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ols} 2o, AU (solt skill) 59 o] A% ARHE AL §371%
o) olel R S Al RO weltk §F/1%e] BN u
A ol NS AR SRSAPIRGE 45 0e, add fdoz
shekd % vt

JF WAX|CH (tradmg zone)2} 2810 (creoles)

WA (trading zone)d] 7S Peter Galison(1997)¢] #lojti <} YA+ &
715 H“L’CTV] 9 A= A= FayE e G distr] f6l
A ARESE 214 ol Galisondll WEW, 7 o] wEEE 7 E3E

o aiA] *ﬂf’n 0 SoAS Folabn, sk 3ge oulel] tisfA e FofshA]
Bt sttfEks, o]&2 wehe] 3] tisiA Folo o]E ¢ glom 1 A
3} WA 7 YERATHGalison, 1997, p. 783; Gorman 20020141 AQ1-&-). u}
A WA A AAl= §871e 9 A EAole ks 837
zo] FAHNY FsAgeta e 1 AHAHE wItal & 4 gk

e AR e F o] 3 dabe Avte® wA| gyt ggHos
AE8 4= ¢tk Gorman and Groves(2005)= Kuhn®| FoFe7bsA



(incommensurability) 2] 71'd& Wol A2 T2 F o] J=Hs= Aol
Sk ofzol tislA] Awstar Sk o] el mEw, 7F s el 4

7]
997 B EAE dste d AEHoldd e AfagAs Zta
= 3Hculture)olt. wEbA HAEAS] S Gow E

A 7138le] diEiA, A= o 9] AlRtES 1 7]

A= A oo MEH, 159 EA4E tieii M= o2 oS 2 "k
b AE gE SHE w3kE 2 gl AsiA gkl FoFeTbe A

7
=
ku

2005).
3tololi= 54 75y dud AE-goldRE, T7 5o EH3% &
sto] 18]l Ay 29104 WkA (metalinguistic reflection) ¥} o] =313 &
TES YT F S HEE s Tt dojo o274 theket
o2 FAYHGalison, 1997, p. 783). L&} o] 3 EgololE dAElr]
A HHEA] A2 dolE FEdokete AL ot A2 §of
7 7

& A F 9= WHOItHGorman and Groves, 2005).

el oA EA(creole)= S8V T2 AMEEHE

AXES Aedhs Ao w A4 = vy 22y §97=Y FE7F B

ap7] wtol ojwfdt IS FEIEROR AT Ao ishM HeetAl AlAl

g =Ee BX ¢t} Akins(2002)= Converging Technologies for

Improving Human PerformanceZl= K14 9] w&o] tdl Aoj|A, 4=3}o]

SHE UF-oF SHE gl SlojA tiEAQl EEC] Adojol7] whiell, g Zlo]

A aEojop grhal ek Qlrk o] HiXe 54 &

NBIC 8- thFaL Qlonz, g=8to] 7)o FEoh duglo] 554
5 )

5
2 7zslolodt HEow A 4 9k

6) Creole A& AZ Th2 doj7t £3r]o] AAH AR dE Fof d=9 WA AF9 o
ofoll A frEiE]o] "HE013 English Creole , 3Fol€] A9 9] 22 AojollA f#¥]o]%] French
Creole 5°] 35
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aeu 7§71 FHjol webd $EA o IFeta gl A o
g g Atk & E°] BIT §87|&° $4& 79 Biotechnology and
Bioengineering’ 225 7|3k UNC Charlotte?] 7o+ 159 w534
& A= SlojA, o] Zraglel Hojstal A= w8 Bt} AEdt
o w5l YoM FEAY 712 =2t FIske wsdAs A A
oz HAHCoger and Silva, 1999).
sYstA BIT FHE Fol wSHAES /g University of
Wisconsin-La Crosse(UW-L)2] Bioinformatics across the Life Science
Curriculum(BLSC) 9] 73-5- A% I A2 QIAARE o] w5349 BE
SIS 159 oo upebs duk AEShs FAelon, A=t Astet
b *}Oloﬂ’ﬂh frAgte] mAES} SHYEO A glolM= 7% mAES 734t
7} 78 FeHwoZ Vet Miskowski et al, 2007).

