ll't' t'11111111_

inlt(_ 11('u1()scit'11('(', with ('L)N;\ lib,'re'it's, stu(li(',s (11'l)l'(m'ill t,×l>l't'ssi()ll,

+ill(l _('llt'ti(' illtll+llltS +III(I I11111'I,;('I'+"+USt'(l ill ililX't'l X_,'+L+,'SIt) i)l'()l)( ' 11()I'111111
1111(I111)11(+i'ni11111t,1u'+11st1't1(:'tt11(,1111(II'1111('1i(111.

Tilt' iml:mt't ul Im,,,i_' rt, st,m'th is 11(_t_ll,,,,,w,'sim1_i(,(Li_it_,l,+'L,vi(h,_)t, Ftlr

t,x+ul11)I(., lh(. h'uitltul ('ul_11in_iti()il ()l'x'(,++11's(_l'xs*(_lk i11R't.ilt, tic's llt)v+'

t_11"t,rs llt)l)(, I(_" tl't,+itn)t'!it 111"llt'lll'()_('_It'tic • (list'+lS(', "l'ht' (lisc'(_vt'l'it's
ill+t( l'_nl1('cl th(' l'_t_n1(l+Itit)nl l'(_r st'i('ntili(" +I(iX'tlll('t'lll('llt hl this l't'st'+tl't'h

(,in+1_mt(,(l l'_'(m_ st,v(,_'+ll ltnn1(!+tmt'_it+11(lis('t)vt'l'it's (I111i_1_imck t() I(.)_,

Ill i'm:t, tilt' tlrigll_+il wt11"k th+It ch,',uIv (.sl+tblish(,(l lit(' I'1_11('1i(111_)I'L)N,+\

It)inkI:+vt'm's It+('(_llll)it'tt'. +I'11('l)t'i|('l+Is ()I' 111i,'+l)+tsi( l'('st'+tl+('h ill'(' ('Vi-

(It'll( tt_(l+Ix'ill th(' l)it_t('('11_tdt_R'!+' t'n_tt'H)_'is('s tlmt (h,,+'(,hl I) nt'xv (li+n_11t_s-

tics, l)i(,h_,it:s, (11t1_s, V+IC'Cillt'S1111(1t,_t'llt' tht'1"+tl)y.

I AccompIL_+hmenlm and FtllIlr+ Opporttmltles
+

"l'l_t' I)I'_Ii11is t11(, 111()st('tm11)h'x t)n'R++111_I tii(' 11111111111llt)(Iv. "I'111111(It'1'-
stm_(t ht_w lh(' 111"11111lt111ctitms, scit'11tists studs +tht' c('iltllm tlllitS t_i' Iht'

l)l'+li_l ('+dh'(l _1('_ll'(_IS, +l't.l+Iv xv(' knltlW tlmt il('tl1'()llS 111't'('llV('It)l)t'(l I)V

Sl)t'(+i+11i/('(L1111'l1161"+111('s('t_It+ihli1_,A ('11111111('Is(t('siR_It'(l t(_ l't'F.ruhlt(, ('h'('-

t1i(+tl t,×(*ii+11)ilitv. Tll(, i11Vt'sti_+_lit_l _I' nlt,i_rt_n1+llt,x(it+tl)ililx' !I11S

;!lh)w(,(l st'i(,nltisls It+ I)t._i11 It) u11(It'rstm1(l i1_)w ll('u1+t_11st1++UlSlnitsig11_11.s,

._Ii11111l+ttt,d1)'v i11ti'11t('I1111111+t'It't+tl+it'+ll +it'nix'it+X*,lI('tli'(+llS ('(11n1111111ic+It('

with ('11(11(_111('I l)v I'(,I(,11si11_(11('111i('111st11)st+111('t's(+tlh'(l n1(,t11'(_ln'mlS111it-
l(,l'S 1)I llt'lll'()lll()(ILlhtlt)l'S, "l+11t'.St' StlI)sI+III('t'S +I('l ill +IX'+11"it'tV(+I'X+,'+IX',',+t()

StilllILhlt(' t)_+il111il)it _tllt'l" llt'lll'(_tlS. "L'hus, tht, l)l'+iill is 1111ilIIl'i('+ilt+ llt, I-

xvt_rl<(d t,h,c't1i(+111x+m1(l (ll(,mi(+lllv +t('t+xt, ('t, lls th+it +u(, ('(_nlti_it!(it_slv

i111111(,11c't,d11,++tllt, s111)st+111('t'slht'x +('_11111i11,ils w('ll _IShx' 11_I111111111'm1111(I

_tllt'l +l_(,lllS (+11l'it.(l i11 tllt' l)h+t_(i,

,X,h)i-(, l't,t't,l|t l't,st,_tl-t+h 1111ss11(lWll th+tt llt'tIl'(ll1+ll ('(11111111111i('++t+(II!is t'Vt'|1

1_(_n'(' _'()llll)I('x tlmll (+_'iRilmllv ('Xl)('(+t('(l, Ig)l' illSt+lll('(', XV('II(IXVkl1<)xv

tl1+ll llltlllil)h' "lllt'sSt'll_t'l +"sX'stt'ItlS inlsi(h' lit(' _l('t_1"_)_ISiillt'l'+t('t wilh lh('

cll+lllll('ls ill ill(' ll('tll'(_ll+|] lllt'llll)l_lll('5, l)n't_vi(li111_;lit+IllS'sitt's wll('l'¢' ll('tl-
l'+ll+1(tiVitX+('1111l)t' i111]t_t'll(('(l,

'l'llrt)t_Rll vt,n'x'Imsi( +stt1(lit,s sti(,lltists _l('li,+(,Ix'st,(,k It) tun1(l('_st+ul(l th('

l+nll1(+th_l t_l*lilt' _1(_rlu+tl l)_+_i_l, This knl_)v,'h'(l_( ' will l)1t_vitl( ' in_siR+i_tinltt_

tllt, 1111,t11+_is_lls tlml _ll(It'n'li(' l)n+_i_l(li,+(+n'(h,1s+ul(l I('_1(I l_ t11(' (h'vt,hg)-

lll('llt ()I +l|('xx tl('+itlll('lllS +III(I l)l('x't'llli()llS.

U







._l_.h,rll l_'(lllli,lll_'s t_l lli,_lliicjlill_ I!1_' ,l(_li'_il,,'_DIII('llr()liN ,11(' ¢'1i_11)1i11_

I)t_'_ i_t' (111_1111i1_11i_,_'_1_11,1,_ll('il Ilslll_ I1t1111_111sltl)jr_'ls, lt_ I" iilldli'

l}l_(_'ss_i_h'l_'_'lill_lll_'Itll)_l.'tlll'lll_}l l'lll_l'S ill i! lY,llll'rll l illl If('S(.l}il-

1,1l_'_I11,_111lll_'"_l_,l,_il"I._._',,,,_l'(i('l_xlillb,,ll1_'llI(lll'll!('lll_I_i_*I_,I_'

i_,III_'r11.._i_'lili,,l,,_I_ i(h'11til_,,_,i)_ir_iI_,_11(,_i,,,_Ililti)r_ii!i_11_'i_,ll_'s_,

i_,,,_u_,,.,._li_,."ii,llihu,_l_i(li(',_,,I_i,,iull_1_,,_._r__i11(Ir('(_llili_il,ii('

_'I_,_b_ilili'_('liilli'ihillS.

,___'111i',II_111_",Ii_11i_I111('_lilci__Iflu'i._li_i_i_.lIr'11_iq,.i',I.,__I11_'

__)ri*('_Illlilllhl'l,,I__'lh_i_i(llllrli_illIIi'I_i'('_Hliil'iiJl)ll_iliI(lllllll*lJ_)ll-

,tl , il(llilr'_'. I",i/lll_llh,ll, _1_111, I)hl_li_ il_, rl,_,,,li,.rillhlvl illl(I il_ill_ ,II _

,lll(i l'll_il,_lllli{'lll;tl ililt'l_l('lil_ii_, iit'l'lililllt'lll (l%t'_ _111_ _{ i('il!i_t_ It1

ill.irk ill(li%hlllill Ill'|ll/lll_ ,lllll i_,11_,* till'ill Ilill_tl_lll_lll Iil'%*¢'l_ll)lll{'lll i)1

llu' ( li*_ili i_,lll,

_lldt'{tll_ll_i{'_Ir,d)i_,h,_lhl_lllli'_('(l_l%l,rtill,lil_lch'(_l(h',T_)(liill.,

i_i_'_Ii_,ii_,__ii_i,,(,l,,{,ili/_'{lI11('iI11_.11_m)111_ii_ilrIi,IL111_,uIII_i11:'_I)

I111,_Ii_(I_,,Iilh,111ili{,(i_1.11_'_I)__II,,_i_I14_i-'_ill{111111,iIi_11_I_It.;lil_i-

I_/,'(I ill lill)(,lilli)r_ .lllil_l_ll_, i*t1,._,, l¢,1Illii(llWS _ill _ll_,, _li,l ill i_,_¢,;_lill_

II1¢'Ill'illli_l'll('li( '_,,Ilh'%t'JilJ)llll_'lll,illl(l llt'll(l' life' l),l'_i_{_lll(,r,_*ilil_N11_.
l_'Itlili_lillulil,ili_11_,

(h_,'_'X,l_Id_',,I_'_{'_I_I_1ii.11_i_'hl_l,_l_i('illii,llll_lli,,lliulilllUV.I¢'_II-

iI,,h,_i¢'_ Ill,It ( ;111t.' ,ll,l)li¢'_l t,, iIIIIh'l _l_lllllill_ Iht' I,i ,lill ,tll_l I)¢'ll;l_-

it_l--_lli(I Ill,t%illli/ill_ ilillll_lll I)lH¢'llliill--i_ lilt' IltgVi% illiliill¢'ll IIIIII1.111

_l_lllt!ll{ ' II'_l'dll It IIl,l_l_llll. ,%('1011('1tlillb{ tilt' hlll!l;lll _l'111)111¢' _vill ,,._-

ilil)llll. Ill Illl, (lira ,,_¢,r_ ,,1 _(,ll¢,lit ¢'IItHN Ill,II 1111(1('/li('_l},'i ili( ' (li_,_l-

_ll'l_..111(I I1111_t)ll{' II,l_, i)¢'1Illil Illl' ilh'lllilii ;tlhHI _1 ill(li_i(l|l,ll_ _lllt illl'

,tl !i._k t1_1 b_l'lll'lit ,111%!M_,'II (li_t'.l_¢'_ i_l II1_' i)Filill, I"1¢_111Illi_ illll|llllll-

llllll, |illi(ilil' t)i('%1'111i%1' ,111(IIIIl'l_|l)l'lllil _ll;lll'_,i¢'N l illl I)l' _1¢°_i_11¢'(i.

Ilt'_ Ii'(lllll_l_i( '_, ill iil('ilN ,_1illlll)lilitlil)ti, ¢ll)lillli/,|lil_ll ,111(tI,d._lh _, _1_

_('11d_ ill _1)¢'{iti_ ;|ll°ilN Mll II d_,IIIlllll'lill_ !'h'l l/ltll _lli, I,,m,,i)_. II1¢'_'

Ii'¢ llllith_il'_, _ill I)li_hl( ' lt_'_ I),IN¢'_I_1 II!l(ll'lL_'l'ill|lill_ Iht' Ilil_h'I II1_11

Iiiiiilil_ilc_lIII¢'l)l,lill,IIIIIIII'%',llll'lll_lls,illli',l_ll_)_i_illi(llli('lill}_ill
lllllll%dll.'ilSIIIlll{'_lJ{il!{'.

llll'il_III)I_(,Ilill_i{'II_.llll'I_III'i,lill(li_illlhll,_'II_illlllllll'ilI)IIi_I'II_, i

IIii'iii_IIIII'lllililliillllIII_'lllilillli'llillllI'IIIiillli_.illlli|l_,'IIIIIiiilillllil! _

lh, ._ ,_1tht th.tln I!l_t!!l_l|tlll B





,I11i111,11I11,.h'l._, _IIlCi i111'1it ,_1111)_ii('lllc'_l' (I,lhl _vilh ilIiq11111,11i_Jll,_11

111_ll)I_ill_ ,111(I_('(Itll'lll i11R,d)hli11_'(l 1I,_111hlI111,111Rl'11i_1111''dil(li_'_.

,_1i t'_,11111)h*,_I II1i_ 1_("_l'_11lhi_ I11_IIl ,_11(111tI_'(l ,_111_'li11,d)l_1'd,_111a,_I
_'_II1ci'I id 11(*|II,Ii Ii,_11(' iii I1i_: ll'Iili_1 illal _ilh'_ i_ ,III,_III .%ill! A111i'ri( i111

thihll,',ll',.I__l',.,I'l!rlu.lk_'cl.lrlill,dlhl,_I,mld,_I)i_',Id,_l,_111_',,l),ii
lli'l_i',I1111_I11_'I;I),Ii_I,,_i lh_'_'_u,SI_,_Il('lillldlhi._l_lli.li_p,1_m'dill,_il_

llli_i_Ill_I(h'h'It_I,ii'i1_,.11_.u._u',.l_'hilh p_u'l_. ,_II_I i11_'

I('iiiI,dfl_I,,i_111_IRi'lu'i_,l_i,,_il_R,I{_'_¢'_I!(_11!I_I_h,_lIi,flu,dim_(,l_ ,_I

llll,i._i_,i11lh,11l_11111_l,_l.IIHul°Rl_uvilli11l!u.i11hr!i!_,_lll_lI11_I I111,_

_li,,l',l,,_'.SI,_I_'il'_(,lili_,i('_¢'1111lli.i,_11_o,_',d1_,,v11I11111illIi_(illiIi,_ii_I

lik__,.. lihlli_,*!i_.11H'l_'b_i,p_'llilIRiU'_,l_Uil_U',_I_.,_l._il'l_ii_llllU'l,_l_

h- lhi'_Iilllli'l. ()Ih¢'l rum_'ilrchul_ll,l_,i*_h,_,l,,l_,_l,_lllllll_i'iii,.h'l

III,II_ill,_Ii_lhr ,q1111'._I 111_IIiR11_1111ll_illl,d_llll_|li_ll_I IIi'III,iiIi_II_'.

,_I_ill_lillI11_,_('_III¢'I111)iiliR II_(h,_,,l,_i__uldIr_lIlI|IR,_I,iII_'lillld)la,_-

l_!l_'ll_Ik,'l_llilli_|il'Kt*)i,,,Ul,|llI,,umi.llI,'(¢'_,_P.¢'(li'u_l_I_'i_ith _uiiii,i-

_h'll_r ,_I_d.ullIi111IJl(l(iI_iII11,,illflu'I'llilr,l_lillt'_.Mh'_ l,'dil.liq,l*

l_,_l,,hllk ,ili_,'__'li,,_,iu',l)h¢'ll_hd_u_illl'h_,ll,_x_hlm'(_'_,II_.|!IIIi;'_II¢',I,

I'KI'i,,_llill,Ull'li/ullI_ m"_'l_'111,'ilh!l1¢'h11_l_lli_ll,l.'h_id,._llI._!_.

h'lll,,,_,l)ih,p,.,,._l.l,_tlu.l',,iRis',,_I!u'ui,_l_Rili,ul_lililu'ilt. _l l,._,l_i_IR
I)I I)j_IJIilN jill I'KI' ilt Ill't_jjl)l I1_ jl,llt' h¢';'l! '_1!! ; t"_jl!j ill Ili,zl_iu,dll R
i_zi,l_ll_. ,111_1I',tl I_ ,lii,l,lr_, Illi I,_1__ tt,1., hi_R_'l_ I.t'_l'lll_'_l lhl' dl'_'_'l_,l)-

il_i _l_,il I_zllll,zlz Rullr _r.,I..Iqldt_ l, ll lilt' I_1,.lt1_ li,_ll t_l Iill' I_,_1I

l'ti/_l!it' II,l_ ill'I'll t)lt.llll !'tl ii11_1I h_lu',l, I_11_' ,h._.(,h_lllll¢,lll !)t illl itllio

i 111,11tltt_th,I I1,,i ° i_ Ri'll_'lil ,tih ,h'li_ J¢'lll ill I)11.111_ill R I'AI I i_ illll)llllitltl

!_ (1t'11'1tllilll, _:lll'llll'l ill_¢.tlil_ll _tl II11. RI'III, i iltltll _1tl)1)1_Ihl' i lilJt _tl

i,iit_lllt, ,i¢li%il_ ,t11_11_i lttttll.t._l !t11'¢'lll'i li_,l'ltI'_ _1 J4['ttl' Ihl*litl)_, _,i!h

(1i_'1,!1_, lhi'l i!ll_.,

I Itlt_, ,t'_ I t.ti.. Ihl'_ll'lll I_lu {' _ilill. '*( Ii,llti {' hl_,i_t,_thi' I)l,'l),ltr, I Illill(I."

t_,_',, l_'_t',l!l II_'l_ iul' ..ri'ki_tR lt_ IH_'l_il_t ' I!lill,l'_ _ltl_l 1_ l)l,t_i,h ' Ilu'

kl!_t_lr_lR_' I1_'1 1'_%1! _, |tl IlhtkI' itll,I IIM' tllll)!llhl!ll ,lira_|_uliu_, lit iillt-
Illitlt' It| ili !lit'_t' ; litli1,11 _ll! I ¢'_M'_, l_II' IIIIlNI Illililtliiili l;lll II}1 ItN jill Ilu'

IM_lt I¢*'_l',tli II Ih,II Ir,l,l,, lt_ l liliit .ll, I'ltll, ttlh,ll,ll. I.'h,t_iiil,ll ,tll,t lr, h-

Tt:ch.ology

I'i. Illu t),l_I ,'_11%l'ili_Itu' ul,tjl_l li._l' ll!llli_,_llitl_ li;l_i! It'_l',ttt Ii ill II1¢'

I.,,ill _1 il'lll i'_ I1.t_ I_t'¢'11, itll,l I lilllilltll'N li! Ilt', IIIi' t_t'l.'l Ill,it lllltllIt_ll

_lti II II'_1',11| li _I iI'lllJ_l_ _q!l I., ilidl* hi 1'11t', li_t'l% llhl)41111_l'illlll Ill'ill !
il!Iltlil'_ Ill. tll ,li_!'il_r_ ill, lilt lll'lLli!tl_ _i_lt'll!. 1'1111_. ; lilliiitt itt)l_li, ,!- ;(

Iiii!l 1)t t)it_tl I!'M'i!lt II Iill iiti* Ill'It!illS _l%l,'lll IId_, t|¢','11 Itlt' llt)lllil!,|lll

"IIli%!'l "jtll Illll( It _j IIll' It'NI'_Iit It, jl!,ljl j),t_l ilIltt jlll'_l'lll, j jlt'l¢' i_ ,1 ':

,,,,v, ",1_i_', ll,,_, ,'III_'IRitl R 1,, l, iJ_i, ll' ,Ichlili,.l.l! l!llili_tliilll fl. Iju'
_I!'HI}4 _t11_t)'_11*_t !_,l_it li'_t'iltl II itl till' Ill,till nl ii'l!_ l'_. i Iti_ ,lli_,'l. I_l _.

| h IJtjt _,j !its tj! Jill I!l_ti| I 211!ltt B



,llJpli_.Itii.1,I,_',I.i,.l,',h,l,d,Jkli,.iih',.h'J,dlil_,ill,1t'¢i_11,1tlli__,il_llil*,.

l_I'{'I'ill,lib._Iti_!"_i11,Iiliilllfh'l_l.illilili_,Ibjthe'Iii'I_.,I|i_'_'qI'lll_iI¢'_'!;ii!l_

1,I,i,I_ flu'd_'_,'h_i.i.'iit,_I im_'_'hi_lil!'_hil,d,J_i,'_illlh,',h'.dl_,i,_I

,-__li_!ji_i_'_iii_li_i_i,__.ih,_,_i_l._lii_,ui_',i,_'_,Irai_Ik(lh_'lh',.uh',_Iih_'
lh_lill_illllIHh.il_I_'_ll_,u__'h'hil_'lli,'m',_I_I_llH'i_'lh.I.,,

I A¢'_-ompll_hm_ul._

rhr_.¢.!,.{hn,d,_kli,,il(h,_uh_i_ilU._il,_ilii11l,i),i,_i(h,,,i,i,,_li(.ii,_,,l.,_vi(l-

iilkllug,,,_l)l_,_1l[illillu,_h_1hi,li!li,,,_r,i_;_11,_'*il_l(,IIII¢'iill;,xl)h,,,i,.i,_i

,u,_,.i_._ll!_i_!u_,,_h. ul.h',,,h..li_Ik!lh,.l.,_i_,il.h.li_1_,u.v,_ht_liti

i.hi_4ili_4I_._h_._h,)4i_'._.'Ibm,m,i,u.i_4i_i_i,'_h,._h,_4i_'_,._.i-,_,d,lllii4_li_i-

lltlll lit!ti Jltlt Iti_llllll li!_li tii i_,l_ IIl'ti'l t.,1_._. I_._,di_h,, .%l'Iiltlll. II('_i_,

,u_l_lli_li__11_',1lit!1t1_1111'I_ ,iii_l ,t,_,u.i,tt¢'_l111,.h'1ilt_4I_'t Illii,lltr,_ I1,1_.
If'r11 ,h,_,l,_lr._l, I_1_i_tiii_4 .._i_'_lti_l__illl II_'lu_,lld,_tl,__,ll_tl_iliti_.,_I,.
i_,tl)llllill_, _1,tI iil_ JIId iill,lklillj4 _1o11_1.,11111I tt',lliil_ hhd,_i__111_Phui,d-

*lIt' Illol_t II',tliill_. I l(! Ih¢' th._,L,Itlll_,lll t_t il_,!_, IIi¢.1_1 il._ iillIHIl l _)1ilI)1¢,_

tllHl!l'tll _tl IIl'l_ l,illllHIIl'! ,ll',d_411,_ llk¢'b, I,, II'_,lhtljl!iliti' tht' l ',_. ¢ ,till.

I_1111't,uul ,u_li_l_1it1¢' _ilh,_ll, hip illlhpiltil'_. Hiilil, Ilu' I,.il_ ,_t II1_1¢'¢_
lllitl _¢'lll'lJ{ _ ill¢' b,'illl_ ,llll)lirtl t,J hl,iitt It'_¢',ill II, (;¢'111'lihl,ui¢'_,
_lll¢lil'_ tJ! !!1,' tll,tl¢'ilt_ I_ll.hu u¢i ,l_ ,i l{'_lill ,_1 t_t'!ll'lil tlil('_ Ihltl, illl(i

J4l'lil*iit Ililtliilll _till!ll llhll k!*l N,ill' ,llm_ lil*illj4 1t_I'¢i Iii Illl_l'l _il_ Ill

I11,d1¢' Iilti lll_|l ,Hill itllll!ll Ilhll 111'111,_1_1t Ill II!1¢' ,illtt I111tt liilll_ ihu

It'_llllill_ t1¢'1_kllitl_l!'ll_l' _iiI Iht(! IIi tl|l' ,l!iilil_ l,_ ch't('! I ,ti111 tttllt'l t

Illi111% _¢'ttl'tit ,llh h,i_rd Ili_¢',l_t'_ ,_1 tht' I11dill ,IIHt t l'tltlill t111'1'%!11t__%il-

I¢'lll--lliq¢'it_¢'_ tihtl ,lit' I lil It'1111% Illlllt'Jl,ltlh',

hllltl_lll!l TI_I'IIIIIIIIII_ ', I!1¢' tllllloitl%,l_hl ' Ilitllllt' Itl lil't_i ill,lilt jlli,tt4ilt_

ll'l I111i¢111I'._,lll, u_ Jll_l'_ljl4,tlt!l _ tt_ ,1t1_1'1'_i' ,litrl Ih de't" I) hlitill _11Ill •

lilll'_i ,tlltl lil¢'il lllli! |it111,tl ,ti li%ili_'_, { ;Ilit'l ,I1!1t111_ Ii1¢'_' 1¢'_itllhltl¢'_ ,11¢'

I1_111!,11 _'llli_h_ll ltllll¢l_t,Itlht (i'1'/I). 111,i_11¢,11¢i¢,_iltliiilll i, illhll_illt4

{MI(I_ ,ilIll Iliii_lll'|lll'lll i'l)th!l_ll4t,tltll_ i_|l'i(;),

%%'i111I'1':1.ilI_('i_II_,l|lll _ hii%i' ili Ilii,_i,il _,i]_lljt_l illll 1!11%_!111i'_ Itl IlllliI,i,

_lilllllit!j4 Ilil' liltllll,il ,llll11111. llJ_¢',l_l'(t t_l.til_, Pt, I IJIi !ll!',t_ltll' Ilt!t1"

i11_1_i%1'1%Ill_' It'llili%t' I{'_'1__1 illi.l_|lltdil ,1t Iil ii% ill ihI' liitlll,ill I)titiil

,tll|l 1 _tll illl,l_t' till' l_lt!kjll_ II,lll_ ttl il1¢' tt!,lill_-_,l j¢',tl I_i11_'1_ itllit_ll!I*tl

_ti _'_u _,il_ I_1'i_i_ t!l'i1!14 !l_t'il tit _1ut1%,I I,t1¼1'lllltltl)l_t ¢1t lii_lillh.i_,

ill! hi¢1i11)4 _lll_ki., _t Ilit!_tttllt.lli,i, t)i,lill !!lllllil _, ¢.l)ih,ll_% ;, ch.lil¢._h_li,

I_!! kitlNtili '_, (li.!.,iN¢,, ,%lltlt.lll|i,i 'N i!iNl,it_i,, 1IIIIliit|)_l!llt'N Iti_¢'_t_¢_ alli|

I tlIll,'llt"_ _ ll(ll,_ltli', I I,_,1_'_hllillIli' J_ II_l,lIII ill t_llllitll4 t lltt'_ 1tt lllh¢'t

llll'(lil .,t l_lltlth'llI_ _tt It ,1_(hu)4 ,i_hlil lJl!il, iIItll ill lgli|l!tt_||ilij4 thl' l'llrl-

!h¢'ltl'_ ,_t iltl'(lil illi_ll_, t'l|l ¢'_illlilth', PI'II _lll¢tJt'_ _llll_ il ¢t!t I¢'l,llhtli

lit'l_l'¢'lt lht' (li_ll iltlllit IIi kill{'llI _ _1 I,Itu'llt'd llu ,lilli" ill II11' I_1!_lill illt!l

lll,l_ h',.I l,_ ili_it_ll!_ i11111Ilu' II1{'tll_tlli_ul_ _t .uhlil 1i1_11_,1lid li_ Illll¢'ll.
Ih|l IIIi'I.!IH¢'_, 111_¢'_1i14,th_1_,t11' ,11_¢_il_i!i_ PI' I I,__!iltl! Ili_ttt'! il_t_l|i.

til. I ' Illllt lillll_ _lll II ,i_ h'iu IIi11_, Ihillkiil_ ,1111ti|1t,1|11)1%.

'qRI, ,tlHtlht'l ltl,lJll illhl_llib_ If'( IIi1}111t¢', IIM'_ lll_l_il¢'lit liuhl_ ittlll 1_111i¢1

_,t%1'_ 1!1 I11_t1!1_ i' i111 illlil_l' It1_|1 IH_ilt¢'_ illlitl Illd|it|ll itl!lIIII !Ilu _ill Ill'"

Itlll* ,11t11Iiil!t t11'111i_11%'_! lhl' iIl,till_ %IRI MiIli_ I tllIIItlt'tlll'!tl I'1'_1_{,Ill
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vies lilt' gene lbr rhodopsill, the light-sensitive protein f()lmd in

photoreceptt)rs.

Folh)wing preliminal T reports of linkages in bipolar (nr, mic-depressive)

dis(nxler, schizol)hrenia and Alzheimer's disease, investigators are

, increasingly applying molecular genetic metlmdologies and bi()wch-
nolog 3' to the study of behavioral mid psychiatric disorders. Research

over the last two decades in developmental nettrobioh)gy and getwtics
i ................... fi)r certain behavioral

! Scientistscreatingneural dis()rders such as autism
! prosthesestoaiddisabled
' individualsaredeveloping is also paving the way for
_ tinyprobesandcables understanding the

shownhereadjacenttoa molecular an(l neurobio-
c0in--ableto interface
withnervccells, logical basis of childhood

hehavi()ral disorders.

Techniques are now

being explored to

implan t genetically
ahered cells i_lto the ner-

vous system or to geneti-

cally alter cells within the

netwous system itself. In
lit addition, recent success

in the treatment of

. _: (;attcher's disease using
enzyme replacement

therapy establishes a tem-

plate fin" similar therapy
of other genetic metabol-
ic disorders. Such stud-

ies are very exciting and
may lead to treatments ()f
Parkinson's disease and

Huntington's disease and
to methods of modulat-

ing neural pathways. These studies will also provide basic insights into

the development of the nervous system, the repair of the nerwms .,,ys-

tern after stroke or iiljtu3,, and the mechanisnas of memory, pain and
seizures.

• Future Plans and Potential Benefits

With the development of new brain imaging technologies that ;.tlow
direct observation of the active brain, scientists will soon be able to
determine laow structtu'e and function correlate in the normal and dis-

eased human brain. The mapping of some areas, such as vision, is

moving fbrward quickly, while the understanding of more complex

processes such as memory or cognition remains a long-term goal. With

MEG, tot example, it likely will be possible to monitor the activity of

the active brain and to track its changes in both time and space. This

will permit the noninvasive localization of the discharging lesions that
are the source of epileptic seizures, allowing fin" accurate surgical

removal and obviating the need for invasive techniques of diagnosis
such as the currently used depth electrode recording from the brain.

Through a combination of the imaging techniques now available, and

II



fly, I)a.s('d t_l)(_ ifi_)h)gi('ally i_nl)ir¢!(l ij_f()rn_ati_ ])r()('t,s.sit_g slrateb_ie.s,

"['his tech_()h)_'y ca_ I)r()vid¢ ' the.' ['l_il_.,_:lSl;.|l_'s with ;u_ (_pl)()rlu_lilv I(_

r¢'_'ai_ its l_r('en_i_('_)c( ' i_ llw i_iRhly c()lnl)('liliv(' ;._._d(.'c()_(m_i(_allv

li()n-pr(w¢'nsi_L_ t¢'('l_l_()h _gies.

$'_,'l);_.tis it lh;tl l_etlla] n)¢'lw()rks sh()ul(l c()ml)tll('? V','llal asl)(.,cls ()I l)i(_-

h)_ical inl('lli_('_(:e w(,_l(l .s('i(.'_lists lik(' t(_ ('n_la.l(' i_ a t_('w _¢._(.,rati()n

_d _(_npulali()_al d(,vi(c's:, Th(, ;u_.sw(,rs I() lh(,s(.' qu(,.sli()l_s m'e ('(.'lllral

(Irivin_ f()r('(.n _l_a_ar_: l)unhin_ l)ani(: r(,.sear('h inl()m_ ar('na lill('(l with

al_l)li(:'ati()_s ;t_(l t('('h_()l()_i(:a] ()l)l.)()rt_iti,,.'s. ()l:)limally, t)(,ural n_.'t-

w()rk.',; sh<_uld h.'an_ sl)(_nlmw<)uslv as a r,,'suh _t' exi)erienc(.,, ,seek (>pti-

ma.I s()iuli()_s ti)r ;_._b,'(,_) l.)r()l)l(,In, a(.'(:_ral('lv I)r()(('.,,;s aml)ib_()l_s (lala,

th;|l is ()l)b,' aj.)l)l'()xilnal('lv lnal('ll(.,d I() wllal ]las alr¢'_.|(:ivI)_.,_,I).sl()r(.,(l i11

m_,m()rv, l.)(:rl'()nn l_vp(_th(,sin l('slin_ m_(l l.)r(d)abililv (:'slima.ti()n_, a.n(l

adj_._ntn_l('s _._s('(li_ pr()('(,nsin_ i_l'()nmni(_) v,,h('_ l:)r(,n(,nte(l ,,,,'ill) _('w

il_pu_ data.

,.\('llie_ving Ih('.s(' ('al);JI)ilili(,s will r('(luir¢' ('()t_t:)li_g _ww i_f()r_nali(_

(l('riv('d fr()m t:)i()h_gi('a] _)erv()_Lssvsl(.'n)s will_ a(lvlul¢'us in te'('hn(_l()b,%

nw_t m_d a(laptiv,.' sip,_al l)r(_(:(.ssi_p,. ('.(,_lral t() I])(' ('_)t('rl)ris[,, ('(,r-

[ai_lv i_ the I()_ff view, will I:)(,Ill(' i¢t('_titicali()_)()t' r(th'valll l)ri_cipl(',s ..

lli!lll'_.l] .',iV._lt'lllS. [l iS ll(ll all<l F)rCd)ahlv sh(_ul¢l n¢_t I)¢' a _(_al _fflhe

v()us s,,'.sl¢'n)i_) all ()t' it_ mv.st('rv m_d c(_nF)h'xitv. R;ttlwr, _.,_,,,'i_si_ht.s

i_() l)ri_('il)l¢:'s (ff l)i(d()ffi('al ('()nlp_l;j.li(_ ,,,,'ill ('n_('r_(' a_(l sh()uhl lwll:)

_Ls(h.v¢,l()l:) _(.'_,,,al)l:)r()ac'h(,.s t() lh(' _Ls('¢)l(:()nV_l)[it(,rs.

l)_'_a_h, ,d lh_. lhmn I!190,, '.)()()() m



l!)I'I()_willhi.t,illmtt('t,(Ih,,'ill('_tl)iliI_,'t(_ilIt('gl*itt¢'tllt,irr('_tilI.,,witlItit('

l)r(_vi(h' ti_ with I)(_,,,,'('rl'ulI(H)Is I't)r the' i(h'i_tilh_th)i_ t)l' tit(, _(,l|(,s thiIt

iili(l lit'l+X'()II.',+s_,'st('Ii), Th(,.st, tql(_rt.,+Imvt' gr(,;_t i)()tt'i)ti_d I(_r ti_w(_,<t'n'i_f,.[
tht' kn()wh'cl_t' ira.s(,n_c,t+t,ssm'x'l(_r t_i_(h,r.st_ulclit_the, .,,t)tlrt'(, (_i u:mll(_r-
m_ti(H)."+_inl(l(ii.s(mse'l:,'_('('.,+s('sil_ tht' lltlllliIll II('I'V()LISNV._II.'III,

'I'Iw .'+t'm+('l)l'ur _t'nwti(' (It,lt'n'minm_i.,+(_lgn'(,wlh, (h's't,h_l)nnn('t_lm_(l
i't,_(,ll_.'rL|liq)n()I"ll[.l'X'()tlSIis.stw_tl+,+t).,+In(ml(il)r<_vic!t, l)(,w l)(_It,n_tittl

_i)l)r(mc+h(_st() th(,n+_l))' (_I"l)r_dn_mn(l l)t, lm,,'i_r;d (li.s_n'ch,r.,+,()tl_en"m'(ms
l'(_rl'utt_rt, rt.,st,m'c'h in_c'h_(h,:I ) i,,+,(_hili(_tt(_I"tht, _(mt, s l_n' th(, t+mt_+'(h'v-
itstillil)g (li.surcl(,rs()i" tht" l)t'_i_ m_(l twr,+'()us.wstt'm, i_('lucling l))i|ttt'll'S
(li,st,;_m.,,st'hi/.(q)hrt'nim I Itiilliilgt_)l)'5 (list'_.St',itll)l,r()tl+',+ +,+('h,r_.si.,+,
,X,lzht, im_:,n"sells(ms(',(Iv,,+t(mi_.,+,rt, litml (iim:'_st,._,I)(_w_ s)'_(h'_)_m',;d('()-

i h()li+,+mm_(l tl_t, tim(It'll(',+'I(_st,t,k (Irtlb_S;+,,.)) ,,+tti(lit'_()ll th(, l)i()t,h('mi('_d

strtl('ttlr(., l'ttt_(:ti()n_,eXl)r(,.ssi()_m_(l (()litl'()l ()I"(listmm' g_.,_t,.silI|(I ()th('r
_('lit's ri!](,Villlt It) llt'llr(Illii! (h.'vt'h)l)mt'_tt: m_cl_+,)(It'v(,l(q)mcml m_cl
t.v_Itmti(_n_(_I+Ii't,_|tll){,l|t, it_t,ltt(linI_ sttt(Ii(,._ ()i__('n_('ll_t'ntl)y, I_t'n_t,ti('_ll+x'

+tltt,r(,(l (t,]l liner' l)r(_(lu('tit)t_, l)(Hw m+trr()wti'+t_Isl)l+tttt.s,('ht'_tli('+tl (++tM'i-

+.'_s+u)(l (+lht,r tm'gt, tt,(I (h,livt, rv sX'slt,ntt+st() tht, l)r;_i_.

International Activities

l)is_r(It, r,s(_itht' l)r;ti_ m_(l l)t, lmx'it_r('r<_.s.,+_IIgt,(_gn_l)l_i(:h()tm(Im'it,.s,
dht'(:th' _)r inrlirt.('tlv ;d'l'('t:tJ_g(.,+,t,r,,'<)nt.i_ Iht. w(_M+l.(:hint..s(, mt.n
;tl_(lW()lllt,ll ._tll'l_'rl)i'+iil)(l;|llii|_t' I'I'()II|.sti(hh, i_str()kt'i Frt, ilt'h i|t,wl)()l'ns

.sufl(,r t,l)ilt, l)lic st,izurt,.s',+m t,hh'rl,+' ('++t_m(lJ+mw(mm_) l(_st,s ('()Htr(_l ()I+
ht, i+l)()(l+vm+(l mltl(l t(+Alzht.imt, r's (list,+t.st,:yt)lll)I_+_(lult.sm(m_(l tht.

w()M(l_r()w inc'rtmsi_+_I.v('_)n)l't_.st'(l,lht, ir mt, m()rit,.s t,r(_(l(,(l l+y lh(, n£_'tl-

r(_l()_,it';d _'()ml)li('+tli()_+s(_I'+l('(iLtil't'(:linilIitlllt)(h,l+t'it, llt',x'+5+vil(lr()lllt+'
(,.\If)S). Tht' tPc'()II()Illi(";tn(i .s()(:i;_lt'()sl.',+ ()I' lht'.st' (lis()r(It'rs +tr(,l)()r_t,

Tht, (:m_.st,.s()I' l)n_i_)(listm.s(,re+t,(.(itmllv (livt,rst.: ll+.tw_.,(l_(.,I)(,,',+,x'irtlS(.,+,,+,
trmmm, l)hH)(l (i(_ls _+n"_t(l¢,l_'('lix't' il]iltltlllt' s,x,,_t(Pnl.S()lll_,lil]|t,s, +|(lim_r-
(l(.'r'.s(:+ttlst,(_'It_<:h.'.ssc:i(,n_ti.st.s,m_(I litllt' lll()l'(' iS kill)Wit +tl)()t_I+_(lJ.,,+(,ttst'

thin) its _mt_t', x+_Ptth(, _,'+tst_t,(+_r;tl)hi(: rm+gt,()I' l)n'+dn_;m(l l)(,Imvi(+r;_l
(iis()n'clt'nsl)n'c,.sc,t_tsn(:i<.,nlists',','ith +m;d)ility t() _+tth(.'r+mcl('(m)i)m't+,_
hu'_(, i)()(+I()I'(l+_t+t,F()n'in,mimic'c,,in,+'(,slJ_+tt()rm.s(+,t,kin_ l'+tt't(msllml l)n't,-
(li.sl)()st++s(m+t,F)Vul)h., t() sir(N(., ('+ul ('onnlmrt' (lil'l_,n't,n_tl)<)pt_hui()n_s
m'(mn_(Ithe,w(+M(lt() ht,Ip (+ItH:icl+tt(,the, n'()h+.,+l)l+tyt'(l I)),gtmt, tic,.s;mcl
¢,_'+,in()_Itm,nt. _imilm'lv, r(:,.s(.,m'ch(m t_'l)ilt+i),s.x'l)(:,nt+l+t.sl'l'()nlli_('i(h,_c't'
(lil'l+t.rt,_('t,._i_ N()rth m_(l S()uth Amt, ri('m_ ('(H_trit,s.

A. drmmtti(" (,xm+_l)It,_)l the.+l)(_ttmti_tl l'(_rtI_(' int(,rlmli()Iml ;tl+j)Ji('+ui(m
()I+r(.'.st_+m'(:his tl_t, l'_t(t tlmt ('l'ltPt:tJx,_.' +tl:)l)li(:+tti()n_(+I'(:uH't'I)I k_()wh,(l_(.'--
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itzrlli(lii1_ ii11_rnlalic_il _ti lh(' _i_Jlilh*aii__' _)lvitailzill ,*\_c()llhl l)r¢'v¢'tzl

|l I) t,) _()l)et_*¢,tzt _dall l)]ialcllzl'_n _ll()tlii(l th(' _,v_ihl, ('.tirr(,iil _Icd)al

¢'ll_zIn arc' (h'si_i1('<l t,J Iz('i_lzl('li ])til)ii( atz(i _'()V('l'llllll'lltlli IIW_|II'IiI'NN ()l'

Ill(' I)r,d)]('lll ()1'I)lill(lll¢'_, nl_d)ili,,_' availal)h' I'('NII|II'I.I'N, l)r()ln()l( ' _h('

(h'%_('h_l)ll|('llt ()t II(,_v I)l'()_r_illis wll('i'(' II('('(l¢'(i, _111(I ill(T(%ls(' Ill(' ('t]_'(-

tiv('ol_'ss t)ll'xi_lill_ I)r,)grallls, l'he l *llile(I ,%lill('N ([irr(,llllv suPI)(_rtn

il|l('rl_ali,)_al I't'_t';|l'('h ()11I)lill(litlg (lis('am's ih_ll I1_i%_'_1Illi!j()l w(_rht-

_vi(h, il_q)a('l.