Fd

+

Lt X[A{e] Holet o

#12e] yloloh zlol= &3] AUdz|2E(generalist)9 2FEZ2E
(specialist)el] B]--%o] A Et) Uk 07 generalists FH$ 3 o Hol A
el sl e wWhe, Zlooh FEHL FE3 AoR Q1
specialist®] 7-F-ol= g Fofell AEsi, Biglate] Fo] ol Zlom <l
A E AL Qe AA A 07 A7 9] St o WIS S| Ho|Ht
« AolE Fstal dvkal E 4 $ItHCohen, 2002, Gorman and Groves,
2005).

gy §EEY A9dE AYdEa enerahst)S’Jr 2o 2E
(Speaahst ) <] OPJri e 7 8l 54 40] O]E} TH7IES 279
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o] 7} e JYollA ofF wAIE Ftel Mo A4S g5ahs dAellA Ta

@Xﬂi Ugstel oigk 7<) wsFddd gk %4=19] Nanotechnology:
Skills and Training Survey ZAFIA, 575%2 SHAEL AULAE
(generalist) 9} 2|2 2]~ E(specialist) 7} B 287 2JsiA 74| &= A
o7 oJAR|= WA 235% % AU ~E(generalist) 7|%, 125%+ 228
AE]2~E(specialist) 71&0] 7H4] Qv Aoz ARG 3-H35ItHSingh,
2007). webA 971 TokllAe AU de~E(generalist) ¢ 2~8d e ~E
(specialist) 7} 257 S8k AAAAM, 7= AE d¥E50] o] F H4&
B ke 1S & 3ol & girk aEu A9 Holgt ZlolE wA
A FAY oEw T shtoltk
ol lolA 7P WA 1T AR Yo
o defA e %’L—Eﬂ‘ﬂ It Gorman(2002)2 7l St §lol& tf
T B7Fsette RS AAE o, Hol= o] shEolA 3EA
s ek, skt o)) shEdt AASeRA JE Zow
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Ao, Yole AEeNA v B RES ARehke e
S AEH 07 ARk A Sl g5 0w Byt

e 7HQ1e AHdell A o] HlolE Ftehks A2 Al ARt
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FJeiA = vk sk OPE} wHEbA 153G ol 4 9 ] A B
FTABIAAE Holg EYshe AolthGorman, 2002). €871 A 18 &
39 Al 229 Holok ZlolE ofuf gt WA O R FAlo 48 ZI7t
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T oE AR 7§37 23 woF 5 olwe 39| 5ol A
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M2z g8l Yl g2ls TEely $M 25
UFe|aL itk e oAl Al E grke AS E=3 uhe|a vk
A Gorman(2004) NBIC #<2 7}7]’ w7] 93 F5eoFd #1419yl 7}
A FES ofw Zﬂoﬂ ﬂ]oﬂ/\i o}= A H (Information(the What)), #|4]¢] 48
o that 342 #1261 7)< Skﬂls(the How)), A4 9] f-&3F A3} 44 7]
%3} AHo| &3t Jé of thal|lA o= Feh(Judgement(the When)), 712
ALe) A A1 B 28] (Wisdom(the Why)) = =3ttt 419} 7]|&S
#|21e} zlole} weka} A|se= A4 9] Holok BHEATtaL & 4

ch 2= EAZ(Soft Skill)

ShA Ao kel o] §IeS 7180 AR SYHA0E AAHUY 7
7He] e Atole] FEAE-S Fote] WAgTh 1y Kuhn®] FFE7FsA
(incommensurability) | Al & 4= %0, 7} Shid o] A g9 54

EAE sldahs d AEAold Abrals 2 ol w3tol7] wlel,
fxﬂ‘ﬂ] gt <124, Aol gk A Wl gleiX % AdolsttHGorman and
Groves, 2005). o]8& A& b2 A5 F dHro] P& A5 o= Hl 9l
A ol FHE7] SfeiA, SA AEE 3Ee] Efdolet A FxH 1