IIi _[)lll(' (il,_(,s, illl['llllilil)ll_ll I('sl,ilr('li alhi%v__(_il'llliM.5 l¢) _('('k ()ill _ll|(I

sill(iV ¢'xl_'ll(h'(i li|lllili(',_ at/t,(le(I h%I)raill (li_(,a,_e_ lit_k¢'(I I_ a _('ll_'lh
(;l|lst'. _ll(h lan_ili(,_ ar_, rare ;|1|(I (_t'1('1v;il|l_|l)h, (lli('_ _ll)_llll Ih(' ('iill._lPN,

(l)llil)li('alh)lis illl(I II'{'illlll('lll ¢)1'II('l!l'()_l'lll'li(* (lim,(h'r._, I h'lwl', [!.,%,

s('it'llli_Is _lrt' Illl'llill_ i() l':ur_q){' _lll([ (:_lllil(l_l I(1 t'._lt'll(I klii_wll'(l_{('

_lh()lll I'alililial AI/ll('ilil('l".s (li,5¢,as('_ill(I I_) l_ra{'l I_)1 ill_iglll._ Jtll()i| i'ill'(,
lll{,l_|l)()li( (lim_r(h,l, _l(,lil_illll-! il'k (li,_l'_lN('.

Ill Accomplishments lind Future Opportunltie_

"I'_ I)lir_ln ' all I)_ssii)h' h'a(t_ al)()lll Ihe i)rail_ ii_ h('allh atl(I (lim'am', Ih('

[ 'i_il¢'(I ,%l;|t_'__tll)l)_)rt_ _lll(l _v_)tk_ willl ._(.'i('lltist_ ill ill,_titilti,_ll_

IIIl'l)llb_tl(_lll Ih(' w(.'l(I, llll¢'rllilli_)llill t)l()_l';llll,_ t;ik¢' III_iilV tlWIIl,_:

• j{)illl l('S('_Ir('ll (()li(lll('i('(i tlll(ll'r ('i)tllltl'_-ll)-(*i)lilllr_

_I_i'('['II|('III_.

. ('lli_rl.,, ilv,(dvi_g t,_illi,_ati_!lal _rgaili,,ati_ii.,,,

. r(,,_[,.ir(h b_i',llllS _|ii(i Ir_iillill_ l)l'i)_li|lliS,

. i_t('r_lati,_i)al oi|('(,tii|g_ t,_ 5hm(, k_i(_vi('(i_¢'.

Aging. K('l),)rtu(l (liller(,i_(_e.,, ii_ the. (i(*('IlITI'II(*('S _)I Al/heim(,n"_ (lira,a.5('

alt(I I_i_llli-illlar(l (l(,lll('lili;I I)('l_v['('ll ,*\si_ll! (.J_ll)_ll|('s(';is w{'ll as

(:llilll'_(') i)()l)lllali(lllS _lll(I I':IiI()I)('_III-_III(('MI" V i)_)l)lll;itiims h_tv(' Milllll-

I;11('(ihlllh('r st|_(lv it1 lilt,St' 11'¢'11(I,5.Ill%('sli_;lli)l'S ill ,%(';Itlh',.lill)_|ll _|ll(I

'l'_|i%sallI)1_|111() ('l)ll(lll(l I)malh'l sl[l(li{'s ill ,._si_lll-_|ll('l'sll'_ I)_q)lilalh)llS
ilSi!I_ nilllil_ll lllt'lh()(hili)_il's I(} ('ilNI!I'(' lh_il rl'sl'_Ir(ll r(.slllls will I){'

((mll)aral)h., t'si!lg tit(, ,%w(,(lisll 'l'will R(,gisll_, a L'.S. s('i('lllisl al_(! a

((_ll_ll)l_lkll_}r ill ,%_v(,(l(,llal(, (l(.v(,hll)ill _ ;I Sill(iv (}1 Ill(' _¢'11('Ii(:5()t
,\l/ll(,illl_,r's (lint'a_t,.

S!_l,li_'s ,_t a rat(,, tillal (h,llll.lllia, (;re_llzlel(ll:lak(d) (lis[,_i._(,((ill)), II;IVI'

i(h'lltil]('(l a IlltllHli()ll ;lllt'('lill_ tile g('li(' I'(_ralllVll_ill I)l('('lll'St)r I)l_lt('ili

ill all Sl(ivakiall ;ill(l Israeli l)ali(,lllS Slll(lh,(l. :\llh'h_hl l)l'('(*llrM)r l)l'_)t('ili

is ()I l)arli(illar illl(,l(,sl I_) s(_i¢,litists l)¢,('_lllSl, it is i:()llvl'rl('(l l() illl ;lhl|()r-

l)a_i('t_n' l)rai_i5._i(l_ l)la(lU(,sar(' al,,(_a l_allmatk_)IAlzh(,ini(,r'._(li_-
(,;ts(', _l h('ll('r kll()Wl| ;|11(i il|()r(' ('()l|)lli()ll [(Will ()t*(h'im'lllia. While (Ill:

I('i'('lll I)llil('JilS (rl'_tt(' lilt' _|lll%ll)i ' (l¢'l)_._ils ill AI/II('ilII('I"._ _lll(I (:I1),

illli)l'lllilli()ll ilh()lll II()W Ill(' I)la(llle,S fir(' li)rllle(l ill (;Jl) Illilv h,_i(I tl)Ii(.'w _:
IIIl(l('l.Milll(lillb_ i)l'th(' IIl('('tl;llli_lllS ()J'I)(_ltl (li.st'as(,s,

=

,'_lll('l'i(';l!i M'i('llliM_; w(_rkillg I,) ItlI('()V('I' Ill(' ('all.st' ()1'Alzh(.inwr'._ (li._- !

t,_IM, _11('('()ll_ll)()r;lli!l_ will_ all illl(,rll_lli()ll;ll I(,_tlll ()l' illVt',_li_lt()l',% f'r()!ll

Ih'(adl'l)l llll' I_l,litl ll, l!lOIU(|l)()



tIle ._vit'! I +lii,_ll, l',lill'(t Kill_d_ml, I;edl'rlil Rl'l)llbli_' _jl (;eHImlh ,.

I;!mlt+e, Nl('xi(',_, Illllv, Itel_itiln iitlll (:illlll(lll, 'l'hr_m/_h b_t.neli(' _llidie_ ,ll
lllfil(' thrill +t1)Imnilies with il Ili_h.+v _l,,\l#heinwr's (list,ll_t,, Illc'_t, ,st'il'll-

liMs hilv(' LIIIC()V('I'('(I Ili'W t'videi.'¢' Ihitl ,Mzllt'ilner's llm_ ri'l)r('_t'lll

i111111'Ihilll l}l|(' (ii_('_u,+(',ri.stlllill_ Ir()lll %',trilill_ ('itllsl's, This I('I111!

exl)ml(h'd em'lit'r rt,s|llls +,+l.)win_ tltili slmi(, I'il_t.s iit' illh('riled

.A.Izheime,"_ di_t, iu_eret' liiikt'd I_ ,+lr'citic _elit'li( (h't'('t'ln (m t'hr(mlll-

_(lllll, ',.)i, Ill lIlt'it r('('elll rt'si,lirt+h, Ih(,v t_|111(I Ihlll il.lsl i)illi(,lll_ wh()

(h'vehqil.d lilmilild ,.%llht, inll.r'_ di_lm+se('m'k' (I)(.fl.'(, Ih(' jill' (it' (El) Im(I
il ihl'imlllmmle _1 (h'l'('('l. I11('(llttl_|nl, I11()_1 thnlilv memllers wl.I devel-

(ii)¢,(I :_ltht, ilnt.r's (liselu_e illil,r it_(, ti.,")did tliil Imv(. this _t'neli(' deti'd.

BehavIoral and Mental Dl+torder_i, !leimvi(.iil m.I mt,lllifl dis!.'(h,rs m'e

tit++,lill'_t'l_ llt*cl)llili)_)l'illi'+'t' l'(',+l'_lr('ll ill lllilllV l+l'_i(lll_ 1)1"Ih(' W(.'hl, Fl.'

exmnPie, scielllisls ii+_ml Ihe lTliil('(t Slill(,_ ill(' w(.'kill_ wilh tilt'

l'_ur(ll)elinl ,_t'ieli('e F()tlnl(lilti()il l() sill(Iv Ih{' Ill()l('('llhlr I)i()h)F_y()l" iliA'if

llil illlless+ L+,,%,-lll(lii|ll ('(lllill)(irlilhilis ill'(' il(l(lri'ssill_ Ih(' i)n'(_l)h,nls ill+

sl'hi/i)l)hl'(,iliil, _lllt,l'livt, (iisllr(h,rs illl(I ('hil(Iht.ld ill(,lllill illnless(,s.

Brain and Spinal Cord Injury. (:iillll(lii|li s('it'lllisls ill'(' !'()('liSill_ ill| it

lirl)il(i I'iii|_l.' 1)t"ll_l)i('s I't'll.villll I() ill+jill'+%'lii|(i Illllli_liilll('i¢,s ()1"lhe I|l,r-

%'tills +i%'Sl(,lll, They Illlvt' (I{'vt'hil)e(! il lll(l(It'l (tl' Ii|1' I)h)i)(I-I)rilill i)ilrl'il'r

II_ili_ (:lilltlri'(I htlllilill cells ali(l ill'l' I'll|l)l()yill _ this II|()(ll'l l!) It'+_l(ll'lt_s

Jill(! ()lht'r Slll)SllillC'(,s I't)l Ill('ir iil)ilJlx' I() I'lll('r ll|t' i)rilill, illvl.stj_illiii's

_lrt' h,li(lillf_ il .++)-x+t,ilrnlllllJ('i'lllt, r Ii'ii|l tll" Ih(' zlst,l+tlhl(,ss ,)1 ('itrl)li(I

i.l|(lllll¢,r(.('liili|%' ill i)l(,Vt, lllill_ sll'l}k{,, This ¢'(mlni(}lll+v i}(,rl'_il'nl(,(!

Slll_(,l_' i'l('i|rs lilllV (h'l._sils t'r(.il liii!j(_r iirt(,rJt,s Sill)l)l+vilIF&I)h._(I l_l

the I)rliili, bill its Ilsl,t'llllll,ss is lll)l ch,_irlv eslllhlislle(I, ()lht,r iliVesliF_il-

il}l"+ iii'¢' lt'+51ili_ tilt' ii('ill'(il)l'()tl'c+ik'i ' t'llt'('l'+ ()I ('_ihiulil-l)llickili_ +l_i'lilN.

+l'hum' il_t'tils, wliich +ire illri*i,litlx +il_t'(l Ill ]iiW(,l l)h,)(l l)rt,SSlll( ,, llilix'

Iwl I} linlil tilt, <h'+llh _t I)Niili (ells illlt'l Stl-ilk¢,, Inlll)llrl+ml wt)rk _tnl

Ill+,' (+;iItSI'S illl(i Irt'illllil+lll ill slrt)kt' is ill,_(i i)l'()('('(,(iili_ ill lilt' I+etqLih"s

I'Ll'l)i!lllic ill( ]hillll, Ihl' l"t'(h'rlll Ri'l)llhli( l!l( ;('l'lii+ili+V, _W¢'(l('ll
_lll(I IllliX',

Communication and Sensory Disorders. (:+illtl'il('! is tht' IllllM

wi(h'sl)rt'il(i I'(irlll ill* ('lir+ll)h, i)lill(lllt,ss iin(I will I)eclmlt, i'x*l'il nl(.'e si_*-

llili('_llll i|S lh(' w()i+l(l l)()l)tililli()ll ii_t'S, III t'lil!jiiil(:li()ll with IliA' l)illl -

;_lli('i'il'+ill Asml('iiililill ill ()l)hlhiiliililll)t4)' +iii(i t h,h,ii Kt, lh,r

Ililiorillili(llilil, Ihl, t'liill'll ,%tlilt,s lilis rtliiliiliil'(l I(i hi, Ill i'sliilili_h
(;iillirlicl-Io'rl,i , _,lllii,_ i,l sl'vi,riil l,lilili-Alil¢'l'it;iili c(liilill'il, s, Thl' lt'('h-

IIi(lllt'S (h'xt'hllii'(I ill Jill !it Iht,sl, lir(lit,i'ls will IlilVl, inllilil'lllllt illil)li(il-

Ii_lliS ti. +rto(lilcilit4 llit, lliliil (+(i,_llit r()iililit, iiillirlill _ilrl4i,i),,

liiiriit'illiilk ill ,,\.qii, viliililill ,+%(It'lit'ii'll(x' bi il liul)lil • lit'illlh lirllllh, ni

ilii(I Iht, h'il(liiit4 riltist' ill l)liil(hii's.s iiiillinl, I liri,sl.hii()l.iil4.¢,(l i'hil(ht,ll,

flit, liiltsl t,tlt,i,iivl, vl,ilV (it* I)i+_ivi(liiil4 iil|i)i.(llil)lt, l)r(,vl,lililili i)r(ll,lriiiiis i_

iiii(lt,r slii(Ix' I)x l ',.%,s(it, lilisls iiii(I ._t,I)iil'._ Niili(ililil _tl(iit,lV till' Ihl,
ltrt'vl,iithlii iiii(l (:lililr_ll <ll+It!iii(lili,ss.

I)iirli('iliiilil_ iii Ilii, t',_,-! '._,_,R. I)i+(l_iiiili liir iIt,illlh (:_l(illt, iillil)ii iii
l,;xt, l)ist,iist,s hlivi, i(,iiltirlli¢,(I Ihi, lit,t,(I lilr ((llilhllll,(I c(lllli!)llrlilhni

iili(ll,r lilt, I)icll4Tiilii, wlii('h wlis I)i'l_iill iii I_it'tT, I)ilrili_ ihl' I)ii,sl xl,_ir,

,_ i('lili.sls t (ililiiiti(,(I i(i lltirslii , Illl,_l, c_lii_ilittr_liix't, sliiliit+s, x_'liil_li

iii( lii(h, i,i)i(h,iiiillhll4i( rl,s¢,iir(h iiii(l iiix'l,_lil41ili_lii_i (lt14hiil(+(liilii,

m







I_ II,ill_l'_I iI'illliiIIIII111lli,ili_IIII_ _I._II,_l iII_ | lJllli*li'll!i*_,fill!_ _Iol_-

i11_i_i%1't'ih,I I_ it_ illt l!',t_,' ,lit t._ltl,_ ,,I ,ll_,thti,',i ,wtl,,,_ lt'llli_l_ l_liliii_

lit lllllh'l l.ll_l' _t_l_lll_ltl ,tlt*1i tlt_1'*_II!_.11tI!1t_ itl i1iltii* l_t_l,lll il, it'_ lh'_t'l

IIIII1_ IIl_l'_llI_Jllll_ Iitlitl II!'_l_ltl!lilll _ I ltlllillil'_ |11 11t1' | ilill'll .%|,tif*_ l_t
,!i1_.!t1! t'ti ti*_i',ilt h I1,11111ii_. I llt'_ tll|'lI II'llltll IllllIIl' Ill tt1'1 I!11it* ll'.til

I'l_ tll tll'ltlii_l iI_lit I ' lt'_I',tll h ,1t!11 t'lllll ,llllitl ill 11tt'11 |l_li i tttlliilit*_.

I% t'i'lh'l ill .l_(*lll it'_ _l.'ill II_'.llliIl_ I)_'t .lih' i_t ltlt' I|1,till ;*th,l i_ _ill

ttlllllitlli ' tlIt¢_1 II,tlitili,il i _11_t1._ ,ilitI!l _1itl _! il_ltlilil ,l_i'lit ii'_ iillil

t_l_,itll/,lllilli_ iil Itlt* ll_ll_ili_ I IiItlill II*_, ,ill _t _1ilt li Ii,I_II' IiI'_llli ill

,ill' I_J,lllliilt_ Ill,, ,lib' _i IIil' I_!,tl!I ,i; !i_iI11'_:

%1t'_11 _, |It'i II ,1!1tt %il,_,lk I'!*lh'l,tl I(;'ltlillll; Illltl_,lll

i'lll'tllt*i,I ( ,111,t11,1 Ihih

1, tt,lihil t.i.lh,i,il I_l.tiitlllli iil (,i'lilhill% _ll,iili

I!w _t'ltli'l t,lllii_

i
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F lht,l_I,_iHHI,'I'_I.II.I!h**Jwiii,il_i,,i_Dkii,,,I,_.,,lhlili_in_,_I,Ii!iI__.l,Ii,

!i,,I1h,l_i"id,,,,i.I,ilil,!h_d,,i|i_,d,iliihdl_l_,_ii',_,,ill,Ii.,,_liii'!,_,dh,'| iihln

,I!!lK ,dJu_i' i,,I_*_,|i|IJJh_.lhe'Iiwdi, .ili,,llih|llii'_i!iil'._|II*,IDi_II_'_ilihi_o

, hhl!, h ,li.,,.,h',',., ll,,._i, !_aii_, * ,.ii!_li, Jii, lll_ ,,'ial,',i l*i lhU,il_h'i, lhi
,,IIliislIiil ,ii_,.,h_,,,

IIli,llili_illl,iilll.iI| ,_ilil_li,_Iiiil,;iillIJ,_!,'iiiill,',h"_i_'h,l_ll_,*Ill**I,Iii_llil.

m,ilm,.h,ii,._llu_ ,d._,,_'_ihi,,i,_,,i.,**!II.,illii_il,'lh'_iiil'm,.hl,_

r_r, ,h._,.i_!..,li_! ll'_i'Jllh ,iii,Ihliiii_IIl,Ii,_i.,i,_-.%ilIliI'_IIlillhiI__ill

,Iilillhli,_l_llihilih,"_,mw, ,,tIi_iil,_i_,"dl!i_.._l'i.kiliklh,'lhl_i,,l'_,'l'llill

i._,,I_I,_,.hl.I,',ih, IIill_,_.I,!d_,_ili,,'!l..i,hllilii,d,'ll_lhi,_lil;..,_lili|ili,llhi_I

,II!iK,_,,,IH,,,I,,,II_,,,, lh*'|i,iilll,iI i_Iili!ill!_'dlil'lll'i_ililili_'dill|till_IIIh

,i.,i,.,,I,.IIW I_iIiil_iili*iiI_Iiill*_iidil*_I,IIiiiIhII_.

| .qll¼lhi'_,IImlhtlllI,_h'lilli,iIiIIIIIllii_Ii_iIh ,Ii_i!|I*ll_I III'IIIil_lii'IIIiI*

i_ t_'_ It_.J,,_lt**_. _t il_tlli_l_ It,1_I _ h,lm,l t'_itlt'tlt!' ,1t 'illl*t ith hi,lilt _ti'II1_

|h,i! ,ti ti%_ilt _ _:1t_,111t t i_iill't_ _' |II It_tltitt_t' tli !h|' i.tl_itiiltllit.lit_ Itt

1ttt_f _ tt _,!1,1 ! t_l!lt_l_, tlil!,ti_l _ _t_|i_,i!ittli_t it| ilh..i_iltl , ,ill' ttt'1i!'_¢_i t_i !ll'

i,t!_t!l_i ,lll_!l itt il_ttt!lit_t_ Iii lt,i!ltt,iI _tilllIIli, _iti h _!_h..t ,ltltl ,_t'_i, ittl!t I_t

,lt!it}l i,il _til!til!i, _!t! h oi., th!it_ _ ill 1i1_ ,ihtlit_ Iti _liIitlll,II!' Itil' It'll,till

t t'IIt!_ii_ ,itI!_t_,it_ t_t Iii' lttl _ ii*,t_lliti _I1_ Itl'ltiih' ,llhlit 1t_it ill ¢111t_i ,Ill'

I hi, tlt,!ilI_tl_,ilil lli!.h'l twlll_ 11t t,%t__1,!iil !ht' i!iii !,lltlt_lt,ihh' li,lliltf _

,ttitl ttlhti_il_ !t! lh 11_ th'llt'tlilt_!ll t' ,tt1¢t I1t!t_i¢11'_ I t"_f',t1! tti_1_ _ittt ,t 1_._1

t,, .l|ilh tlt!,tt ill,Ii ,_tt_!_tt ,11,ltltt tti*t1,t_t**t,i! 1,1t ltit_ Iihll i iltllt!ii ill |l]il.

_tt'i_t1114 |it_|i,l_ilit I ht* ililllil_l i_ ltit_ |t!'ttt_ Ii_'tl tli llli!tt_l_l,tltlt tlltt_

tll ,ttll I i_.it tl t t 111t_!_ litttl |t! itt ll,l|ltt ,t11_ ,ilill ht tI_ lh ti_i itllht¢'llt t' !ttt'_¢'

ttl,liti _t|_lti_ ,Iiltl t_ Iht' lh'_t*t|tltllti'lil ,_t Iilil_itlhil t!l%lillll'ttlll t*_t

ill i1_ ,l_hlt, Iltttt.

I_I_1,III'It _tii!lli_ Iht_i* _tl_tll lh,tt Ihl' tlliltlt _.it'11t_ II'.!liIIIl_ilIIl' hlt ttt tit4_

_i_i'i_!tt_ t)i_1t,1_1,_1 ,tti ,itt,iltIIl|ti .llh th_ltili t tt*Iii! Iltii_t' lli¢'tli,llill_ Iltt_i ,_

,,tl ih't._t'il,h_tlt I* ill| itt li_l_: _ltlilil,tl_ _ill **_1tlt_tt1_t_t'1_ _l'll**l!illlilti_l¢°t

IiItttt)hllit_ ¢|IIt_1 11_ il!lt! Iht _lt%_,il!l I !_iili't_ t!i tht' ill.Jill, |lii| ,tic' llttt

IItI_1t .ilk ,h'lwlllh'!ll t_tt IlltllltliIlll', it', IIII'% tt,, iild !_,i tltltt _ittilll,l_,tl

_!l,'!! !!l!!lt!hlilt' i_ tll,I .l_,ltl,tllh: ()ti !hs't_llll'l h,ititl,,llt!llhlt_lll_ Itttl

_l It :iltlilitli_l!'l Ilitlt Ithi!l¢ ' ilillt .tilt_llll't _1)1't it_I ,tlt',t ill thi' tit,lilt tlitt

lll'i |liiil* tttI%_ti ,I11%tiillt'iiltt'lI| ittl lhr I|t11_ ll|lttt_litt_ Ilit_i%l , illlil_htli
l!Ilil llIi_ _tll _

I)lltllil4 11tt_ Ih'_ ,Iltt' ,_1 ll!i' 1_1,t1!1, _| lt,llli_l_ _|1! ,il,_t| ¢lllilititli' ill IIt¢'il

,'1t_il t_ I,_ It!l!I¢'l _t,Illtl ,uill tit',t1 ltit lt|t|il _ ,tilllh IitliI. ()|il t|||itI'li_|_itiIlilt_ _.

,_1 IttI_ ,lthlil It,,!t Iht_ ilt*l'li ,til_,ttl! i'tt t!% !111' ttll'll!J!tl ,tli, tll _*! Ith tllilll'

il'i l'llh!l_ ,tl!II 1ttt _)41,1t1'_t*l!lilIl4 tI_1 _Ii!ll!lti!_ ,_1 !11t'_t' 1t'¢ i'ltllll_ t'lllIltt'

_lIi!ll|'_ _ill ,l_r_ 1tt!' iltlr iit _Itl tl _I'1t!'_ t!1 Ilit IIiillt' !tlh'tlilll !' ,i11!1

(l;'lil'illll'lll i': III ,ichlili,_!l, I'L 1 ,_ ,IIIIIili_ _lil! hl.lll i(ll'lilil% lhl' llh!h!_i. I?
I,tl _lttl_lt,llt'_ ,,I I.'lt,l_i,_ _tl!!ttitl tilt_{ llltllt,lll Iljl lltil!!' Ih'lwllth'll! ,',

lhi,!lh _i!hl I|I.Iili |_I_IIilJIHIII I



Ni_iiilh,uil ,Iik,!lU,'_ Ii,,_,, ,ii_i_ hri,li lli,.h' ill lii.h'i_hili,liil!l lli_' lllik

,itiiiti,11liliuh'l,_1i,1_¢'_il¼_¢'_li'dtlii!ttlII'li'i11iI_lli,,I_'lu'tir_111'_lh't_'l-

_lJlilttlil!ll_ _illh ii_i I ill itilit'_ M,_h,ruhlt. Ili,,l,_i_l_ Jill' t lltl_i'liik ' _,ilkill_

|ii hi'ltl'i tilliJi't_tliillJJ lilt' _l'llt'liI_ ttl ttlllli'l,thJJJl% lit _lltlg ilJltt_il' h%

fll"it'lilllill ¼ ll'ittllll_i'llJI' tllilTli' _dlil h l'illilt <ihl' hilllllilt ¼fill' Ihlilll, lhl ill hi'
ii hii_hii ill iht' tlil!i!'iiihilili hi i t'ihiiii kili!l_ iil lh'ii¼ iihii_ll'. 'i_lil'_l ' iliil'l '

iili' i'iihliihll' lil'liili_l' Ilil'! tllittilh ' ,u il'illill_ l_,ilti ii II.d Ihiil Iliiil ll'iiil Ill

ii iti'iilI'i iiii¢li'l _iii!liltilll, l ill ihl' tllh" Ill l,!l'lil'lit'_i ill Illil¼ iihii_l' hl'hiiliiil _,

l_liii_li ill liitii _,,illliii ilihiti' lhl' ih'ii'hiiillii'lll itl i'lh'I lill' ili'iilllil'iil_.

I l'ulul Plin_ lind Pilie.llll Benertl_

l'lirrt' ,Irt' ,_t.t'ri,il ,ill,il_i hi _illif li _i¼11itiliiiil itikiillli'_i ilil, i._lit.l_lt.It

iliilili¼ Ihi' Ih'iiiih' _it lhl. itlltiih I+lil,_it' ilithilh,: lilllll.i.,iliililtilill Ihi'

_ttrl illt _hiilllt¼il,tl t'llt'i_l_ ill illii¼_ tili lilt' _iliill'tiiri, ,itill liliitliiiii ill llii'

til, l_iDlil_ _l_!l'lill ¢ll'li'ltlllllii'lil i_i IIi'iillllt'llll liil ilill,h+l, llit!¼ ill Ihi' !iiri-

iitll ititl41'i !it ill'It i iI!ii,. _iti Ii ill i_lit/+illtl, l,lllihliriil, l_,'ilil¢lhiwill illili

tl, liili._l,; i liiiitiili!, l Ihi, iiikl, li¢. i,lli'lii lii tit il¼_iill iltlit_tt, iili ill,,iiolllllliil,lil

iilill hlliili lulit Iitiliiiil,l: Jiiii lli, l|llilll, I Ihl' itillili'liii, ill l,ll, lil, lii _ iili ih iil,!-

i,l,t'kiii¼ tlt'liil_hDI iilill iiilllll Iiilli,

iii iil'ih, f lid ttl,tl.liili Ihi' iliti,il i'lll't'lk'i' lit'iiltlit'lil_ Itll ilrii¼ iihli,_l,, il i_

llt,i i._,_iil%+Ill hlitt' il i'll'ill' Illllll, l_htlltlill¼ iDi It_D_ili<llt,l_ illll'li!ll _'illl Ihl'

liliiili, l'it iili'tiiiiltli,_h Illi,_, _l ii,tili_l_i _'ill l_itiililliit , ill Ihl'il i,Iliiil_ Ill

iiltflt"l ,!liliiil ltii' ll,l_il ili'illlthitlliilll ill liilv_ Ill i114'_iilh'l I Ill'hi, tl'll_ iltill

hliiiii Iltlli liliiiilil, l, l'!i!.t I_ill tl'ti!'ti hl i'_ltiilill Ihi, llllllll'l itl ihii¼ iillllir.

Iillil IDi lilt hiih' Iht' hillht¼itill Ilii_i_ hDI ililitl I i'iiqll¼ iintl ii'ilill_i,, Ill lhi'

lil,_l lii li',ti,,,, i! i,, i'_lii'l !1'it Ihiil ihi. hitihllh'_tl Ilii,i hiilii_lii_ iiiilh,ik_itl¼

t,iillhltiiii, i liililit, l, ii,i,ill_i, iilill tilhl,i i,lli'i 1_ill iliit¼,_ IDII !hi' hlliili _,_'ill
lit' _iitlli ii'lllk lilllh'l _llilill lit iillili!' _il it'iili_l_ Iil Ili'll'!lill Ill'tl Ilil'iliIill

Ihl'liiliir_, llt tli'itl lh II1_iilhlll liilli, liiili ill lhi,, illilll'l_htiiiiiii¼ _,'dll llill!l'

litini i ltltiliitli,i.h,i_l.il ltliitl;iiili_ Ihiil l,hli'illiili' Ihi, ti,liiliiiii_hill,_

Ili.lt_i.t,ii li,i i.lillil ,.,iii lilt, Ill ,iill iiiill iihil,_l'l! iIiilt4.. ,i_,I_i,II ii_ lii ti_,liliiilk
ht'iirlhi;il ilil,ilit iililili.,,

lilli',,li¼itliii _,_ill liiilhl IDii ihl' ¼i,itqil¼ IIilillllitiitul ill iillitNliilliltll

iililiitl tiiiiill.ih ii¼ itill'liiI litDIi'_ lit Ih'li'lllli Ilii'lliI iiliilli_, lt'l_lliiil!ili'_ iiilil

,iltlllillit lit'_ Ihlil t iiil tu ° illili/t'II lir,

t lihDi I_Ihi' i'th't li_ ill iihlt_i'll ih Ill,f,

. li'llliil' Ihl' l lii_ili¼ lltl' illltl_l'll Ill u¼,_,

i li'tliltl' lhi I_illilli °lt_,'iil i'tlri I_ itl II/il I iilhlil Iillli.

i ii.llt.i_ti, llii' llt,',iil i'ltt'l i_ lll,itDil_t'll Ihiil, t',i,

dI'll'llllt _iili_!itiili",, titl iihit_l'll Ill il¼'_!!illi It'll, lll_il I'th'l'i_, illi(I

i lilt,_i,lil Ihl' iililiiilitlli _il Illii¼ il_i °,

Ill iillllil il it i, iili_t'l iiltltllliit lii'_, Ill lil'itliii¼ ii!htit Iiliil will Ill' t'_.tillili'tl,

b+lll t'_,lll!li!l', li"_l'i!l t tli'l _ _qll ill_'r_lil4ii!l' Ihl' litt_,_iliilih tit II!ili/ill¼ IIIr

l Illililt ll,i i,_lii _ ill I!ii ° liltttiil.hliiill tllil/il'/iii ,_iilll _i_,ii_ ii!_ Ill ltll,_,'l,lil

II



_l!Ulm'd |ll_tl_,_ ii-|:!11k[_'ttitl_ lilt|: Ihl' I)l_lill, lh,' t11;111't11_11-i_'t,11IItlit vdil

ttl,)lh,'l '_ ,tlhli(li,_ll _,_hih' t'xt'rlilll_ litth' it1 ii,i i'lti i I ,1!1till' ll'tll_,

I1i11_'_111,11111,_t.,tlii, J ii,lti. ' h_xil i'll¢'t I_ Ih_ll _11¢'ilqll Ii!'l'l'_llik r,:l_ill'd I(_,

lhl'ii _lchlii'li_,,_'g_ullilil'_, rhi., _l'lll_irl"_ Iilrllll'l _lll(Iv, ..U._m'll drul_

I_i11iiill'l li'k' _illl i1111_iII_,llil I ,_llili'_i' III IU l'_m'%_,II_II _I_il'_U'ilh11_

.I11iI t111'llliil_, _111_I_IIIi_' ditlll_ l}l'_lll111l' hili_-l_'Hll, _I11(Im_i111'lillil'_ 111'r-

1ii,1iI_'111,hi_ii11 d,1111,1_,. (il.rI_lill i11111_111_i_,,iImi (h._Iti_,. _l_,liii__IVl.,_
,,l lU'hl" ,l'll_, I.I'_'d111_rl'milti111_ ili l)r¢'111_,iI11rl'1111,_1'I_ll'_'ri,_lill 11_,'11r,_-

11_i_,u11ii di,_¢,h_lili11.11i,

11111i11_Ill1' lil'Xl dl'l_Zdl', iliVt'_ti_II1._ vdll _11m__uldil.,', glr'_li1.1_ I*_'I_u-

_'_i 11_i,ll'zu'li_,dl_, lh'il'r.liiu'd vilhu'r_d_ilil_ 1_i(Irul, l _zhzz,,l', P_uli, lil_u

_1111'nli,Ul _¥iiiI., 1111_Iim'd,111lhl' rll¢',l,_ ,_I_lhli_ l'Xl_,imlrr_ ,111Ill1, ilr_liil

,I11_Illl'rl,HIN _iINil'11!i1111i_11-11_I'iildividi1,11_,

( )111',_,i till' llli!illr i_,lll'_ tll_II I1111_1 ill' t,lll_i(h'l ¢'iI hi dl'vl'hlpiul_ i'll,.',.-
Ih,_' Iru,ll1111,iil,., I_/_llhli_ li,,i. ,_lim.dl,_ _,i,. ( ,_tiu.hi(lilv--Iliu I_l.'Xi_ll'llrl '

,ti _llh,_l,tlll:r _,lhll',,l'Vvilh !_llit'l iu'illlh l.,llHt'_u_,, _ll,;h _i_ I111'111_,11dim.-

dt'l_, I't',,ph ' _illl _1i1114,11_h_,_l.d ,Ib!lm' Ilim.'d_'r_ _u_' m'v_'u 111111'_

1111.__likl'l_, 1ilitll Ilu' t41'tlUl'_ll I),_11111_tli,.th_ Ihl_l ' ,I lli_l,.a ,_t nU.lll_ll di_..

_ulh'1_,. ,_111,_1f_Ii1_',,l' _,,ilh _111_I_,_I_I _l_u,,i,_!i.,,irH_'i_,:I? pul'rl'111 _11m_

Ii_ul ,11 11_t_l'il III1'111111dim._h'l, _1i1II"_ It'll ¢'ill I_1 I!!lt_l' with _i Iirll14
,lttlt_l' _lim.¢h'1 _Ii_lll ill _lla_l' _l illt'lll_ll dim.lh'r,

I)lil i111_till' Ill', iuh' ,if 111I'iI_lilill, II'_l',lli hl'l_ _ill I'Xllilll_111t1(I illil)r, lvt'

,,'l_ilh'111hlhi¼i,, _lIl"_I'%' |i'l hllillill._ I11 Ill,llt'l Ilillll'l"_l_lllll iii1' I_l'l;llh}il_hll )
tr'lv, rrll ,,1111',I.1111|' ,tlt11,,1',11111IlU'lll,II (li,,t. (h,r,,, Rt',u'.trlll i'lli_rl_ _ill

i,. li., ,.I l111,:h'/,,lilll_lillt.I IIIr I_,l,,i_. hi,_h_MI ;tl rl.l_llil.l.,lli I) ,1I ;t(hli(liv,.

ill,,,. _11,,,, I,_ i111,111_tl(li,,,.d{,i ,,, dll(l ,.l (l,.,vl,hlllili _ Iil,,lllllUlll_ I I1_tl I;,lkt,

illl,1,11, i_lllll till' Jtlt'_l'll( I' itl II,_lJl (li',,,l(h'_,,, Kiil'llli'_l,_ _ill _'.',.k I_1

11f'11'1Iiii111'il Iill'li' i,,,,| 141'Ill'Ill lillk IIt'l_,t'l,iI Ihl' ,h'_l'h_l_l_u'lll ,_i _lil_-
_l.llll t' ;11111_¢'i1!111'_111_'1t)l_lill ,|11,1I.'h,lq,._tl (limil(h,r_, ,. il (,.11,)rhilli -

I_ i_ ti,l_lll,(I I!i i,ll_i11111111t,lll_lltill I_i1_, I"iiI {.xiHHI)h', _llll,lllillll drth iI

ili_,lt,h'l, _1 II_l)l'l,i{ !i_il_, ili illlilh_ II1_t_h'_l_l 1_1_illli_lll iill I)t'h_l_.iltl ' II1,11
ii'_1111_ill _i_{i,Ii i_1i1_11i1_11,ll_i_ II!_1_ill III!11 h';l(i I,_ MIIIM;IIII I ' _ll)ll_l',

I ikl'_i_l', IIH' ll_{' _1 II'l hiill tll IIl_ III;1%_llll'r ,'hI'lllil ;11_%_11,111_ill II11'

Ii1_1i11,lU_lllilll_ i_1(lim.(h'l _ _ll! II _1_I1t'1)1t'_i(111 ,11_;ll|l'llli, tll (ll'li('il lli_-
_llh'l. ,_.l!l'l/l_lli_l'i'., Iil1' I _lll_lll)i(lil_ __1tII1_'_1'_li_,_r(h'i_ II|_ltl I1_1v¢';I

_¢'11¢'1i¢_!!111111_111'111llliil It'_1111_ill _l'lll'lil _t11%(i_,ll'rlllillr(I (li%lllrll_llll _'_
ill _illlil,ll IIt'IIl,tl!illlMIlill!'1%%_11'111'_,

,%1i_'tlli_l_ _i!l ,11_ _1ti k tl_ (It'VI'I, IIi _lll'( ilil ' iiIl_trlll_U id,11_il'_ll i11it.1%1.11-

li¢!ll_ I_1 _t111_1;t111t' ,IhllM' illlll illl°lll;l! _li_l_h'l'_ IIi;tl (ill I1111 I ,lllllll'lt-

IlliM' I!1!' Ill'_lllll{'lll ,_! llll' ('(llll IIIll'lll (li_,!r(ll'l _, _)1' II1_1k¢ ° il WIII'NI'.

Iit ,tihlili_ll, i11_1'_1il4_11ttl_ will I'_llllilltll' I|i lh'l¢'llllilll' III1' I)l'_l Ill!lib'

Itl IlI';lllllt'lll IvlII'II I1,1111(ll_1111h'l_ lilt' I111'_¢'111, I'11t_.'1_Ill (h'vl'h_ l)
uth'l li_{' 111'illilll'l!l*_ _ill Ilu _1*l'_11!%I;11ilit;lll',l I1%il tllllllill|ll'lliill iiil(lt'r-

=

_lilll(lill_ ,_1 1111, Ill'lll;lllilllMIlitll'l _l_l('lll_ ill_.,d_l'tl ill l'itl II Ill IIII'M'

11i_,,',1_1' ¢ ill,'_, )l'il'_,

Ih,_ ,llll. i_l Ihr I_il,llll lii!ilt I _lillll _l



DuringtheDecadeof
theBrain,specialatten-
tionwillbepaidto
olderpopulation
groups,includingthose
over85,minorities,
womenandtherural

advancesinbiomedical
scienceandanaging
baby-boompopulation,
agreaternumberof
Americansareliving
longerandhealthier
lives.



Aging and tile Human Brain

A nu!jor sl_ift ill age distributi_,ll is taking place ill this c_mllt13'.

Advances in bionwdical science, templed with an aging baby-bocml

populati_u_, m_wallow a greater number of pcople to live longer and
healthier lives, By Ihc year 2000, an cslimatcd 13pcrccnt of thc U,S,
p_qmlalion will bc 65 or _ldcr. At the same lime, however, the inci-
dcnce ¢)t"dcgclleralivc brain disorders such as Alzheimcr's disease and

Parkins_>n's disease is steadily increasing,

Braill t'uncticm in the later years has long been of interest l_ the lay

pul_lic as well as the research commtmity. (:ontrat T to popular beliet;

m;@r declines in cognitiwr abilities and "senility" do not accompany

advanced age in the al)scnce of illness. Cognitive processing may be
sl_wcd bttt scld_ml I)t'c_mws an impossible task tor healthy older peo-
ple. (:crlain functioils such as vocabulal T retricval can cvcn improve,
Arming the many age-related disabilities that lead to institutional care,

thosc related to changes in brain fhnctioning have the most significant

implicalic)tls I'c)rpttblic pc_licy and priorities for fitrther rcsearch.

Failure in c_gnitiw, functicming is one of the principal causes of institu-

tionalizaticm of older pc_plc. In addition, changes in the brain affect-

ing sensor T, motor arm c_gnitive functioning Imve a profound influ-
ence on thc Cltmlitv of life (ffoltlcr individuals.

• Accomplishments

Alzheimer's Disease and other Dementias. Dementia aftlicts 10percent
_)t"people _vcr 65. l)cmcntia is the loss of the ability Io learn new

inli)rmation and I_ recall and usc prevkmsly acquired knowledge el'fee-
lively. I1 is the tinal pr_Muct ot'a variety ol'disease processes. In the

elderly, Alzheimer's disease is a prominent cause of dementia, but it is

bcc_mfing illcreasingly evidenl that it is not the only one. As our popu-
lation ages, thc incidence of dementia will increase. Of thosc over 85

years ()|"age, studies sla_)wthat as many as 50 percent will be impaired

by dementia. This translates into a cos! of well over $90 billion per

year spent _m tile care of people with dementia in homes, hospitals

and hmg-tcrm care institutions. Four issues arc local poinlts for current
research _m Alzhcimcr's disease and other dementias: identil_,ing the

underlying cattses of thcsc disorders; identifi/ing and understanding

the path¢flogical changes tlmt occur in the brain; developing accurate

diagn_scs; and tindittg effective treatments.
i

Thc search for the cattsc of Alzhcimcr's disease has tocuscd <m the role _:
,)fgctws, toxins, infcctiotts agents, head trauma and strc.ss, as well as z

ct_;mgcs in tile immune system, the endocrine syst.enl and normal i
_nctabolic proccsses. Scientists are l_,,king at each of these factors

as a p<,ssiblc cause ,,f the disease, either al,,_c or in combination.
E

l)vcadc ,fl Ihc Brain 1990 a 20110



,.kclvan_('(,sin_I)ET, .sin_b_h:ph()t()n (.n_issi(),_t,)in(_gral)hy ant(l MRI hay(,
hc'll:)C'ds('icmtist,sidc,_tlit_'mt(I track ()v(,r tim(' th(, structtlral :,|ll(l I'tlll(:-

ti()nal alt(_rati()n_sinl th(. l:)rain_as d(,m(mtia l)r()_r(_ss(,s.Alzlwimc, r's dis-
(,its(,(:m_I)(, (lis(:rinninat(,d l'r()m ()th(.,r cl(,_i}(,_tti_is()n tht, basis ()I' visual-

iz(:(l cha_i_(.s i_i _i(.rv("r(,c{.l)t()r (listribud()_is mt(l (h:_isilv. l':×l)e'rim(,_ilal
t(,sti_ig ()l'l'_.r5pr()mi_(' l'()r imi:_r()v(:(i(li;igli()sti(: acc:urac',Vand (,arli(,r

l':_rlv a_(l _c¢'urat(, (li_()sis ()I'Alzh¢,in)e,r'n (lis(,as(, l_as_dr('a(iv had

a m_!j(_rimpact ()_t tht' pr()grt,s.s()I"r(:st.ar('l_()_) (h,m(.nlia. II) ()Iclt,r pc.(_-
plc,, th(, dis(,_s(,ix dilH(:ull l() (li_I.,,n()s('Jutits ('arly sungc,s, an_(lil is
s()_nc,dm(,s mislak(,n_f()r ()tl)t'_' ki_)ds (_I(l(,m_.,_ttiasan_dn1_t'_ntalclisc,ast,s,

lntc'()rrt.(:t (li_t_,,sis is il)()ughl t() l:)uc()mm()_t, l)(,rh_q)s r_gi_t_ I'r(_m

n



It) l_ _()l)t,u'('t'I1ti11th(' l,l('nwl'_t111(,(Ii('_iIl)_)l)inl_iti(_ll, (:urr(,11tlv,
(h,f]llitivt' (li_lg11_._i_('_111hi' (_l)t_titlt,(L_ullv tht'_ut_ll tht, ('x_ulli11_li_ul

I

"[11(,rt' i,_ 11(_ t'11'_'t'livt' 1111'I11_)(Icd" l)rt, vt.lllic)ll, llt,_lillllJlll i)i _('iii'(. i()r

.A,Izh(,iuw1"s (ii_t'_IS(', lh)w(,v('1, l't,('t'llt ,'t',,i(,_u'chlhlcliilg,,i ii1(lic_Itt'th(,

i)_Jtt'uti_liI_t' urn,td' iwrvt:,gl'(iv,,th I'_1,('t(_t'hl tr_,_Lttn_,tlt,'l'llt, _ipl)lit'_11i_Ul
(_i1i'_11,,i_t'11i(:_111(Iii1_l)l_n_tl¢,(:hnt()h)gi¢,st(_r(.m'_u'(:lil)r(_viclest,xcitillg
j)r_s])t,('t._l'_Jrtrt'_iltllt'lIln ii_('lu(lJn_gllst,dirt,('t ilt11)l_tllt_[ti(_li()l' _dt_,1't,cl
IIt, IiI'()IIN 11i_It ('¢)llI(i ,_VlIIIIt'Sizt'. _iiI(I Nt,('t't'It' i)r_lin ll'iillNlllitlt'l'_ l)l' (.Xl:)r¢,sN

r_,ct,l)t(_r_w11(.I"(,tht,v ilrt' lw_'(it,d ill tht, l)r_lill, The' _t,_re:hi_)l'g1'_,,vth
l:,u'I_Us_11uI,,t11,._.l)i_)_'h_,u)it,_11[|t'tt*1'1ni11_i111.,i[)I"nt,urill gr()wth, (l_,vt,h)l_
uw1111111(Irt'F_(,11¢'r_1ti(_n('(111i(Il)r(_vidt , n(,w l;h_u'111_1(,(d(_git,_ii)i)r_i('11¢,,_
t(_I111,lht,r_11)Ycd'(It'/_(,n[,riiIivt. (lim,_im.,_.In _i(I(IiIi_111,tht'rt' _irt' _i1111111-

A I)_111,_11i_II_11ilii_iIu1_Htg l'_)rAlzheiuwr'_ (ii._t,_im'rt'('t, lltly 11_i,_I)(,(,_i
icl(.iltili('(l in ;Igt,(l l)rilt)_11t,.5with _ul_11)u()rlu_11i11_ii11-('(,IIi_,._11urt.--lht,
11(,ur(_Hbrill_u'vt_111gI(',l,_t vt,;ir _i$1-yt,_11'-(d(1111_11k('vwith iuil)_lirnlt, nt

i(' l)l_1(lU('S;_11(111t,111"(_lil)rilhu'v1_111gI¢,.,illpOll iUlt(_l)._y,"l'11(,st,H11cliilg_
¢,U_l)ll;lsiz,.'tlw iUll)()rt_ulct' ()i"('_nlilluillg tht, slllclv ()! _lgt,clI)l'ilu_lt(,s _is

)
Parkin,on'a Disease. Tht. li'(,(lUt,11cy_d'l _lrkins_,l_ s Hi._(,_lSt,itlc'l't,_tst,.s

llt_11'kt'(llv _li't('r _lgt, _)0. (',()llSt,(ltlt, lltly, tilt, illCl't,_imillg ntlllll)t,r (_i' (llclt, r

!)(,_I)I_, ii_ tht' Uilil(,(l St_ttt.s1i_i._It,(l t(J_u_iiH'r('_u_(,i_i tht' llli111111'r_)i'

;')()(),()()(_i)t,,_l)lt, with t11(,(li_('_u_,i11tlw L,,'nlilt:.(lSI_IIt._. I_u'khl_(_nl'_(li_-

(l(,g(,Int'r;lli()ll ()l'(l(_l)_lulillt'-I)n'(_(lll('illg nlt'la'(' ('t,ll,_Ih_lt _l'ighi_ltc, ill _111
_11't._i411"th(' I)l'_tinl('_tih,cl lilt, ._lll)sl_llili_i I!i_r_l. Trt,nl(_r. rigiclilv. !lu(lirt,cl-
('(I iH(_v(,1111,1_t,i11_l)_i1"t,(l(It,xlt,rilv _i11(Ip(_slur_iIi11,_I_lhilits'rt,,_1,11I,_)l'It.ll
_1(:c()n11)alli(,(ll)v (!(,!111.111i_i_111(Il)(,11_ivi()r_11_iI)11_1'111_iIili(,s.

) '
.._ 111_!j(11_I(Iv_111c(' i_I lht' tI'[,_I11111,11t()I'I _11"k111NC)ll._clist'_i,_t,w_1,_!hi, i111r()-

t.ldt, rly I)_ti('l_t._t_ livt' !)r_(lll('tivt ' livt.s I'_u"_11, _1' lw_ (Lt,c_l(lt,s h_11gt,r
t11;11_w;l._I)r(.vi_)u._lyI)()._il)h'. [!llt(_rtllll_llt'ly, I)illi(,lltS rt,('t.iving I(.v-

1111(I_I h_._ ,_I' th('ri|l)('illi( t,l]'_'ct. Nt'w _il)l)1'()_(:lw,_1111clt'r.'it11(Iviucluclt'
_l_'g_,na,,r,w (h'ug5_li_cl_t,_' (il'11g-ch,livt,n7 .sv._tt,lns,

'l'hi_, i.)_,_tvt,_ll' ;_('1illi('_11tri_ll rt,v('_!h.,(Itll_it trt,_ltlli(_nt with lh(, cLrlig
(h,i)l'(,_iyl (h.l_iv5th(' I)r()glt'ssi()l_ _1'_yllll)t(_HI.Sin i)_lti¢,ntswith t,_u'lv
I)_ll'killS(_li'_(1i.51,;_5(,_11cll)()._tl)(_nl(,._Ih,.' iwt,(L t'(_rI_.,v(_(l(}l)_tht, r_ll)y,
Tili._ i.5tilt' li1_I ti1111,_I(ll_11g11_I_l)t,(,il (h'v('l()i)t,(l Ill,It ('_111_l(_wtht' I11"(_-

il)('1_,_m,_ig11ilic'_iltly th(' tiIHt' l)_uit'_11,_r(,1_1_inw(lg_lild_illy ('11111h_y¢'(l,_l
bt,11t't]l tll_lt will vit'l(111_11(h't,d_(_t'I_1illi(_1_.5(_1(h)lhlr.5_ln_nlutllyi_ _=

Vision Disorders. Thr('(, _ig(,-n{,l;ll(!_l(lis()i'clt'i's (;I Ill(' vis11:,ilS%'Slt'lll--

!II_I('1iI_11 d(,gt,11('r_Iti()11, gJ_111((_111_i_111(I(_ll_II_ttl--iilt' lli_!j(lr ('IIIlN(.'N ()I'

I)Ii_i(1,it.5_;_i_(Ivimi;_idi_;11)ility,_II(,(ti11_ 11_ilIi(,11._()i'A1n_,ri('_11_.Th('

lluc',ul,' (_1Ih,. It,,,sill lAP!till,2()()C)n



(h'v_'h_l_111¢'111_)i I_1._¢,ri)ll,_l,)c,J_lg!!l_lli,mllII1rr_ll)_,_,,_IIi_'LI1(,v,' _llii_i;_ll

¢',ulclilh)nl,_,

Hearing impala'lenin, ()ll_.-Illird ,_1_p(,lmJll_ (_,_,1t_:"_II_lV¢'_ lu'_1nin19_
h_ m111i,'i(.111t,v ii_l¢'rl('r_' with _!)(.(,(_1_ir.1(,.,i)1i_1i ,_ll(I _'lt_'_'liv¢,(',_lli-
I_i_il_i(_lth)11,_111(Iit1(' i.,,v_tl(,iH,_, risu_ with ini('n'('_t_il_,ll,A¢',H1¢. il_Ol_,r
_'_1'i_ I)l-il_uib, ' _11_.('1(,(I,_llh_ungh _uldil_r_ II('n*v_'_liul I)r_iii _t_.Ul

wl)1'k11_I_(l¢,111,)11_Ir_11_,d111_11with ,i(Iv_i11('inlg_ig(,,_'('1'1_ii1111('11r,)lr_1i1_nllil-
t(,l,,i_11"('d(,l)h,I(,(l i11s_)111¢,111_ii11_trll(t111_,_1111111111i11i1111('i_,_11gg(,_lillg
I11_11mi111¢,_1g(,-r¢,h11(,(111('_IrillgI)ri)I)I(,111,_111iFA111b(, r(,_¢'1'm,(i,11'l)r, ;'¢'111-
¢'(I ili 111_,i111iir¢,l)v ('I_IT('('1i11_11('111*,)Ir_111s111iIl(,rilii11_iI,111_¢,_,

m Future Plans and Potential Beneflls

Alzhelnler's DlseMe, ,%1_!j_11'r,_.m._u'('h()l)i)_)rtttllitit,_ ('xi_t I,,' ,_I1rli_'s1.1
111('t'_ulm,,di_l,A11_i__ln)(iIF('_IIIII(.Ill Iii Ihi._(li.,_('_lm',It: _l_I'('lt'lll

!i(,v,,,.%,l,,h('inlu'r'sth('r_l) _'mlgg(',_l_i1_'i1: I:urlll,.r I'¢'m'_u*('h_111Ilu. uu,('h-
_ll_isill ,_1'_1111vh_iclt,)r111_llh111_111(I_Ullvh_i(111(,[lr_tl_xirilv _11(III,., I',_1,,,i1t

r uu'llvkiilil_ ir,i)li(I,.,_ inl Ih(' I)r_liu i_ likrlv I() vi(,hl _igl_ifi_'_Ul!I'¢'mlll_,

,*_,,_iu_l_ui(li_'_ i)1skil_ lihrl)l)h_m _'(,11_ilul)l_l_t(,(I i11It_il!j_l,'(,(I _u'_._t11'
I)r_1111111_1v_111_.cl_lvI(,_(1It) Ii¢,_lllll(,lll i_1' i)_,_)111_, with ('(,1111'_11ii(.1'V(tli_
_vsl,_,Ul(l(,g(,tu,n'_lli,)ll. i_(.ti11_,innll)hlulill _ !il)t'_)l)l_sl_, _('i('lltl_l.,,g,.'lH,ti-
L_IIv _1_i.1iI_,'111('(('II_ t_i s,_'(r_'1('iu'r,'(' gi_)_,,'I11iiu,l,)n', ,,_,,niilu_Iswith
the, ui,.Iili,.,(l il111)hu_1_h_iv(, I('_.,,u('rv(. (:(,II (h'l,_('ir'n'_uil)l__uHld(,lui)i_-

_ll'_il(' ('l_h_ul_',.'(l'_i)r,_ultii_g,11lit, _X,)l_i111rli,,i i11'iU,l'V_,_'(.lls, Tll(ulgh

('11c,ulr_1ginlg, (h1)wlll li1('l,)r_ _i11cIiu'111'_iI1i_11('i111111_111I_,I),1111r_'_1111-
i11glr1_in 11111h'('111_Ir1¢'('111111h)gi¢'_,1)l'l_,r11(,w111(,I111,Isi)I in11)r,)villg
hr_iil_ I11,1,'1i1,_,

( )llu,r _1_(,1111_,sIr,illg (,xl)h)r_,(I fil('lls t111Iliglily m,l_,('liv_'II(,lll',)ll'ltll_lllil-
l_,l'sII1_11I),',)nni_, I_tdir_'_ tlv il_lllu,_H'_,tllll('li(llli|llv d(,t_('i(,lll II¢'rv('
I'('('_.'l)ll)i's. [!sili_ I'('('1111111i111|111I)NA I)r()t)rs, i1(,111',1!1'_ili_111i11(,1's%'_l(,llls
_IHI i_ullili_li inh(,ril_ul(_, I)_111(.1"11swill It, d¢.l_,ruliiwd, _111(Ig(,IH,li_ ('11gi-
I_,_,riilg I11_,lht.ls will It, _l)l)ii(,(l II) II1(' (l(.v(,h)l)llw111,1t I)i_)h_gic'_lll_*
_t('liv(, III,)l(,('llh,s I'()1'IlM,!ill I1'¢'IIIII1('111.

*1'11_'1"('is _11il_l,u'di_ll_' 11_'('dfi)r i11111r()v(,(I(!i_g1111_li(m'r(,_,n_illgI,_r
,Al_!1_,i111_,r'_ciis(._s(,, I l(),,v(.v_,n',its (li_g1_,)nis_ini(I_1('¢'111111_will ('_1111i11-
Ii(, I_) I)(, (Iillh,11ii _11!(Isl)111(,lili1,,,,sil1_i(Tllr_It(' Ii111ii:,Il)(,ll(,r un1(l('1sl_u1(l-

il_g _)t'Ih(' 1_,11'1_1_1_gill_ i)rl.'_._s i_ _.'lli(,v(,d, "l'h(, n_!jl)r (1illi('1111vi1_
(li_1t.L_llsi_il_v(llv(,s tin, (h'l]n_itt,)l1111tin, (lim'_l_(,it_(,lt' _uHIitn v_lri(,d _1_(i,
_11li111_'s,slll)th. 111_111ii('sl_ilil)ilS,,A.l,g_,iul(,I,'._(lis(,_u_(.r(,ui_i_._ _1_11_!-

I)i,i(,(I_Iii_i(,_I_)(I l)_11111h)gi(, (li_n_1),_i,_,A (',)111in1_1iu1F__'II_,'I I,) d(,l'iiH'
I111,(li,,_,_s_.l)r(._:is(,Iv_i_i(1111(h,v(,h)I) 111('11!i)(I_i11(h.lii_itiv(.Iv (li,,,tii_l_lli_ll-
illg ,,\Izl1(,inl(,r's (Ii5(,11_{.Iii,1,11)ll1(,r ii('I'%'(iL15sV_l('lll (ii_('_s('s llIttsl

r(,11_ii11111_,slil)j(.(,I ,)f iilt(,nls(, r(._(,_11"('11,M,.'_111v,'llil(,,lh(, })()l,I'illi_ll l_)r
i(h,l_lil_'i_l_ g('11('li_._11_(I,)lll('r I)ild()gi(_l (li_gnll)sti(' oli_lrk_.l'5is l)r,)lllt_.

n



itll,l, ?%(Iviin(I,cl inlal4illt4 lt,¢ hiligll,,_ with 1".1,](_ililci I'F;i" ,,,viii il_,_i_t iti

lhl",lt' _lll(tii'_ liar .'llilllVilltl lhl' Itiiiiil4t,_ ill lll+iiiii ,,ili'lil llil'i' iilill

IIl('liillllli_lli (lill'ilil, f Ihl' I_liii'_t ' ill ,'lil#111'iliil'l '_ ii_i wl'll ii_ llii!kili_ttll'_i

iilill I lillllilil4lilli',',i Iii_t'ii_t'_,

Pnrktnelon'll Dhtenae, It lili_ hi'i'll _liliWli Ihlll ii _iviilhl'tic ih'llll, MI_"IP,

Ijl'll(lll('l'_ I;lilrkhi',lllliiilll (ii.,,i_ll'(ll'l_ ill Iltlii-hllilliill lll'i!llllli',q it!ill llliil, l

llililil_ll_ _l_wl'll _t_ ill illlln, Thl, m., lllc.h,l_ _ti'(' I)t, iil!4 ti_t.,ll lit t*xllhlrt, Ihl,

tim. _Dt_ii(,w ini!i!ilill_lli_jil lt,chiiit/il_,_ whh, h (*itil I+('ldli('l , _jl' It,l,_l, ill,i'iltl ,

Ihl' cl'lh (lillliiil, tt'(I ill lllilkili_llli','i itim'ilm' illill Il',,,illill, hl'iillhv tliill'iitiii,

II i.,i Iikl'lv ihlil i+t,ll_ li_ltili li_ilt' ciiilUl_¢',,,i, ilil'hlililiit lhlill' titllii 141'iil,li-

¢'iilk' t'iil4ilil'l'li*_l Iil'i_'i' I'l'l! Iiiil*_, will lllltv! ' Jill*till ili lll)lliiliilll4 ii iliiil'l'

tiili_li_liallv i'tli'l'liVl, irliii_llhlnl,

I"llr llillh AI/_hl, illil, r',i illl(I I_iirkin.,lllli'_ lli_l,il_ll,_ Ihl, lillhlwilil, t lllllliihi-

Iillli ,,,iliillil,,,i illl, ilhililil*d;

. I".tiidl'iiiilthll4il" _Itlilli,'..,i will iih'liiil), Irli_l'iim' ri_k liil'tlli',,,i liir

,_til#,hl'inil'r',i (li_l'ii_l' wilh illli, lililin I_l ,,iiilll,fr(tiill_ (h.i|lil,iI llv iltl,,

_l._, rlil+l ,, _,llilii¢'il), _lit'hi(,t'lllililliil" _llilill iili(i iirlliill/i*iii-lil ._(gliiil, t,

. _iii(lil',_ lit liri'l'iilmll*,,,i (i.,ll,, (lil'tlU_', niellil*lil, lll'('iiiililittlilil, rt',,,ii(ll'ii-
Ii_il, !,iivh_lliliil*lillil) Ill I_lirkili.,,illli',,i (lill'iill' will (ll, ll.rliliiii, whl, lhl, r

lli¢,v lli-(,(llll Ihl, liill, l* (h,vl, hll)liii, lil lli lllil'kili,i_tii'i (lli!,iili, (t,,t,, t_lili -

,,iillliilit, l ti,.l_ wiih ii hil4h Viliilnili I'_ itlllll*lil liiiiv tli'llil, l+l lillliiiill

Piirkili,,i_tli'_ iIi,_l,ii,_t,), _illiilili __lil(lil'_ liiliv tie tlei'lilrllil,(l wiih Ilillli,

wliil (h,vl, lliil)iilliV(lll+lii;_lll , lilll, riil m*h,l'_lilil linll ,kil#,hl, illil, r'i illi¢,iiil,,

Ni.w ilFt'ill i_l lll'_lllll,,,iilil4 l'('_i'iii'lh ltll till, ll, llllil_, i vltt, lll_ ilt('hiih,:

Viitlon. lii ii tll*liiill ill (li,,il,llm,,i clilh, d llhiill'lilliii, l,h, vllil,(I lll'l,_,,lii'l . ill

Ihl, i,!'¢, h,li(i,,i ltl irrl,vl, l'_illll, (liiitilitt, Ill lhl, lilllil' lil, l'Vi* iill(I i,_tli_t,(llli, lil

lllili(llit,_, Nil* ilill_l i'llnillitiii Iitl'ln iitli,_'l,,,i Illlili) ll¢'ttl)ll, iit('(l '7ti ill

_dlh,i', Ill*ill4, ,,iill'lit_iil _ll' I_i,,,ii,r Ii'l,iililll'lll lit*lhiii('llillii lilii, li t'illl i*¢'lit.vi'

Ihl, l, li,viili,(I ilill'iiili'iihil lli+l,_i_iil'l , ii!l(I Iliil,_ liri0vl'lil lir llii!,i, ltl!lil' II1'1_'1'

iliiililit41,, bill il i,i illilitt_i!ll(, I_l (ll'll'l'niilil' whh'h iii(liviihilil.,i iiri, ill i'i_k

I__r i.Vt,lilil_il vi.,,iiliil I_l_, l)ilcltV¢.l_,, ill' wiiy_ lit ili,!l,l'i llh!iiC(llllli ill ii_ w,l$,
_'_ii'li,,_l _ilill,li% t)_'ti_i*l, Ill'I'Ve' (liillliltll, lll'l!lll't, i,_ilnli()rllilil, Ni, w _ilidii'_

_li Ihl, i'iiit<_l, iili(I lll'l*Vl, lili_ll llt¢illill'lil'lt ill'l' ili,_(_Ill,l'(li,(I,

Helirlnl! I, 'l'hl" i,',i_llt' (it lit,iirilit, I iiiiliiiirnil_lil ii_(tcillll'd with iitlililf (lirl,_ -

I llvl*ii_i_) i,,,ii*tillil)ll,..,i illi(l ililillldl,_ i'l.lllriil ii_ wl,II ii.',i Ill, l'ilihi, riil iiillliliil)'

tl,iilili'l._i, ,_¢,tv Illi(lilllts lll'l'liiiiit,,ll',,i ill ilii(lilill'V _)'.,,ill'ili iiliiil(illi.v v,'iih

_il,lilil,, I _ill,lt_l,_il lil,w ilil'!Jilillli,,i ill i'l.._l¢iriiliVl, ililel'Vl, lilil)li,,,i, ()lhi, r
rl'_l'iir('h i'i,,,,iilll,_ ili(iil'iill, Ihiil, i*Vl.li hi Ili_l,,il, _thll,r ii(hill_ wli_l lli(l_,'

Illi _il4ii_i _)t' lll'ril)hl, l'ill hi,lirhll, ( h_ ii_ ilit, li_ilrl.iI li)' iill¢,li,,,iil$' (lisiTiiniliii-

iitlli, ti't'(liit'lil'_' (li,,,icrilliiiilllitlli iili(l (lill'iilillli (lisiTiliiilililillil lli,,,ik_, Iht, rl,

l'iill hi, _it,lliilii'iilil ill, clilil-, ill liii,li,,,iiii'l.s (i| Cl,lill'iil liriiin l_illil!lilllii,

,,,,ilch ii,,,i('_lTt'Cl li'llillcli*iil _ii(l(,riilt_ iilid _l.(llii.li('hll_ ill' _t;)l_,l.ch_llilli(l,,,i,

'l'hi_ tlii(liiil4 _illl,ll,_i,ll_ lJlill fill'lJll'F I'i,.%t,ill'('h lili i'i,llll'ill J)l'ilill Illt, l'hil-

iii,,illi,_ liiiiv h'li(I Ill lii'w ilil,lhllcl.,,i _il' i'l'(llil'ilit4 lil,lilili I illllJiiirlni, lil ill
ltl(ll,r il(llllls,

f

Ill'i ,fill' ill llll, Jtliiill ll|tlll I 7111111 B
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_lliil _I"_lii)I!l,II ,il_ll'ill,t ,lllll Itl lilt' !lI'h/)ll'_ _l_li'lll ,,11_',i_ ,_1Illl'iIiI _llillil_

lil .,11,,i tit,' ,lt._' I.,_mi_ioi_A,ll,',i_ ,_t f,'_,'_ii,-tl. _lltI'llli,lil _¥iIit.' IJ,li,i
ht _1.'¢'i,tl. tllih'l I)i_l}ill_ltiilll )411tItl)_,ilia hiililt)4 till' tihl-,tl,i (llllt_t' Ii_t'i
_ot, IllilltilJlil'_, I_,(tlllt'il ,lllll iliA' llllal t'iill'l I%. I_¢'_l',lll II ttll ilt4JllFl hilihl_

ill)till ltit' Jill i¢'it_Jil_ ll'l II_llJlJllli Ihal Illtli[ h !ti Ih(' II¢'I I;t'lllt'tl| ill lilli't

lih. Il'l)li'_t'ili_ 11i1' illitl,l¢ I tlllli_¢'.l_¢' i.11t1¢'1 Ihitll1111¢' lliillll_ll (;!till t_lliJ-

lillll_ ,_I _!_i11_, illi_ I('_l'iIl{h t}tiil,t_, li.t, i_ll thi' _li|_ill)4 It'Itl_lllilJtlll

Illill (IJ_l|lltt'/_ illili lli_lttililit'_ ill t!l_l_'l ,_llii'lJ{,lll'_ Iall he' ll|lrlit|l'li.

i

It,'_,l,l,',,I Ih,* !i1,11!1I_t_ttlI_IH)II U





ttllul lu B 'h lvi(."  m(t M 'uud l)is)r(l¢,rs

lht' h,_lill iiii,'h.l_ _ilh lh¢' _',. hl ihi,ili_h Ir, h_Ivi,.. Jli_l h,_v ,i,_ II_,'

lJi,_lJ,'11i¢'_ ,_i ih¢' hlillhlil li¢'h,Pii_ _._l¢'ill idli,¢l _itI ill¢li_.idii_ir_ l_,h_1_.

ii11, iiiill _ili' _*t'l _il? l_!li_ ItIll'_lillli i_ i11¢i t,it_illxl_' hlillilrli|lit it_ _¢'ll'llli_l_

dllil ¢ iiiiit iiill_ l*itlt_itll'r I" iillliqlill_ II¢'W ltiI'ril!)il'_ iiIl(I illil'l_¢'lilitlli_

Ihlil lill_l,l Ihi' Ill'l_lili_ _il(llli Iii iuhh'l'_ lill llli¢lllhll' l}l'illih'lll_ tti ilil'tl.

h|l ili1¢1 t_ll_it ill i11',1111i,lilt're' l'lll¢'lt_ill _ iilill iiilIIlt' Ilt'ittllll'lll_ ill_I'

I1111¢1¢'ll_t_',ildt' t1_ II¢'_, ll'l_hi'ti_h!¼_, Ill'_,_,_m;it_'lllil|l tI"iillliIIIll'_i itltli il

iil_t itl!l)li_l¢'ltlt'lti itl _lltl tlt1¢1_'1_ht11(1i1114,_1Iht' hlilllilll hhlill itll(I
tit'P.¢ !t1_ _tt_!l'ili.

_h'llliil iiltll'_ _|tltl s!lhl'l I)¢'11_t_'iitt_itl ¢lim_Hh'l_ it1_, IIt1_111s qilil_ltlilliti!l_.

mt_ i_dl'_ ¢li_lilll!i'_l' illll| t'1 tllllt, lltil illk tllilillitl_--il| !_ti_i't ith)lIl' i_'lliP. ,.

i_._il llim _1dul_ { _,_1 Ih_' 11_11i,_1!_11t11_I S I:ilt hillii_n. Ih.vi, h_l)tll_'tll ,_1_

¢'lh'i lilt' II_'_lllltI'lll_ _,_,_.ihl Ih_'1¢'1¢_I¢' inll)t,_v{' tl,_l ,.llv Ih¢' liv,,_ _t

I.,.hii ti_il_ ,_1 th¢' ttiilhHI, N_ i¢'lili_l_ dlt' II!i_ t41tillJlll_ ltlHltt' tli_iKIll illll!

Ih¢' I)ii_l,_ i1t hi_lilltI iII1_ hllllit httllt' ¢li_I'it_i'_ Ilk,' _t tlilllillll¢'llill itll(I

lh'tt'hll)ili _ IIl'iilllil'lll_ I,, dl'l_l_'_i,.I itllll t_lhI'l (lt'_il_titlJll_ I1|¢'1111|1ill.
Itt'_M_'_, kll!l_h'¢l_l' ¢ III1¢ I'1 ltilll_ Iht, ,1¢li¢tlt_ ,_t li¢'lllltlllllPilllilll'l_, hitl-

IIIttlW_ _I1ill '_illi111 liI'l)lidi'_, mitt h',lll lli i111itl:llll 111t.11I.I livt', lil,_,_' Ilt'ill-

Ii1¢'II1_,. _ h1'il¢'l tllllh'l,d_lllditst, l i_l i llihlh,..I d_'_¢'h_l)111¢'111 II1_Iv I{'_ld 1,_

htl I_ _ih'tui li_1,11ill illl_.,_i_ _li, _,111_1i,.1_tl ,_t I)_'ll_lvil. 1tl I_li_hh_'111',, (,,,11{h ii_

I A¢¢o111p1¼hmenlx

_¢'hl_ophre.lli, I_,.i_111_ _ lililli,.1 .%111_'ii¢_ili_ milh'l' 11,.|i ,i_ his,_l_li1¢'-

iliil, I'hi_ IlJ_t',l_¢' _tlik¢'_ ,it Ihl' I_liim ' ,_1lih' (,_ltl'll ht'_illltill X ill lltt¢'

,1tli!1¢'_¢ ¢'11i 1') ,i11¢1h.l_ it lilll41' l'¢ ltltlllliii illlli_ll I fill Ih¢' ilitth|ll, RI'I lilll

_1'i11_ liil_l' _t'l'll Iliitil)l ¢llg¢'hll)lll¢'lll_ ill l_ltitl hil_ 11111t4i)('¢'11 lill_l¢'k il

I!ll_ll'iitllt_ ¢li_',|_u. 1)tll ittl_ III1' ll.),_it_ !he° i|1_i (111114_iwilh _1111i-i)_t Iil_lh *

I" "1 )¢'lth'_ _v¢'ll' ilh'lllilh'¢l, ,!Htilll,II _111lli¢'_ ill¢lil i11¢'¢1Ihilt dll illll)l!l*lillll

I tlllt!llltll I_t¢Ill! t,il II1{' (h ll¼_¢'11¢'¢*1i_' ill m Ili1_1)11t¢'11i,1_*11_II1_tl IhI '_,

¢h'¢ I¢'il_c'{I tjiljlillllillt' il{lJlllt I)_ ,u ( lilt%hit4 IJltllitlliJllI' l('I_¢'j)ll)l_, ._ it

I_'_llll, Illi_l ¢' _l)_'_ ilh itlllil)_'._ Itl_lh ell 11_I__1,1 ¢. d_,_{,l,_l.'d _11t_1Iliilll_i lilac'

l'ih'¢ li_¢' ill !l¢',llilit_ Ililll'i' IIiiill 7(_ I)l'll {'1!1 i_1 lltll_il' _'Jlll _¢I|il_l)l|l¢'llilt.

R¢'¢ i'111 I¢',_1',11(i! _lt llt'llliHlitil_tllill¢'t' I1°¢¢'l)1i_1_ i1! illlilll;ll_ _11_ti_¢'_1_Ihill

ill it*Jill |llll'l' t i_t_l'_ ill I1,1 ¢,j)Illl_ t_tl Ih|J)illliillt' Ilili% Jliii_ il lt_l¢' ill I)_'-
t Ilit_¢'_ illl(I Ill¢'lliill¢' lht' ¢'lh'_ I_ ill _1|1111'iIlllil)N%t Ilttli{ (lltl14_, ]'itu Ihl4'l'
I;'t l'lHill _ Ilii_U I I'l ¢'1111%I)1'¢'11 i mlhttl'¢l ;tild Ihl'Jl j4¢'1t¢'_!l liilll'(I. J
IIl_l*_li_lillhlll ellI)litill .ll!il!Ji lllillili¢'_ ill_l tli/lilihl('llilt illl(l ttlht,l dimil, f
th,i _ Ii,1_ i)li)t41t,_i.tl i.ll)hll_ _illl Ilit, ltl,vl,l_li)ll|¢'lll iJi ii(,w t)l;!ill illtil_-

illtiI I_'_I_ll,llltl4i_'_Ihill illl,_' II1¢' Ililu_ ! lih_l.r%illil)ll ttt hlili!l itlLliVily,

lht dill' tit thi I|I_111i l_t_tl! I _llifll 1



I_F I .tJhii.._ _tlt,k t_l ,ii_jl.l,iiiJl, _.1|iil ,dh,'t ti_'ili,_it,111_,ltii|ii't i,_i i'li!,Ji._ i|i

IIH _tti,lill Ii,_!ill' trotli_iit¼ milli,'_ i., i_illi m hii, tjlhI,'i!i,t %iXi,,, ,l,i_ __,tii-
llh'lill'iII iht' I'F I m,,1 ,l,tt,,i h_ t_t_t_,iili!i_ ,h'i,tih'_il _,.t,_l!,_.ti, _l! iJii !l,il._

lii hi,Jill ,qtllli liiti'.t_ _liliit _lit Iitt' t111t_1itik,llll i"tl ,_iitti!liit_ li_i littillllI'i

tt,t!l' 1_','11 tim'il tt_, ltti,l_ ti.til_ ,_i idi'illit _11li_iil_---_tii¢' _iih m hi,,,il_li,,.-
Ili,t _1t111,.t! v_it!t_iti_ilid i!,t_' tt'_i'ith**d ,tl,l, ii ill_llili_'l iil t,.iitl lllllt +

liili" iliitt 1tiilt tJl,i ill lh,' m hi#,_,tihlt"ltii li_itIq hill Itltt ill tht' tllil m,tl

1_,iii_, _ilk_l_'ilitl_ Ih,il I'illii,tiiiill'lli,tl ,_t ,h'_l'h_t,ll_'itl_tl lilt I_,_, ,t_ _l,.ll

it!i!j,, d,'l-,'l,,i,,_' ithr'_ ill Ih,"il li!t'liim'_ I',,Ih,_l., _Iii l.'t, ftii ,il Ill;'

ill'ill k _||.IHX| _liJt i,h'_, ,'._, h _,'_,_l_.,' Illil' til lh'jtli_'!_i,!tl_lJli_ J_Jidl lit tt*

I,uh, |lL|i| '_ iti II'l"ll,,i_l'l_ itilil Ihi' d_l",l, lik,' m hi.,,,l_hll.iti,u ,h,l,,.,_,_i,.i

l;'lh'i l! ,I ;h'li, ,ii,' illll'l pl_l_ J,'l_¢','ll l'll_i_,,llli,'lll,ll i_I, l, li I _ilI¢I hiid, il_i"

i _il (b, lijt x¢'tll'li, _ltll! ttIIIV_I'I!I'tIt ) jill ltiI'_o _i lidi' i,,I j,li'Ill'til jm llll_

ill ih'lllt"_'_ii.l ,m,I ,ilh,'l ,111¢'1li_l' ,li,.tld,'i._ i,_miplu.tl*,i t_ Is_i. _t1,1

,t¢l,il)thllt ,dtldil',_, ,tlltt !*ltlhli_|ilmll liil I|li' illildh,llj,.i ,d Ill_di'; tll_tl

I" _'litui|t_i_ ii'l r.t'_ tl! _lt'on,' liltk,IMt"_ i. hi i, _l,l_ ! Itl,ulit rh'l. ;'.,_i_t' i Ili,_

,lt(h't_ l )ti tht' iHtll't lhttill, ,tll l'll%|illti!ltt_ltlitl i'%t'11t (l'_I_. litiliik t l|_j'_,

j,_h l,t_'_ ,it ph_,_it .d itijltl_, i ,_ut ,1;1 _,'__t II iKl.f,'t iltt.l ,'_i'til i,, ,t tll,lj,_l

,h'lil l'l_p, ,' ,'pim .h'

_ll_i_ll !hitt Itt!'i !' ,ltl' lildtt% t .11!'I_!ii If.1 ill tlti'm' Illi Hill eli!ill th'l i, ilii hilt,

itlt_ till' lll't_k ,h'm lilt'it m'itli.litl illh't !i'.i' djmilih'l lhill i_ I¢'l_t!l'tl t,t

ll'itliitlilt i Ihlltili'_ iti lhi ° itltliittttl tii it,itli!t!l, (_.!Itti'ltl li'i!'illi h ittiiio

i ,iii'l Ihiii ,illliitl _l! lii,li i,lil ill Ilitili _,_!iiil,_iittl ltillliltiilil ill ih'tiii'lliii!i

i,ili tii' i'th'i Iilt,k Itl,,ili,it v_ilh ,illlitlt,lllt,_.i, iill llii,llii iiliiill_, til itlil Iit!tii,_

ill li!lti,i Ihi.i,iliii,_

(:htldhlilid litilhiplntJnl, li il t-dilliiiti'tt Ithit 17 lit'li i'iil ill ,ill t tiih!ii'il
,ittil _iihill,il l,lll,_ lillh.i h,itlt liil iltiil tlll'lil_il lliiiilitt,ll lhiil ,_i'li'ii'k

illilt,iii lht'il iiill'lh'l tii,il, l,lliiilitilioil, mtt iiil ,iiill hilliili,il tiilil Ittliiiii X

I_li*it'iitl I1 lill't llii' I,ill tvlit tli,! ii¢li,,_ ill ih'!i'liitiiiliti!,il iii, iil iitlilihi_ +illll

t,li,iii,lii i il i_,t_iiil, l Ihi' v,iil I,. iilldl'l'diillilil!tt Iht' illith'i iiliil iilltl tit'itlti _

f ttiiilllltii it! li,iil.l! llt i hih!htilill hi'hittililitl itiilitlh'/_i, +!it!illlill lttlilit._i till

c Ihl' tlt,hiili, iliil illlll lih_!iilhllilit itl l iitl,il'ililt'iil i'i tlt li'h't iki'k tlilllilililtl_

i i'llitili lit'!iltiliitli_lllillt't !tlli'liil, _i!t h ill lhl' ¢tii!t,iliiiill' _t'ltt'tti, Ilhit'

_lii'il li¼hl ttii I atlitlililtlil liil h ,ii ,ilii'iilitl!i ih'iit il lli_itlih'i iill¢l

l_liiitl'!li"l lttlihlillil', .!llhlilililiiilll, iht' ii'lhii'iiii'lil ltl tlilit,liltillii t li!l'.

1i,t hll ilt'hil_littl itl ili'!iilth'i l, Ihl' lh'tt'hililltl'lll tlt tl'iil'lii IiIIkit¼1' llltll.
i¢'_, iill_l litl_i'l!,iliiilii _it hl'l¢'ililiilt liiiit'l tiil i i'l I,iiil lit'hii_iiiliil dim..

dl'l'_ ,ili' tilil'liiil ¼ Ihl' tt'itl hll i_h'lilil_lilil4 liiUlit itliii t_l'lli'l itl_liii iiilu¢i

_iiii tti'liiil ilti ill dim. !h'i _, .lliiiillli, hil I'_iillilth', il ii !h'll'hlltllii'liliii ilia,
tillh'l l,_i t,diil h lii'iil_illlili_tililli'l lliiilii'_ _!ilit., _I'h'tiill'll li'l,tltlllili h'l.

i'll, PI'71,ii!tl !'h'! 11,_t,ililii_it_i_ it iili_ lllii!v tiilli liltlililk illtliiiili'tl ilili'l-

,it lil llil tii'llli'i'ii Iliiiilt li'l, lilltll, ,ilill t,li'iit'lh lliltlii'_ l t'Vl'iit Ihl' ¢iimll Ih*l '_
i!l_tlii iiilitiil vdlh Ihl' _ I hl'lililttmiltlt'.

II



A!t..h.ilmm_d llruK AhlU_,,_ il,tlii_1,_,.,*i._,,illiii|il11,1,iII,i_,i.,_t,,,,itlw

i,_Oul!h_iillIliill!iflllI_ hi_!iI|I_i_l_*ii1il_flu'__Ui'_i',__UUi_._m_Hil1_'_U_"_

.iKi'_illah _li,_li,_llllh1_,l_!_'i*Iili,iIII,iill._iiillii'_lli!li_llliiIi_Ii,__ilIIi

Ii_',,,_I,_h_I._iil,_,if!_,IIhi_lhriii_kI_.d,'_'h_l_illK ,_h_h_ii,_1_ih_lilII.'