9= Aol AT EAT(soft skill)o|th

AEEXT(soft skil)o] §7]E0 JoA AxEHe= o olfe, 2A9]
A
[e]

l

33} ool SHE 7k9] @ Wk ope, §37140] AIBE D AN B
255 1) QolA Ao} e ARste] P2 Wew ) Yro:

Allenby 200D W21, §¢71e& 913 A2 AeHe tehid Fds
Eret, B oAl goA), AISAE 2RI HE 27k dobd
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a2t §371ed YolA Bagh AT EXA(soft skil) 0w g Alo]
=71 Huxley (2006)] ‘ﬂr H, BE /%4‘33%"39] 2718 A7]%(technical
skil) ¥} A3 E 27 (soft skill)S 3E ol A o F238HA o
AA = AL AZTEAT(soft skill)o] Tk 15 £ AXEAT(soft skill)

& "HollM dak= A, YrraEee A °ﬂ AdS A A, 3 Y
Aofl Esl= A, AFEE A8 58 5olthKoehler and Koehler-Jones,
2006; Huxley, 2006014 AQ1&). ol 7|eEe Tt A% 7%
(workplace competency skills)¢]gtil% &7t

SHH §37]E Hoke] 719e tie® 3 Nanotechnology skill and
training survey® thét Singh(2007)e] #-Adl] w2 AXE 7 (soft skill)
3 o] 7ee A AAA SR TR AL, #3HH 0w ket AN wg- F
Q3 Aow oA therls fofd ﬂA}#A SHAR] 327%E ¥ 97
o] 7V 88 AZEA(soft skil)® SH3IA oM, 238%%= AT
FTasL gReialth 1 9 AR EE 014 T8l ek SHE Fol
=0](15.7%), ZF2=01(13%) .5 VrERsiTh.

2719 $7le A% 13—19—% g dad we §3v)es B
T}, 42 Lo AL A AdE 2 A2 dolEe] #4418 1
A7171 ﬂoﬂﬂ A7l A}ﬁol Bo3ths AS A2 AEsAsellen,

o5 dQof or] 2az o] AES H5 $thHack and Kendall,

2005). ek A1A Aol §31% AR Aol U £90b Z7Ke
web), o5& AAHOZ PHtan 3 Aw}x %, 719, ohk Aol
AFH02 veptn ok e §371% AR A el sdol, A,

7180, thstolMe] G} ek Aol t2Y) WTOH thke el &%
7 A Y e A7 vehta i,



H2E geb|sol UH 88ls HEely 9y 27
7h =M AtHel 87w W= oY &Y

2001 m=¢] Z9E t)E3-S NNI(National Nanotechnology Initiative)
e m=e] ARspledds wRsislon, 1 A vaayasag
(NSF)o] 58k NBIC §37]= A7t A4 02 AZH A o5 A7+
Ui-nbo] @ - A B A -Q1A| #8} 714 1k §312 B3l QIke A - AA

. /\}QZJ L:E’:].Q. 61:/\1—/\]7] :?xﬂ ﬁxg\?:h/]_ }\1—4 ;d tﬂ:)\}oﬂ 7]04 }l‘f

S|
-1 E
AeuAow o ek vSe] Ak} wel 0], 714 A9l 3714
AT A L AN AL ASTA AR F7h A Sro) S
A7hS1ek ek ] A $71€ A 28 e 1A A
o] QloPy HAow ¥ 4 9

NBIC 3 A& W= %erﬂzﬂﬂ (NSF)& S4102 200195 A

A 5l A B3k Faf Ao, 2 A WAl BalM= Roco and
Bainbridge(2002)°] <] W3te “QIzte] s8e FIAI] A% /)&
(Converging Technology for Improving Human Performance)”e]t}. o] H
A= Visionary projects2he ZollA] nl=r] K-12014 §871& w52 5
L7 disiA MEskar vk vl=re] B4 sk agaAol glon,

37 ko] thekek ojolHtte] Fejsil= HE wEd u|, $I|ES
K-12 ¢l =948b7] e = g871e agabgds A=stsjof sk, ol 4]
af AA FEA] FHeleh Aol destrte Aol HAatar th(Batterson
and Pope, 2002). ©] HaA A w346 §37]eS =457 ¢35t degke

83 2k

- =7} 38 WS F(National Science Education Standards)ell HF3
£ B AT

7= K-12 971 w53hg e

5 J7F = 7H ko] ke

- APl thske) T Alehel] Tt (Hlol%ﬁﬂ k)& S
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gh= o, ofzlo] A71AS Aol M e =7HA 7] oY e Ei
o] 7] wirolt}. U]l o] St bk 37141 AlZE AX S Foley
and Hersam(2006) At 201 59t w= wsoflAj o] #8} 7]z, 538 1]

48HScience, Technology, Engineering, and Math; "STEM”)¢] A7}
U]}nol A thegsh g oelA 9] /‘ﬂﬁﬂx—qy‘t A Fede gHskE d A
olM Aztek flgew Agstal 9l
K-16014¢] STEM #59] &S
(pipeline)el] ]ttt of2fgh H—’r% STEM ‘ﬂolwﬂ ek Aot F94ol 4
o HEH+E oY F?'SPZ.} g

Hersam(2006)2] STEM %ﬁ}sa} JMJE} plpehne )9] HlGE o] F
719 e] EA 7 *}ﬁﬂ_ '?5} | 7153 gl Ao e AJALA
A&kt
Lt 71 xtelol 8e|s TE o 24y

A7 vlels §71E 8] A4 32 Nanotechnology skill and
training survey©l g+ Singh(2007)] A ellA] FtoleE 4= gtk Yhegsl
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M3 dhojeaty Stoelef slgk 31

ALE AA vlo] oAl g B A9

97 BE Alo] Fhol] A 1T 5 gl B4l HoPhae 94
W, 5] A9 A3 71$E o s weleadle AAHoEE F7)
A

Y] sl WA A7 vl ki) @3 2 Ae] U )7t

webd o] MolAE WA A wlol @] A8 % AL st ofol
At AolA] Sl whol 2kle) 93 2 Al s % 3
S0 olF Bl G vle|oAlele] volzt Wt Q500 B A
e QA s

L AlA vle]oxksie] At

AA vlo] oAkl o] kS B 20064 AH7S 7o R F 73478w 0k
g o] ol Holm 277329 nE @] R&D H|-8-S FARIL Sl Ao



LFERSE ?i%% 2y

o] ¥ UHLO] 130,600 2.

% 1905009 0] EAVBLL 9= A
2 A4 T 686%E A4kl

o Ve,
I,

ohxJol/elH Y] 7

o, R&D FAHH] 8-

S Folt flol vla) A TR
- 22 Ao Rt vt ofAol/Bj kS vl as)x.
& 7 57 ApolE Helth

<E M-1> MA MH=sst AT 820064, A&7 71F)
OLAlO
an | oaw | s | oA | PR
<F719>
420] (WTHg) 73,478 55,458 11,489 3,242 3289
R&DH]-E-(HTHE) 27782 22,865 3631 835 401
TEA(NS) 5,446 3466 1,125 524 331
u-g91E(9) 190,500 130,600 39,740 7190 12,970
<E 71d >
719 () 4275 1,452 1,621 465 737
- 710 336 156 2 136
- v 3565 1,116 1,465 333 601
23 A A AL (2008, 3). 2008 AETE Fo EANE BE.
2. oFAol/EHY Al7e] dst
ofAJol e o] AT el A W= {5 5ol BlsiA detsk Aol
2006137} HlwgS o 200613 0] 10% S7Fski ot =ole) SHel|A
= ol A%g HYITL SY RRDIE-E 28%7} S/, A i

4%, 719 & 3%7F 57k Aow et

<I I-2> otAlol/EfE R AlZ| Hio|24Hd $2H2005~2006)
TE 2005 2006 SE(%)
ZRo) (vl 3,002 3,289 10
R&DH| & 1H$) 312 401 28
<E AE>



T 2005 2006 SHE(%)
THY () 12,490 12,970 4
714 (7h) 716 737 3
- 4% 139 136 ~2
- v 577 601 4
Z2]: AT A YA TAE (2008, 3). 2008 AHEE Fo BAAE 2.