._'lu'i_il._iu_l_ili_Ul,i,_,IiHilii,li'l_Iii'_il1_I!u_,.'i1_lhiHii,_l__II_oil,u

il,li,",IK,'lu'ii_l.i',Ii,_l..,ili_.ili_,i1!II,_,',_i_II_,_i._i,l,',_hillh,'I_l|_l_i'

i..h',li,__i|ll,'_i'_,',_i11_uhu'i_hiiil_i,__I__!h_l_du_,_,_uu_'_illu',_'

II_" _hi_.I_i R_iI_il, II,i,_i!_li.Ii,',__iI.'lhi_i,._'_p.u.lui_,.i_u.i

lh,ll'_I*II'lill'llill_'IIlllil_iIklilli|iill_it,tillilihiiIll,lhl,iLIIIII_.pl,,I

ih,iI,Ini!ii.iiii'_!ili.iIl_iii',_,iIi.hil4hh_'liHuoiu_I,r_.u,_I_ _..i_!illi_Iiih_

_i _l!_lh .t_ |t_ti_ _t,i t11'_ tt'_|tlt|11I_ lilll'_ til!it iillt't|l'lth _!ilhtl l l'llhlilt_ ili Ihl'

i111_ttlt_ ,it Ii_1' Iilt_tltt11_ ii ,I iitlli li!iti i_l iti_t_ II'i l'ltll_ till' I_'_1111iltK

tilt ttlt I'tt ,ltitl _1i,it Ih!'_ l_'t'll _lll_'ltd_'il i_h ,_1 h'otl ltl*tl, ill Iit_' ilitt'ht'tiitl t

I,*I i,,i ,_i lillll' i hltliri! !'_l_'lii'tl_t'_ _itlll. i_l_ hi_!. lhi, il lt_rllitlu'_ ili

iitt,ttlt _i_l!l,lil*li! t,_ !|titl _l'lt _ lillil Ii!lti_tlk t!_l*hll Iii !hi' itltlllt!Iiih,

itliiiill ,tl _ ltlttlilit_,tll _ lltlll!lt_l_t It,ii'_itllt_ hi,lilt' tliti ll'llil'llli}t'll'tl,

I_hl*ti _i!iitl!_.illl tll _ I_l_litt K I_i'Kilt_; _.it|i il'ltt itlh_l ttlillillll I1t,_t¢'_illt_

ll_itttilt'_ lilt _ iltl,itll ili II*l_titt ltlth Ihl' tttl_l tll'h'_iitlt ,ttill lice'lilt illtlll Illil _

tillli, It ,ilii.,,u_ ttt,tl il tlt1' Ilil'ttitih |i "Ulttl,til,ll," Ihl' _Ii'Iti i_ i It*ittl'ii

,_1,ttl illl'h'_iliil ilil_ittii,lti!!ti, _,ti!!it' i111t_ tiii_ _t'i t1!1 tht' ll'illtiili_ ,lliil

Itli'Iliti1% _t_il'lli iil Itlt' illi,tlil 1_tt I ,llt_thililil'_ ihitt ll'llt'l I th|, lil,l,lh t_1

1tlt. t.,111_ itllltith_ t_l iih _ ._ _t..itl h till itli. ill.ltlttliitl ¢ littl.!i|il._ !!t "lilt.ill _

_l_.ll!ttiilil." _ill t_* i1111'I_1,tt¢'tl i!llti _illliit_ 1tlt titl _¢ l'lltilill |Ni_i_ i_t 11',1111-

i!t_ _tli!t 11tt*I11!!i%,

()lh_l H_Irch, II1 Iht' It,1_1, lht' lit, ltl,ll ,illil ¢,tith, 1ttlt' _ll'lli_ t_!.Ii,

t itit_lth.lt_il Iit hl _ i!11t'i,t¢ 1i_¢. 11ill _t*ltittil|l' ltti_ _|i_littt !iltll ti_I_ ll!l_

tll,i i111t¢ Ilhtl ii,tt, i_,i! lh ht,l ,tlt_! _ h, ll illittlt,_ illltll _!11,|!1 Ili'!Jlilh'_ ,Ill' tll!!_i

i_tll_I_ll i_ !It' i lil'llii¢ ,ii Iitl_l'll_l'! _ IIh!l t _tli itltlltlil% ill flilllllll'lt Ihl'

,t! tilill ,_t ttt'1_¢'{ ,'11_ M_.h'lli Iii'_1¢'tttliti IIIt!1_ ii,i_t' h'_l Iii llu' tli_ ,_.

rl_ ioi _t1_h h!!lliitlttt*_ _tlilI tWlili_h'_ ill lht' hlilill, I I1¢'_t' 1itI'_i1'11_t'1 _ it1¢'
!tl|l'li it llttitl ill tht* _i111i¢_ Ill'|iittti_ iI_ Ih!' ! I,l_il ,|1 lil'ttt 11!! iltt_tllitil't _,

ihl' _i*1_ Ii'i I_tit t hlllilli4 I!t I1t{' !_I'ti¢'_ lhitl |,11| iilh, Ili¢, _iHiliit hltt itit!itt,_

_!!t_lllll ,llhiult ¢. _lti¢lil,_ itli 1tt_* ill 1ilttl ,_1 _1¢,i_i!1 iliil iiittttl,ll i1| Ihl, !1!'1 _

[

I _'ulu_ PhtlIl tnd P,lenlhll Ite,eflt_

Niiitli¢,_ _,!t ttt,tlii_i_tl _t1¢,ttil4tlt_ _,,ill)l_'_, ttV(lilitilit 4 I!l|tlli¢li_l il)lillitl_

,t!1t_t _t,t¢ ili,_ ti lllihillitt_ | lilll_ _1t¢,_11t,t li_t., Ilf.tlit_ illl itl iit1¢1 _%_li, lli_ illtitl_ _

_r_, t'_lWlli_l' ill t ¢'lhllitt ,t11¢1t11111¢'1ithtl hi,_h_t4_illlll tlt'llli_illtiii_Jlli_

ti't 1t111i1!114'%__t il'llli_l_ ittt' IttI_ IX't4Jllliilll_ i!I itill'141ilt¢' _tt¢ it _¢'t'llliltt4k

tli_11,11,1t¢' ,11tli1,_,tt ItI'_ ,ilitl itilll, ill I,|_1, t111 _11411'iti1'I !llllh'l_li|llllill!4 tlt =

I1,_ lht' 1tt11'111ht_ i_l t'tl_iltltt!ltl'lllill ,lltll hi,,l, q4il:itlt_t1IIt1_ t ittltlihttli'_

1!t Ill'll;l_itll ,111It I it1_t111itli1. ItE

II_,,,_h ,,i m! !t,,o_, 11111111211111 I



l li_h1.i,, il_ ,i,,',._ h. lllllIl, _!¢'_,'_|I,11i,. il.h ' lh,' I,,ih,_ii1_: i I ,hil ih-
ill_ih,'_Iriis'lhilIi';hilili._ili,__I_.u.i,Ii¢',I'_qlh._iililIlli!lhlil_l!li_,_J,1i!

h_'l'_,,'I'11111'Iii_,,I._,ilill|i;lil11_ilu'i,h'lililJq_llh.1t_l_q'ali',_I11_iil'iu,.h'

lli,Jh';||li'_iii__hi'iil,_ilh,4_lhllJlilII'.IIi'_I11i_itI11.ii|_Iliu'ill_'141al_llii_ii;

ll('Ilriill,__!Ii¢IIII'Iililiili'l_-¢_rk_:_} IllIch'l,dilllIlill_IiI_'ll_'|lli|llli¢'iii_l-

l'll_,iI,_lilli_'llhllhlrli_l,_,iii,111,Ihi_4,Itiliili,_ll,lh_11hlilm,.luh11¢'hhlin

lh,'ll'li'lll,li_',:_,'t_'¢_lttll'lh,Hl,_ltiXlili_*lit'hi' ¢¢'ihilit'ililllIl',_h,ulhl

luiu k,',lh ilul.,_,' ,qq.,,,ul.._ I,. _i_kinK ;!ii,,_ii,_11__|l:,ull l._w lu,h,,_.
lli'l_'i,l'k_Iionl,d,._,.l.p,pi,:¢,,_,_illi¢irt,Irii,_¢, illJ,011111li,ill.Nits'it

,,_'_hu_h _,.d,iruri¢h flu,lli;.,_li;._,d,,_1411iIi_¢'d,'_'l,q.u,'.l,u.l

lil;'i,'h'_ ,dimtih11,'iI11p,:_litlil ,i,'_" {111,'_li,_tl_il|i_Hil Ii,i_ _IIu' r¢.hlli,.1_hil_
h;'l_i';qlhlilillillI,lI.'h_l_h.i'_,'_lilhli'_h¢'ll,

X,"_,'_i1,II,hili_li4flu'm'_i,h'__uh'_illhr ilimr¢l_ilid,'ulihili_l.'.l_h,

lhr ,.'il_ii,_Olllirlil_|l hi, I, il_ Ihi|l Iii_1_,Iri_rr ,li_,.d¢.r_ _lii;h 11_
_iili_,_l_ll,rlli_l, iuul drihiint4 Ilu, ; ,.ulili,.l_ i11wlli_ h llt,:_;' II'itt}!¢'r_
tlti¢'l.llr, I_it_il itl_'t._lJl_itlitltl__Jl! hi, ,til_'¢t;'d ll_Willlt tlll(It.r._lilllilinl_ Ih¢,
II,|llt¢_l}tl_;_ii_h,l_% i_l lilt' ;lt_l}itltlill¢' itlltt _l'ltilllllilt IIt{'tll_lltll_illl_lllill¢'l _v,_.
II'lli_ itllCJ liiit_ _ IJi¢' I'll_il!llillll'lll itlll'litl i_ _'ilJl lJit'lli, _illliJ¢'._ ililll¢'ll ill

t hittiit I¢'lililll_ itltll {'hlltilil4 hiitill l_'¢l'tlh_l_ will h;'l I) _ h|t_ih _ Ih¢ ° hil_i;

,ihlltll llhtlilit'_ Iillti¢'11_i111_ _t hJlllllhll, llilt ltlitl llll' III1'¢;ttittli_111_ h,,' whhh

,illti11_%;lildi_ !lrlli_ m I, 1_111'_¢' _lll(iit'_ lliitt_ I¢',!¢1Ill lh¢' d;'_il411,_1!11tti¢'

rll¢'i li_;;, I!ll'¢|Jl,tliitll_ _'illl h'_l'l _ich't'ih'¢ I_,

I_i'_¢',tll II !111 ih¢' ttI1¢'_ I_! Ih¢ ° i!¢,l!lttltitll!illlillt, l'_i _t,lltlllllill illl(l lil!l '_

rt)ht_'l)lllillt' ill II1¢'1ti_11Hi_t.ih'l_ _ill t,. It_itltl Ihl' IIItllt't'tlh|! hii_h_l_ ,_t
iii'!tl! _11,1t1_111i11¢'1II'II I'111tli _, _1;_¢¢_11¢1Ili¢'_¢'11_¢'I ,i_'!l¢'lli'_, illill ¢ Illtlll_¢'_ hi

tll'lllttlhll lillll liltii IH,¢'i IJlll¢', (:lilli!ill Ii"i¢'iil¢ h i.'i Ilil;'( 1¢'ii I_ Ih¢, ,h,_¢'1-

It1111i¢'111_:t ,t¢ t 1ilii1¢' ¢liii_litl'ilit ilt_ll 1t111¢_111_lhill i'iltl !lilh'l¢'llliill¢'

illll!iill_ !ht' 1%11t'_,11 dl'l_lt'_,_h_ii_ Ii_i, lhtl4it _11I1|_|1t_¢°1_---i11¢ hlllillt_ _¢'11¢,ti¢

ll|iil I_¢,1_--,tllil it¢.111111ttt_i¢i|l il!ltl ili11¢ I11.111i¢ill 1¢,_I_ _ill i., _1!tlt4111 ill

i|llh,/11t iiittl i. ill ¢ ilhlll,h _,.11i11;1i_. i_rilll_ll_ , _1{,i)i_,_i,_11_ I1_1|111II1_, il_i}-

t iith'll _Jlll ttl ii_ ,lllll ,ih ,lllill ,IIlIl_t', AI/II¢*ilII¢'I"_ tJi_l'il_¢ ° illl(I lllJll'r (lt_-

r_ ¢'_t_1'_htlt'_' WJlh Itli_ ilthtllltitlhltl, l_t)lilllillt _'¢'lh'i'li%'t'IF¢';11111¢'111_ will
I., _1_,_,1,_1_;,(II,. ¢'i1¢h (liitt4111_lj¢t41111111,.t_¢1111¢'¢1tlht*,_¢'Ir¢'_t1111¢'111.__11'¢'
lik{'h;I_Ihl'llllilll!l,l11111:_iI_II;,llllrl__illililhll_ill¢°hl,lill_'_ill'lll_i

Im,¢'_ii_I_il,H,,_'ill_'_'kI,:i_mh'i_l,illdflu'111;,;'I!_111i_ni_,_I_l('li_ll_:Ili'_uli-

Ii,,Ii,_!,i111iil_,l_i_,_;i,il,Uld_ul,i-ui_u:i(+-H_,l_1i,_i_,_11_i_,ill(li.lili_Ililhi.

1111t,ili Iht' It,,I.' ,,I d_'_'_'l,,tlilltl ¢'_ru lu,ur {'lli{,ui,,u_ lll¢'(li('_llit_ti_ wiih

•%ii;,ltli_l_ _ill _{,_'k{1¢'_' Ih¢'1_tl)¢'111i¢ IIIt'¢lil'illilillN ti_1'(h'l)l ¢'_,_itlllilll(I
i_111¢'1hl'lli|_ii11,tl ,1i_,,i(1,'1_, _i,I ill_litlll t', I_'llli(l¢'_ tllill i111¢'1'_1¢t _'illl

¢ ltl Ih lt!lltl}ht-/t'll'il_Jlll4 hltlllltlllt' tl)1 Ihl' IIl%lllill-_lill!Itli!titll4 hllrlllllltl

Irt l'llltti--tl¢,illl!,l _Jl_!lit h t_'il_ lhl!lll4hl 1_hi. h1%'_i1%¢.11ill d_'l)l'_'_h.I
_t'YI'Iitl %¢'itt_ iI_tl--itt'l' I'1t1'I1'1111_I1¢'h!1_ _llldi¢'{I i_: !itl_l I1{'_' I'ttl!lllllll!tll_

lliill,IIhil",¢'I'IIi'_li_;l'iIIIiilI¢'I)I'¢'_IIIIiuli_.il'.,hllIlll°!¢'_l°iilTl!_I11llli'
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Violent behavior not only claims the lives ()f over 20,000 Americans

each year, but the threat of"violence severely detracts t]'om tile quality
of"life in connnunities across the counti T, The (tevelopment of"ef'l'ec-

tire strategies to prevent deaths and injuries resulting fr()m violent

behavior depends in part on our tmderstanding of the determinants of.

violent behavior that are associated with childho(_d development.

Research is needed to determine which childhood exposures and
behaviors are associated with future violent behavior, and which inter-

ventions are most effective and developmentally appr()priate to reduce

the ef'fects of"harmfttl exposuYe or to modify/f'actors f'otmd to be pre-
dictive (if violent behavior.

The clarification of"brain mechanisms that underlie cognition is likely

to be particularly f'ruitf'ttl in the coming decade. Technological

advances in such areas as PET, MRI, ME(; and EEG, that permit imag-

ing of dynamic aspects of"brain f'unction, will reveal the temporal

dynamics, neurochelnistry and sources of"brain events that comprise
thinking itself', Tile I.ise of"these technologies to evaluate human f'tlnc-

tioning combined with new insights f]om animal and c()mputer models
should ultimately provide the bases for a f'uller understanding of"the
mechanisms of' human mental illness.
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Brain and Spinal (;oral Damage

Si)ectaclllar ;is lilt* I)r_)gressi()ll (fl ilt, urc),st'ielltilJc kllc)wlt,(lgt' has h(,(,ll
ill r(,(t.llt decades, it ('ann()t y{.l rt, lit,v(, ih(. I)tlrtlelts Iil;It t,llClllnl)l,r

many l)alit, nls with iieu1'_fl_gical dis(u'dei"s. Mi(Idh.-age(l and t,iHt'rlv
int,11;111dwc)111enwith P;u'killS()t1's. I lunli11191c)11's;m(l Al/h(,itne1"',,i dis-
easesslill sull'ev ;IStllese (liscwders n'cJbthenl lhst (fl" lht.ir uiinds _111(I

l)()tli(',_ and tlwn eft their lives. This same age Ign'(ulI) lill(Is itseli'aI
im vease(Irisk (fl'sli"_ke ;111(1brain tum,.-s. Y_unlgslerssUllrace (levas-
Ultinl_diSC_l'dCl'Ssuch as ¢;;ulchcr's ;Uld l_;lttt'll'S (li,,ieases, Pec)ph, in

their I11(_sli)rc_dut'tive .re;its slill art, ;lllii('led with Iraunlatic in jul), eft'

lhe hr;dn ml(I spinal c(_rd, nluhiple scler(_sis and el)ih'ptic seizures, dis-

(H'ClelSlhal c;111(lallUlge tiulfil_' relali(mshil)s, sel!_,slt!elll and eC_Ul_mfic
well-being. Withi11 Iht' iit'Xl I(1 .Veal'S,Ille ('allSeS tfl' UlallV I)l"aJndis()r-

(lets ('(_lilcl w('ll l)e i(lenlilie(l, itl('lutling l]l()S(, Jt)r mn)'(Jtr(Jl)llJ(' hlt(,r;11
s(:lel(_sis; ,._-,Izllelln(.rs, 1111nlillgt()n's ;Uld I _ll"klllS(HI s diseases; ;lUtiSnl;

;111(I111ultil)It' sclei'_sis, I_eIter I1e_tllle111sl_u' these allli('ti_ms are _i
real p(_ssil)ilitv ili 11i(.(h,c;itI( ot(_('(1111¢,.l"11rth(,r pr()g1't,ssdep(,nds (111
_il)r(_a(l-l);ise(l rt,s(:.arch;ul(l rese;u'('11-tr;lini111,1_el'i*()rl, unitinlg l)asj("
_in(lcli_lical,stu(lies,;u)(lulkin_1"1111atlv;mta;ge (fl' _iewlv(lew'l_l)e(l le('h-
iI(fl(_gies lh;ll h;we alrea(lv _i%*_,,11pl"_unise _t' ,SllC(,t,s,,s.I11creast,(l rt,-

search It;lining is t,sse111i;ilI(_capitalize (111i11vestlllents ;tlre;idv In;l(le
;1ii(I I() ('n(:()ur;11_(,v()Ullg sch()hirs t() j:)11rs11(,r(,s(,;|rch (a1"('t,rs. Ex('iti11_

_leW(list (w(:'ries, i11slrL11n(,11talt_ impr()vinlg the mlti()n's }leallh, are
withill gril,Sp,

i Accompll_hmenm and Future Opportunltle_

Traumatic Brain and Spinal Cord Injury, Tr;ulma t(_the ('enlr;l! nt, r-
w_us sVslenl is ;i iii;!i_)r i)ublic he;llth i)l'_l)leul and 1he f()cus ()1'siglliti-

('a111res(,iu'(:h (.l'f()rts. ()vt.r _dmiili()ll l)e_)l)le sull_t'r h('a(l injuries ('a('h
v(';u', and ()I th('st, ;ll)pr(_xim;11(_'l.vl()(},()(10(lie an(l :30(),0()(1retluir(' h(_s-
pil;11iza[i(_l. M()t()r vehicles cause h;111()I all trauulatic l)rain in.juries,
falls ('ause 21 i)er(:(,nt, ;ln(l s()nm, 1'2 I)t'rCellt ;u(, the resuh ()I"assaults (,"

()th(.r vi(fl(,nl acts. Each .vt,;11",,r),O()()Stll"Viv()rs()J'Ir;.tUlllatic I)r;tin in july

(lev('hq_ el)il(,psy. The ec()l_(_nli(' c(_sls ()t' brain in jula,,al_pr();ich $25 I)il-

li()n l:)er re;It. Sl)illal ('()rd il_juries h;lv(, l)(,rm;lnenlly i)ar;:llyze(l al)l)r(_x-
iln;llelv 250,000 ?xln(.ric';uis. 111;tel(lilies11i1 is estill);Lte(l !hal there ;u'e

()ver I:_I,0()0h()sl)ital a(Imissi(_lls ('ach year due t(_spinal c()rd il_juries.
Eve1! with()111p(,rlll;Ule111 d;un;Ibre, th()se wll() Sill"rive severe brain anti

sl_inal ((w(l i_jun3' Iyl)ic'ally nl(,(,(l 5 1() I() years ()I' i11tensivemc'clical treat- f

n]enl ;111(1r(,h;ll)ilit;lli()nl servic(,s.

The prevenltit)n ()f brain and spin'mlc'()r(l in.j|wiesis ;tls(_inlp()rlanl. 111 =_

stales with n1()t()rt'v(:It,helmet htws, in()rl;tlitx' r;ll(,s clue t() neur()l()gical i
(l;111_a_(.(:alls('(l t)_' 111()t()r(:v('le(:r;tsht, s art, hall' t}l()sc' ()f'states with par- =
l.iaI

()r n() llehnt.t legisl;ili()11, l)r(_gr;uns ;u't, 111,t..(l(.clt() il)(:r(,as(, the us(.

l)('_,uh' ,_l the lh_d_ I!I_H)_ _(I(10 n





Tllt+ir ilil+(' i_ i)ll(' _1 till' ; Ii,|lh'l|_A('_ q)l+tllt' I!tl, li)_,

,\'e._+_.lllJ,%.AII),% _il)i)_'_ut'tlill Ilit+ lill_' 1!i71)_, _|ll(I Illl' i';'lll)xh'ti._ Ili_il

I'_lil_l'_ %ll)_lll%'-I--mltm _illit'(l_ t_L.+(.II illilli(.I ,+_klll¢'l_il+itti_. MIllet '

Ihi|ll 71i !1{'1(+i'111,_1 All)N I)illil'lll_ _|1111'1_II;_lll II('tlll)h_i(+itl I)rt)hh+lii._,
'_+lllt*li _|I'_' lilt' i)riill,|h ' i_illl_¢' l_l(h'_|lh tilt Iliiiil%+ ili%'-I ii+|_ _| I)rv(lih'( -
li_ll i_}1_t _'11__1 Ill{' lil'r%l)tl_ _i_*_ll,lll _lllll itlilX _;'l'k 1h¢'_¢' (+_'11__ts_lhill-

I)_)lill_ Ilh.t ', lil|l_ill_ I,l|l'llt illl('l'tii)ll, I)_llii'll!_ _+illl II('I!I;)'AII)_ ,tl_t_

Illh¢' _| iil_!lkt'(llx ill( I'l'iI_;'(I iilt*ill¢'ll(*t' llllt l_l)(, _1 hill' I)lilill llilltiIl*,

IIl_,'(+_li_;lll)rS iil*l' IICP,%'II%Jll_ I() (It'lt,rlliill(' Ii11_%'IliA, _,*trll_ i,iili+r_ Iht'

I)lilJll IIirllilj411 lht. ll_|i_|llx illll)l'llt,lri|l)h' I)h.l(I-I)l_lill I)_|rril,r, i|t_'_' il

(I,iIIl_tb_t'_ ll;,r_,+t' {t'll_, i|llll llt_,_ ' il t'_l_lt)li_llt'_ h)ll_-ll'rlll rl,_ilh,llc*t, ill lilt'

I)l_lill,

I+_m_,I)i_r_!_r, (:_ltl._('¢l I)x' it Ii|i¢rll_c+lll)it _l)ii'llt'hl'i( ' itll(l _l)r(+_lll I)%'till%'

IJ( k_, Illi_ (li_'_1,_¢' l/t'_lll'_ il _+ilri('l%' 111(*lll_t)lli( Iit.|ll+_iltlk(i('al (li_ihilili¢'._

Ill,it (i)ltl(I I)t' _l_ (It'_,_i_l_tlill_ ill tilt' I_,)l,ll)_ _l_ _xl)hili_---_ll_tl _l)rt'ml h_,' _1

,_i)ili_ I|t'l{'_is ill lhl' I N!)I).,, Air;'_|(ix Ih_, (list,i|_(, J_ _|llil_l t'l)i(h'l||i('

ill _,'_lrJ_ltl_ i)itrl_ ill tll_, I 'llil_.cl _liltl'_, i_t'll_'r IIl{,Ihl_(Is _|rt' nt't'(h'(i liar

7".,#i,.I ,%#,_t_, I)ltlr(I/)tt)t'tii_ '%*_lHht_lt|t _' rhi_ (li_t_r(ll, i (|I('III+N i1()1 ;)ilk' ill

Ih¢+ !l_l)it+,_, I)111 _11_1iii Ih;, t'tlill,(i _l_llt._ illl(i ()lhl,r (l)tllllrit.s. Ii i_

(tl_ll_il('l;,l_jt;'(I I)X _l I)_+('_i_+t ' (lilti_;Itllx wilh wi|lkilll_, _lli(I I)illi{'lil_ Iilli-

Illillt'l% l_'(llli/;' _| _'l|{'t'h'll_lil, +!'1_{' I'illl_iil il_{'lll _1 _II|i_ (IJ_¢'il_t' i,_ ;lll¢)lh-

t'r rt,lr_lx+Ji ils, I I*rl,V+l, _..llJ( Ii _,+_1_i)r(._hm_l *, ith._llilh,(I _1__l ('_ll_t, i)t+

Ilttlllilii 1'-¢ ,,11 llL'llk('llliil, +rl|l, _l_,_c,Jillil)l| _! IrrlA'-I x_,Jlll _| thl,()lli¢, tli_-

t'll_(' (11 tilt' I)r_lill r_iJ_¢'_ (itl¢'_ili¢_ll_ _tl)lllll Iht' I_)1(' ;)t %+il+tl_t'_ill i)ltlt'r

(lll_,li(, Ii,,lll,)l,_k_i¢ (lis('_ln;'_ ,_lll*ll _INIIIIIhil)h, _c h,r,_i_, ++%l,,h_'illl¢'r'_ (lis-

i,_l_;', P,iil_iil_,H|'_ _li_,'_|_{' _|11(I (+i,rlilill I Xl)(._ ,)1 I)l_till Iii!lll)r,_, S(+it'llli,_l_

Illii% itll_i_%_(+lII1¢'_¢. iiIl¢,_!itlll,_ III1_)11_11 I1('_, ', (',_lrt'lll¢,k _t+llNJliX'¢', IIIcll('(+ll-

I_IIl)ilil_)_J(,llIt'_'lllli(lllt'_.,

_('_._('_ti<._il _ii,ill),IHi{h',,,()_I(',_Illl_'_i,lh(',,,(_'_l)iv_ll_t'_ll,whi('h
_;_,,l)_'_i_i_h ii_lit_'(l_ ,,h_'vl),ll;i__ll)l_Vm'v(l_i__i_mij_.'_'pi(h'_.i('i_i

__lllh'i_ _llt,t'_lil_,_lKi_4,1,,_l.(:,dh'(l"._,.I_'_+(li,_tm._t',"ili__I(li._('_i_t'

_)1 lilt, i1¢,!_,*¢_11_4_,_11,111,_1!|(I ,,I)lt'_l(I I_ _1II('W _lllilll_Ii _l_V(+iv_i)t'('i|ll,_('

illil't t('(! _1_'('I) _'_' I1_¢'{I _is _111ill_l't'(lit'lll III It'{'(I, II I1_I,_(Tt,_ll('(i _lli

(+(lllll)lllJ( (li_;l_lt'l IiH* Ii1¢' l_ri!isl_ _!k_li;*t_lll_r_ll ('l)llllllllilllY, 'l'h('rt' _lr(.

t,_lt_, ll_.s{, IIIl(l)llY('lllJllll_ll "il_('lll,_" _ll)l)t'_l/ i_ I)(' wt_rkil|_ hv (IJll(,rt.lll

I)x _lli(*ll iIl(,X Sl)l (,,1(1, _111(Ii)_s',il)h' ill)l)ri)_|('lit',s I_) tll('ir (()l|lr(_l, iit't'(I

I_ I){' ;ik_k_l_'Sni_t'lx' i)lll_tl;'(I I)t'tl_l¢, t'l)Jd('llli_ s s|l(;li _|s i11_1(I(+_)w (li,_('_|,_('

s!)r_,_|(I Ill i)ll|t,r _lllilll_ll l)l)l_lll_llJ_)lls, c_r (_)ll(¢,iY_l!)lx _I() Illllllilll_,

Epilep+y, l".l)ilt'l)_ x in i1()1 _1_i_lk_l(' (IJst,_l,_(, I)tll _1j41_)il I) _il_(litlt, l't'nl (li_()r-

(h'r5 _lli(.( lill_ lit(' J)r_lJll wilJl il ('()llillll)ll III;iilJJ('Milli()ll: rt,(*llrrt,lll,

(h,hilil_llill_ s(,i/til(,,_, ;\l)l)rl_xiill_ll{,Ix ' _._Illilli,lll I)(,()l)h ' il_ I1_(' t !llJlt+(l

,%l_11('_,I|_lv(' t'l)ih'lJSX,_111(I_()iI|Jllil_ll Alill'ri('_lll._ _'ill II_|V¢' ;11 I('il,_l C)ll('

s('i/inr_' (It_in_ IIl('ii liv(,_,, ,%('i/l_nt,s me' ¢',_ljlllill('(I I()_llt('('l ¢)11(' ()l(,%'(,I)'

_()() II('wl)()/ll Jlllilllls ill ii1(' [ +llil('(I Sl_ll('s, _|l|(l _i1'(' I r('cl|l('ntlx' I!1(' t_l'Sl

ill(li( _tlil)ll ()1 ((,1111_|1 ii(,l%;()llS sYslt,lll (l_tlll_l_('. Min'lillJly i_11(',%()f l() I)t,r -

£

I)I'i +lih' _Jl lhl' II+I+Iili l_.l_,lllI _lJ(|ll n



_t'itlllt'_ I.'1,,i_I liDI h.l_ I)_'li,.l_ _Jl c._ Ill mDIIrclllUlllh tli,II Ilmtl' i_ 11i1

Ii.iil_l,r_ iu'l_l,l,II ,illaLk_, ill illa11', upih'l)1i_ I)iltil'lll_, lhl' i,111,_1,,tl iiii'

m,i,,In_,_ I1,1_iiq_l I.'l'll Iq.Ulci, K_'i,,Ulu,, nla_ hu dillh IIll I_ ;li_ll41u_'_t'_ttu!,
iIIl.ll,l_lrl', !li lrl.ill,

,,tli_ill 7i! i)t,l_'l'lll ;_1IIl_t_u i'.lil_ _lllll'l rl,i'lll rl,lil _,i,_111i'_tilll _lli_lm -

r,_llilid ilu. ,r.i/lti_'_ _1 nl_ulv _1 Ilu. I!111,ttti1t i,._t)h. _dl,, (h.__.h,I) _,l_i-
lep,_e_ull_,_u, Whih' _u,_d_dr,,_,h_l)_,_ldrul,l',_irl,elli,_live.h. 11i_Ii_

l)_ilil'tII_, m,lU' hl)l',_ _I',_i'i/111_'_ _ll_' r_,_i,_t_ull I_i ¢111114Iile1ai!'_, 111m_111i,

,_1Illl'm ' ; ,t_¢'_,,_lll}.ti¢'al lll_'nlllV i_ 11;_1_'tlm'(I ',llrt*_',_lillh, Tlliuik_ ll_ Ii1'_

m!rl4eh h. _'l_ih'l_ _li_l_ htw,.n_' _ilii. iill(I, tllr wellm,h,H_,d i_1Iit,111_,

i'xlreulrl_, ,,u_T¢,,,_Iui, I._xlr.H_r_lilll_lle II1_11,,'h!tllll lu'w I_ltieill_ ill lhe

t_itl,d_l_li_,__u'l,,_Uil_ihh,l_uldi(hil¢',,ii.'_url,le|_li)rel)ih,l)me_Irhve_i,',

'rlu.ri,i_a nl._,dliu flu'lilrlherd¢,veh_l)lllenl,_illiemlri_ir_11_ll)i)r,_Irh

1_ epil_'l]_ ,drill' _u_l_ ali_uil _'_1!11i)_lli_,uI_ rt'rl'ivl' Ihi_ Ilu'ntl)_ ' _uu_li_!llv,

l)_,_i)il,' llle I)i¢lJ4t*l'!iNIllillh' ill 1,i111r,illi111,I el)ih,l_, w'l_' lillh' i_ kllllWII

iil)lllil Ilu' i'illPil'_i tli m'illlres, A llli!jtli (lU,,_lit_ll is I!i_v Ihe I)r_tin __ll.

lr,_l_ ;,xl'il_li)ilih ,_l II1'1°_,1' _'_.ll_,It i_ evid('ill thlll m_ul¢, li_i'lll_ ,_l,,l_ih,I)__'
IlilV¢" _1/,t¢'ll¢'li; h_t_i_, F,. ill_liilll'¢', it IIiirlllill ('('ll (Jill Ill, Irilll.,d}lrllil'(I

hli;1 all allllt)rlllillk l'_l'iliihll' rl'll I)V ¢1'1111illlVl)l'+_I_1_Ulli'lil _IIlIlllJllltlil-

li(11i. The lI'('llll{lhtl4il'_ ale 11{1v.'_lvilil,lllh. till idt'11iil_+hl_ III1' _lt'111'_IIlI|1

in_1__tl!_(l,.rli¢, Illl._i¢' lilltll_ _l'{'l_ih'l_',

,i.il,i/!lrt,_i IlilV¢, 1_._14tr,_,n _l_ll('iilll,(I _.vilil { tl;lll_l-+ ill hl,hitvillr, l.l,ill ilill_,

illi¢,lllillll illl(I lariu;,+_+_il1__h't|t'ii_ Ii;1_;¢' tt¢'l'li W_'II_h'_rrilr'(l in ; Ilihlrell

_l'il'llli+_I_ lllll_l I)¢'111'1i(i¢'lllil% _,IIIllll'r'+lilll¢l iIllll (h'vrl,_j) _l)twilh ' Ih¢'rit-

pi('_ Iill II1_' I_.111',_(11Ill'll;l,ditlal i11111ttlinaliliu_ ,+t'¢'1iill Illl',+¢' r_mllilhtll+_,

_lroke. KIr, lk¢. (; i'rl,lll_P+il_('lllill _Ili_eil_il') illlll _lrtlkt'-r;,h!i{'ll Ilritill ili-

tll,_,,i.,+jill, III;, Illir(I II'illlill_ ¢'il!l,u' ,_1(h'alh ill lht' I.'llilrtl KI;ilr_,

i,'llrlllt.llll_re, I)ritill {11111111_I¢,lrl_lll ++lr_k;. r;,i)r_,,+¢,lll., It11'lilr_(,_l _illi.lt('

I'dii_t' Iit II;'llr_l_ll4il' (ril)l)lill_l ill II1¢' |_llil('il Klille_, l'_il;h vl'ilr i_l)l)r_xi-

Illill¢'lV :}_'111,1)|111I)_'l'Sl_ll_ _lllll,r _| Ilrsl _lHikl', illi(I illll)lll¢'l' I lll),ttl)ll will
llavl' _l re(_urlvnl illl_u'k, A litih _1_lhi,,u, i)ali{.lil_ will (li_., al_(I a IhirH

I _ill I,'lltaill I)erlnilllellll_, (li_;ll)ll'(I, _lr(_k{' _ll_(_is i_url,a_inI_iy _l _ll_!ii_l'
t i_lllrilliillu I_1Ihl: hil¢,.lill, (h,lll¢,lllilt 111_11at'll.('ls illl_r¢, Illilll lwl_.l|iltl_ ill'

AIIII'Fi( illl_ II%'i'l' /'_lJ, ln(h'(,{I, ,+lr_kt' i+sIh¢, IlllP+l illlllll!llll l'illlM' ld'(li_-

allilil_ r¢,(lllirill _ i't, llill)ililllli_lll, ;111(IIlle illlllllill _+l_('iillilll(l l}llllll_iill

i ,)_l_ ,_l _IIl_kl, ilr(, _vl,II ,_('1 $2:') hilli,.I, Illli)l,'llll'lll;llh)ll ,)1 till' klil)wl-

l'11t.11'_.lilill;'(l Ihrl_lll_ll rl'M'ill'('ll, illl'lll(lill_ I'¢'_l'ill('h {Ill illlilllill_, IlilS

I'l'(l!llrl'[I 5ll{_kl' (ll'atll.', ill lilt' _'nil;'(I ,_liI!l'N I1%*_'11)I)l'l'('l'll!, _l)_'.', II()W('V-

l'l, _ill(iki. rille_ ill¢' ¢ lilllllill_ il_ilhl, il_ i.',il!ll' rl'_llllilil4 llilllll)l'l" Ill' l)i'r -
_,_,, (li_iil)h'cl l)v _Ir_k_',

Re_ r1_llv, _lllli(_al.lullln! _Irli_ were. _,ll_'ll I_ It. hil,!111}_(,lii,l'livr iI_

!)r_,v('lllillg ((.rlilill li./11_ I_!'s!r;_kl °. ,-Xilli!jllr rlilli¢'al lrt_ll _ll_r+_'('_l111111

ir('illllli,lll will! ilsl}irill ill wilrlillill _rl'illlv I¢'(III('('N liil, risk ,_I_Irl)k¢'

i11l)ali_,111,,wilh ;11rial i}l)rillali_n, (',(,11(,r;iI _i(l_l)lii_11 i_I _ll)l)n_l)ri_ill,

lieilllll¢'ill i'l,l_illleil_ i,_eXl)ecl('(l I_ rl,,_ull ill a 1eil;1('li_)n _)I _l),lll}il I_)

:}l),()()ll ,_lr,)kl'.s (,il(_ll _eill, (:h)t-(li._s(dvilll4 ilt41'lll,s I_iv('ll ill II1(' (lllsul Ill

B _l(l(lili_)ll, lilt +lill('_l r_',_l,_lr(h l_,_iili,+ I_) _t,x+rlili (,llli!(,Ix' ii_,w Illel+al)('111i(
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Impro_ !mOlng
techmmsum.
CT,PETandMI_I
Iolocalellnddiagnose
brslndiseaseandnew
surgicalleo!!suchaS
lasershaveequll)plcl
neurosurgeonstoper- 4,
formopersllonsnot
possibleashorlwhile: +



'_l,i_l',_ ,Dt Ililii, DI,IP,,'l, v11111¢'lil,I1,_11tflu' IlO,'oil,lli)_ll,Ult I,_,111,'hiA_ttl_

iu',_m_,,_'_t,lf_,'_. lh,, iu!i¢.i1'i11 ,,,i,lii,,,,_hi!J I..1_,.,,11 l.,lili Ill,u,. ¢,.ii,4

,tti,I t|,DItII_Ii ¢t'll_ litltil_ lht' t,lJli,ltl'_ t,tl tll,lllilXill x tlI_,IIiKIt_tlII hi,lilt

tutti,. '., ,u.i I_lr. _i, i,,til_ ,lilt,it |l._i! ,J_fiii_ till tll, (Jitill,i_t' lh_lti K'"'I

fiilt ql'%l_t t'll tlliliitii_!" t1!tt lllal hi iliii i ltilillitiit'illqt _ltltl Ihl _ Ii'_, lliiHh'!illt '_

I_ i'lh't till' ¢i!lltt_l|lltll_ II_i'll li_l I hl,lllltlh!,iiill_ ,!11liit%¢'t ttllltllilli_l'
Iil_il rth'i t_ 111t tht, I..t_, i_l'i _tll_l' ill tlt1'_1' lilllil_lhllt% I'_lt'il_i_l'

1i'_l'iitl h I!t'¢'li_ lti It1' t!ht't Ii'll Ili_illll lh'l¢'l Illillill_ llt_' ¢hitliil li'li_lii _

,_I .I !li,tli_il,tilt Ill_tiil Itllliltt _!11_ilqi'l il _illiil I Illtlli illhl't ii_lill'_! ,iiill

_ltiCLtl t ,ill lhl'll I11'1t_¢'iI_1_Iii¢' lilt_¢'I_ htl lhl'li_i)¢'iltii illll'l_l'itlil!ll_

N_urolleneli{ l)l_tordel_, ()1 ,ill _¢.1i¢.1il ilimillh,l% itlll,-hllilth ,llh,i I Ihl,

hi,till Jti¢l thr iltl'l_till_i _I¢'111 itl* l.ith _tltlli_ iili¢l l_hl, t_t'_l('ill| h ill t11'1t _

ltt_l'llI'lit '_ jll_.lthl'_ _li!(lil'_ ,_1l_t'ili['lii'_llk tlilll_lllilll'il ,lim_l*¢h.l_ ,_t tht'

Ill,titl illill il¢,r_!lii,_ _i_,,dl,til _ltCh it_i ilttlllilll_liltl'_ (li,i¢,_1_¢.,II1,1iI-_1t_t111t_
lililitl_i_. Ilillilti ,i, II_,_llllliil_. lh¢. ht'll'¢lildl_ illit_iit_ illlii lithi,1 L_lim.,|m,_

Iiitltli ti1,111_th'_ilql,llill_ ,ill diihllu..I dim.d,'t_ _lllh il_ I'it_*Nil¢ I1_

Ili_l',l_¢', Ihl' II'lltulll_lt_t,l)llt'_ ,ili|1 !liitli'!l'_ dim',lm ', ,I1t ,d _ili¢ tl

illig, il,llil% Ii',tlt I_, I)ti_ll'_i_¢' blititi ch'll'lii_li|lit,tl, tlI'lll¢'llliil _t11¢t
ih'_llh, %_ ,I _lt!_h', Ihl'_l' tli_t_llh'l_ i lllll, lllk ,llh't I Illltll" Ihiill i Illilli,_ll

I.',_ph' ill lhl' I '1|i1¢'11_1.111'_, _%1h'ltli_l_ Ill_l)_' Itl ill)l)l_ II_'_h d_'_l'l,_llull

_l'll!gil !1't hllJilil¢'_ I_) Iht' ¢tiit_lltl,d_ itltll Ilt'itllill'lll ,_i ih¢'_t, tti_t*il_¢'_
.ill!l itthi'i lll'l_titl_ _i_1i'111flimildi'l _ 111itII;iil|ililtlhtlh' ii_qtl| ijlt'(I _illl

_1'1t¢'Iit t ,ill_t'_.

Willlill lht' lil_l ch'l ,tth', _t it.llli!d._ Ilil_l' hh'lltil|l'tl Ih¢' ¢ht,tllltt_lilllitl

h. ,iliilll h. _l'_l'ldl l_l'lil'_i il_ti¢ i_11¢'¢1_illl ¢1i_I'it._¢'ill !he' lll.t_illtll q_vil¢.lll,

illl hi_till_l Iii,_u ,_1I lilll!ill_{litll'_ ili_¢',l_l, !¢ hltltlll!_ltttil, i), lil'llt|tltt)lli_

lllilltlMil I (i hi tllliltlillllil, I?l, _,._ I lil_l.'bl .ilill_ttl ¢1i_1',i_t'(i hllllllll_tlllllt ,

_ J, I!IIit't i llt_ _i It'I i i_i_ ( 1 11tI Ilti! t_t llllt'_l !! illi¢l I I ). Ft i_'th ¢'it t1'_ iii,t_iil

(t liltilltli_i!tll¢' !t|, itlii_l)tl!lli¢ ltll_tiltlli ll_li_lli,I (I hillllittiitllllt ' 1|),

1)11_ t11'11tlt _ IliilM I11_|1lh_llilllh_ i_ I hltllllilMlllll') ,t11¢1!11hl'l_, / ItI'_1'

_l|lchl'_ tto1_¢',llli',tih h'¢l It_ I)l¢'_lill}ltlllhllit ,lli¢l I illlit'l (h'l¢'l lillll iii

ilt,tli_ ,lim.du_, ,11tll Iii 1!11'idUlllith ,l!ittlt !_t lhi' (li_¢'_1_t'_¢'t1!' ill Itlh¢'1_,

I iii* I lt!liiil_ _11h¢'_¢' _¢'11t'__ill I¢'_ul !,_ ilittl_;' ,11I Itlillt' l¢'_lilltdI illill I_t

II1¢' ihgt'ltlliltl¢'ll _1 II1_.1_'1_%_1t'111_ill _tlh tl IIi I1'_1I1_¢'1 II'l'itllli¢'lil_t,

m
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Il_lll),ill,._,I..,,,,Souh.ls,hh. iliX,_i,di.i,h1_lill_,,.lWiii!iK.l,Oilili!lK,h_slo

_tll, itl K _ilisl t.,_i, is. tllli, lli. ,dlh,.l_h th*'ti _ i_ IIIiH It t_I'i fill)ditilttl_ thl.