3. AlA ntelatef o] v

AA vle] @Akl APEFE S HW A F7HES 2006~20104
11.1%, 2011~2015K10] = 150%2 A|&H o= Agqtest 443 Aoz 7
BE L Qlrk ole] wht AlAl ule] AR Al A R 201590l
30900 2ejo gek o= Al 9k

<E IM-3> M vlo|4d AFAE MY

AIAL AR} ) AR F7HH%)

2,000 | 20051 | 20104 | 20151 | 2,000~2005 | 2006~2010 | 2011~2015
540 910 1,540 3,090 11.0 11.1 150

FA: AT AATAE (2008, 3). 2008 AT T2 TAAR B

nlE Abs] AHEE Fokg TR G ulo] QA o 3]l Y= vl
QA1SF wlo] Q47| Hio] .3 Foke] AAAG A-E B 2020:d7H4] AlA
A7) 79 728, g Ale] 9= 9501 A L] o] ol S
3 glaL ol wE AL 9 R 9] ] Ak ar gl

A = AFo] A A BRo] QAR A AFA|ER= H]E-S 1.7%0]H, 2020
Wolli= 22%9] 2 SE o o SHal )l Y/ RAE Kt s
o] & Aoz Ak 20051 A AAY 1.9%014 2020136l = 38% S A4+ &



<# T-4> 2020 7L Hio[4kAe| MA & sh=Al&el M2
(Sh9): Wt 2, %)

2005 2010 2015 2020

A A 72,0604 1642142 | 3714383 | 517,946.1

AR Eishy 1,224.0 3,137.6 7,463.0 11,594.5
H1 (%) 1.7 19 20 22

A A 72,0604 1642142 | 3714383 | 517,946.1

AR k=t 1,040.0 2,964.5 7,816.4 13,967.9
H15(%) 14 1.8 21 27

AA 33,060.7 74,4332 166,7674 | 2304683

B Eie 628.9 1,825.4 4,8853 8,792.7
H1Z(%) 1.9 25 29 38

F A AR A ARTRANFE, 559
EA: A AATAE(2008. 3.). 2008 e T8

hn e}

oft

AAE &

Ho

4. AA Hpo] LAtd o] dst B Ao mF-E o] AAH

AE71E gAtoz 3 AE7F WAl Ao u}
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1997 | 1998 | 1999 | 2,000 | 2001 | 2002 | 2003 | 2004 | 2005
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AR, A} HAg gt dolHE tAgslete] S&ohke A=HE
Sh(bioinformatics)©|th. AEA K3 -85 vlo] o dolg] 4] 2 713 Al
A 71 dF5 & At d AT WHE Wst 7]2H 0 R A8o] He
7les gt

=4, BA F71E BeAg 22 F1EY £F 0 o] Fofzl sto|Hy]
= guje]A(hybrid device)Z et 9 iAo o] 8-5= Hlo] 2.3 (Biochip)©|
o}, "ol 23S thA] wlo]A Zojg|o] (Microarray Chip)¥} who] A =53
(Microfluidic Chip) &2 W& = 1o, nfo] @3S 7fdtel= d D422 7]
=25 Bio-MEMS(Biotechnology Micro Electro Mechanical System)7} 1
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AZFsl7] eiM e WA JA3 RO Tx7es 7o R Ak 71A|, Al
2 5 ¥ Vlss §9F mAVleTes HeE skl olE
Bio-MEMS(Bio-Micro Electro Mechanical Systems)”|&¢]gfal gt}
o= A - 471715 dolA Hle] @ 37]ss o] &sto] A o] AEE =
= A7 A= 9
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Ak gHMetabolomics) biology)
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U} 0] iz 01 Eﬂ O] \:}HHX];Q
(Microarray) v
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(Microfluidics) - TAS
Bio-MEMS
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THa)d Aotk oJu] DNA vl (DNA sequencing), ko] AZo]go]
(microarrays), 7Fo]=ZHH-S-7](microreactors), H<1FH(LOC) % AFs3stH
SAR 75 AT 58 EH RS golEr} Hi%b‘ri Atk ozl IAG
¢ A=AE HolHE thREed IT Al=dlolu $A QIZeprh Gk ofof
sht}, webA IT #oks o]83lo] 7HdAHin silico)DE e A& o]
ol AAEELS rEstal 3 - oA - AlE T ReEe nhet ke o
WAe) 7)5e] tEA Yehe AR THH 0w Ashks ARAlg
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292 (Proteomics), WA EH(Metabolomics) ol ©]o] &3k sHFo =
19959 m)=ol A A& AFEATE 199035 A=} 2001 % XAl
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/‘aﬁﬁ/‘e“)ﬂ’ﬂ AZE wigsta Aolgle *]EE”XMW AN A QT8 in vitro,(3) AFFE] Al
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o] 918