,,il,'_,Oit_'_ll..i'_i*l%S_d'_lliivhi_lili*_!h.llllu'l'_'d iiiil'ImiJillii*_ilhIlls'

_,.I,Iilli_lliiiIil,ol),_l.llr,_%1,,_iloOllllilillis.ilioHlJllil_l'll'_,!l_di,.!Idi'l

,II,,ili_,i,_ihh'_IIi,illiilhlhll,ilili,_I__iIt_IIII.IiI,_.IlII'IIIIIHII_iA,l'lllhl'ilihl

l!il.l_,i,_i!i,l,,l.*s'lii_l,uh'_llhllrlli,d,.i_,llh,l...l_,,iIIu"_'di,.SldrO_
ii,i_!*I.'_,Iiilhll_Iii,II_'I_lillki*dh_liiHlhlliihls,,._,illiiVllhllll.hliil_ilisOl,

Iti !hs ' i,t_1 dl'_ ,IllS', tl,_,_i'_t'l, iit'iltr_tisiio!,,, ,,_il,Iits I'_ iliitv !N'¢'li ittiHh'

h,,_lh i. _l.,tr_,mu.ti._ ltu _di,,..,h,l,. ,..1 .i Hi_,'_,ls_lmt_ i.i'_i"ltiis.i ,iiul
llS'_,ttltts'llt itttt'I_I'IIiIIHI_ ho lh¢'IIl,

|'IIllVi_hllldilI_Sill'ill_illl_.llillllil'lilillli'_ill_,,iiqillilllllllhilliSilldllll

,,'_,l.lld¢',II!i',dh.i,,._ill_l'il.i_,iiiiiill,IIl_ll,lll,u_ _llIl_lilllli'_,ill|hld.

i,i!_s i.,ilii, _II,_,.l,l l_.il!i,,_Hlii ,0 K*IIII'_IU,_ll,,lll _lu' ,'Ni¢'lll_ll _-I hl. l,_

q_lil¢'llhs'|ll_lil|,Iil,'iII_,h_l_,i'_',iilKlll,'hl*..iJ,Imllh,lllhi'l:[!.','_,',

_iii_Is',l'lhlilli_i_sllI,iisli,_,._l._v_illillSlll_l_iIllhlliIJ._!'_l_'_*d lhi'h!dillo

IIll_Iriilhli,_IIW _,IiI'._lilli_,iil__i,,illh,ll,'m,ilIi.,,,_,,"illIII,'I..I_,,

%I,_il*,_,'l_.iIIili,lI11,iIl'!l'lllilII'llllOllI_.iii',lhil.iilillilllslll_illlIillllll!iS

IIl_ill_*i**I,IIiS,lldi,,*_s'u'

I A_'_'.mpIkhmt, nl_

VGtton,_*'s'tltl4,,I)l,'s14SOtth'!,lil, ,ht.h ,ttlllt i_l, ol lii_sd_r_ ,t _,'liV_ ,,I

hl_hh s ,0tlllih _ Ill,. ¢,_*'_, 1 I!l'_l' ills htlh' _¢_,i1¢hill!4 ,llltl _1,tllllhl_ i'Iv

I!illit'tlit*lll_ 1il ltls ,dill' .tii itti,i_t' 1111Iht' if'lilt,l; I i't|1111t1_ I,. ,tlit,lliilti

!|t ,ill J!tll iS .ill' .I!1tl _i'tl_lh'lilH*d _¢'l t!l i t|!1ttt'¢ liS!lt_ IJi_lll!h.tttl t° ,II

,ilt_ it,tt I _t tht_ s'l,tt!to,tts' ,Ilttl t)tt's i_s' _1t'!11 i ,itt Ihitl II1 _t'l isllt_ li_tt,tl

_t_illl|_li il*!ili_ll_ thl_i' ith'illith',l _1)¢'! il}i I!'_illlt'l til lhs' tll_tilt ill_,d_t'!l ill

Iiii' IWtt ¢'tlli_!t 10t IIHttt, l!tl!liiili jI!lt i I|lltl, _ttil h ttl,llliltt(l_ _IHilI. ttt itlr

1illt_1 liolltlth,_ ll¢,ttl.tltltli,iJtlitlll_l;!¢ltllilt_ ill Ihl' hlitilt, _ih,llli_t_

1!_i11_4Pi' 1 _,,lt _is'_ ,i Iltlt,t._¢iill!¢,!l_ilHlill !li_t!! til ,Ill li_ili¢,_ _t!th il_ it)llll

I1!it¢s'_it1_4 (tl ilHII!!itl Illlltl._it!_ ttt stith.ls.ltl tll,iilt ts'_illltliitt _i hitllt,tll

•_littlf*l I _Ii!i i_ ,!t_tiil_s,. %IXI 1'111IX' Stile'if ltl llittt'll'ttli,tlt' ill licit' hliiH|

11'14ilit1_ 11iltlt ls'litli_._'l_ illitt lits' 1¢'_ittli_ _!tJh, ,1 _ithil*! t i_ iliilsl_l.il iil

_i_itllt ,ti ti_Hil._. Ilttltllttll_la_il .t! _lltslil,_ Ii,t_t' Ird t,_ ihl' tls'_¢'lslt)tltt'lll _1

tli1|11t!t h,ttill ,tllliJ)_.lil'_ I,_ Ji. ,11t' _I!|'¢ ith iliilt_ltlilil'l_ tli Ills' II'litlit _lttll E"

ltW IIt_!itI ,1111!_litlI_ tl,_ Ittt'_ t!tlt| !ItHI,

i
Ili, lth tit thl' tll,tttl ttt_Ht I _tttltt I



I_lltt_th'll_t' tDt lhl' Ili'llt.II J I11 Itt1_ Ilhi! I ltllll,PI l'_t' 11iti%t_111i'1i1_II.t_

Jilt 11',1_t*11t.il)itll_ Iii I1'1 I'111 _t'.il_. I Itl _llitlii ,!l ilii' I11_t_t1'1!itt llii. lht'

'*111'i11,11illl!_l,ill;l." II,lql _iti%l'il ,I h_ll_{_t,lltdiil!4 i}il//h , ,tl Ii,t_ Iili. *ta_|

illl¢._i,llt{,tl itl ¢111t'_li_ !t'I{, ,iil.,i. _tl il.tlii_l_ h,l%t ° t I_l_,_ilil.iI li_,' lli_lilt! I

I_tlt'_ ¢_1i,%1. iiitl_l_llill.lil_ i1tl _ _,t'_liillihH_l II1.11 Ii.l|t'_ (_(}l,l) i,_illi_l'li II_

Ih¢' ill_ill_ itl h, ll,llll t' ill I1_' ill|ll'l I',11 ,!till lll'll)_ Ii, i tlllllll¢.ll_llt, h_! Iht'

illtllil!ll ill lht' hi'.ill olll_l I,.1_ h_ i_,','l_iil_i ihl' Idlt_l'l i!lla_l' _hlhh' t_ll Ihi.

li'lili,t. Ihl" %'( 11_ i_ ,! tl.lqJt il*lh'_ Ilhll _!tll_q ill hi_lh il,il l_lll',,_ illl(I iit_hl.

{ )111'il Iht' %( )R i,_ .1_f I_lilll,lllil'il h_ .I _i_I It1111I la_ lit |'_i' l|tll%l'illl'llllt
if'it'll ltl ¢l'illl'l llli _ t'_1' ill il_ l_lhil _ili ," tht' t'_1' I1,i_ Ihll hi.Ii Iht, lilllil_

i,_1. Illtl_l.t!lt.lil il_tt.ll i|! ,illlilill. it 1,11_¢,1tti ,_t_il._ I _1 hill_ll._l. _titi111¢*i

Iihtil i_ hi.hi iiliilil!ltiilt. I hl, iillh I_1_1, t_l t._, lillt_l*ll|l.lll ,llh_-_ ll_ Ii!

I_t'l'liilll i!hil.!l _hlhi¢.t_ll Ihl, tl,lillil ii_iI litii_l,_l.ilht.i iIi1_i,i ill ll_illl

Ilillhl.i it_i_lii_ I Itl'_i( . i._1, ilili_t_lllt.iil,i ih_ iitli _.111k i11¢1t.1tt,1i¢h.11i1_, hitl

lilllit.i ,il i, ! t _lnhJlll'iI illll-ilt_ t_1tlilhll_ I,i_1_ | *illh'l _h|lll!ill_ IIi1'_¢' _l'h-

lit h ,!llil ¢ _lllllth'_ iltli'tat tiliIl_ _lll_ilhl I)i-_i_ich ' It'1 lih' _1tlI11111 l,_t

Ittl llil,t il!_i'_ti_illilllt_.

It'iili_il_i It't t'1111_ hie ,!1it1'tl !111' _i,llt* i,_t ,t _t't i,_ll_ _'_,oiIli_tlllh'l, iltllll,itp

llhll lhilllill,llll tI'lillili_ Ili_llti°tlli_il. It_ ! hl_|illll_tIIIl¢' ,_, Hl.lillili_i i_i_t
Iltl'litll_it i_l ,t lltlltil_ tii Jtihl't i1_'¢1lli_t',l_t,_, _ It,1i,1¢ li'l Jtt'll h_ ,I I11t_1_'_"

I,_ ,II _i_itlll III11' It_ the' ch'_l'lli'lali,_ll ,_1 l)ll_li_ll'l t'11111t{_'11_ ill Iht'

II'lili,t ,_1 IIit' _'_l', I! i_ ,t Itl,tjitl ¢ ,lil_l' itl I)lilllllli'_ Ih,tl _tltl'l I_ IIitii-t ° IhItlt

Iitlt,tttX| llil|i_iihhll_ ill llti_ t lIlillll'_ ,Ihllll', M,_h'_ |tl,tl _¢'111'1ii ili_l'i_li_it .

I|t_11_ ill hlllil,ill_ _ill! tl'llllili_ I)t_llit'tllli_,l _tltll lit itliilllill Ililllalll_ It,1_,1'

Ii'_,_1111it,1tl/1'tl Itli_ t*lllill' li_'ht ,_1 tt'i_l_illl It. _1 il'ltlJ_l_ _11tlt_1ii_4 t),11i¢'111_

_illt .Ill ,lttltI_l!lll_il Ilttllliti,tlll I_1)_' I_t I¢'111111t_lIlj411it'llltI_,l, h_l ¢*._,1111111¢',

I1,t_1' II'_ i'1111_Jlh'illil|t'tt ,I Ilillhill!HI 11t Ihl' _i'11!' h_ 111tlll!ilt_lll. ,I

Itlt,lllttl't ,l_h. IH_ltl'lli th,II t_ I lili1.11 h,I lli_hl _i_itltl, Iit ,tlhlili,.i.

_ il.tilJ_t_ llii_!. Iti*_!ill i!! 111_ i1_i,i o111!1i Ihil ,tt II'1Jtt' !l¢'h'_ IJ_l, _t'lll'_i

,111tl Ill_ill'lli_ tll ,I Iltlllillt't ,_1 Iltlttl_t' .ulli I)it_,_l)liil,I lt'liihll lh'_¢'lll'l_l-
Iit _11I!lithllll_

Itl_tirIlll{o I}lttill_ IIii, 1,1_1ih,i ,lch' _i)4tlilil ,tilt I.,_!,,'_ Ilil_ !)t't'1t IIt,tlh' Ill

I1t11I¢'1_1,t11¢1iltI4tlll_ it!',tlilt_4 I,_ tlhlk ii!' I ,Ill,I'll II% ¢'tlkiiiIllllll'tllill t_i!-

II;1_ '_1tth ,1_ t11t1_1,,¢ltil_._itlt ht¢litl_ ,illlihiitli! _-._,llltl Itl_ill_, Wjlliill

It1¢' i),i_1 _hii, _ il'ltll_l_ h,t_l, i_ll.lllil}t,tl Itit. It_i ,111,,11_ h_l lhi. 14t,11_.._I1,1,11-

; I'!l II! ,I 1tllttt|I1'1 ,_1 iltlltitl !,1111 _!'111'!i¢ ,ilk ll,lll_lllilll'll h_ _1_,_1 Itt',tl itt_

tllillllt' I_1),' '._,_11tl Ii t_ t Ihtl,li tl'ti/t'll t1%I)li_lt'_'_l%¢ ' IIl',llill_ illll_,lil.
1111'111,IlIttitIlll'_ ,111¢1Ii, ll,ilti t' t li_ill ilt'l ,,,. (;1'1t1' lt ll ,tli')ll_ Ilil_t' ,ll_,_ Iit'¢°tl

iil,'|ililit'd t,_ lli'lllltliltlltltlotl!,_!_ t_11,' 1 ,ttltt I_t.' _, _l!i_ h I_tt.ht_ _'

Ii!llltll_ itll llt_, Iit*1 _1,_, i11¢IIIllilll_ lh_' .lllllili|l% II1't%1'

()iIli_'|Ililii lII Ili'l_t_il_ t_1'I ii,'i h,i_l. ,t lil',llilt_ lti_l! _ltlli, i¢'111 tt, iltlt,ltl,l¢.

_Jllt _1)!,1,t h itl'll 1,1)1i,_it ,lllil l,lh,_ li_t* i llllllllllltil ,tlii_ll, ,iiiiI It1¢' I)ll'_it -

h.lll i. ill _tt_ h I,t_ l i_l,_ _lth itit tt.,l_i!i_ it_t., ih,, i_l,.,i ,,,tl i_ I" illiiliit%

,11t¢'_It';I, ,|lllttt|tt4h t tlolll)4¢'_ ill lll¢* ,illtlilttl% li¢'1_¢' ,lllll Itl,tili _1¢'IIt I)l,_l)_l -

lil% ,|l_t| | llilltil)lllt' il_ lilt' tl¢',liiit}4 di_,-_l_'_, R_'_t'lti _ttt !_ Ihl_ ql,t_li

IIh!l _t!11 ,|ll%,till t11)4,l_r, i I'11,till lll'lllIHI,Ill_llliilt'l _ ,tit' ,h't_h'l_',l ,_l
lt,lhil i'll ill _tllili* l)t,titi _liiit |lii¢'_ Ilii| lilll iii lllht'l_,

II





l Future Plans and Potential Benefits

(:tnTently, there is n_ cure f'_wmany retitml getletic diseases tha! pt't_-
gressively tlestr_)y the visiont of people in all age gr_ntps, The. l)ecade (_f"

the Brain will see new stuclies el'genetic clefects that call provide
insights into lhe cattses _t" retilml diseases, its well its Ihe cleveh)l)nlenl

ot'ett_,ctive therapies to repair or replace defective gelws that will aid

in the cure ot" retinal genetic cliseases,

Optic neuritis is the sec(_llcl nit)st commonly acquired _,ptic nerve dis-

order in people uncler the age ot"50. Optic neuritis, which can

advance to nerve clemyeli-
nation, is often iinn_d in

patients who have or later

develop multiple sclermis,
The goal ot" research in

this area is to clarify the

h)ng-terrrt COtll'Se o|"

changes i:1visual function
in patients who have optic

neuritis and muhiple scle-
r(_sis. The research

sh_mld also help explain

the relationship between
the two diseases.

()ther impc_rtant areas of
vision research include:

I) c:ontinued use of

innmunoh)gical t()ols such
as monoclolml antibodies

to identify specific classes
C)|: Ilel.ll*OllS i|lld I() ]O;IFII

......................... more abotlt the functional specializalion that exists at all levels of the

Researchersfromthe visttal system; 2) determination of the identities and actions of the neu-NationalInstituteon
DeafnessandOther r()transnlittt*rs and netLromodtdat()rs in the visual system and h()w
CommunicationDisorders these substances are regulated and released; t_) deveh)pment and test-

aremappingthegenethat ing ()t" new mathematical m()dels ()t'eye m()vemcmt s)'stc*ms; 4) imalyses
causesWaardenburgsyn- t_t"the mechanisms of the vestit)td()-()cular reflex; acid ,5) refinement ()1'drome,oneotthemost
commonsyndr0miccaus- techniques ti)r imaging the eye and the retinal nen,e tiber layer, with
esof heredilarydealness, the objective of meastu'ing damage in inlclivichml patients ;mcl assessing
Inaddili0nt0hearing clinical research results.
loss,Waardenburgsyn-
dromeischaraclerizedby
pigmentarychanges,such In the United States, appr_ximately 2 million people h_st their hearing
asawhiteforelockof hair before they acquired lang'tmge (the pre-lingtmlly deal). A large portiere

and,occasionally,one of tilese individuals use a tbrm ()t' sign language as their prim;uy mode
brownandoneblueeye. oF commtlnicalion. Many use spoken English; many use both. The

pattemls of langtmge accttfisition in such inclivichtals are little trader-

stood. We need to stttdy patteHIs of acqttisition of t_l'aland sigtling lan-

guage and their relati()n to cognitive and psychosocial cleveh)l)ment

avnollg deal' children. Factors associated with succ,esslill acqtfisiti_m c_l'
oral language also ilet, cl to t)e ictentified.

ldentit_'ing audit_w), clysl'tmctions withill the celltl';ll IIeI'VOLIS sySlelll

v'ennai_lsan art, parlictularly when tmrelated inner ear clyst'tlnc'tion is

i



_Ll,s()pl't'sent, A IItlltlbt, r of iLeW(liagn(>._tic'tec'hnligtw.s tmcler inve.stiga-
ti(m, .such_usMRI alld PL+:[', nlay prcn,e u,set'ul ill this m't,a.

AI.s()nect,,s,smT are Intiltidi.sciplinm'v studies that t'c)ctnsml a nLunLber(ff
.specil_chearinngdi.s<_l'cler_sal-_(mtwhich little i,skm_wn. Methocl.s lbr
earl v dt, tec'ti()ll ()l';tt,c)ustic ttun()rs need to) Ix, relil_ed, Thert, is +ltLeed

t(_l)ettt, r l|xldel'stnnld IL(JV¢ilLft'cti()us age.lltm actually cause ht,+Iring h).,+s,

by liJlcling the h)cati(m t)f' damage +ttld cleternlining ILmvl:>l+enatalinl_.+c-
li(_ll (let'tit'S. Ill achliti()n, i'Ln'ther re.search is needecl t() cletel+lllille tilt,

incidence ()l._ex't,l't, hearing h).s,sremllting l'rolu lmcterial lneninffiti,s,

and t() (l()ctilnellt tilt' natural hist()l'V ()1'tilt, hem+lugh)s,s()nice it ha,,+
cleveh)ped. TIw c'atl,,+esand nlech+tlli,snl,s()t' spec'itic htngtmge ilnlmil'-
lILellt +.l+l+t,tlllkiL()Wil.

,4ti(litol T prt)l+lems ill children mid the deveh)Imlent ancl In+itur+iti(m

()I' li+)l'ILlai hearinlg are n()w al)l:)r()l.)riate sul).jt,t't+,+l'()r svstenlatic and
C()lUl_,t'ehen.'+iveinvestigatit)n. Research (_ll elnl+iTt)nic Inechanisnls ill
tilt' l()rnlati()n ()I" the n(,l'nl+tl ear told als(_(in |It)final, l'u|Icti()ning atndi-
t<)l+'l)atllw+tys ill the brain will ]e+Ldt() ;Ill uncler.stmlcling t)l" the mecha-
nlisln.sthat pr()(h_('e c(mgenLitaldel_.,(:t.s,m)(l +t_lability t() C()l+rectthenl.
Ill aclc!iti()n, nt)l'nL_LlInetal:)(>lic,l)i(_chenLical and innnul)t)h)gic c'hange.s
ill the nlid(lle ear, tilt, ('(,('hlea and tilt, l:)rain ()ver tilt+'life cycle sht)ul(l
bt, inve.stigated. "l'hi.s rescarch sht)uld be integl'_Ued with studies

l_)(.:tl.,+e(l()ll clml+acterizing tile ('elhllar Imsis ()I'hearing and the mecha-

ILiSlnsthat l'egul;Ite Sells(in')'cell l+egenerati()ll mlcl l'ec()vt+qT()I"hearing

ill d;tntaged +tudit()l+,+' .s,+,Steln.s.

l;'t)r p+itient.swh() hart, exteIisive eighth nerve CIttiLLtl_e bill are Hot C+lll-
dictates l'()n t:c,chlear ilnl+laut.s, netnl'al pr().sthe.ses iml+Im_t:(.,din) the cen-

tl'al att(-lit(_l'X' ILeI'X'()US sV+_teln Ill+ly })e +I s()luti()ll. Deveh)pment ;uld
aSSt'SSILLt'|_t()l'c()chlt, ar and neural F)r()sthese.s.sh()uld be C()ILtil)ued.

Sp_'t'cll di.,+()r(ler.s(,t:ctnr with rel;ui,+'el'|'eguenc_' f'()]l()wing brain injul T
told ill _LS.'+t+t:i+tti()ILwith vm'i_)u.snt'm+(>h)gical di.st'a.se.s.The dysarthria.s,

(,r speech t'XeCL|ti()ll dis()l'cler.s,(_(cur ill alln()st all diseases t)f the cen-

tral nelv()u._svmtt'm,incltlding l)arkinm(m'+_(lise_tse,aruv(+tr(+phic httera!
sch+'l'()sis,Ht|nti|LgtCHl'.S eli.tease and Int_Itil)le sclert_sis, Rese;u'ch related

t() the tn+dt, rlying bntin nLt'chmlimn+, diagn()+i.s and treatment (if

._l)t,t'('hcli._(_rcler.,+i+,+_It,ede(l.

F()r tilt' St,ll,_e.S(If t+tste and mnell, l'eSt+'al+chi.sl_ee(Ic(l t(_: I ) cleveh)l+

a(lditi(m+tl diagn(_._tic nLt,th<_(ls l'(_rmnell +it+elt_tste (lis<)rder_ it+,,yell its

i_ImLX+t||ILt'|ll.'+l+(_rlIL()llil()l'ilig theh +_)atUl'al hi.st(liT; _) investigate the role

()I' the ()Ifact()n+vlwn+x'ei_l tilt, tr+ULSl)()nt(_I't()xin.s and patht)gen+._+t() the
l)l+ain; ml(l 3) lilld tilt, (.'iLllSCS()|' (lis(_rdt'rs (if these SCliSCS_:lll(ldeter-

mine the pl'()gtlt_sis l+()rrt.c(_velT. Since chenlic;tls ;uld Imtht_gel+ic
()l'g;Ulisms Call _;lill elltl'iLllCe t() tilt' (,elltl'itl nerx,()us system thr()ugh the

<illact(its' Ill'ITem, it is llt,t'essarv t() (leterlnine wllich ()I' tile vh+Llses

n'esl)(_|l.sil)h'l'()r central nt, lV()t_ss),steln inlt,c'ti()|is travel this r(,ute and
ht_w tt_l)l(_c:kthis pr(_ct,.,+_.

Irt_tt||t, research tin +sl:):ttial()l'ientati()n sh()uld lie directed tt)ward the _
.T.

devt'hqm_ent (if+all artificial vestibular (1)alance) svstern, Thi.s vestibttlal +

"l+r()stht,._is"w()uld aid l+atient.,+witll balaILCe di.sordel's that result li'()in m

damage t() the (It'galls ()l"Imlanc(' ill tilt, +lllLt'l" C+.LI"(It" l'l'()Itl central and _+

l)(,<'+_dt't_llh(' lh++m_1!190m21)()() U
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pt'rii)lwral nwural clmnmge,Sillce taliitlg cf)l|ntittltt's _lsigilit]canl he;tllh
risk liar tlw elch,rlv, sm'h a svslem cf_talcialm_aid elderly Imlielits with
Imlmlce prcdJlenns. Evellluallv il ofmId help ilsll'()llilllls dun'inlgst,tls_)r,_'
;t(lapt;itif)ll t_ zt'rfJ gn'i|vit%' m_cl(Itnrinlg the rt,-ii(l;ti)t;tth)ll thai ()('('urs ()it
retllrtl If) Earth. A I)(,tt(,l |lll(It'ist;lllclillg lllllsl hI' gilit|('(l ()t' how heu(I,
eve mid lijnl)III()Vt'Illt'IIIs ill'(' spaliallv clirt'clt'(l in_Ihret'-climenlsif)mli
spilt't', Mosl l'{'st'ill'('h If) (i;llt" hils I)t'¢'11 I'('sll'i(:l('(I I() lii()Vt'llR'llt ill f)lit'

piaiie c_t'acli(m if) simpiil_' the cf)mplexily f_l'the pr(_blem, l",xpm_si_)l_
()['()tll" mmlvsis in lhl't'(' (liltl('ilstf)l|s will (?llllilll{'t' f)lll' tll|cll'l'slilltditlg ()f

,_.t'llSf)l'V.,lll()l()l' illlt,_rlili( tl (iLll'Jllg' Iliiltll'il] bf)civ Illf)VI'IllUIIIS.

Relationship wtth the Environment. Ant estimated 2,_percet_t _fl'ali
c(_mi_)Otlt_ds;t_'t,utettn'()l()xi(,,antd ;tb()ul '|4 pt'!'c't'llt of th()st' prodtlce
slll)still|liill sI'IIs()i)' _%'sll'l!t (IVsfllllt'ti()l|, Fqivsical ;tgt'zztssllt'h its tit)is(' f)l"
higll-inllellsity light cart als() (lillllil_t' sI'I|sf)I3: ()i'_;IIIs, All exlel|sive
re.searc'hprogram, I'_wusin_g()_ visual angelmLclitf)D' fun_ction, is under
wIIV If) ('x[llllil|t' the effects ()|"chemical or physical agents (m sensma.
funlclif)nl, The gf_alsc_l'Ihis px()gram m'e t(_ cievel_p procedures antI
stl'i|tt'git's which cm_ I)e |Isc'd to) prt'Vl, lit expf)sl.ll'e, ;ill(I l() pr()vide pIth-
lic echlcalioi] ;il)()til compounds th;|t ill't' tOXIC t() SellS(Ha' SyslC|lls. (S('O

If, z,ir_nmenlal hnpacls _mltu' tl. ma. Brai,, )

ComputatIonal Vision. A belier understm_cling of hLmmn vision will
emtble scientists Io design and implement machinw-visic)n syslems with
s()phisticatecl image-processing capabilities, (:ompul_ltionml models of
human_ visi()n with fc,tture eXtl'ilcli()n ;lllClintegr_tti()i| }lltvt, t)t,en (level-

()ped. By unclerstat_dillg and creating mc)dels ()t' ]ltllllilnl vision, sties-
lists hf)pe t_) improve humm_ inlerthce with realistic silnLl]itt()rs illlCl to
t,l_cl()w;itlt()n|;ltt'd systemswith biol_gical visual capabilities. Much
work remains to be done, however, Current resem'ch is aimed at

improving and developin_g new mc_clelsth;tt ;ICCC)LIIlt |()r visit;|] pl'OCt,ss-
ing thai leads l() the recognition of visual |'()rills. A new col_cepttl;|l svs-
tern has recennth,,emerged that explains theperceptual capability of
htmmns t¢_infer (d).jecl qualities fr()m trier)replete ()r mnbigu()us visual
i_tbrmali()n. The basic research (leveh)pments emerging fn'om this
appr(m(:h can_be expected to have broad iml:)licati(._s, Expected s()iu-
tions If) engineering pn'(fl)lems in machine vision, visual person-
machine inlerthce design, ;_nd rc)bf_tic control will lind extettsive indus-

trial application. New vis_ml prosthetic devices with the capability to)

serve ;ts a "smm't" visual pn'c_cessor tbr the visually impaired may also
c(9111(" ti'()11| sLIch l'est'itl'ch.

_|IIC]I l'OSCill'Ch f)ll the soi_s()x_y';rod (?()mlllttlliCitti()li SySttYlllS ]Ills I)tYOl]

pif)neering wf)rk applicable to the whole ]illlllitll llefVfRIS system,

Further research on the development, org;mizatio_ and Ftmctiont oF

lhe sensing' and communic;_tion systems sh_mld have wide-rangingsig-
nitic;mce t'_w understanding the principles of central _ervous system
:rod brain ftmcti¢)n that c(mld illumi_ate the sources f_t"v;u'ious neur()-

logical ;rod psychiatric diseases. _.

l)e_ ade _)t the I_r_dn IAP_JO• 2000 U
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),., )[ pmelll (Xthe l]Limml Brail|

TIw huumnl br_lill i_ th¢, mr)st (_Ju_pl(,x c_r_mlsvstt,lu ill tUllUre, WII_II is
_¢Jn'(,mmk_ll)l¢'is thin Ih(, I)raill bc_lh c¢_(_n'climllestll_!j¢_rb(_clilv tUll('-

_(l_l)lin_ff t(_m_('v¢'r-(hm_ffiu_ euvir(mlm,_l, The ch'v(,h_l)lm,ut _i Ihis
mm'w_,h_11_m:_(l_in_¢'is d(,l.r,llcletlt Ul>()ll I)l()ces_e_Ih_ll _11'('_,'t lilt()
Im)ti(_11_t t'_llCepti(_ll m_(I resllll 111il SlrllC'tllr_.'('()l_islinl_ (_tI)illi_11s
_1 ('('11_,

WIw_ pr(_c'c,s._¢,,_tll_ll ffuicle the _(,ml)lv ;lucl cleveh)plne'llt ()l the br_lu
_'(__wn_',the, rem_ltiu_ physic'M ;mcl I)(,imvi(_rM m_(_nvm!ie_i(,_cl I_ cli_t)il-
ili¢,s--clisabiliti¢,s tirol cm_(, e_()rm(u_ m_rhi(litv t(_the child m_d the

JillltiJv ml(i, 111111('e,11cl,ill'(.' IIle s()111"('¢.'()l' ('lll)l'lll()ll_ (.'(1_i_Ill S¢)C'iety,

E1)icl('miqd¢_b_islseslinlille i11_1Iill _ It):_ I)el'cc,ut ()1'live births I)l"_liu
(h.w.h)lmwl_l is IhLIhv, ¢:mlsil_ffIm_r¢,thin1 Imlt' (_t'_dlhmuml collffellililj
_b_w(_rumlili(,s(inncl_(liuff Ille111_11I'_.1_11'c1_11i()11).TIlt' ¢'¢_st¢)t'¢'i_riuF_t'(_r

SI_II('s.The,i'el()1"_.'_!c'(_111pleI_'llllderslmi(lillb_ ()I' lhe clevc'l()l)lllt'111111
!11eCllmli_111sresl)(_11sibl¢'l'()r the 1'1111c'1i()11()i' tile 11(,rv()lls_}'st_,111is
(,ss(,0_tiM:r¢._¢,m'chiu thi_ ilr¢'i| i_cTiticill l_r I'UIIU'e l)rew,_ti_m told
11'_,_I1111eIiit)i tlle.S('clisorcl¢.rs.

Thr(._, _,.,<i_ml_h's--1>irlhd_:'l_.'cls,F_r(_wthl_illnn'(,mwcli|l)m)rU|ill
l)L11)('.s('¢'n('('--_'1_'(,It) d()c'11111¢.'11t111('.s('v(q'itV()! the l)r(_l)l('In, Birlh
(l(,l_,(:tsm'(' i)(_wr('c(_guiz('(l _s th(, nm!i(_n('ril)l)It'r m1(l ('m_se(_i'(le_llh iu
in_tiu_t._,(',,',,'hi_s (_th('r ('m_sc,.s()t m(_rl)ictitv m_(l !11(_1I,llily ill this i)()l)uh_-

li()llS ;lll(l _il)11()r111_11ili(,__)tthe I1{'1"%'(111_,_V,,,ill,lll ill'(.' iLlll()ll_ tilt' Iil()_l (lL'V-
;_slati_|ff. "1'();1(1¢h'('_thi.s ¢'ritic'_|l h('Mlh i)r(d)h,m, r¢,s¢,m'c:hiu the,
C(_lUiU_(l¢,c_(L,.'must t'_¢'u.s_w_1heir _'ti(_l¢_ff}mid })l"eVel_ti_)l_.

l':mh v,,_,m,;|l:)l)r(_xinm_telyi()(),()()()Anu¢,ricmn(hildrc.,n_lhl! l)elc)w the
ll|ircl l)¢,rc:enllil(,l()r ht'ight _t sc:h(H_l;_g(,. Asi(I(, i]¢,m 11tili'ili()11_11()r
_(,n_(,[i(:Im.t()r.s,_ cm_s¢,l'(_n'this gr(_wth lhilLu'¢,will I)¢, l_)ut_diu (_uly
_._h<ml(me-!]!'th (_t"MTc'cled chil(h'eu, m)d ¢)1)lyI pt'rc'_'nl will t)__,(liit_-
n)().s(.cl_wsh_vinff _r(_v,,thh(_rnu()m' (It'l_cic'nlcv. l?_¢.'c;|us(,the l)n'_fixtis (.;l'll-

('iM i()r (:()_tr()llin)ff, nlornm_lF_r()wthm_d (l¢,v¢'h)l)nm'n_t,mmly ()I the
u_k_)(_,,,,'n_(:mast,s ()I"_r(,wth lifilur(, will be fi.Hmd thr(_uff,h deufiled stud-
i('s _)1"t)r_fix_I't111(:ti()1|,

Th¢' mc,lm_|(,rl)h()sis ()I' l:)ul)(,rty _lll(l the l)._yc'h()l()ffi(_l ('hi|n_g(.,slh_ll

a('c()ml:)m_yi1hil,,'c l()w_giutrig_wd sc'i(.,n_tiststold (.'liuicim_s,m_d there is
_ l_rem _(_(:'(Il_)r m(_,n'ei_l_rm_._t.i(_u_l)()ut the l)r_fi1|-(lire<:ted('llmlff¢:s
theft ()('(.'L_n"(luriu_, this stage,()I'(l(,vel()i.)m('_wl,"I'I_('_¢'¢:hm)b_('.'_i:_r()vicle

(h_Ina t'11()11ghwh(ql l}1(g'()c('tlr 11()r11|_1.l[v_itad()lesc_.llC:t.',bIil tilt'}' i|1"t'

.stm'tli1_g'told (li_rul)tiv(' in tlw (,xtrem¢.' v,,lw_ they ()(:CLU"l:)rec'()c'i()u_iyin

l)¢.(adt.(_Ilhulh_iu i_._!I0•',..'()()(_U



tqJ(hih,r_ tit _l)t'_,m*hl,di,t_, l.i's_ (lim'itj)liv(, l)ul i,(izuili_,' (,x_islr,H1tizzf_ ic_
th(, ilili, ct(,(l in(livi(hai11_ ,Iti(I tl1(,ir lilmili(,_ i_ tl1_,(h, ilr_'i,(i (_11m,tcDl*

l)lil)i'1tv ', ii(h)h,m'i'Iit_ with _hJ_,,,(,(li)lly._i(:_lilu(l ,m'Xilill d('vi'hil)tm'11t

cJl't_'tlc'Xl)t'ril'11('(' (lililv rl:jt'c*lil.l_i(:jl'cti_li_ vdii('h mltV h:'iiv(' 111_ti11_
('lll()ti()llill ._('ill',_,

(11'('li's li('i111h. Al)i)r(ixi_11im'k' :_ I)('I'('('11t i)l' th(' l)i)l)lil;Iti_ili .,lulli, r l'rluii ii

l()_s (_r,,'i.mi_il i'|lil(-li(lil ill ()it(' i,v(' (;uul)k'(,l)i_i, ()i' "i_u,.v (,)'(,"), il ('(,i(li-

Ii()l| IIl()II_llt I()r('.,,tilh I'r(ml ('rll_,,i(,(I i,v(,,,,t,ml_,(lllill vi_liill Jill)lit i)(.tw(,(,tl

the' tw() ¢'yi'_ (IIlrii|l, _Vi'l_' ('ill'ly l)ii,,,itlliltili (i¢'vi'h)l)lll('llt, ()r ('()li_('llitill

Ciltill'ilcts (lllril1_ il (riticlll l)_'ri_)(l_I (h'v('h)l)Ur'llt lllill ¢'Xt('ll(Is l'l'_illl

ini_m('vtilr_)ii_h_,,_u'ly('hil(lh(.)(l. l_H(h't('('ti'(l,tllis('()H(lili_n('iul h,;.l
t() li(,rm_uu.,nt l)lin(lili,_s lllill iN _)th('nvis_, l()t_illy i)r('v(,litllbh ,, MY(_l)i_u

()r ni,_u'_i_llt(,(llr,_s, i_ II (h"v('h)l)m('llt;il (lis(,'ch, r wli()s(, l)rl, vllh,n(,i ,

iiZcl'i'ilN_,'sIhr(Hl_h()1.11 ('hihlh()(_(l, l,'(,w(,r thlili _---)l)(,r('('lit _)i' Aui(,ri_,iul _)-

llt('_ iil)(l _,_ l)('r('i'iit _)I' illl, ii(hlll l)(_l)ulilti(m i11"(,reVeal)i('. P,()tll iitnl)ly-

11Accornplllhme,l._

[)11rJn/_ th(, l)i1.,.it_0 yi'il1'S, r(,.,.il.lu'ch ()11chihh'(,n hlu_ r('v()lllli()niz_,(l ()lit'

(hu'in_lh_,l)(,ri(_(lNl)_u_nin_1)irlhlhr(u_h chihlh()()(l, lulhlii_ ilr(' li()_,,,
kli()w11 i() I)(' ._'iIIh.'iII l)i'illf_S ,,vli(_,II'iiI'11, ri.ti1i.ii11)(.r, i, ln()li,, l)(,r(:(_iv(,

;li'tl'r t)irth, S(,i(,111i_tsI1;IV(, i(h,tititi(,(l c()_tlitivi, cilj)ii(:itii,,,,i (htrin_ inf'_m-

('y it11(l chlu'i1(:t(.riz('(l iln(l i'()lh)w('(l tl1(,ir (h,v(,h)l)1111,11Iillulih,_l()11(,,_

thr()ii_h()ut (:hihlh()()(l, 'l'h_' n_,,,vkiH)wh,(l_(, _:ilili('d iil)()ul lh_.,s(, l;u:-

t()rs, 1111(IIli(, v_llt1[' ()I' (,_.11"1_,,Nti111IlJilli(m ()11l)r_litl_i,i(l ('_)gt)itiv(,(h..v(,h_p-
ln(_iii, t'(irnil, cl ih(, r;ili()ililh, lilr .,,iIl'illl,llil, s I'_)r inil_iilI.,,i _it i'i,,ik _lll(I wils ill(,

lili,,,ii,,,ili)l" _(l('ilil i_)l'(lfrlilii.,,i .,,iill'h il.,,iHl,li(l ,l'illil'l, Tlii!iil'ii, s i)t'(,(ll41iili()n

liil,,,il,(l ii!)llli (l(,vi, hll:)liil, lillil ri,.,it,i_ll'i'h hliv(, _lilnulllli,(i Ih(, _r(iwlh ill'

lli()r(, liiiwi, rJ'lll (li(lliclh' Ilil,lh()(I.,,i lili" ll,li(,hilit4 (lilr cliil(lri, n iiil(i hiivl,

ilitiiriii(.,(I ilS illi()ill Ihl, lir(il:,t'.,,i.,,il,.,,iIhlil niiiy iili(ll,rlil, lhilikiliT,

T(,('hii(ll(lli('iil (ll,v(;l()l)lii(,iil.,,i ili Ih(, ('iil':, ()1'ill,Wliilrii_ hiiv(, inilir()v(,(l

Ihl, ir stiiwivlil iillil li(.ili'(ihll4i(' li(,_illh, *l'lil, c()inliinl,(i i, ll_.,(.'l ill' lht, lillill)'

.,,i(:i(,lliili(' _i(IVlilit'(,.,,i()1'Ihl, hill 70 p(,ili'_ hiiN I)t,l, li ii .,,iirikilil4 rl,(lilcliilii in

lhl, inili'liilil)' rlill,, T(l(lli), in(irt, lhiin (,t() i.)l,r('t_,nl (it" ililiililS wigl41iiiit, I !

!(t I,F) k14ill I)irlli .,,lUl'_'ivt,,liiil)rilvi'nli'nl in .,,liirvivlil hli.,,ilil't,n liiirlillt, ll,(l

I)), ilnpr(iv(.,(l li(,iir(ih)7i('_ii ()ill('()liil,, M().,,il inil:)(irl_llillv, Ilil, liriiliiirli(lli

(it vl, i}' hiw l)irih wl.,it4hl iiitlilil.,,i .,,ilirvivin I v,/ilh()lll hlin(ticii t) hii,,,i

iil(:!'l,li.N_,(I li'(llii ll,.,,i_lhlill 1() ill_r(o(.,lil I(i lit ll'ii.,,il (i0 l)(.,rc(_iil, N(llli, lhl.,l(,.,,i5,

il .,,iilnJti(-iiill chllllt, iil4(, i'(,lllilillS,

()w.!r llil' I;)iisl 70 )'l,_ll'_, il li_l_ lil'(,()llil! cll'iir Ihlil Ihl, ('l, lllr_il lil'i'V()ll_ _),'_-

I('lli i.,,ivilllit'i'_il)ll' i(I (lil'liil 5' dl'licil'iicil_, Th(' dii, llir)' Ci)li(iili()n_ Ihiil

_itl't,cl lirilili i,h(!lili.,ill]' iin(l t'llli(,lillll ili(,hi(h, l'hriini(' liiltrili()lilil (l(,ti-

('ii;li('ii:.,,i, which (llil, li hliv(, I_i.,,ililiI i, lii.,('l.,,i()li Ih(, t)riiili i1'lhi,y ()('(,ur (lilr-

ill t i:l(,vi, htl_)lnl, li!, ii.,,iv¢t,II ii.,,iill'Jill, ilillrili()liiii (h, li(:il, ii('il,.,,i, which tiri)-

duct, .,,iliiirl-Iivi;(I llt, ur(ii, h_lliicli] iliid lii_'hliviiu'iil t;tli,('l.,,i. 'l'h(, 14r(,iil(,.,,il

])(;i'i()l:ls ()!' vlilil(,l'_lt)ilil 7 l'()r lll(, liriiili iil'l, I_ill, 14i,.,,illiliiiii iili(l lhl, (,ill'l),

l)()_lllliiiil l:)(;riil(l, l_(.,(lll(:(_l:l pr(lli'in iill(l (:'_ih)ri(, Jliliik(.! iil Ilii.,,i Ihii(, lir() -

II



(illc',,_ (hqhi1_ iol _li_il _ull l)i,dil+'rmi,m ml(l lli',','lilli,'_lli,_il, _ill(i ili ih_'
dt'v¢'h)pllW111_I mmlt' 11t'I",+'¢'p_>i_Sli_lli_i1.,+,P1_It'i111111tit;lh)1h' lll_ilni111*i-
licit1 i11.,r_h'i1(Is Ic_11('111cJlri111,,+111iil('r(h,lh'iI+,+I11_iI11111_t,xii(_,r!mlt' I11_.

t.11duri11_1"t,_lllt+lic_11,,+i11iut,111_11i'1111clicmcd)_+t.1+x*(,(ii11(hih11+_,11_+vllcJ_4,.(:,rt,

_+_,,,*_,r_,l,,_11111hlcmri+,+ht'tli, ilrlv i!i l)C_sli1111111lift,, lh't,Uliilurt' i111iUlt_re't, it
.,+lil)_rt)111)<_I' _l)t,('iiIl c_ilt+t'r11,b(,cilu,,+t,Ili_,v ilri' (h'v('h)l)111('111i111_,' iiiix1111,
Itlrt, _111d111tlsli'_,c_,iv¢,lhvir 11ulrit'111,.+I'I(_i11_1ii_irtil'iciill muu'ct, by 1111

iilvl)it'illI'(_111¢'.'I'11_'I'('m'('l('whi_h_i('_l(hll_iillprt'._t'1_tI_f_lii(h'_II)I)!"_-

i)i'i_11t'_1111rili,_Iml._Ir_il(,A_yi_i(,!i._ilri11__plim_lc{,illr_l111¢,l'V()llssv.,ilt,li1

111t,l_ib_li(_ii_(itHl1(,ri'_itl(H_i111111t,11c(,ntllri(,111_1('('t's._I_)_111(ililili/_ili,m

l)v th(' c(,111r_iIilt,t'x'_)11s_%'_11.'111,_t11(li('s_)11lht'.,+('liil.'l(il'+'+ l'_lll_[' l'I'()III

_'11_,I'_'_t11_Iii_1i_illd t'11Zylm'¢'xl)1't','+.'iit_11It_ 111_u'l)11_)h)_',l)t'h_Ix'h)1"_11id
1'1111cIi_11.

lht' l)1'_'t,_v'+ Ih_11hm(I 1_m'u1'_d1111)1,'(h'l+t,t'l+,+,'+11ch_I,'+'+l)im_billtl_u
m_,,_ili_umx'vl_)ct,l¢,mid mr'ut'vpli_ilv. Tlu, st, m'_" _Iplar(mch(,.,+will l)t,i-
i11it Iht, (It'vt, l,_lmU,i)t _)i+rv._(,m'r'h_Irmv+&it,_theftwill It,_(l t(__q)l)r(_l)rimt,
illlt'l+X't'llli(11ls,+1"11('l't,('(11lllllt'll(l_.ili()llS t'lllltllittill_ l'l+(llii i'('Ct'itI l'(,_¢'iIl+ch

('()illi, l'('llt'('s st1"tm_l+vs11_F+_'+'+lI11+ii+IUililli(li+,+ciplinm+x+apl)r(m('his
lwt'ch'cl I(_ idt'nlil_+' tht, ('mlm'.,+_I +11_,t11'+_It11bt' dt,l't, ct,,+.

+,_(+(Plitl++11+iti(,sti<)ll ()i*dt,v_,h_l+illt,11t_11l)i(,h,_ +is ll()Wtht' llt'1+x'(_tl+,+s+vmt(,lll

is t._tttl)li.,+llt'(ti11tll(' t'ulh1+x't_mltl ht_w its ctu111)It'xitvis _t'nt,1"_iI_,tl.

t'sinl_ clt,vt,h_l)Int, ilt+_li1_(I('Is, s(it, iltiSls +ii+t, i1()w I)(,_it_uin_ t_)i(h'iltil_'
_t'llt'S i11l11_ilnln+ll.'+111+11+ire,li(,('(','+S+ll'Vl()r di11+(,i't,11ti+Iti()11()I"11PI'%'('

('(,II+, lllr tt't'1111i(111('s()I+Ir+111.sF_('iliClt,(:hn()h)h_' +111(I11()111(dt)F_(ms
rt'c, mll)ill:,_ti(m I)r(_vich' p(_wt'rt+ult(Hd,,+I+t.• ichmtil)'inl_ th(' I'tln('lit)ll ()1'

_t' _()x'(,Ict,II linltmF+t'tl++lct'rs+t11(1im+_(,-i)r_)c:t,.,+shl_ tt,c+i)ni(lut'swill +ill(re'

+h,vt,l(_t)tm._lt+LIstti(lit,s (lir(,('l('(I _t ('h+u'm'l('n'izinF+Iht, n't.h_li()llshil)s
I)t,twt,t,n ct,II tYl)(,5mid thtgr l)+lttt'l"llS(_1+i11t(,rm'lL(u_s,"['his ,+,,'iLli)vrmil
s('i(,111islst() i(lt'lltil_' tll(' r(dt' (_I*_I(:i'll'+,+t.nlx'in'(mnllt,111i11(It,lt'rulinin1_
wlmt kii_(l (+I'in, i'v(+'ct, ll it will I)(,c'()111(.+lll(lh()w lilt, St, iiil(+1++it'ti(_11,swill

+_ll+,,(+tits ltln_(:ti()i_,

Ad(liti(u1+tl scit'1_tili(:+tclx'+u1(:t,,si11hullm11 (lt,xt,l<)p111t'Itti11t:lud_++1st_i_-
F+t+'1"i11_ilt11111)t'r()I r(,ct+111tlcc(_It11)lish111t'111.'+!h+i111+iv_P<lirt,cl rtPltPv+111ctP

.,+('1"t,(+.11i11_I)i+()_I++U11,,+l'()r '+'+u'i()u,,+(list,+ts(,+.,+uch+isI)KU, _t,11(Ptic(h,tt,n'Uli-
11+iti()11.s,+t(Ix'+11+c't,.,+i11lh(Pt111(l(,r,,+t+111cli11_()I' 11t°t11+()t,11(l()cTillt'(:()nI1'()l,
i(It,_+liih'atitm _)i int'_mlSm ri.sk l(_r ,suddvn)inl'm_1(:h'+uh.,+y_(li'()m(',m_(l
I)_,tI_,Iu11cl(,rst+incli11_()I' lht' in_,111_iicli,,+()1+dt,r,,+<)fc'hildr(,n. At th(+,l)+1,,+ic:
i(,v(,l, l)_'(_(:li_i()u+sm,('_m)l)li.sh_(,uts Imvt, I)_,(,_)111+i(it+,(.,Sl.)(,c:i+tll)'in
m<,l_'t't,lm" hi(,h_' _tllclF+t'11c'tics,('_+.lluh_rhi_,h,_', truphi(, l_tt'I(_1+_,_t11(I

u11d(+'1"st+u1(-lil)_tJ)(, (lt'x'c,h)lJln(,1)l()l S)'liiil)st's illl(l rt,(:t,l)l()l'S,ilSw('ll +l.s
th(, m'ti()nz()I' ilt, ur(m'm_.smitlt,_'s. "]'h(+st,Imsi(' +tclvm)ct,.sl)r()vi+I(+the' l'tnll- +

(I+II]I(,111+II+5i'c)r flip sc'it'111ili('+tcc'()vnl+lislllnt'1)ts(_I'tilt' 11t'xtdc'c'+_(l('()l' m

I)I"_Ii11r(,st,mch, i

l)r_+uh'_I lhP Ih.Ii11 It,l!ll)ao_(|1111U



N,Dhel l'ri/¢.-_'iililit1_ r('_t'arlh iil llw i_lli()_ li_ing allilna! ni,.h.i_ i,Di

atnhk,q)ia _¢'t the ,_ta_¢'li_i 1)111t_llllPl)l lililh'tMilil(lill_ ;)t ii,ilv itllill)l _-

111ai_,'i._11al_'Xl)eriei_(:_' t'ai*Iv ii_ lili, _*ail h'ad i,_ l),,,h.lIHl ilii111_e_ ill lh('

"_vil'il1_ !)attl'l'll '' ali(l lI('ivi' _.'¢.Iia(_ti',it_ (d lh(' llrail1'_ vi_l!al { Pllli,!_,

Tlie._e dl'lhii_ ilili iil._l_ hi, I_i,Vi.l+,_t'(I(lillilll_ Iht, (I*ilil'iil lil,ihlll lll*lh'vi,i-

(ll)llll'lil, ,lil,%*lll)ili in lilt, 141*_lWilil4i,ve (ilia iihil hi, Ihl, Il,._iill itl_iihli(il*iiliii

vi_iiiil i,xiil,i'ii, iil_l , ililrilil4 ii i*rilh'iil lil'rillll tit <ih,vt,hlliliU,lil. I_¢,_l,liil*li iii

iiliiniitl,_ illil)lh*iill,,_ Iht, iiivlllvl,ilil,lll ltl* Ihl, iltlliiiiliiii¢, +_V,_lt,lli lit: thl, i_l,li -

liii ill Ihi,_ (li._qli(h,r, I:iirlhi,r i*t,_t,ill_l'll lill Ihi, iililililllil', illi+v_illhi_ , iill(i
ill, iiliiihl,liii_ln , ill lht,_l, iii_lll-(h,l_ will h,ii(I lli nltlll, (,tli,llivl _Ii_t,illllli, lil

iill(I l)l*t, Vl,lliitlli _ll_iill,l_il,,_,

llli'hl,Ii llltrlilil (ii' lillit! hi,itrilil4 I,_,_lit'i'lll'l t'itrlv ill Iiti,, lht' ih,vt, hllinil, lll
_1' lht, Mlll('lill*i,._ ill Ihl, hrliill_lt, lli lhiil i+(lllVt,v liil(lihwv ililiii'llliilifili I_i

Ihl, lirliin iilr i'_tiiilirt,hl, ii_itlii iliiil ii_._(ll'iiili(tli illilV i)l, ilihihill'(i,

Sl'h'lili+_l,_ Ihlllk Ihiil lht, i'lli.l_l._ (i[ ._ill'li l*l,lili'iil iiii{liliil_, ' ('lliilitt,,_ lilt li

lliihl'._ alillity hi l)l'llt!t,_ iitilllliil!' iiitiil'lliiilil)ll illl(! lit Ih,vl,lti i) _liel,l'h

illi(I llilil_iliiti[i, _kill_ iil't' ._iltitllillliiil, FVt'Ii i1' Ihi' hi'iii'ilig lll_._ ('ilia hi'

i_ill'l'll, lllli_t' (_l'lill'iil chiillgl*,_ liliiy twr,_i,_i. Rl'i'l'lil lil*l, lilliilllil_' _lil(Ih'._

lill_gt',_! Iha! Iht, (ll, vi, liltilll¢,lll (i[ tli_i._t' (!l'llll'lil t'tli, ct_ Iliil,V liill !)l'

ilit'vitlihll °, li._hail t)t't,li whh'lv ii,_iiillil'(I, I)ill IliilV lit' l)l'l'Vt, llliilih, ill' ill

h'ii._l iniliiliii#x,(I, Alll)iiclililtli lil _hiw-liilitililiiih, lililli, riit, il i,h,c, lril'iil

+_lhiiilhiiillli 1() Iht, clil'hh,ii hii._ thitwll ilr(llliiii ,, iii hii_ lht, iiihllilii,_ll'li-

ti(lli i)t' ii hli)l(igi(,iil _ilh,_llinct, (ailed ii glilil41t_t,_hh'. Thllt, Ihl' II_¢'lilllit,lil

lii' i'hihh'l, li wh(i _iltli_l' si,vi, l'i , I() ill'(llililli(l ht, iirilll4 I(til ii_ ii rl'tilll (ll'

nieililil_ili,_, Irliilniii (it" (llhi, r ilih, i:tilill,_ c(llll(l Ill, liliinlli,(l wilh(lill Ihl,

ii¢_l'!ilnlillllyilil_ Clllil_i,rii Ihiil (h, lily ill ._t,h,clilil4 ii ll'l,iiliilt,nl w(lilhl i'e,_illl

ill iili,Vl,l-._illh, i'(,lill'iil iill(lil()l_, , ('hliligl,._,

ill Future Plaits and Potential Benefits

l)uriltg the ('liniiilg ih,('itih, ._('it,itli,_ts will IlliV(, 11liiinili¢,r llt_t, xirii(ll'(li.

little' i-t,_t,iil+i'h lll)l)_lrliiiiilit,,_ Iiir iih, lilil_,inl4 Ihl" lir(icl, l_i,_ hivlllvl'(l ill

Iht, (h.vl, l_ll)liil, lll i)i itie l't, lill'iil lii, l_'(iii._ _Vslt,lii iiliil its hi, liliviil!'iil

l_iiliiii'ilil,._. AI Ilil, liiisit* I)ill!(igi('ill h,vel Ilii',_l, l)l'(l('l,_i,l ilichilh _Iht,

ili_!h,l'illlil' aiicl ('t'llilliil" liiisi,_ ill' iit, iir(lliiil ,_lil,('ilh*iili(iii, Ih¢, i,,_llil)lisli.

lilt, ill (il' iitil)l'(llii+iiill , (*()liliiol'li(lliS iilli()llt_ n('ill'itli,_, iill(l Iht, iltS()iilili()ll

_ll' lit, ilrllll_ ilil(i t'iili('lhliilii iinalllliii('lil illiils. AI lilt, tlasil' l)tYi'li()hi(i-

I(igil'lil h,vl,I till,St, ili('lil(h, till, liit,('hliliiSln_ Ihlil illlt'gl+iili, (:(tl_liilil)ll,

ilil, lll(ll)', h,iil'liili!4 iili(I hiligilligl, il('(lilisiliilli. All iinlll'r_llillllilig ill'

lhi,._l, liliih, rl$,hit4 l)l,lt¢,e_,_l,._is Ihe crilic'al lirsl sit, I) ltlwiir(I Iht, (h,vt'htl;)-

liil,!it (it' iilllll'_l[)l'iiili, ililt, l_,'t.nti()n ._!l'_ilt'gie,_ till" ilw hi'lel'¢it4elll*(til.,i cli._-

(irlh, l'._lit' (h,vi,htlillit, lll,

()lit, _ll' lhl, liii!ilir iii'(,iis (it' t')li'iil'liielil i,_i!i li,'llrclgi'lit'li(,_. Eli(ii'liiitlis

l)i'(ll41"l,,_,_lilts lit, l,li liiiiih, with a Ibw ili._()r{It'l'S slich lis (iiiill'hi_,r'_ (llsi,a_t,

ali{l lliiisi'ilhil' (IV,_ll'(lllll),, It_wl:vei', lit'w Il',_i,lirch Sll'iilt'gil's lil't' nl, l, lh,(I

Ill I(ll'iitt, gt'li(,_ rellilt,(! l(i tht, _t;)t,l'illll lililill'i, i)l Iht, liii'liit)_llil_ (h, ti.l!l_,
(_('i, [Jll,ti<'[_,e._earc/I.)

"l"he (h'vi:'hililli_,ill (If' II'elilllit'lll ni(_claliilcs fill" iieiil'(Igt'iieiic (iis(lr(h'i's is

t,._lit'l'iall p (lill](,llll, lit'c'ailSt' (ll' c:hlilleligt's pilsecl lay Iht' lit'l_,'iiiis s%'MI'Ill

Ihlil _il'e li()l tJrt.._t'lit ili (llli¢'r (irglili s)'SleliiS. Nt, iil'(lii._, 1i)1'l'×iiliilill,, iil+i,

il(in-clividilig ('_.'11,_,Inakiiig ii hardl_'r i(i inir(icliice I_l,llt, l, 'l'lil' (!llnilih,×-

it)' (ll' till, liriiili (.'l'l.iilt, s llilgelt,{l ch_'livei]' llrllhh, ln,_, iilicl Ihl' I)hllld-I)i'iliii

lial'l'il,l' i)l'eVelit,_ liiiiny cll'ilg_ iiiicl hhd(_gh'ill agi, lilS ti'()ni elil¢'l'ilig Ihe

n



illlli/till'_,ll,II%1_IieIl,qIIi,i_,,dl,,__.i.,ch'Ii_'l_ Itm IIl_'lll'l!llll__i_|i'lll,

l_i,,l_i_Ii_iliill _l_llI'lll,llh,illt'I_'_IiI'llliili'_llhll tIIl¢'llll!'dll_Illllli,lill _ _i,_li_,IIi_i!_;q_i

I;'lhlil I_ ,llll,_Ill_,oll_ Itl,lill _,'11 lt,llt_igi,llll,llilHi, ii_lt;' II1,1tllt_ Iiilit_ • l_:,_!l!{_!!_t_i_tfln<tl_b_

IIIl' JtlIHtiJ.Jil,llll Ihtlli!'l %1it'tlli_!_ Ihlliii ilhllltl _ ill t111'I Ittllhltl

(,1'1t_!1111I_1_1_'_I _ill I.' ilh'llliI_.ltl_ IIIl' !._¢'ilt'_Itll ,I llllllljil'l Ill _t'llt'IIl

tli.,ilth,l_ _t !t1_' _!_'_i'I_IHII _ Ill'l_,_ll_ _il'lll, _ti_il ,t_ I .t_._,1_It_ ¢1i.,I',1_'

I/._'_',ll{ ll,,t_ I1_' _h'_,_'l_g_l_l_'lll,ll i'll_'_ i_ ,,i ,|tHI_'iI _llll_ i_ il I,_!_ I_li,tli _

,il I_l,'lt,il,tl ,llll_ _'XI_l_ltl_'. R_,_t.,IIt Ii I11lili, ,tt1_,1 i11i lllllt'_ ,h _l'l,_llillkA

_'t1_'_I_ ,_1ill i1_ t,\l),,_lll_, tllllill R (llg_,ll_l)llli'lll. Ii|llli,lll i lillil .il _l|l_li_'_.

{'l)ill_'llli, d, i_il ,11_lllllil'_ ,_1It_'ll,l_iln,iI ,11111I_,_._Ill_l i,II Ih'%¢'l,_l)llil'lll.

,11111II1',111111'111 ,lllll I)ll'_l'llliltll _liltliI'_. I}lg¢'lt_l;!lll¢'lll,II II_'lll,ll)ild,_%

_lililit'_ io_l_ll_'_ It11' I1¢'1'11 tltl t)1_'_ i_l'. _%_ll'lll,llil illltlllll_llil111 I_11 Ili¢'

I'\i,l_'ll{ |'. I)l'l _i_l{_lll I' ,1!1{I t1111t Ii_lll,il _i_llilil itll{ I' Ill I|l,liil l'lll'l I_ _111{'

ll_ I)l'l ili,ll,II t_,I|ll_Itlt' lit (llll]_s III ,lllll'_l',

I I did*It ilil'_ I_ kll,_ ,tll(l tlt'(_lll{' .I_S,II{'. I_ It',tl II ,111_I II'lilI'l||l)l'l, ,tllil I_

t_llllllllllil ,11¢'I It1,_11_11_1_('t'_II. lilll_llil_l'. I i',lllill_ ,11111_1 ilill}_,

I ll_ttllillll i,'_t'ltl_,'l,ll,'_l Ill_ll'llli,|ls, I'1" I _ il,l_ ,111111_1'\.%11ill _,_llli_,

IIl_itlll' ( I.tx_ll ,ll _ t)lli_illl'lliiii_ l('I l|lli_llll'_ i11',(11%i11_ I_l!' v_'ldil_k lulh'x
,1t{_I_t'l:lk_nllt_ll,'{I 11, tl I_111_Ill ,lliilll,II _,,(1_'1_ III11 l'%I'll ill IIIIltlilll I),ll)i_'_ i

1_,I_,1111,11t Illllll'l'l,lllllilt_ I)1 till' I,dl' I_l,1_'_1I)_ IIIl' I_il)l.,_ illllJ)ll_ ill .'_

L

II,,.t_h ,.i _lli i_l.iill I_PH_II}III)I! mR



Moder,ineonalttl
intensivecareunils
haveimprovedsurvival
a_ldneurologicalout,
comeamongprema.
tureinfanls(Phoio
courtesyofthe
NationalInstituleof
ChildHeallhand
HumanDevelopment,)



illl_illh11i,,i |iI,_ e_i|11.I ,l_,ui_ i_lh'_i l_illl I||eili_,_. d_'_t'h_lu111.nl.

I ;,,l|I1_1i_Ili_,' .dildi,-_ .Ii,* Iiiid,'I I_I_. Ii._ill K 11iii11.1i,_Ii1,,h'l,_ h_ 11,'iI) _IiiI

,I1i!illli,_l_hllilliIl_,,t llil','_i_llili,,l_IiI¢I,lq'_i'h_l,ill'lll,IIhlilkI|lili_,'h'iiill-

IIIX_ NIu,li,*_ ii_ili_ .iliiilhll m,,h'l_ _,,' ,1,t_ lu,ni,iinl4 1ii,. iii,_I iiil,,,,,,-

lJilii¢,iii¢¢*lliilli_the l_ilJ_Uii_,,Id,'_.,'l,,l_in_h*Iii'_I'_h_h'_li11.Nl!I_ii,"_

il_Jii_illlillli|Illi,1,1i'i_iiii'llilliIII',,_'iIlJil_lh,'lJl_liIii,illilillil!ii! liilli'IiI_

ill_!hi',i_l_uiI'_,_i d,-,eh_l)ini4h'ili_,,_i,,h._lill,_,,#I,',_._li!hI'_l),,li.

ih'li'IIiiiiii'Iil_i_:i_II|'idliliIIi,_Iii_ihlii|IiIIIIi!iJ_Iide_H.i_,u,I¢'_iIIII'_I,_

_1_h_ImU.diIieo_.1iII_I_r_,d iIH_.lh._11hII__II_uii_,_ii_h _I,_m_ilhe,1_iIil_iI

_,_iI_hllttlillt Iltllthtit ' Ili,_|lt't_ _iit i.' t"tUl)t,_l'_l I,_ _llilt_ Mr'tit"ill illltl

1_"_li,_lt'_t"1,_!i!Jl¢l i*ll_Jlllllillt'llldl t'_li_llli' illilt _Iii'_ lht_lll, liil_l_ill dr_,.'l,,

,Dptlii_'lil_ _iti h tiilh'lt'll_ t"_ itll _'Ili_llit,11¢'ll I1i it titlJI'l_ ttl _l_qll'_lll_tt'tl,'¢l.

itlll mlillild_' h"_,,!_ _1 iltlilli_J_, iiit hu'li.!,¢ Illl'it_lltl._ !11!l_,i_.lltid_llui,._

l!illlihll_'_uh;_'lhll ill lJ_.lil, iI_¢ il,q_lu_i,d,,ii, _d l,'il, li_il_, h'_el,_ ,d

lltt,llltiltllill,"_ illl_l lht'J! tti,'l,_ll_dil,"_ itl tile', ,'t,'hI,_'_l)ill,tl thti,I, illiil

,_11lill,h'l _htlllJiill,l _1 !tli!lI'tllitl h'litl jtll_'lit_ Ii,,i_ itltlt _"iu h ,_hihlll,..I

d_'hl_,tl,_l,. _'ll_iI_.llm'!ihtl ,t!l'ltl_ illh'_ I I,i_ hJtlh I,_i'J!lll Jlllillll_, ,lIltl

t.'tli_i,._l _h,_eh_tmu,_ll ,_1ttu' _hlht..._,_ ,_ lem _, I.._ _tlu',_ .1,._' ,._lllti,_ -

__..l_h'_ !'tJ_il,_J¢,_ _il _lllh d,,_'l_i.m,.hd di,..d,'_ ,t,__l_ith! hilht,i

,._d ll_t,,_ _.l_lhd_, Iltt'lihtl t¢'hlltlitli_lh im, I h'_u ni.t ¢ii,_ilhJlJlN'_ _1il II

l,,_idr llw hi,fi,,I,.d_',_il.ll_i_il_,_l_l_,_l_i._l,'l_Ir_'illi,,_iuldJlll_'l_'_'ll-

llr,,.l,, ,,t ,l!r It,,lin i_t_ltl I _llliii I
i





Ix,liruili iiil(l Ml'ulc,r '

I_,'I_1i,1i_ IIi¢' lll, i_l ,rili¢ ;II Iilllili,)ll ,_i Iiii, lll'l%lili_ _l_I('ll! i_l IIi h'ill*i11111cI

ll'l,lil| illl,illiiilli, ill, *l*lli,_ iili'ii ,il li"_l'iil'(ii l',illli'lii_ ilu, _lllik ,d_il11,'lli -

_i'lll _,_,_Ii'11i_ihill ,u't'. |11'_II. IiIi¢|¢'I_IiIII(I illlil i11+,,IiI¢*¢' _llt't'rh. li'lllI'lll _

hi,r. ,uii_i, llw,_hh,i11_, iVl_iki, ih'i i_iiii1_, lir¢i_*i, lilt',u t'll1,_, i111tlth'_iFq11i11n,!.

__iti_¢. l_l,,hi_i,_. II i_ ,l,l ilill_'li'lllk ii_ii'iili'_,il_iivn_il_, __U:li_'ii_', i'iuhllu'ilil, l

,_,,l_ilili_i' li'_i'h,_l,_l_, llil_lui,,Ik'_ ,u,I _ll_lilhi_liuti'lliFqi'u_¢ ,, hul ilU_l'rli_ -

i,il_k i,i_,,ki,lX ili'Ul_,_ ii',ll _', I'u_IilU','I_i,lx, ,,ilu, l hi'i, i_'i,_h,l _i'ii, iu_'_

itlllt ,_i.iitl _t il'lll/'_i it'_wi'll, I_tli_ lilllhlk tniilillilll4 _ih'lllii|r i,llil!l ii ili_-

Iilit,liii,_lil,il ill it_ il_l, i!l* l'i!,liil_lilt_ Iltiitht, liliilit'iil iUlii rlillllilllt_l_-_illlillii ,

Iiilll iiillih.l,, ll_ i:lliil'iilli, ioili, ihi, ltilltil'l<lilo_i ill* iilll.llil41,lil hi, llill_ilil _,
httlh lli_th_t4i_ ,ll ,lllit iiFlillt_ilil,

°Nil, illllli'ill ltl i/.,_l'iilltl ttli lt'illylilll4 i_ t|l*,il iilltl liil_i, llliiil Ihi, Ill°till,ill, ill'

iinlll,l+,,iliiliililil4 lilt, i_*tll'_illt!_ ill Ihl, hilliliin iilll, llioi*l, !!ill, ill _lhi, iilii_t

iilit il, lil iilill i_i,i_iilt'ill_iitll tlli/lll,,_ _liilWll, lltr i,_ilt, lll lii _¥11irh hill!liUi

il!it h!ll Iili i_ ,,tnltiilr tit iilttl ilill¢,l'l, lll Irtint illlitii iiillt' illll,lliil¢,lll _i!',_-

li,lll_ hii_ lilt'Oil ii i_l't'ltl*riiit,t _ll_il,lllii|l +illll,ilitill ltill'i, lhi. illt'i, lllitill lit' Ihtl

iit_i i<riitll , lttllillilll,l_, Itlii Ihi,l_i , i_ illill, llllilll i,l*ltlllilllil' lliill, llliiil ill

lhl,_l, _liiiltl,,_ ii_ i_<toll, i '_t,lill, lii114i'-_t'itl¢, l*ltlliliiill'l _ililillt, Ii ill,el i, lltli.

lil,i,iiii!, l dl,_irt,_ Ihiil t'_liillil illli'llitli'lll ht, tlill*i!il _i_iilllililll ' li_ hi' liililii-

Ii/ili!Ik llill lii l_l'iii II, 'i'lll' Iliiliiill Ill'i'(ll lit I'l'itli/i, ihl, lllill'llliiil i't_ll -

Illltliii llliiil_ illht'l/'lll ill lhl, i<linlillt'l*l+iitlk' tilihh', ill_litll_iilll! ilill, lliKl'lil

i ,illllillll'l _ti_!t'llt_ Ihiil t't,,illll illllil ilti_ rt,_ll,illl Ii, ill Itli_ i'i,!_itl'll, iitllilii-

liil,lllitl ltlilili ll,_i,iii_i*il itil'rrl_.il ii_l_,'iti_lliiliili, l<_lliiliililil, l li'iii*iiilll, l illlil

l!li,lltttt+_ L_,_ill llii_'iilt ' illlll, lt°liilll iliiiilllliiliilil liil ilil'ilii_ill, hl, liiilhli_ili

itlill It'i hiliihi!lil*iil iilllllirlililiill,

I/lIcfli nipillih nlt_llllit

(_lliili,lll._ lli lit_,_' ill.iitti!l_i liiiii'liiili ill lt, iilliilltl hill*l, i'hillit, ll_ll in i'l,l'l, lll

tt,iil _i. Mlilh,l'll ll,_t,itl_i Ii i_ l'lilll, lii ltlill'liill41ik' itiilli, i'_lilli(lllllt liillli,

tlllltliillit,lilill h,iliiil'l,_ ,il lhi' nlilh,i'illlil' llil_i._ lit' Ilit'_lliiii'_ ', li,ill Ililil, I illill

illi, "ltlil_lii ill <"lit' lil,llill+itil _,Illt*ii,iliilitlitl'_ ill'i, itllllt,t'iilll illlillill.,_ illlil

tilit¥ _inlltlt' ill'i'll' _._li'lli_i ,,ill, ill iillil liitt,_ ill'illltlll Ihiil lilriii llll'ill l*ir-

t itil._ llt*ltliti,liiii ,, _l'li!lili_l_ tilill, li,illllt +Ihiil !lllltl.ll, llli illl, lllltl'_' iliYlik,t,l

ill lilitl _ltiil'lilloiil ihiilll, ll.,i ili Ilil, hi',fill, iiliil Ihill +_htll'l-ll, l'lll iilill ltinl4-

li,llll iill,lii¢ii_l iil_,'lik't , ililli, rt'lil ill't.iil _illll lll*lit'i'_ll'_ ili ihi. hi'iliii, ()iil'

Iilli' ill i*l,_i.iil*l'h iii_,'lik*l,.,i Ihl' _t,iil'rh tit/thl' .,,iiill_liilit'l,l lhiil t'hitiil!li' ill

litlllli, llll_iililill it1" (lilll*ihllliiill itl Ihl. (<liltl*ti' ttl' ll*ill'llilll_, *l'lll!ll, _llll-

_lilll!i'l iiil'hl(ll' i'iil'itiii._ tli,lll'llll'iill_lllilll'l'_, "li'l'iill(I Illi'tll, lll,lrl'_i," iiiii

l'hlilllit'l_ iili(I I't't'l'iilii/._. ()l!i' lll_ililll ill Illiill'l'illl'_ ill Ihi! lll_iiill--kliilWli

it_ i,_l'itiltllr)' illllillii ill'ill l'i.l't.lltli!'._--ill'l, II_l,iI ll_,' ili,l_%i, i'l'll_ Ill lillllllllll-
liil'iill' ill IIk'l'l",ii' hi'fill, liilll*liliil_ _iil'll ii_ Ilil'liilll'_', li, iil'llilill illlll t'lll4ili- 1
Iilili, '!'Iu' Illitltlllll'lillll lit Ihl,_l' l/°l'l,llltil'_ Illil_' ll'iicl lli h'itl'llilitl, nil'ill- t

lll_ iill(I _illll.I I!l.lIl'liilll,lii ill (li_ltrlli, r_.
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Brain developnmnt during infancy and childhood affects learning,
menlory and cognition ill important ways. Very low birth weight,
preterm infhnts have heen found to be at risk tbr mental retardation,
developmental disabilities and a variety of' learning disorders.
Stimulation of growing inlhnts and children significantly af|ccts the
way their brains develop. In order to provide optimum stimulation
and development, it is important to understand how stimulation

"couples" with tile developmental process,

Early nutrition also has been shown to have a significant effect on
brain growth, early development and later cognitive development.

Children who ingested a deficient f()rmula at an average age of 7

months of age, a time whell tile brain is tllldergoillg rapid growth,

demonstrated at ages 2 and 4 a correlation between the lengttl of time

they received the deficient formula and h,w IQ scores. At 9 and 10

years of' age these children showed several functional deficiencies in

speech and language tests when compared with a group of age-
matched controls.

Several areas of research are receiving special attention. Studies to

measure brain electrical activity hold great promise for further

progress in diagnosing areas of brain dysfimction. For instance, among

children with reading disorders, measurements of brain electrical activ-

it), vmy according to the type of reading disability they have. This anal-

ysis also enables objective discrimination between normal and learn-
irtg-disabled children. Because learning disabilities resuh fi'onl brain

dysfimction, increased understanding of the basic mechanisms by
which brain cells store and transnlit infbrmation is crtlcial, For exam-

pie, investigators are examining the relationship between the brain's

neurochemistry and attentional deficits in learning disabilities. These

studies are revealing the biological basis of fundamental brain dysftmc-

tion, and should provide the opportunity for more effective therapies.

A new fi'ontier in tile field of learning disabilities research is provided

by brain imaging technolt)gies like PET and MRI. These tools provide

insights into the brain networks involved in perf()rming functit,ns such

as reading and calculating. They also can relate brain function and

structtlre to specific learning disabilities.

As part of research on the neurological basis of language and learning,
adult dyslexics who had preferred reading disabilities in childh(md

were compared with c_mtrol sul)jects on a speech-discriminatitm task

while undergoing PET. Significant differences between the two groups

suggest that language- or reading-impaired individuals have an inability

to use, or inefficiently use, those areas in the left temporal lobe that

most people use to process speech and language. T,, COnlptmsate, cor-

responding regions in tile right hemisphere temporal lobe are

engaged in speecll processing, albeit with less efficiency, Scientists are

cmrently analyzing other areas of tile brain that lllay be used tor
speech processing.

Signiticant research is directed toward understanding the fundamental

inlhrmation-processing characteristics of humans, the tlature of"

acquired skill and km_wledge, the processes of' learnillg such skills, and

the instructional strategies to foster such learning. F()ltr sl)ecit_c goals

al'e: 1) to defille htllllall "cognitive architectures," i.c., the illf'orlnatioll

m



coding system, tht' neural prc)cessesthai operate oll Ill;It inf'ornntlion,
and the mechanisms that C()llll'()l those pl'ocesses to accomplish k";.ll'tl-

ink; 2) t_ Provide precise descriptio_ls of' knowledge and skill in terms
of' the coglfitive strl.l('tUres Hlld pl't)C(_sses that generate the desired per-
tbrmmtce; 3) to develop a theot 3' of complex learning thai explains the

princesses by which structures of knowledge and complex cognitive pro-

cesses are acquired, and how they develop from less complex km_wl-
edge and skill; and 4) to provide a theot 3' ot' instruction thal specities

how to deliberately foster and optimize learning processes with suM-

cient precision so that artiticially intelligent tutoring systems might be

developed to provide efli_ctive instruction, The impact c_t'such research

el:forts on new and more powerfhl strategies for education could be

dramatic and vejT signiticant, optimal teaching strategies can be
achieved only if we understand how t¢, optimize conditi¢,ns vis ;'ivis
how the brain acquires, stores and retrieves inti)rmation.

in studies such as these the technical approaches taken are quite

diverse, corresponding to the diverse research questions associated

with the Ibm' program objectives. Formal c¢,mpttter mc,tlels have been

developed that explain the basis of the differences between diflbrent

ability levels in tests of spatial ability, general reasoning and mechani-

cal reasoning. Neural evidence can be used to answer questions about

the learning process to predict performance during successive stages of

learning. One principal objective of this research is to use neur;tl evi-

deiwe to provide a better description o1'fundamental capacities of
humans to process information.

., Future Plans and Potential Benefits

l)ttring the I)ecade of the Brain, considerable progress will be made in

understanding how the brain stores memories and h_w¢we use this

knowledge to interact successthllv with our envir_mment.

Research in c_gllition is being enccmraged in areas ranging ti'om

mathematical schemes dealing with simple organisms I() clinical studies

of patients with netlvological disorders. S_mw of the investigations
envisi_med could include the ti)lh_wing:

• lnvt*stigatio_! _t"the I(_c'ations c_flearnitlg ;rod metm_rv i'tlncti(ms

tllrottgll the use _flbraitl scannillg device:,,

• Resem'ch _m n(m-httm;ul primates engaged in lallgtlage-relev;ult

c_mlmtlnic;tti_, including lilt, tlse ()|" lllllllbel's, and ill repetitive,
evex_t-relaled activities.

• lnterdisciplina_ w appr_n_ches Ih;lt bring t_gether scientists t_

investigate ft_mlamental issues in learnit_g ;t_(t memor3.',

ranging ti_m_ the keen'tic a_d molecular t_ lhe Iwhavioval.

• (',omprehe_sive ;Ln_alvsis_flgen_cler ¢lit'ferences in the ett'ects of neu-
r_d_gical injtHies up_m st;u_clarclized cog_itive measttn'es, with atte_- _+

5:
tio_ to c_mtparing patients with diit+ering h_cations of i_jttr):', right- _r

lel't-hamledness, etc. __

llt't:;Idt' _1 lilt' Ih'aill 1!1911 • 21111(I I_



l,carnillgand mcm(_i-,'haveh_ig lwczl,suspeclcdcd'lwingcspecially
vul_wrablc lc_I()xi(' stlt)slaliccs f'<mnd it_Iht" cH'¢ir_)llmclll, ltt the

t'llltll'(', in,¢csligal_ws will tiwtin c_ll belier ullderstallding lhe rt'lali(>ll-
ships bclwccll enx'irollmcnlai chemicals alld thc areas _jl"lhc brain
related Ic_c_)gniti<m, learning alld mt'm<_rv, tttmmn research will be
cc)m])lt'nnolttccl by _.LliiIII_L! I'('sC'_.LI'C]I t() l)ctter clcjillc the sites ill the
l|{.'l+V()llssVslolll x'ullleral)ic io allack by II('tll'oloXi{' chemicals and the

mechanisms by which envimnmcnlal chemicals adversely affect learn-
ill_ alI{l IIlt+in()l'V, For cxalnple, there is Clll'l+(+llt]}, _l'{:ill C{)ll('{.'l'll
regarding the t'xtcnt I() which Alzheimer's disease is associated with

exp()sure t() altln)intm+, and lhc t,xl(,llt Io which ¢'hr()nic exp()sure
t() ()rgani(: s()lx'el|ts is rolale(l I() lhc dclt|cl)tia Ihal ac'c()mpanics
"Painter._' syn(lr()mc." A(ldilionai research is nec(Ic(l t() l:)ursu+ these
il]lp()rtallt questions.

It is diftictth to make swccping generalizations about h_w a nutritional

deticiencv will atli'ct any ¢>neindividual because cognitiw+ develop-
merit is dependent on genetic as
well as environmental tactors, and

because the relationship of the indi-
_':

vidual to the t'llVil'Olllllt, llt is intcrac-

tivt,. Studying populations that
experience similar deficiet+cies,

however, may give us clues as to
how the brain reacts to adverse

nutritional conditions.

The effects _t+manipulations of the

amygdala, a brain strtLctttl+Clocated

deep within the cerebral hemi-

sphere, on learning and the process-

ingot" scnsm 3, information will be

asscssccl. One planned study will

investigate whcthcr the amygdala
contributes to the establishment ,,tal_ increased stale ,,f ar,>usal in the

Theories0fcognition presence _ff stimuli The results sh,,tdd yield new and important intbr-basedupondevelopmen-
talresearchhavestimulat- mation ('m+lcerning the brain circuits thal contribtltt' If}Ihc processing

ed theuse0fmorepower- of senstw'+' inli_rmation and tile most optimal c_mclitions for lcal-ning.
tulmethodsforteaching

childrenandhaveledtoa It is known that the brain structure callcd the hil)i_twampus is involvedmoreprofoundunder-
standing0ftheprocesses in many fro'his <_t"Icarnil_g. ()nc study is investigating a novel theot 3'
thatunderliethinking+ that the hipp<_campal ti_rtnatim_ enables an animal to c_mstruct a sin-

gle rcprcst'ntati<>n of thc joit_t (>('Ctll'l't'll('t' (>t' tWO()1"ill()l'(_' stimt_lus ele-

ments. An imp<_rtant p<fint _d' this thet>lw is that it prtwides a possible

cxphtnati_m _t how animals can solve pr_blcms ill parallel Io arrive at
t_on-linear s<_ltlti_ms. The hipp_carnpt_s alm_has a large nmuber t_t'

rcc'cq)t<_rs that clctuct thc prt, sencc of strcss-rclatccl hormones in the

blood, lnvcstigat_ws arc attempting to detcrmine how stress negatively

inlltlcnccs lcarninlg alld nlelnOl3', and h+)wthe _,l'esellce (_I"stress hol +-

lliOilCS affccts thc n<wmal ttuwti<m of the hipl)_>campus.