8) Pennisi, Elizabeth, "How Will Big Pictures Emerge From a Sea of Biological Data?”, Science,
Vol. 309, No. 5731, 2005, p.94.
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9) BBC UK, Mouse brain simulated on computer, 27. Apr. 2007.
http://news.bbc.co.uk/1/hi/technology/6600965.stm?ls .
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66 sIlE TEels oY Yotk ¢

108 o]de] AES shar Q. HE g =w2ol 9shH Seeberger -
29 SAELS gt J

BZUET7IE o8ste 12089 WHARS 3Y wl Ed 4 QSith
Seeberger A= o] LOCY] wlo]A28ke-7]7} 2041719 Zef~A(flasks) S

i

%] Hogan, J. A little goes a long way, Nature, 442, 2006.

LOC 7] ofn| Ak A & Al Fatar glewl, AFgAlelA i
7] AlES T2 235 viX](batches) 2FHES1 Aoy =4 3lst A
A& Foll wEoAARE LOCY mlolA = kg7l o3l o]®T} oS A
AE AFAN A28 758 F gl opdE A wiA] As thiatRs)st

[e)

7] flei= e Shstar AAE AuAtdsior sk of vlo]a2RkS

24) Ratner, DM, et al, Chem. Commun., 2005, p. 578-580.
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32) Emily Singer, Silicon Brains, Computer chip designed to mimic how the brain works could
shed light on our cognitive abilities, Technology Review, MIT, 14 Jul 2007.

33) N. D. Schiff. et. al, Behavioural improvements with thalamic stimulation after severe
traumatic brain injury, Nature 448, 2 August 2007, p. 600-603.
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Solid-State Circuits, Vol. 40, NO. 3, Mar. 2005
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E8ko]  AME F-oKgenetics, macromolecular biology, cellular biology,
organismal biology, behavioral biology or ecology) & &S A3}, o]
oF AE AFHE 73 A2 BT RS HdEo] Qi
HALERY] BAS B3l CB oke] el 7]ofed 4= ol A7e 2o, A
e
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AR 125
a5z F4H 9

Ao AL O ]E BH5Lo)| 4]

A8 E AFE ) & Hot 438
Aol gou} ¥ g BE O & Qi waEel g sl stale 3
of 1r} Agsiriar ok
4) 24 Mg wif
HL}\].J/PH 4 ] 3L

O

WIZ = Genetics. Macromolecular Biology, Cell
Biology, Orgamsmal Biology, Behavioral Biology, Ecology, Mathematical
Science, Computational Science, ProgrammingS i th

5 F2 o7

HI

of

FQ A4 FofzE:= Computational biology, Computational genetics,
Computational macromolecular biology,

Computational cell

biology,
Computational organismal biology, Computational behavioral biology,
Computational ecology”} $ATH

% 954 httpy//www.ch.cornell.edu

Ct. Nanobiotechnology Center

1) A

AR

Nanobiotechnology Center(NBTC)+= 1|2l #}8l7]< Fofol| A Bkd =&
o] o] Hri=
S B ol %