As discussed in detail in Drug.s+a,d the B+ni,/Addiction, the hr.+tin is a

m+!jm"target fi>r the' acti<ms of alcohol and olher drugs of abuse. ThP
alterati<ms ill brain learning and mcmm 3, timctions dtte to alc<_hol and

other oh+rigst>tabuse are an important focus l'<)rresearch. Studies of

lcarning and taproot T can add to our understanding of drug abuse by

II



claril_,ing tile role of learning (cc_nlditiouiug) in tile, addictive I)n'{;cess.
Stnchsllidies are ilnlJ()rtailt f()r ulldt.rstalldillg {lrttg t()h.'ra||c(,, set|sitiza-
ti()xl and I)erhaps craviug. Since there in a gr()wilig public com'ernl t]lal

ch'ug abuse in the workphwe impairs co/_jlitive I)nc_cessesmlcl lljerl'orul -
anwe, studies are m;ected I_ cl|aracterize the aCtlle O|'|'('CIS Of' cln'ligs()It
c¢_ff,t|iticm and pe|'lbr|||an|ce aml to evah|ate pc_teutial residual ¢:ffects.
Residual effects may otcllr during drug withclrawal, or might be long-
lasting or irrevet'sihle changes c_t'drug-induced neurotoxicity. ()plate-
like sial)stanceswhich are Ilattmrally occurrin_g in_the humatt I|ena'otts
system m_dulate lea|'ttin_g;rod t||el||c_|3',aucl studies c)l"these etl'ects
may improve our un|dersta||din|g o| opiate addiction and the I)hvsi_Jhw
ical role of these substaltces related to cc_gnlition. L)tlrillg the Decade
c,t"the Brain, research will clarity' the i|tlh|t'v|ce el'drugs of almse eli tl|e
m-ural areas iuv_lved in the proc'essiug, registnT arid retrieval c_ts('nso_7
infon'mationt as well as on_arousal and nm_tivatio||al/atte|_tio|ml f'ac'to|'s

that m(_difi,,learning, lllelll()l'},, aiid pe|'fc)rtmmc:e. The short-term and
hH|g-tt,rm c'onsequetwes of drug abuse on_leart_intgand memon7 proc-
esseswill be examined,

In vwttr_)li||guistics and neurobiolog 7 a number of atlv_ll_cescal_ be
exlx, cted, Scientists hope for an improved understanding of the
regi_ms of the brain impIicatecl in developmental dyslexia, attention
deticit disorder, hmguage or reading impairment, autisn| and
other diag_tostic categories that have some relatitmshil_ to learning
disabilities.

Despite the research ach,,ances ot' the last _0 years a:_d the il|creased

availability ot" services, a maj_)|'ity ot" heari|_g-impaired children still fail

t(, achieve t'tt|_ctio||al literacy. Severe to protbu|_d tleafl_ess in early

childh(),)cl has been ti)u|_d t,) adversely affect sul)sequent achievennent

in reading and writin|g. The severity ,)f the problem suggests that this
issue needs careful attention. Research on the reading and writing

abilities at|d doric:its of those with severe to p|'c_fountcl dealhess is
bci_g e_c¢_ttragecl,

Additional platmed research includes studies of how the expression of

certain getws may be afl'ected by t_euronml activity dttn'i_g It,a|'tling. Of
partictdar it_terest m'e genes related t() the elements respontsible for

re-"nm|uaic'ati¢_u betwee|l i|etlt'ons (svnapst,s), . (;o||strt|cticm ot'specitic

t|eur_||al c'ircuit._ may be pos._ible with titrther clcvel¢_pment of ||erve

ct'll cullt|rt, techn|iqt|es, Moclernt techx_iques may enable the study ()t'

the C()ltllt_c'li()l|s, cc_clintgcapabilities antcl cleveh)pnlent el' complex,

tuuc'ti_ming assemblies _t naettn'cms, lit pa|ticular, it shottlcl be possible

t(_ It,st h_w such ¢'_mtplex, bt|t well clefiuecl, neua'e systems react to)ac,ti-
valion_ an_d chemical age_ts. Haviug reliabh, structural in|'ormatiou, as

well as cell lines that have high levels of receptors involved it_ learning,

sh()tdd en_al)le |_t't|r(_pharmac(d_gists to (lt_sigtt and tent new drugs to

t|'t'at several ut, ur(dogic:al an_d leart|ittg disorders.

,..,,
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Rehabilitation and Restoration of Function

Althcmgh nmwe petal)iv tt_clay sun',,ive injuries and illnesses _)t'tilt. I)rain

ariel IIt'I'VI)LIS S)'SIt'Ill, tilt're ;ll't' significant gaps ill tilt' kllt)wlt,dgt' alld

applic;Iti(m _fl"n'ehalfilit;ttive tecluliclttes that will help restore cogniti(m,

c_mlmtnlicaticJll, st'nsilti()n, nl_wenlent c()ntr()! iulcl mobility lbr the_e

victims. Rt, hal)ilitatit)n etti)rts h;lve ti)cused on deveh)ping and evaluat-

illg etl'ectivt' and iltt'(_rdal)lt, svstenls of rehabililati(m, adaptable h()tts-

ing. assistive devices and programs t_) sela,e the re, ells _)l'people with

dis;ilfilities. Tht'st, t, fli)rls inclttcle research on ht.acl and spinal cord

in jul% suppt_rt fc)r rehabilitation centers and univt:rsities ct)nclucting

rt.hillfilitation research, training _fl'health pr()fessitmals to implelnel|t

model lechniques of reluibilitativt' care, and development of pr()grams
to) rcdtlce disabilities, lnfmlts and children born with sensorim_tor

deficits have difti:rent hatldicaps t'r¢)m th()se wh¢) h)se ti|llcti()lls later ill
lift, ;uld Ihc,rt, tbrt, their rellabilitatitm needs art. ditt'ert.nt.

u Accomplishments

Brain and Spinal Cord Injury. Traumatic brain injltry is the leaditlg

elitist, of clisat)ility ill childt't'il anti yotlug adults, atl'ecting 400,00(1 to
(i()O,()()()pt.c_ple illlllllilll*,. Evt'lw 7 minutes s_mwtme bt'c()lntrs pt.rnla-

nt'ntly disablt.d its a rt.sttlt ()t'il head il|jlll3/', in addition, each year

It).()()() t_ I _,()()()Allltrl'iC;tliS itl'e clisablt'd by tl';Ittnl;I to tilt, spin;ll c_wcl.

The c(_st _t" cart, and services lbr patients with t|'attmatic brail| iv|jut3'
;.d_)l_t'ilppr_;tcht, s S_5 i)iili_m pt'r ye;lr. A lnaj()r ildvitnce ill rest, arch on

in jun'it's t_ lilt' ct'ntral llt'la.'()tls SVSIelll is tile disc,overv that thert" is ;i

I)t'ri_(I _1 ti|ne i|nnwdii|tely after the in july during which nettrons sur-

r_ulltlillg the lesi_m art' sick, bill still alive, Intensive t't'f_wt is being

olin'coted toward disc()vt't'ing tile ix,st al)proi|ches ti,r salvagillg th()se
vulllel'ill)ie lit'Ill'OilS. Scietltists nt)W have sul)slantiill t,vith, lice thai il"

the i_ittie_lt's I)ritil| _)r spixml c(_ncllis tl'eiltt'cl wilt|ill 8 Ilt)UrS (fl' in jttlS',
pUl'illilllt?lli clitlllilgt, Citll Ill' pl'tYVt'lll¢'ct,

Prostheses, Fecltu';dly conlttuctt, d and sl|pp_wtt.d research and develop-

melt have proctltced intenllati_|lally acchlinled ;tcc_mlplishmen|ts in

c(_lnprt.ht, llsb,,e i't.hidfilitaticm. The cleveh_plntrl|t (_t'art!]icial/imb.s is
_)_lt'area ()t iI()tt'tl ;tc'c_nlplishnlt, nt, The l'()ltndaliolls laid chtring the

pt, rit)d at'tc,r W_rlci Wan"11hitvt' lna(tt, Al|ltu'ican-cleveh)t)t, cl techlaiqttes

till casting, lilting and itlig_ling artilicial linlbs tilt, st;u|clarcl, not (Hlly in|

this clltilltl3' , bill thr()llgh()lll lilt)St ()l' the w()rl(t. M()re I't,c:t?lltn'ehalfili-

titti()ll itrst,;tn'c'll hits led t()such ;lt:c'()nq)lishxllellts its all inlp|'oVt,(I al'titi-
ci;tl kill'e, it IIl%'()t'ltrcll'iC'ell)_:,v ;|lid illtt.rchilngt, al)lt, electric h_k and j
ha_itl, ;uld tilt' hytlritulic ;ttlkle. l)r_sthest,s _lt,ecl t_ Iw tlt,vt.l_)l)t.d tbr _=:
the spt'ciitl needs _)1'lilt' gl'()willg child. (itllTelitl)', |'esearchers art,

studying tile use _t" r()botics I_)assist tll(_st, with sl)i_lal corct iltjuries,

Rt,searchers are clevel()l)ing it r()i)()tic ill'Ill thill I't,sp()lldS it) vt)ice c()m- E
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daily livillg as Ir, rm.lal gr(H,i.i,_g,brllshillg I(.(,th, washillg _lll(I_,alillg,

l)i()111'('rillg_,Fli)i'ls a11(ia('('(_1111)lis11111_.'111,,,ian",."('n1[,rgillg Ii"()111 llellrqll/Jru.s-
iI,._,_ l)r()gr_i,_._. A ,_eural l)r()._the_isi_ _ r(,hal)ilitative devic(, which
illl('1'lil('('s clir(,('tly with th(, 11(,1-v()ussvst(,UlIt) r('l)h_('(,(,n"('xt¢'11(li'11nc'-
tit)in in _)t'llr(_h_gi('allydisal)h,d i_Hlivitltlals, l,Lt.st.arc-hin(:h.al(!._sltn(lic,s

it) stimulati_)_n()I tl_t' htlll1_Ill llt,l'V()|iss%'slt'lll,llt'ilrill ll'_lilSl)!i|lll_|li¢)ll
antcliml_lai_t;_l)h, nfic'r_stiu)tiiat()rs Ibr lllLls(.'l('stimtilati()i_. ()tht, r

t,i'Ibn'tsf_t'tlS ()11(lev(,l(_l)ii__ atlclit()ry l)r()._the_t,sli)r tllt, deal: l)hicldt.r
('()11t1"(_Il_n'()stht,s(_sf'()1'spinlal c:()rd injuv_, vi(,tinlls, tlC,tlrc)inl.pi('1.11arstinitl-
l_ui()_ ii,r paralyz,.'d i_(livid_u_h _n_(lvisual pr(,_th(,st.s !'()r th(. 1>li_(I.
St)m(, ()Fth('sc cl('vi('eswill b(, ht'll:)lili fbr the l 1,000 (,hil(h'('n l)()rt_
('v('0a'y(_._rwith sl)ina l)ilida, the vl)_!j()rca_is(,()f'm()l)ility iu_i)airuu..Vlt i11
v()ut)g children.

N(,ttral pr().sthesesrequire very small electr()clt,.sthat ii)t(_'rf'ac(:with
nlerw.,('t,ll.s,creatil_g signtiticantt t(_'cint)i(:alr(..qtnire,i]i_..llls,(:()n)sidt,rablt:
t'tl'()rt is I)_..intgphtcecl ()H innpr()ving (,l(.'(,tr()de Hnaterials an_dd(_.v(_,l()pin)g
n_(.w,I:)i(d()gical!yc()mpatil)h, materials st) Illat ('it.c'tn'()(Ic,l'tmc,ti()n_c:aH
I)e further innpr()vecl, Sttlclies usittg at)iv_)alst() ch.t(,n'mhlt, safe,i(.,vt.ls()1'
electrical stimtnlati_)n_are als() itx l)r()grt, ss.

The ih'st electrical r(_'c,()rclin_g.st'r()m the hulvlan) I)rainl tnsing micrc)eh.,c-
tr(_cl(,sthat c()lltainl it)t(:'gr_it(,cit,lt'ctn'()nlc anll)iitit, rs wt,!'(_n_nach.,it) l,t)8(.),
Rec()rclin)gs()l' l:)rain_activity using electr()cles sta:l) as th(,s(:()fl_'r tlne
pn'(,u_i.s(,()t' i)n'(,vicling a rt.iiable systennl'()r g(,neratiHg (:cm)man_dsto)
c()tlln'()l pr()st!n_.,ticmuscle stimtnlatc)rsinnparalyz(.cl il_divicllials, A ,_cw
t'lt, c:tn-()clc,implant(,d through tht: skin)aixd de.signn(..cltbr stinn0,1h_ti(mof
paralyzed Muscle has I)t,__,11stuclit'cl, i':ighty pUl't,(,111(ff th(,st, t, lt.ctr()dc,s
rt'u_ainnftmc,ti(_l_alal'tt,n"I v(:'ar(IFiml)hu)tati_)l_. A guach'iplt.gic in_clivict-
ual wh(_ r(_,c_,iv(_cltht, first in_l_laHtt,cl i)('ur()nlltl,,ictllar stiuunhlti()_)systt,m
ha._had the iml)lan_t a t()ta! ()f'_ y(.'an'sand has had i_(__igltif]can)I c:()u)-
plicati()t is.

Th(_.rt. is a gl'(.'ill 11t'c'dIt) d_'tt,1"111i11(_tint' 111()slt,fl_.'c,tive t(..c'hnicl1.1t.sfor
re,lecli_uil)g tht, i1(..ur()l)(..Inavi()ralt.f!'ects (_I'traLinnatic 1)r_linni,_j_H_,'.

Hearing. Se_,s()rint, tu'al (t_(:rvt,) anlcl mixed c()nlchnctive hearitig I()ss are

(;11rl't,lltly t1"t'ateclwith ]lt,ill'illg aids. All ()i' tht.sc aids hilvt, iuht, re1_t

lar(d)leuns,s()nn(.()l whicll sh()_ild I)(. all('viat(_'d l)y iml)la!ital)I(, h('an'in_g
_icls that are (:april)It, (_l"(lir(,clly driving tit(' Iniclclle ear l)()_n(.s(()ssiclt,s).
C)n1(._ignfilic,an_tl)r('akthn'()Ingh is tln(,(l(,vel()l)ment ()l"a ('(_tnpl(,t(.ly digi-
tal (c'(_ivip11tt.rizt.(1)heari_)g aid. Als(), a Int'wsp(,(,(l_ l)r()(:ess()rhas been
clt'veh)l)ed li_n'_Is(.with ('ar iln_l)iai_ts, l)atit.111stc.st(_.dwith th(, clt._.'ic:_:
._l)_)w_1_ii)nt,_'t.clt,_itt.(la(:('uracy ill Sl)t'cch l_t'rct,pti()n.

Th(' l)1[,cllrs(_1's(_i'1"t,g(.11¢.rlttt.(lSellS()1),c:¢,llsnlav I)(_.IIR, k_'y It) the .,it,ll;.
h('_tli_ig(d' tllt, ('ar's _(,in._()rvtissti(', jtlst :istin,.'(,ells that l)r()chnc:enlt'w
skill art, i11(,kt.y I_,w_u1_(IhL,_tlin_g.rh,. l>,_.(:_in-s,)_.__)l'a_)in_alst,nsoi)*
((,ii,_have l)(.(,i_i(It,n_tili('(l ai_(l arc, th(, l_('lls ()I"inIt_,llS_,in_vt'sti_ati(mst_)
¢.'vilill_llt' tile' ill()l[,cl.lhlr In_c'h;tllisln,,,i,ils well as tl('i|tl|lL'lilS I}li|t nl_ny1)¢"
11s('(IIt) trigg(.r _111(It() c()111r()llilt, ht.alinlg l)1'()ct.ss.

Vision. R(,.st,an'c,h(_n I()w-visi(_nniUll)airxllC,nlt,Sis aill)Cd al cnlhatlCillg

ren)ailling visi(_nn,evaluati_g I_(,wal)(l (.xistil_g ()plic'al aids, ch.,vel()l)i_g
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_'i(1¢'¢_nlagniii_'afic,n _Jl"iil!ak_e-I'llh;uwt'tnt'llt _yst(,in,_,ail(i di_r!Jw'rillg
_)ther wa_,'st() imF)ruve '4._uaJ(',lpahilitie_ arid I_ert'(_rmailte, Re_earc'llel_
itl'(' illS() _tlld.%'ili_ whelller clit'lbl'l'llt ('(lltll)illillJ()lls ()l' ('(ll()l' ¢'()tlll'Ll_l illlti

Illlnill;lllc'e ellllaIH'e c_l"tlil|_ini_h dsual perf()Hl_an('(,, tithers are
d('siRnlill R ii t)r()t(_tyt:)(' "ilxt('llikTellt" InaRnliier (ill a ('_mll)llt('l" that will
have a I|iF41i-res_Jluthms(';lnn(.,r t(_hie'ate all ilnag(, ;|tl(I a(!jllst its Inaglli-
ti('ati(m, ,,%slnall, i:)_ltld)le r(.'a(lill R ai¢i that C'al'ries;In ilnage via (_l:)tit'ai
til)ers I'n'()lllthe l:)rinted page lu a II;lild-hel(i vnic:l'l,_c'l)lX'(.'y(.,lfi('re
einl;uges the imakTeand pn'(MctesII larRe licit! _fl',,,isi(mand R_l()clr(.,s_)lli-
ti(Itl eft'indivich.tal letters,

Restitution of Function, Sli(,ntists have exl)hlred a variety or al)l)roach.

('s rellitJllg It)n'est()ring n('n'_'e l'Linicti()ll, These jllc:'ltlth' tissll(.' il|iplaltts

t() I'el:)hlc'e(lat|lltg(.'d llt'l'_'_.'t:ells alltl Ihe al)pli('athm ur agents (lesigtwd

t(_stimtdat(., t'eRr()v,'thand repair uf in_jttr(.'dtlel',,'es, It is likely that in
,_)lll(' iilstalW('s t_(itll _ll_)l._l'Ua('hesare eli_,('tive iuld tilt, implant its(,li'
Iilil%' stitllllhlt(.' ll('r%'(" I'('gr()wth.

New research results ha_,'eshown that x'ei)' high chis(.,st)t' the st(.,rMd
nl(.'thyll)rechnis(fl(in(.' gk'en I:)nmll:)tly t(_patients with spinal c:t)t'clinjut)'
sll(,w sigilili(:aliily r¢.,d||(:(.,tlI(,ss(,1'sensati(m and inH_t()rt'uncti()tl, This

has raFdctlyestltbli_hed a new stanclarcl ut' tn'eatt_tent lbr Ix)th neUl'oh)gi-
('idly (:(mlplt.,t(,and inc:()lnplete spinal c'()l'd injuries, Further im,c,stl_a-
titres will evaluate the e|'J]cacy()l tlunst(.,r()iclal, n'ati(mltlly clt,signetl
cirlt_ all(l alt('Htl.)t It) determinle if' even (.,adler tl'eilllltC'lll hMds _l'eater
i_)mmise.

It is i)arti(:uhirly inipurtant t() study and und(.,rstait(I Jl()w the brain l'e()i'-
ganiz(.,s iiselr thuhlf,Z;rehal)ilitati(m after ittjtiries to (_ne()r both ht'mi-
sl)ll(.'re_, Theft., is ills(, it _n'(.'atn(.,eclt() cl(.,signI:)atient-Sl:)edti(:strategies
f_)n"rehal)illtati(m that will el)hal)c:e tlw elli(.'iellC:yt)f'(.'tti'rent tn()ttir,
language allCi t:()gl)itiv(' i-t'traiJ_il)g al'tt'r str()ke ()r head trauma,

l_.est'ai'('h(ill l'('(:()vel_'after str()ke and h(,a(l ill jtil_, l'(.'Vt'alsthat the
l)t'aitl is l'un('tiutlldly nt)().reclynatni(: than was previ()llsly l)elievecl.
?'%UI'()I)Smay lie rec:rtdt(.'(l l'r(im active areas (if' the l)n'ilint(_l)erf()rnl
alten'nilte |'ut)(:'ti()lis, Recent research (in ittjun_'and t'e_enerathin in lit(.'
tlei_,'(_ussystenl has led t(i ()l)tJmistn that in.jurecl neur()ns (,an survive
ancl that regrtlwth is l:)()ssil)le,lhlwever, l)asi(" qtlestitlns still t|e(.,clit) lie
al)SV,'el'etl,Y(ir eXalnl)l(.,, it is not kli()wn when lwurtmal (:('II death is
t'()n|l)l(.t(,, h()w h)ng tlle iltjurecl axt_i)s(:an sustain) regeneratiot),
Mwth¢?r supp()rt ('ells l'('taill their n(irmal (.'hara(,teristic:s,;inlcl ir H()(i(l
slq:)ply returns it) n()n'nlal ;ll'ter in ju_)'. This w(_rk has ilnl)(in'tant ianpli-
c:itti()llSin Ill(.' restituti()li hi' i'unrti(m (if' patielitS with rotator (It,tic:itsf'()l-

lllveSlJl_al(lrs are e×azniolil,_ Ill(, etl'ucls M (.'h,(:tl'i(,altields on |'e(:(ivez_'

(fl' l'illl(:ti()ll al't(!r il(:tlte (:()lltllsi()ll iltjtu'ic's ()[ the sl)illa! c,t)r(l, Neia'e

R'r()wth allcl lli, llr()tr()l)hi(' lilt:Sill'S l'(?l)l'(.l,S(,lll illi()th(.,l' l)(_ssil)i(,il%'(_'llll(., [()

r(.,g|'(_v,'thaIHl r('g('nWl'ati_m, and th(, clisc'()v¢.,l3, (il'su(:h l'a(,t(irs ill r(.,i:¢.,l_t _:
Y('iil'Shas l,_!'liel'itt£'d ('()llsicleral)l(., intt, rest, i

i
Addiction, AllViillt:eS hlivi' lit, i'll lllilCtt' ill I'(_sl'iil'ch till r(.,Jiillillltlitillll tiir ...

th(isv with ii(l(li(.:tk'e distir(li, rs, _('i('lltiSts ]liiVe (leveliilied ilil_'(lic'iiii(iils

l)_'¢,uh' ill IIw IlraJn 1!I!11117il(lii U



that r(,(lti('e the <1"avingi'_jrnli(_)lille. I)lc)rk tIle. ('it'e<l_eft her(_iu, a,id
I't'(lll('(' williclrawal ('1]_'('I._I'1'()111{11'11_(h'l)('lldt'11('e. (_('¢' lh',t_ uml lhr
lh'ui,/A dd.'lm,, )

imaging Technology. lllW.sli_al()r_ are <cmductinl_ a numb¢.r (fl' iul!t)-
vativ¢, re're.arch I)rc!ject_ c_ll m.w ima_ill_ leclili()h)_, lilal Ulay a_sJslill
i1i(. rellal)ilJlalJ_m c)i"ill'rye)us syslelu ¢lallla_(.. ()lie example' _fl"illJs is
the use c_l_MRi in i)alienl_ wilh head ill jllric_. Brain I_.si(_nsIhal w(mld
have g(_tl¢!Ilsldt.t¢.('l_.(Iare II(_WI)eJn_ fbuind u,dng MRI. resulliu_ ill a
lu.ed lbr rchat)iiJtali(m ill l)ali(.nl_ wh_ _iherwis_. w(mld I_)i receive
mlchcart,,Iml)r(w¢.mt,i_t,_in lht, sp¢,_.d_I'MRI _c'allllili_and in(,_}nil)llt-

_,r ,s(fft,,,,'arethai {lel,;cls allcl {li'ilw.s t)()rti()ns ()1"iiic. brain are i)r_)vicliil/ga
m'w h.,vel_1'rethl_'ment t() iilc s_udy _1"bn'ainlv(,HIIll¢', shal_, aml Ibrm
ctitl'_,renH,es in c,hilctr_,n with sever_,ruacli_g disabl!ity (cb,slexia).
Studi_.s _1'lan_guag_,disal)illtic,s an_dlanguage, clistril)uthm using PH"
an'_,iclentit_'ing ac'lh'__'areas _!' lhc' I>rain iH an _.,tti_rtl(_guide and (,valu-
alu rz,hahiiitati_m .strategies. PF,T .studies _)1'the, I)hase.s()f"paralysis have
I)ec.n _u.s_'ctto d_,v_,l()pm'w ;_l:_l)r_)a(,h_'s|k_l'c'linic'a! ill_liiil_t:lll{!lll,

.................... Stucli_,.susing PET are al.s_I)c._in_nin_ t_ d_.,tuc'tclitl"ur_,,lial I)rail_
Measuringtheelectlical nietal)()lisul innc'hilclren and adults witln att_,nti()l_ deficit clls_)rcl_,rs,in
aclivilyofmusclesnear
lhelemples,whicllcan aclclid_m, 1_i,7i' t_.,_:'l_n_)l_,_'has i:_r_wiciccta means _t' amflyzing I)rain
lighlenduringanxiely,is Ulutal)()lis111iu children and aduh_ with dy_k,xia,
a firstsleploward

bioteedbacktherapy l':an'lyclctecli()n ()i"metal)(_iJcclifl_.'ren('cs in chliclr(,n with alt¢,nti()nl
aimedal relievinglension
inpalienlswilhposl-lrau- ch.,t]cil (li_)n'dcr ancl/(_,r le;irning disal)ilttk.s may p_,'rluit dil1_,ren!ial
malicstressdisorder ll'e_ill!lelllintci_,'c.'nti()ns,The inl'()rmali()11gainedf'r()ni_llc'hstl_idi(,_

ran aidinti..'cl_'_ii4n_I'_pucilicallytailorc,clpr_Krams thatwillmaxi-

mize I'emaiifi_g l'uncti_mal capability _t" the IH.'I'V()LISsystum.
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I Future PhmJ,and Potential Benefit.

New anti _h.vt.l_)l)ingareas ()i"rem.ar(+h_)ll rehal)ilitati(,I alld lt,st,.'a-
ti()ll ()|" i'tlll('li()tl ill'P:

' Tile _ttl(ly c)l' t'ath_r,_ tilai i)r()ltl()t( ' tile ran'viral and _l't)wlil (_i

Ilt'lll'()il,_, +till+ tilt' MIIIiV (lit _tlpi)()rlivt, II('l%'()ll_ ti._S|l(' illlll it'_
Jlll('r_ll'lh)ll with Ill'Ill'OilS.

' idetllifilaticm ,)i tilt' gellt'_ that ['|it|troll lilt, l_r,)wti| slill¢, ill'
iIt'llrllll._.

' illVz'Mi/_aij()li ()l' lltIW sl'Vt'l't'll ()r (iillllii_t'tl llt, ttr()lis I'e(:¢)llill'(+l

_++ithtm'gt't cells,

• Keiint'nr.nt t)l hmg-lived elt,ctrt)dt'.._ior list. ill lit.ill'ill i)ro._
lilt'st's ljl_ll t'illl saj'elv stlllillhllt' tilt" III'I'VI)LIs sVsl('lll,

* IliVt'sli_alh)li ()|' lilt' jnst!rii[)ll (lj'l'llhllrt,(I Iit'llrlllls, _rl)Wll I)1!

ill| elt'(,Ir()cl(, I)r()l)( ', till() Ih(, ct, l|lral llt,rV()ll,_ sVsl('lll,

' l}evt'hq)mt'lll ()l',_jmi}le, quirk and c()sl-ett'et'livt' II,sls ill ilsst;ss

lilt' _l)t,cilic vimlal (:t)nil:)tlllt, lltS (11'V;ll'i()iI.,i l+Isks, ill (lr(h.,r to

j)r_)vi(h' a c(m11)rt.ht.nsivc l)i_.'lUrt. c_l+a palicnt's visual

Cal)acitie.s.

' l)('tt'rnlit|atJ()ll t)l' tilt' l+,,aturcs t)l' an ()l)jt'ct that arc rt'quirt'd
l'(+r its rt'(:t_gniti_ln t(_ assj.,+tc(mq)utati()i)al visi()n rt, st,ar(,ilt, rs

ill (It'vt'h)i)ing hlw-visiclI_aids,

. ,"itilJpc,+lI'_,'new h)w-visi(m aids l,) assist ;+'ill+dml)-(ll1'tlctcc-

ti()i), ('.K., (:llrl)s, ialnl).,+ all{l ..it+firm;Jllia_¢.'l)t'_)ccssinK: r()tllv

lin(li_ig: and text nay+gall(re.

Implmltatiun _)f lissuvs, cells antl t'tghdar l)1'_)(hlt'lSillt_) lilt. c('lllr+li

llt'l'X't111Ssvstenl ('()iltillllt'S t(+ 1)I'I'('I+l)1+(mlist' flu"rehabilitati()n +ll'IPr

spinal ('()r(l i_tjm_++.('._mll)UnVl+tS(_I+tllt, IIPI'VIItlS SVSIPIII +111(I()I'placental

tissue al+l)t.at"t_) l+()sterthv gr()wth (_i III+I_,'P 1iI)_'I"S.()nt, l)()ssil)h' m'w
t al't,a t)i"p_)lenlial ll't'illl11Plll I()I' ('('llirill llt'rvt)liS .',iysltPlll tl+i:ltllllll [S tilt' LiSt'

()f tlt'lW¢_tl.,i IL',istlP Ii'(_I11 ltPt+ll +|llilltals It) i't:l)l+l(:t" (l;llna_tPrl ;ll'(+'aS ()f' Ihe
_l(tt!lt I)l'aill t)l" ._l)ilial c()r(I, W()l'k is nt,t'(l(,(l t() t!n(It.rstall(I tht' int(,ra(,.

lh)llS I)elwet.n tht' h()+,+tII{'l+V()u,_ +',iyNIt'ln _|lt(I tit(. in|l)h|ntcd ti,,+,_ll(', It)

t'xalnint' lilt' 11)il_-IPl'lll stli'X'is+,'+II+II)(l l,_l'()wlh ()J' th(' ilnl)lalltm, and t()

asses.,+lht' l)()tt+11tial()I"tllt, gral'Is It) r¢*.,,lltll+P l()st l'tln(:li()n. Studies ()i:

_lt'unal tisst|e gr(_wlh altt, r i|nl)lm|tatitm int() I)n'ai_l;ltl(I sl)intal c()rd arc
('()lilJlltlill_, +ISill+P ,'+tU(IJt+'S()l +lilt' t't]+eCl ()t'_r()wlh tat'lt)rs ()il i'(+._('lIPl++l-

ti()ll 1111(1l't'i)+lil', [':i'l'i)l't.',i %+'ill l)t' Ill_l(It' Ill l}rl)it)ng lilt' survival ()t'cell

Thu l+eSllils{)I'r('seal'(,h using at|+real m_)(h.ls suggt.st that c()mmon ItPtl-

I+(d)i(dut_icalnwchanimll.S may illl(h.'l'liP alc{_l+_>l,IfiC(+tille and i).syt:h_)at'- E
live dril L +l(hli('li()n, Ftllllr(, rt,st, al+ch i_ IItPt,(lt.(l It) tln(l(,rsl_lll(l lht + rl+'la-

ti()ltshil),+ !)t lht' llt, llr()l)h+x',+i()h) _, ()l" (il+llg a(hli('li()ll +lll(l alt'()i.)l =

(h'l)t,|i(h,ll('v, +lll(I It} i(I(,nlil_' lilt' i+t,hal)ilitalivt , t'tli)l'tS th+ll Illp.y a(l(ll'(++S,,+ +a

111'+ ,Ith' i_l the' l_li|ill 1!1911 1 _01)11 /
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llr, lu'i,d_ ,11l)_IUi'ii,__iI1i _uhlicli_,. ,limDidui_, F:._m'tili_1ii,: ¢ii¢',_,h_d:ili-

t_|ti,ql ,:i tit¢' I)dti,'nt _ul,lirl¢,d i,J _ll¢',_l:,_l,q ,mih,'rd,uX_ i_ Iii(' cl;,v_'hq)-
111_'ti1I:l i)ll_u-nl_u',ih:_it_ti_tf4L'Ut_tli_Itditl:'¢'tlv itit_'lh'r¢, vdth dru K-

(;t'('itl illl('¢'t't_liillit'._ ¢'Xt_t ill (Hit tlll(h'l:_ti|ll(lill K ,1| llt_V _I|A' lltJl'Yf}tl._

_y_tt'lit ¢(llltpt'li._itt¢'._ i_,l' t,kl)t)._tir[' tl} (,itVil't)lllil(,lltili ['hl'lili('Itl.%

I_('_¢'_iI'['Ii i_ lt('{'(h'(l t,1 bt'tl¢,l _tlll(i('t'._l_tlz(i II(:W ¢'(11i(lilhin_ (_iz, xl)i1Sttl'¢'

itiJi,¢'l ill,, I_lt{__ii|(t ¢'X!('ll| iij' I'tltl_'thqt_lj_,,nlj)i'l|_|ti,_tl, ill,' c¢,liilhtr _ut(J
nud¢,rllhl| 111_'_'11_1tlim11_iltv_:lv('(I, _111(1wh¢,tll_,r th_,|'_*i_ l'v._idz|_llt'i_k

l_:lh:wiux r, uup¢,Umlti_:n.

l',}ll_ lilti_l J)(, till(l[,r_t,_,}(l I_:(h.v¢.hq)t'_lti,_liltim!lzv,11(,_lt)l°rA,hltl)ilitli-
ti,llt _tl'l(.ritljtil__t_ tile, ,q)ti_*I1(,1%'(,IZ(.t_'_)lk. K¢'hlt¢,dt'('M, Itrl'h t)r,_l)-
Iz,lll_ iurhid,_' flu, rz,dmli,ql ,d'(',,ll d_i,u_z_Av,1t1¢,_tiuluhzti,ul ,_!
_|l)i)t*,:i)ri_|l¢.11¢*11,'{'J_II|WI}I, _tlt(I tile' i)r_:tll,_ti,ut _i' _(,i_,rtiv_'{'()llilt'l, li()li_

I)¢,t_v¢'('lZIt¢.i%_t' r_'ll._. I:_l['l¢)l:_(}til._J(l¢'tit[, iI¢,tll'(H!Iliil_' {h, tvlltlin¢, tit¢'
_tll'(t'._._ (tr l_lilllr¢. ,_1'Ire'I'Ve' I'_.'_('ll¢"rttlt(lll. _tll(ly ,t1"IIl(,m, c'cqllpil,x [_(,lllt-
hlr i111_.i'_i_li,:iz_ r_'guirr_ 1111111idim'ipliilm'Vw_q_k.

i"1!I' _i)III¢' _p¢,(,¢'il-illtl)_iil'¢,d it1(livi{hl_|],% the, _d_iiitv1_:(!i}lltlllIllli('iit¢' ,)r_ii-

ly will II¢,V{'I' b¢'il l),:_,_ibilitv,llli(l Ilti_lll¢'lltillk'(, (11_ _iittq'11_ttiVl, ¢'(}lllllIIllli-

¢'_lth_ll _V_l¢°111,_ Illll_l I)l, II_('(I I(_ t)r,:vid¢' t11¢,_¢,iu¢livi{hlIil_ With _1viill)l¢,
III('IIlIN ,)l'(_()lllllltlllJl'iltJ()ll..A.IIhcHIj_II lllIl('Jl J)l*,)_l'('_ 11_1_hvvu tidal(it,iu
lh¢' _ii)l)lic_iti_:il,:i ilil_lllt_lll_llJVt' (!()llllil!!llJ('_ilJ[ill. _,illIilllJ)I,l ' !1|' (:riti(,ill
i._Ii¢'._ I't*lll_lJll 111j:l(' _1(1(11'_',_(,(I.

_t'Iil'_II I)r_tll¢,_v_ illll)l_Iltt¢,(l ill VItl'h)tl._ _Itl(ljl()t_* (,¢'lltl, l'_ ¢)j' th¢" ('¢,lltl'_l]

I1¢,I_,'¢H1__y_t¢,lll IlIiIy lu,lp I)_ttj_'llt,_ wh,_ hiive, ¢!Xlt, ll_iVi, II¢'ia't, (iZtllZli[_[,

llii'lll ,II' ('(_('111¢,_11'i|lld ll¢*lli'ill l)r,_til_,S¢,_1i¢.¢,(It_ l)v _'_ntil1|l¢,(l, '['hvM.
t,l]'l)l*ts_II,)LII(I i11¢'h1(1¢,_lll(liv_ ()i t,llll_lll(*t'(l _ij_llill t)l*()('¢'_,_illxte'('ll-
11i_lzl¢,_1'¢)1__zl}l)li_'_lti¢_lz1_11¢'z11'_11I)r_slllvm,_. _lsw(,ll _1_1,: helu'ill K _IIH_
Ill,it [:_llZl)('li¢,l]t _tli|i'k[e'l)(,r,_:¢'llt_l_(,(_I'tll_' h_'_U'il)14iu11)_dr(,,_l.

A(IV_UlV_.sin l)r_th(,tic _u1(l_:rth_li(' (h.'vi(:v._11_iv_'iuIpr_)v¢'(l_uul)uhlzi_n
_:1_:hil(lr_'n With _unl)ul_lti_u_.li11_1)(Ivf_u'11_iti_.s(_r l)u:_'lv w_,_lk11_._s.
I i_:_'v_,r, in _zdilltil_d. i11dividu_ll_wll_ I1_tv_'I1_'d tllv_v d_'vi_:_,__11'_,

d_,vt.l_l)i11_ _l)vciiiv II_.rv_._11(II11u._clvdim_rdvr_ ('_!11_(,(II>_.htnl_-l¢,rul

11_¢'(it' the' d_,vi_:z'_, I{¢,_¢'_lr_'h _:11_l,l'[)llllili) ' (,_tnIPliL;_llhlll,_ i_t' II_il!l_ _jill

_z_si_tiv_,dvvi_:_'is _1_,_,_1¢'(II_: I)1'vv_'11I_ldHili_ul_ll lHly_iv_1lilzlp_lil"ulvnl_

TIt,.' l*{,._t_)l'_ltil111 (Ii' l'un_,ti_:i_il('_ll)_1(:iti('_ll11"_)II_hl)hilrU1_1(:'()h_/4i,_'_11
inz(,rv(:,l:ti_:nu:_v h(, _if_uili,:_u:lly inth|('11('ed hy 111,:,(i,_'v(,h:l)UU.,uu_l
SiliCA, ¢)i' tile' izi(lividll_ll_ iiz tl'(%l|llll_ll|. ]| iN ¢,_(,llti_l] t{} ._¢,](,('t ])ll_,tl'lnlic()-

h_i4i(_zlillt¢,rv¢,lili_i1_ tl1_il_11'(,zi_4v-_l)('('ili(:_u:(l (IIii'_|li()11-_¢'i1._iliv(,.
l':!i¢,('liv(, dru_ (l_:m,,Nit{,_)I'(ll'u_ _1('ti(_il.uu'¢,l!_ulimu(_l'dru_4_.l(:ti()ll_lll(l

_|!1(I_|,:hiltswl1,_:h_Iv¢,('(,lltl'_li ll('lW_Ju_._'_l¢.n|(li_:r(Ivrs. F'lltllr_' l',;._,.,_lr(,h

will l;:,u'zi.__i: (l(.,'(,l(q:)iz:f_i::_zxiJn_illyvfi'(,(,liv_.(iru_ th(.r_q)v lhr (lif]'vr(.ut

::,_'ur(_l(:k_i(:;_liu11)_irui_'t:Is_!!(lii1'¢,rvnt_Ikp,._. =

I)r,,uh',!i IjlP j_litil| j(_|(,tl)l_|||_(j I
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l'h_, hi,tin Fi'_lllillq_'_ tht, lilll¢ li,Dll ,d t'_'¢'t_',)l'Kilil __lt'lll ill Ih,' h_,l_',
c'ii_tli'in_ thiiI ti|¢, intt'r|t_ii ,'i1_'il'q)||nl(,ilt whith _Li,'i_¢Dilii(l_t'_.h _'II in
¢'_'t'1%lil'_illl i_ Ill_titlhlitlt'(I ill ('(ili_|illl| _|ll¢| ¢)t)titn_tl i',)llditJfH!._, 'l'i)

_'ile,'t thi_ h'_¢'l ,d'_',,lli',_l, ili¢' hl'_|il| ctm_hulil_' j11'¢Ic¢'._¢'_llll_Dl'lli_|iltJll

t11'It'_iIl% 1(1Illilk¢' _tl)|)r, tl)l_i_ll¢' it(!jtl_lnl¢'nl_ 11itill' il(tl_ttS' (d'l'll_*ll _)_-

t¢'lil, I_ll*t ,t[ Ill,it ilii_)Flll_lli,_ll i_ ¢1¢'1i_'¢'(ii*l'_}lli Iht' I'llitllXt'_ tirol IltiXhl

()l_(*ltl_ill ih,' iitl_'rn_il _'ll_@_mni(,nl, _lil(I ll_tt'l i_ i_¢'_',.i_'_'dt'i',mi lh,, _'xi_'r-

t|_tl t'll_,'it',,llllt'l|t, The,,¢,ii_,_t_,_,'_l_'tll_ Kiltl|t,t _i|tl;_rnl_tllt_n I]',till the,

lhi" t'¢)ll_¢!J_)ll,_i)r _tlh¢'iitl_('i¢)li_ I¢ov¢'I,Tilt, l'li_,_il'(illlli¢'lll l_Jlll iIIRII |)¢' th¢'

_1)111"¢'¢_Ill __l(l(liti,_llill ill|)tlt_ thi|l Illlt_.__ll|i'ct th,, illt¢_l'll_ll ('IIVJt*I)IIIII('lll,

t'_.li_tli,m,I_'.lp,,t_tlm¢.),_'h¢'l!li_'_ll{_,!_,,I,)Xfll_,drlll4_,_,)1_'¢,111._,t)_.._ti-
_'id¢,_),t)i,_l,_xi¢_d(",X,, I ilY-I ), _,' f_'h.l,_!qir_d {_lv¢,_). TI..M, ¢on_i-
I',)itlti¢'llllil I_|t'liir_, Ihl'ri, t_,)l'l_,, (_iltl illli'l _lh¢' i'll!!lli,)n ilni! ,t(li_.il_, i)t' (1t1_

h,i't.lil itl'_lili_, in¢-hi(litli, ! iil¢, i)l_liiii,

I Ac.complithmenl_

I)tli'Jll_ the' hl_i tG0('illl¢* _J_llillq!illll Ill'¢)_t't'_ Ilil_ lit°¢'ll ltlilil¢' ill ttll(l¢,l'-

'|_Iil_iitl_}iliiilhililJlllillllll(lhillllilll_ttlilii,q,_ql'it'illi_t_Ill*C,illli*llYt,rhl_iht'

l:_i_i_lli¢,(-li_ini_lii_li_i_l_'_l_'ilil_li_,ilt_)l_xl_*_,,,'¢,nl_,_lli_llhi_ni,w|in(l_,r.

¢'_.I_,_I_,_,illldlll,|ll_iliixj(:l'¢'_|}lill_t,mF_ill_l'Xillilpil',ItO_¢'ili'¢,IIllli_It,d i,_il

I,tl'('.|l¢'r Ullil¢'l*_tm1(liilK _)1'111¢'nli'i*llitlli,_lll_ _ll i'iiKllitivi' (ly_l'uni, ttlill i)l',)-

ihlt'¢,(i I)_, illl0r¢-ill_ _illl(I li,_lll illl(I lh¢, ii¢,tll'llht_{il'itl (ll'li('ii_ l)l_(l(lili'¢'(l I)_'

iil_itll(il)hc!,_l)ll_ll¢ ' ill_¢°('ticiilt'_. Till, IIl¢,('hlilli_lll_ Jll_'t)!_,'i,(I ill _(t111¢°

(*h¢°Illi¢_ilii_,ill(iili'¢°(l_Ixiiilillll¢'|ll'iil),llhi¢'_hilYl'ili_,ibe'i'll¢'hl('illilli'(l.

I{_'_¢'lilh,_,_iii'lilJ_l_(li_,_,,_,+i'ri'!llh¢,,li¢,_'h_llli_lll_I'i,llf4nllivi'(l_'_l_ull¢,llllll

l-,.h.:,'dh__ill,icwliii!l,il__l,_lii,_i("_.id,lln¢,x(*jlilliil_,_llllJilii_i_:i(l,

_',_pI)_'l', lill_.',il',.I _llt(l lll_ln_Iitl.'_¢')_*_uiinllut,i.'¢. hl)lh ri)Kniliv¢,il|l(l
Ji_¢'hiilllt)l¢il ' Ikllli:liflll, Pill' ¢'Xillllpl¢', Illiili(I _11t1¢°_h_i_'t° iiei'll i_llillld I¢1

he' r¢*hit¢'(I Ill (li¢'llu_' ('ill|_illllll)tJi)ll lltl(I lih,,l ('(lli(:¢,lllriltjil!l_ ¢)1'Ithl-

illllllllll. ('ill('itilll, ('(IpJii, l*oh*lill, IllIl_lli'_J|llll itllil li11¢" ill hi°itllJly ilihlll

WIilII¢'II.If'Jillil¢'I|¢'ii'llCy¢'Xili'¢H'hill¢'_1111'lllXi('¢'II'¢°I!1_Iii'il,i,l,

N|ltriliitll _l|l(li¢,_ !_l'll*m'l_ ¢'ll'lll(,lll_ h_l_,'¢,r¢,_',,_il_.d_t rl, hltil)!l_hi l) i_I

hl, iw¢,l, li II*iil*¢. i,l¢,liii, lll_ illi(I ihlili_i,_ ill i1¢,¢_1ililill¢.l'lil, i{eh!tilin_ihit)i tliI_Cihii'_'l'h¢'l'll¢ihN¢,l%'i'qElhl'_"'t_,¢¢Iiiil*ithl¢'l¢'('ll'J('illm'liVity(F.i_]{_)i!lld

(li¢,l_li_'(*_i)l){.r, _.rlint il'ltll _111(tt¢,lTilin, _in{' h_lhm(,(. _til(I III)'l'()i(l t'1111(;- i
I

1
lii, t ,.It' ,il 111¢,ill_lill IllltIt I_lIOilI



Ibm in healthy adult men ml,[ ,,v_mtelt parlicipaliilg in hmg-ternl stud-

ies. It appears clear that tlw dietat T and nutritional status _d' the incli-
vidual must be considevecl as well as other em,ironmental t_wtcws thai

may affect brain futlction and the central mwvous system.

An important physical factor that affects I)t'aitl t'tuwti(m is ellviroltlllell-

tal lighting. Research over the last decade has c_mvitwingly shc_wn that

tilt' seasonal alterations iti mood, sleep and ])erti)rmallce seeli ill indi-

viduals with seasonal atI'ective disordur ave due t(_ the shortening ot' Ihe

daylight hours during tile winter m()nths. Sea.sona.l aH'ective disorder

can be effectively treated by exposure to I,right light at tile appropriate

time of day. Recently, investigators have shown that light is a very

important environmental factor tot regulation c_t"httman circadian

rhythms and reproductive function. These studies have resulted in

important applicatio_ls tbr treatment

_d conditions such as sleep dis_wdevs,

.jc! lag and pr(d)lems related to shift-
work.

E_wir_mment_l factors ca_ directly or

indirectly aHbct lood _t" water ititake
_r metabolism. Scientists hart' shown

that tilt, developing organism in vt'ry

sensitive t<_malnutrilicm, lm,estigators

are greatly interested in determining

whelher the net'v(_tls system Ci|ll l't..'cov-

er tidlv after a short-lived, early nutri-
....... _iÙna¿ iltsull. Research with children revealed a covrclati_m between a

TheNational Institule01 long-term nutritionally deticicnt diet arid lower IQ scores. Years after
EnvironmentalHealth the nutriti(mal deficiency, several resi(hml deficits in affected children
Sciencessupportsand
conduclsresearchto v,:ere c:_bserved.
Llrlcovethowexternallac-

10rssuch as stress and Investigators have dem_mstvated that a numl)er ofchen_icals, inchtding

environmentaltoxinscan drugs (d'abttsc, p(dvchhwi_mte(l biphenyls, methvlmercttlw and lead,
d_stuptnervoussystem ' ' '
l.mclionand,in turn,that can adversely affect Itewl)_wns, Malf_wmations _t' the nerv(_tts system

Ofother bodysystems c_mlprise over half _d"all human c_mgenitai almcwmalities, necessitat-

ing im'estigatiems of their epidemic_h)g3', c;tl.lses al_d pathogenesis.

l)eveh_pmental exposure to em'iv_mmental lat't_H's such as lead can

als_ produce titm'ti_mal _leliciencies in children,, including perfbrm-

ante cleticits anti decreased IQ.

scit, nlists have recel_tlv linked environmel_tal tacl(_rs t(_ lilt' etiology ()t"

certain nettr_degenerativc' diseases. F(}I"eXillllple, it has beeli estal:r-

lished thai ingestion of crertain ti_cls, such as tilt, dr_ughl-n'esistant

grain l)ea, can cause h|lllyrisll|, it disease af]'ecling motor neurons. The

active ingredient it_ lilt! pea appears to be ;ut inclige_ms excit;tl¢)l_'

amint_ ;.tc:icl. Am)tht'r example is the colltl)_tllld MirI'P, lit'st l_voctttced

duri_xg attempts t_ sy_thesize a "s!reel drug." In y()tlllger human,s and

exl:)erinwnlal itltilltktls, MP'I'P Catlses path_d_gical ch;tllges _ll|d clinical

symptoms very similar I_ th_se _d' Parki_ts_t's disease.

Research has prowl(led several clevt'h)l]am'nlal mtd adttll IletlreH_)xit'ilv

testi_g Ixtt'll_cls I_ evah_ate :,twi¢le rmtge _d Iwhavi_wal, _wur_cht, micai

a_d ltetll'oanal_Hi(';ll encll)_fi_tls ass_wiated wilh ellvirqH|ln_'ttlal l'a¢'l_rs,

I_t ad¢lili_m, scie_ttisls ;lls_ have deveh_ped a batlela' _t _lt'ttr_d_gical





All inip_ntant astn'ct ill tulllr_' r_.st'atch will In' tilu i_h'llliticati_tt _f

cxp_scd P_Pulati_lls axld tlw cvajtuLti_m _f' lh_st' hcarillb_ an I_l_u.smll

sunccplibility t_ t.tlvir_mmcntal tilct_rs. Igor itlstallct', it is _mlerally

bcli_'vcd Ilia! childrcll arc m_,rc sltsccptil)le lh;ul adLIIts 1_ sIHIIt' llt'lll'()-

l()xicatlt,s all([ tllal t,;IrlV t'xP()stlr_' maV a('('t'lt'ralt' Ill(' ;l/_itl_ ])F()ct,.ss. It|

a(Idili_ll, ol(Icr l)_g)ttlati_tis art' I)t.li(.v(.(l t_ I)c _tt _r,'at_'r risk Ihatt the

v(,un_. Future research will tm)cus_,n tilt' P_,,ssil_ilit_ ',ll I()ll_-[t'l'lli,

Iow-lt, v_.l cxP_,surcs I_ cnvir_,ttnl(.ntal ['_i('i(H's C_lll I'('sl.ii[ ill l|Cul'()(t('gl211-

t'ralive disease t_dh)wing a h)ng latt't_cv at'let thin' ittilial insult.

In tht' cmm_ing dccadc' it will I)c iml)_nl;mt t¢_t'_)cu.stnt th¢. mt.cll_ltli.sms

by which tin" t'Xl)Ostlrt' t¢) t'llVil'_Hllllt'lll_tl t_,tcl_n's durint_ prt'gnancv can

have ;.m advt'rse t't'fecl _n_ t_'tal dcvch_pmv_lt. The advallct'._ ill undcr-

standing t_rmal _t, ural devch)t)mt'ttl will I)n_vide a l_a.st'linc' lbr identi-

B'ing the mt:chanisms by which oxp_sttrc t_) ctlvir_nlnt'ntal l'at't_,rn dm'-

ill_ l)l'Cl(llal|CV Call I't'stlll ill dis_l'd_!rs _,1"tilt' human_ [_'lus, especially

lh_sc dis_rdcr.s _ccurring in lht' t_,rv_nt.s .sv.stcm.

Stuclit,.s with chiidrc_ hav_" undcrsc_rt'd tht' inll_rtat_ct' _1' t_a.'ing I_

link carlv t_nlrilion with l_ttcr mtlc_ttlt,. Bt*cattst' c_,gnilivc d_'v_'lop-

mr'hi is d_,pcnclcnt ¢)tl _t,t_¢,tic its well as t.llvir¢mmental fa¢t_)rs all¢l

bccaust' lht' relati_nshi !) _,t lll_' host t_ the t'nvir_tm¢'llt is ;tn i_llt'r_lc-
live _)nt', it is di|]]cull I_j (it'aw c_ttclusi_ns ab_ntl h_nv a nulrili(_nal

insnlt will al]i:ct ;utv (ntt, individtud. (;_mP_mttivt. sltldit.s _jt' dit't_'ring

I)_)pulati_ms Ilavi_g sinlil_tr nmriti_n_al it_sulls will give clut's al)_)ut h_w
tilt' t)l';|ill l't'il('[S [_) stl(']! adVt*l'.st* ¢'¢_ll¢lilitjlls.

Illlt'l'li_lli()ll_l] CII¢,'I)t'I'HIiVC I't'st'_lrch illClll(It's .slu(lit's ()f ]IIIIIHIIIS W]I()

have bt't'n t'Xl]_st'd t_ radiati_n. Rt*ct, l!l lindinl_s in tht'st' studic, s

indicate lhal _*xp_.smt, I_ radiali_m may all'eel ti_e iI_rn_al _nigraliol_

_t ttt,ttr_ls during fetal dt'vch,i)nlenl, l;tllurt' rt'st.alch may conlril)ttlt,

I¢_an ul_ch.rstav_ding _t Iii_' lnt,chavlisnis _! _lt'nr_tl _nigrali_l_ anld

the t*t]ecl.s ot t,l_viro_lmt'tit;ll agcnls sttc'h as radiali_n _n lilt,st
lilt'f" ] 1_.111j_! _,i,_,

Tht* t'xl,.t'clt,d bt'l_t'ii/s _t' fm'tln,r it.st.arch with a_imal _ll_lt'ls, parlicu-

larlv _l_n-human primates s_tt:h as rl'.t, sus m_nkey.s, dt.rivt, i_l lar_t, parl

t'l'_ln lilt* slriking sinlilaritit,s ill bi_d_t'h_n'i_ral rt'sl_llSt*.s h_ .strt'ss
btgwt't'l_ rht, st|,s m_llkt,,,,s alibi lltltl_atl i_lth_ll.s _uld cl_ildrcn. S_mc dis-

I)l;_v t*xll't, lll_, bi_bt.havi_ral rt,sl)_lst,s t_ mild _,_lvi|_n_nit'_llal slress_Irs

a_ld appt*ar I_ bt' at subslailtial risk l'_r d_.v_,h_l)itlg a v;u'it'lv _)t I)t'hav-

i_)ral and h_,a]lll I)r_d)h,nl._ lalt'r ill lift*. Additi_llal insights t'r_m lilt'

list' _)['k| IIIHi-hIIIIKlll pl'illl;ll¢' Int_¢lel (:_Hllt' t'I'_HIi tilt' _)])]3(H'lllllilv [_

slu_lv ge_it,lic-t*nvir_tltnt,_ltal intt'racli_nls directly as lh_.V shaln' dt.vt, I-

_l)_ncnlal trajt'ct¢,ries, a.s_vull as t_, t'x;unint, p_,,s.sibh,intcracti_,n._ and

let,_lba"k hn_l)s among a varit, tv _)t In'havi_ral and pllysi_d_gical sv,slenls

i_ltllcs_inn,individual.sthr_n_gll_nttdcvt,h_pmt.nu

Itt'ari_ h_ssaurit)utal_h' t_ hazar_hn_s n_ist, h*vels is _n lilt* fist. i_l _n_r

s(ICil, tV: Ili(H'C Ih;u_ 20 millikan An_uri_';uis art. t,xP_se_l _l a regular

basis I_ itldttslrial _r rccn'ati_lai _l_ist' lha[ ¢:_ttl¢l rt'slill ill IIt'ari_tg

h_,s.s,llazard_us _l_ist. t'xP_)suru is at Icast p_trtially n.sP_tsil_h, t_r

IIHH'I' lhall :_5 I)erct'slt _1' the, 2S milli_HI cases _1' IwaritIg h_,_,sill this

c_u_tlry--IIt.ari_lg I_ss which c_ntld bt' c_mlph,lt'ly I)rev_'t_lt'd.

.xl_dccular bi_d_gisls havc rt'ct'nl'' t_ntt_d _'vid_'_lc_' II|al Ilt'al-.sll_n'k I_n_-

II



I_l'll'lil Il'_l';lll li lia_ siit4_l'sll'tl llilll S_lllll' lii_14ic_sivt' lil'ilrllth't_t,lii'rli-

Ii_l' _li_i_lt'is Ilhi'_ Ill' It'liili'{I Ill lllli_-ll'llli I'.%lillnillt' I_l I'li%illlliilit'llhil

I.i_llil_. I"!li l'Xlilllllll', Ilit' i'Xll_lkilli' I_l tlc_li_ i_lcs It;in Ill'i'll ;ik_llCilill'_l

_iili lllllkili_lli'_ _lisl';Is_', _vllih' ;iliiliiililllli Ilii_ Ill'i'll ilillllil/;lull ill Ilil'

_'li_ll_tO Ill .\lzlit'iliicr'n ([i_t';isl'. :\lllillll_ll Ilit' iliX'_lk't'lin'lil ill i'ii_,il_lli-

lii_'liliil l;il I_il k ill Illl'Sl' iit'llrll_ll'k41'lll'liilivl' _li.slll_l_'l s ll/i_ ii_ll lit'l'il _l_'li-

ilil_']_ l'sliillli_llCtl, il i_ i ]t'/lr Iliiil i,xllll_liii, ill _illllll' _'hl'liii_ ;;is I';lll rl'siill

ill /i lil'iil_d,_.14il/i] sx'ii_ll_ilil' _iiliil;ir I_ iiiililr/ill_ illl lilTiii_ lil'ill_lll¢,_l'li-

I'l,lli_l' (lisl'a_l'. Iiit'il' i', illsll ('xilh'llll' liilkili_ (lil'l I(I Ili'lllillll'_l'lWIn;I -

liXl' (li_lrih'i_, I;lilillC klil(lil,_ will lit. lil'l,(ll.(I Ill i'llil i(liill' llil, il'ililillll-

_lii I) lit.l_,_t,l,ll Ilia' _Ili_(iili_ i'xi;lll_llll' ill i_lllllllllll i'llVillllillll'lll/ll Iiill_ll,,

;111{Iiil,llllilll_il/l] tlisi'iisl,.

I_'sl,;il_ li ill liil' ililiill' ,,,,ill t,ll ;is ,lit il'[lil_ tilt4 Illl' illil i'it;iilil_ ;issllli;il-

t'_l _illl I)ll'tli_ iilll4 illliliiili llv,ilili risk tl_llii l'xiil,i illil'lil/il ;lliiliiiil ill;Ill.

ltil,ll' is ,I Ill'i'd Ill ([l'Xl'llll) /111|1liSA' ll'_,lk ll;ISl'(I IIII I Ill'iliil,ll lilt'i'll;l- ._
IliSlllS II[;ii lillli ;illll sllill tlll'l'-ill li_ilX ll'l;llillllkllills Ill i_h'iililx illlll (<llill-

/It ll'liil' l)(lll'lili/ll Ill'lllllllt_i!;ilils, Ill /l(hlilillii, ;I lit'i'll ('×isis Ill (h'_'l'hlll

risk ,lSSi'S_,llli'llls llll lit'x%('ll_illlllllll'llliil ;l_l'lll_,, _,lll li ;is Iti_sl' (ll'l iX'l'ti

lllll)ll_li llilll('l IIIl_lhl_,,

I Ic_ ,idl _d Ihc Ili,il!i I _t!Jtl • 7 iilill I



For Further Information on

Agency Programs, Contact:

i Office of Science and II Centers for Disease Control

TechnologyPolicy l)ivisi()n()Iinjury(:(mlrc)l

Federal (:()()i'(iinaling (:()un('il fi)r (:enter fi_i' l,:nvir()nnwntal I h'allh

_cit'nce, l+:nginet,ring. mid aii(l In.jury (:ontr()l

l'e(-hli(flt)gy (:t.nlers fiw Disease (:(inli_d
()I1ic(' (_lS('ieni(:e avid (:I':I II(::I)I(: ('hi)

'lechn,lh_iL,mlhdicv l li{)O (.:lil'l()n R(I., N I':
Washingl(m, D(: 2()F)()(i Atlanta, (;A 3()32(.i
l)hm,': 2#2/7?')- _I#I Photo,:./04/.h_',%/6(_6

"t0.t/6 _9-0()00

II Office of the Assistant Secretary

for Health • Department of Agriculture
()tl]c(' (if Ih(' Assisl;llll St'(.:l('|;<Irvliir I tlllllilll Nlllriti(in

I h'alth ,'\griitlltllrill Rt,si'_lr('ll S('l%'i('('

l)('l_tiil'llll('lll (l[' th,allh ;lll(I ,_;llJ()llill ])rl)gl'illll Slal'l

I hllll;lll _l'l'Vii'i's l)l'l);llllll('lll ill :\141il'lllllir('

2llll IIl(lt'lii'll(h'liCi' :\v('., ._W, Bhlg. ()()'), ItAlt,( ',WI':_T
Rnl. 7_I()(; li,(,Itsvilh', MI) 2()7()5

llVashJllgl()li, l)(' 7()7()1 lgmm': 701/7.1,t-721()

lib,ill': 20212454) ?OI

I Department of Commerce

II Office of Management and Budlget ()llkl, _drt,(,llncdc_g_
I h';ilih ;ill(! ,%lil'ia]_('rvii'i'n iirlilii'h (:llliilii(,ri'iali/alilln

l)i_hi(Jii ()11 lllllillll Ri._llillit,_, [)(,l)ilrlllll, lll ill( :lllllllll,ril,
Vi'li'rali_ ali(i l,;ibiir I,lih alid (:lltiMilulillli Avt,_., NW,

( )llic(' (Jl Milllli_i'lll('lil ali(i lilll(ll4i'l Rill. -t414
, ..li.31)72F)171h .%1.,NW, Rnl, 7(i(i2 Wii.qlingliin 1)(: ') <j'

li41'ii_hillI.U_lll, 1)(' 2()."i(i3 Iql,m': 2021777.,_'!00
liD,,,': 2(12i 7q_.-t?20

l Department (if Defense

l Agency for hiternatlonal l.ili, S(ii,ii(es

Development ( )flhl' lif Navlil Ri,si,arch

l)ki_h_ll _ll .\l)l)lil,(I Rl'._l'iir(ti [)('liiiiliiil'lil c_lih(' Nav_

( )tlh(' Id Ih,allh l)l,liiirlnil,lil lit [)l'li'li_l,

,\_l,lil_ lllr ilil('rli;llilllilil bl(lii ,_. (_ilill(_ ,%!.

[)t,_,hll)lll(,lil Arlillghlli, VA ')'2L)17-F)(}()()
Iliill N. Kt'iil .%1.,Rill. 72() I'll..+,; 707/(Jqf)+tSfJl

RI )._sk;i, VA 222()D
/lltmie: 71'.itt,_'7_'t70_ _

=

Ih'l,ith'ill ihl' Jltlillll I!t!lll I 2()(ili B
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n Deparunent of Education n National Aeronautics and Spa(re
l)ivisi(,n ()t'Nledi_ a{ S_i('tl('l'_ Administration

Nail(real lnslilule ,m l)isabilit_, aJl(! l,itv Scivncvs l)ivisi,_ll

Rt,habilil;ui_m Rvseaxch (:_uh' SlIM

l)cpartXllClll ()1 l",dlucati_m Nati(_nal At'l(_ilatlli(s all(i Sl)at;t"

-I()() Maryland Ave., SW, Rm. 3,t31 ,,\dministrali(m ! h.'adquarlers

Washi_lgtcm, l)(: 2()2()2-'252,_ (iO0 indvpcxl(h'nce ,.%vv,,SW,
19ram,: 2t)2/772-119.t R_l_, 11_

Washingt_n, 1)(: _(),"3.t(i
i Department of Energy I'hr,,': 202/.t_ _-I _27
l teahh Ellecls Rest,arch i)ivisi(m

()llh'v I(, Ih,alth and II National Eye Institute
Ell'¢il'(mlXl('llt;tl R('st';Ir('}l Nati_ma] Ev(' lnstittlte

()ilh'r _)I i':m'rgy Rv_('arch National lllslitlll('s (fl lh'ahh

l)epartmvnt ()1_Ent, tg,,, l?d(lg. _1, Run,6A()F)
l(.tt.)()i ( ;t,rllliillt()wni R(I. P,tght, sda, Nil) 2()_Y2

I':R 7_, Rin, .i"-. .,,')'m l'hmw: _01/.I(_0.'158_

(;t,rmantt),,vn, MI) 21J_7.1

lq...,: 7I,,I/TS 7-.tS117 nn National Institute on Aging

Nali(,nal [nstittltc ()11Agilig

I Department of State N;,li()aal Inslillllt, s _fl I h'alth

Scivl_C(' and Tt,c'ht_()h_ga.All;firs l'dclg. 31, RIn, 2(:()2

l)ep;ulnnent _)1Nlat(, Bethcs(I;L .%!1)2(1_!)_
21hI a_l(I (', SIn., NW, Rm, 7N2F) 19/r,m'; 7OI/.tVr,-O21r)

tgm,r: 202/I,47 __00.t II National lustitute on Alcohol
Abuse and .Mcoholism

i Department of Veterans Affairs N('tu_,s(ieiH't,s ;ul(l Ih'h;tvi_ral

R.('s('ill('h alltt l)('vl'l(,plll('!ll ( 1"t2'! ) ri,M'ill(h lSr;!lll 11

\'(,t('rans i h'allh .%'trices ;me! llivisi_m (_t I$;tsic Rt's_';ttt I_

Rvs(';uch ,*\(hninistrali_m N,iti(,nal 111stitm(,_11.'\Ic_,h(,l :\l)_ISV

l)t'l)arlnwnl _,t Vett'rlms Allairs ;ultl ,.\lc_,h_,limn

lqi() Vcr111(nllAve,, NW Ah_d_,,I. I)r_lg ,.\l)list,, an,l ,MUlll;tl

%%'ashiul_l(,tl,D(: 2(1,t2(1 I h';thh ,_'_(llnini_lrali(_In
Phone:202/23 _-2616 ;',(iOi)Fi.shrrs l_n,, Rm, l ti( ;(1",

R(,( k_ilh', MI) 2()_,7

I Environmental Protection Agency l'hrmr: _rll/.t.l _..122
I h'allh l':tl('(ts Rt'st';ir( h l.al,,,l al_,nx _t)1/4.t 7-_,_'_I

l':li_il_)lllllt'111;ll l'r_)tc(li()ll A_¢'II(_
.Mail (:_(h, MI)-_,I m National Institute of Child Health

rl'_('itl/']l lri;mglr I_mk. N( 27711 and Hunlan Development
19,,,,,: Vlv/_..t ! __ '

and (:hihh ('n

I Fogarty lnternath)nal Center Nali_,n;d lllstillllV _)l( :llihl ih'ahh

I=(l_Al'l% [lll('llliIliaill_lJ (:t'lllUI all(I Iltlmall l)('_c},q)ll1(,_ll

._,ilillllill IIISlilllll's _)t ] h'itllh _illh)llill Iii.slillll('s (ill Icitith

I_l(Ig, :_1,R,_l. l_2t ::_!_ l':l'N Bhlg,, I_dn,11,t3

19,,m': _l)l /.t')O I't I _s 19ram'. _l)l /.tvO _tl()'_

U



II National Institute on Deafness and

Other Conununication Disorders

I)ivi_i_u_ ill( :onlnluilicaliilll ,%t'ii,liit's

.ui(l l)isltr(It'r_

N_ili()iiiii illsliliilt" llli lli'ii[llt'S_ all(I

()lli('r (i(iinliitiniiiilitln I)isiir(lt, l'.S

Nali()lllll liistiliilt,s t)fl h,ahh

I';PN Bldg., Rill. 700
lt¢lllusda, MI) 7(i1'192

/Iho#l<,." 7{) / ii,/ i)fl- / ,_'{),/

70 //4 ?0- _ (}(12

II National Institute on Drug Abuse
()tllcc {)1ri)()licv and l'Txtt'rnal ,&flairs

Nlili(lli_il lli_lilillt' (ill l)rii_ AI)ll._t,

;_dc{lhill, l)riig :\tiil.,it,, ;ili(I Mt'iillil
I h'allh ..\(hniiiislrali(lil

.r_tilil)Pisllers IJl,, Rln. ILIA31

R(wkvillc, MI) 70857

/qmm,: tO/t,l,t t-18,_'2

In National Institute of

Environmental Health Sciences

l)ivishln ill iniralnurlil Rt,st,lil<t'h

,_;ilil;lial llislillilt' lit l,]iivirillillit, lillil

t leallh Scit'liCt's

,_iiliilli_il llislilllll,_i {_1! Iralih

!',(), lh _x 12233

Rt'st'iirtti l+rililil4h ' llliik, N(; 977()_.i
Photlp, + 71 ()I_,11- ;2() Ii

i Natlolial Institute of Mental Health

Niiii(llllll In,iiilUlt' _)1Mt'lilal Ih'allh

/tthiliiqll, l)riit4 ;\lillSt', aiill Mt'lilal
I h'iillli ,.\{tniiiii_lraliiln

5ii(1(I l:i,dii'r,, 14i., I_lli. 174i!t

Rc)ckvillc, MI) 21it'4:'17

/t/i/,le.' 7t)l/'t't 1. 71)77

II NatIonal Insitlule of NeurologIcal
Disorders and Stroke

NillilJlilil ln,,liliitt' ill Hi'tit (lll)14itiil
l)islir(h'rs ,lllti ,l',illllkt'

Niililllliil lii_lillilt,_ lit I h'allh

Ithtg. 31, Rill. bt+>_i{lii
lie Ih t'_(la, .%11) 2(il,t!i2

]ihlilllC 71)1140() r '_U2t

iii National Science Foundation

liixisi_,il ill Ih'liaxii)liil iuid Y._t'iIIiil

,i'il il'l it t"_

$Talittli,II St'if'lit t' Flillll(lilliiill
INi)II (0 HI., N,'W,Rill. ,t..l)

Wa_hilll41{)ll, lit' 2(l_"l,rili
iItlit,if: ") "l;.11,.,, 7{ 7 717111

i

ih'li!th" tit liw liilillll llt!lliiTItlllt i



Office of Scientific and Ilealth ReporLs
National Institute of Neurological Disorders
mid Stroke
National Institutes of ttealth

lh'lht's(la, MI) 2()_92

t:c_l)it's,u't' _tls_j_tvaihfl)h' Irt)m llw N_iti<)ll_tl
'l'echllic_fl Illt(_rmali_ll S('laice, l'he N'IIS

l)uhlit+_!itm lltllni)t,l _is I'Bgl- l :_:_,7(_t.).'|'_
¢)ILdI'I it t'lll)X +, write' (_i+c_lll:

NTIS

Deparlmenl of Commerce
3_,+'_ lh)l+l bh)v_l] RII,

Sl)ri_,l]t+hl, V.,\ ')')llil...
( 7tl +_I.t,YT++tl__q;

Pit'_l_t'itit'lude the' l)tll)lit*_lli_,ll lltlll|bC'l" ili
X¢H,II' rt'(lllt'M,

II



Decade of tile Brain Progranl Activities
" iil llli II I I i{ll iNNlllilll llllllil I I .......................................

,\( ffLN( ',Y :\!1) (:1)(: 1)()1) !)( )1': I)V,\ 1'Ii)
I'R( )( _K,\ X!

ihmtan (:(tllHIlulli{it- IIc_dlll ;i,,,k I)¢,{i,,i,_tv l)ill(,ut,ultiltl S¢lli,,,_- N_itlil,tl

lltl'lllal dis,. Irsu,li(l_ t{_i I ilV, till(It, slrl'ss, {l('lil{'liti_I Ill|itgillg, I,.Itavh,ral
orders Iw,ilth d_.'nwllli_l I)c_st-lrmln_,t (liml1_h'r,,

I_' h _l,,h_1 strrsn

lion _¢ ,,,ilt_,. idin{l- s_,strln_ li{mlzl vi,,i{_l_, _,islilll I'{luilHnt,ltt

disorders [i,_ll l)rt,( {",.siilg,
%t'115I )1'%

I|ll)|( II"

Leanting & ( :hildli_,_,(l l'l.._li(il_, l':;irlv_hihl-
memory' h,_i(l n(,llral&' li_.lil

ittti'lligi'li(u li'llaiilit1_

Addiction Ig' t_tl Nu( h.'itr A,.l(lictkr

r,,l.,.,tili' rat'(lit ilw _lim,r(lei _,
i'_;tiliilli[it15 slll)Sl;tlli('

Brain & I pi- N('1111;l,;Xill. Sl{'it'{,hll lit R('gUllU111- 'I'i i11111111

llagt, iilln11ii_,utlxi- l)i,_(h.lrns_. Sltlgt'r_, ing _ii
_,,h,m. _,.11l,i,,h,g_ l,_¢_di_iui,,,i ,,li.(li(_ill)i'i -
I)Ii'_i'111i_11, {_I _i'i,'illi' s{_1111('I,
t I _'.|I 111Ulll, I' _ti lll'II l'(l-

,_'l_,d_ilit_- hi(,h,m
li_ll

Develop- l'It'_,rlili,m l':l)i(h'illi,d. (',,vlwli( Mrlll,il
llll'lll ill _.llihlli,.,(i {,I,4_,,l;(I 1111,I- i,lih' _i'll(' li'Iill(lillililll

111,11111111ili,Ul li, il1,1l i'Xli_i, i'%lll i",i",i¢ill
_lll l'

Ailing l)rlli{igliililv, Risk l,t{i,;i,,, Nii{Ir,u l)rnli'llti;t Maiil-

I i*.,k lilt llll_ (liilgllll_l'_ _llllli¢'_

Relioriithul I'l,i_illi.lil _ Ni,lllidill4ii Nrutill Illl(li, llliri ii. Rl'h,I. I_l'ltli.
or funl_liitn lhl_ l il_li ,t. ttl.lla_i_lllil irgrlil.l,ilillll i_ t,II Ill,Jill hililliliiin, llililillillil

_{'#iili'l'l!, Iiiii ii iI_ i l lii{ ili(_,
iu iilii ilil
Iinilis. _i,ll_l )-

Environ- I,:11_il ,;I I- Nrlll, _lciki_
nll, nllil Ilii'llhil dgl'lll.%
illlpttl'lil iililliU I_ _il

ill'lil _Jl_l.%i(

ill,_i'lll_



EI'A FI(' NASA N 1,_1 N IA NI,\AA NIt :1Ill

(:ht, tllit'itl- ltlit, Nlilti_ll- ( :lt'w ht'hll_- I_vt'hll - Alzhi'iilli,r's Ah qllHilil l)l,vi'hllltlli, tl-
illcllitt,(l ill i_llt,l;l- i_l& i_t.,t_r - t)lis,,_it_ ii_t,_mt'lli dt,lnt,lltia till I_'rtl_l _
Illt'llliil (lis_ lillli ill Illilllr(' ill itl_llllllll'lllS ilgy
_)l'd('l's hi(itnt'tliriil Sliart'

I*l'_t'illT h

Altt'l'iltil_llS (") Nt'tll'_,.'ll- ( h'llh)lllcillll' Agt'-I't'lillt'd Ik_lt'xi_l
ill ,_I'iI_IIIT Sllll _%_i1'111_'t._i_ll ('hilll_('_,

t41il','it_ rll_l_isl;lll,

_,,_,llitlll_il_l_ '

( :ht'lliiri|l- (") ( :(_lltli_li! l".lli'l I,,__ll ( ;l_gllilk't,

ttl(lilrt'd t't)14- _,*_,llt, tlrill ill(*llhlll tlt'_,'t'h_ji-
tlitk'l" (k',_- illl'i'hillli.'_ill lilt'Ill, /t'illll-

I'Illll'liilil illbl ilt_,li)ilt-
ttl,l

(") ( k, il(,_ &' t"l'till

t'lll'irilllllil'lll ('xliilll!li'

( :ht'lnirill- (") Hi'ill ll-llllh- l'r,i- Sllliiii llilillll
iil(Itit i'd IhlihliilliilS', tlritliillit'¢l
lit,Ill n- iliiilli, lir it'll ill'iilh

Iliilhllhllt i/'lilitltlii!hl

iit,_,l,hltl- (") l']h,t I ill _IIiilli_lllll_, Fl'llil iilrllll_ll Mi'lllill it'ilil'-
liit'lilil] Ill'ib llii_,il_, _lll ililillkilliiii, ,,_l'lilll'lilli¢ ' ililtii_li,
Iltlilxiil_h ii_i dl'_ I,htlt- ill_,'i iliili ,"il I ),'i,

till'Ill lillll'ililili

At i t'h'lilli'_l 1") ( ,lliiirllillil, Altht,iiili,r',_ !'*,llt'ri Ill

ablilit, I rill,ll'ilil,_, lilt flhlil t_iill
liiill itllii ilir ri'ii_iilil4
(It'll, lit,ill- iil,t[illl, I
lilili

TllxiriIlil- (") I,ll'_iI_tit' I,,_ _i_illii _iliill'tlit'_ Ml'liiiil ll'lilr-
tlilhili, iI _t'_lilliilill _t' lt'tiiihililil, tllr Iht' iil41'tl (lliliitii
i'l,bll,i li,i ill il tl i t!i'lll ltlll_illil Iillli _. lll'li_l hi,.

i llllllitl _ii,_i,

illilll _ll'ilit4
,,li,t, lt

Nt,lllill_lxii ("i

ill,ll'lll_



Nil),t Nll)(:I1 Nib:l t,",i NIMII NINI),_ NNI: ..... I!NI)A

i1_',drill4- Ii_lli llIPlla_,- ilidiicl'd llhrl'ilill, Iillli _, ('n(hlrrililthl- ]thyii!thll4i('ill
._l;l,kinl4 i(ir &' tl(,rlilr - I)l,lillvitir &" d!'tlri'_iv(' ll('lilivhlr 14y/lll,vl,hil)- liiliclillii,
llt, hlivillr ilililill' liil'lllill di_- ilil(ir(i(,i'_, liWliilll I).,ly- Ill'l'liiHliiiliCl'

(lt(l('r_ I i(' hilvi(ir.,t, i'hllh ill )'
lll¢,lillil di,,,-
i iriil,l_,

Nlillilllli_ ! h,iiriiil4, N(,ilr_l- ('.illliillvl, Nl'lirlllltll. Tl'iiii_(iilc-
l)l.lltil.lli!,_ ill ,_liiTi'h, _l'll,_til'V l(<i('l!l'(' Illl,_y lll'l'lll- Ii1111illlill'-
ill+iil,l_ _iiil'l', liili- ri,_iil_lii_l,_ Ill liiltiili, lilll- Ilililhlii

tllli_l', lllll- i'livh_i_liill('li '- lliillll'lillil (,liirv, Clllli-
iiiil't,, i hl, llii- llil iil41'lil_i ,,ilii(lii'_ (ll piili[lil_iiiil
fill _l'll_l,t ll, ll_ii t1"%>._v_- Iilltlli._1i('_

Ii,lliVl

I )ill,riliil _. I._iill,llilil41, i' ( :lil'iiiil_iil - ( :lll4iiiltvl' itrlliii _Viiiillli('
clils_i( iiI i'lili- h,ilrllillt4 dis- illlhil'l'(I _t'i(,llii, i)l'¢il't'i_hll, l, liiil.,ill('ilv,
(lilillliill t ltllh,r!, t)lli,,,l- h,liHiilil 4 _ ,lllll.lit, ll, _l(o liit'l'hiiliilln

Iii'iiv lii('lli_ _l'_'di_- ri'll'il,vlil ill illll, illtltll
i _iill'Ill

lh,ltn, llrl,llillill &, (:_lllllirliiililv (:l'lllllill + h(illii'lk'l'

Il_i_,'iill I iil(liiir('!l (ill(,lillil di,_.: ilil'l' hillll_ll l.',t l)l'hlivi_,Y,
illlThillli_illl_ 1,1%i('('lli, rl_ llrll(,l+,,,i & lll('tiil ti_,).

il(l(liltilln ) ihiihl_'

llrlill- :tilllill,_i_l, (:hl,tliil.lil. lttlllili (lliiii- ,!,ili_lkl,, liillhi Mltlltl
illlhH i'll Illiillil illdllli'll lilt' ill_• iii1'11- ill' ,_llliliil lll, hlivillr,
ill,itill. _lll,l,t h lib. iil, llilt- lid (li_tirlh,r',i iiil(! iiljlil'V, llliythlllil_i ,,
lll,_il iP, llilh,l _ l)illlll ih 114t illllliillh, ' illlilllilllV

' ._(+ll+rlills,

i'liilt'li,_y

bl'i,il t'lh'(l_ Hi'ill al lll,,,l,h _ll. I :llildl'_H_(I ( ;l'iil'lil_ _ Nl'lini- I hlrliltlnl'-
_illl_lllilt,_ ill lii(,lillil lll'il- ih'tirt',i_ilili, dl,_/,hll)llll'li- t,ll'lil, lii'_, cl'il lll'iirlthlil.
'_l,li_il"__i_. i_ll_lXi(_ll_- iiiili_ili llil (li.sltldl'i,,,i lilll'il_i' illlilll' ilili,r-
( lllilllllillil il- I_, Ili_lil_lh'r_ (l('vl,hll)- il('lil!ll_,
Iilili _il lliilil, rl_,' liil'lil liiilrilillll &+

di,vt,htll.
ii1('111

M_,lltlil!illli_ Ilill(hl,illilitl, I,:llVililli. Ml'lliill &. :Mlhl,illll,r'_,, Itillchi,illi¢'ill, Nillriitilll &'

_h,,_l,hlll. lltl_,dl th 114ii•, illl,lllill Jli'Jlitvhtrill lliII kill_illli'_, llhv.,ii_)llll4i( ' , itli!11
Iii!,111, 1i,h;l- illlilllilllil _11 Ilit, l'lll'l_ it' (Ik, irlh'rl ill i !11111i1114- illlillllllli('itl
hililillil HI i.i h.it_ _l,lll,_llt,lll( ', Ihl, il_t'll 11111'_ (,l'l'l,cls
_1illhlii I,, t'xril_ Iit i.%ill_

_t"Ill iliii
tiillt li_lli

Ih'll_ltil'_l'_, Nlill ililliiiil !)1 itl,l_i, NI'I1 I' Itil lt'lil,(ilii, l'r-
11'i4rltivlli, ilili'l_,l'lili_lli Iliillllilil,',,, li'blrliv,lh, ilil, l, lirllllh( '-
iiilt4illl'lill,ll ill iiliil,li_lllil- li_,l Ii(i,_lll iiil ililliliilil_, ,il,_, rl'l,,ll'lii'H-
I llllilliillih_il - Jill4 it!xilil_ ' i I'ti_itliiila. Ill ti_llil'_('_i Iitlli
1i(_11 Iillli

Nl, lirlll,ixil Nil( tlll,' ll,,iv- N(,liiill(_Xili_ i':iivlnlli-
iil_l,llls (hldltt4i(al/ iiWIiliil _lilii-

i,li,,ii ltliliil,li- illiilt(_ll _ll

lill illllli, ill'ill lll)hy_i-
I'lll 1'% lill I lit I_)'

ill'iiili liilir-
Iiilll
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