21 Nanobiotechnology #-oFe] #Hdol 7]oja}ar, tgte)

ESH, AL AelE PR Lhe el
Sarlgol et ws Teade ATHes

W BT} 2o AltSo] sk}



NBTC: W= 38k vh(National Science Foundation, NSF)2] A ¢S
o} 2000139 Science & Technology Center® A HE AT} o] 5 F}sto] tf
ok OHeAl A Q) S by Ay ae) B2t 9 3 daaks 1k 24

& F¥S 43 NBTCE ¥l

NBTCE tjetulS-3} Nanobiotechnology(NBT) #-oFe] A1 &5 ¥ut of
el A9 AR AIES] #8H4] A% S SRR dWlS gie R gy
A e ZR2IaRE AlFsia ik
3 +4M

WA 2 AfZe 79 st (Cornell University), 9292 AlE]

(Wadsworth Center, New York State Health Department in Albany), &

2~® tf8tal(Princeton Umver51ty Qg -2k gjgtal(Oregon Health

& Science University), 28 oF=wE} thghu(Clark Atlanta University), 3f
Y= gt (Howard Umversity), % AL WAL Aol AAAY FAA
(Sciencenter Museum, Ithaca, NY), 2F] 2 -9 A&7}t 5 thdst oke]

Ae7ksz e

93 WY FAE o TRk v}
=
=
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S AR A of S FEAS AU L IS A 2 24
S 20 ATAES FUA F A FEow THue] $9HT Qo) &8
4ol STEAS AL & RS SU8 FPA} s, angow
298 5 Y2 T AUS AT Yek. RACTE Lhesta] &
A T AW ur e Rl U BES B A

o) B FEA BEE FY AEl N2 FEY 5 JnS F

st 38, 71%, 3 L ol UE F0E S 5 o e

= T =
7n Fsho], ol GBS ololE W o 2ES thgom Hgdte] FFHL
= AGALE PR olEl@ B} S FEL FheE AL BE=

éﬁ‘:}.
i o 2O9E A, WA gl B 25EES A%

T2IHOZ “It's A Nano World"E 43k} 9714
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NBT 43213 3 &}

E FoolXE B
B 4ng A oot

NBTC?| a1+ &% 9lojde] 8 - Hok= Biomolecular Devices &
Analysis, Cellular Microdynamics, Cell-Surface Interactions, Nanoscale

Cell Biology7}

% 954 http://www.nbtc.cornell.edu

2. 2~2®¥ = )&l (Stanford University)

2EIYE tfshae] thEAQl vlo] o g3 #dl ¥ #+= Bioengineering

#-53} Biomedical Informatics 20| Stk
7}. Bioengineering &

1) A=

Bioengineering(BE) 8-

o Az AEelst 7% 9

2) st EX
2Ry EE Ad 409 @7 BE 39 stafe] wglEe] et S-S 7|
Biomedical informatics,

Hko =2 Medical imaging, Biomechanics,



M6Z 0l=9 ool gebls FEeld oy Z20d At 129

Biochemical engineering, Medical deviceselA -3t AIE Ho] gor}
BEO| thgh Ath#] Q7o F-8-3fal Bt Al AAo]aL Zlo] Sl Aol wd&
AT BaAolA 200201 BE A& stk Adskoich
BE Agelre AElsta} &8 Fofo] AEAl AAE 2= 4 e
F ZEIHE A, B SHRAAE(AAD, A-Biatg o
gEm, o8k 8l Feke] 3 ek TR e AT 4 glrk
Bioengineering XS 5 45815 ofaljofF sl A
W 7l A A, A EdEo R AT Bk

=

o

.
AN B0l 3T DR ke ARwLs) Rl
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ol e

Nrr o o X

N
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5
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SIS Amuset AES 3 BEY AR AEQl Biomedical
Computation, Biomedical Devices, Biomedical Imaging, Molecular and Cell

Bioengineering, Tissue Engineering/Regenerative Medicine % S3}A|7Z &

oFg 44 & & 9t
3) &tnt 7o
ookl -3 (Biomedical Computation, Biotechnology, Neural Systems in

Silicon, Biophysics, Molecular Engineering, Systems Biology )¢ <7l
1893} 7]eF A3 AYugER A 9l

4) = Mz nyf
4 AFnIHE= Molecular and Cellular Bioengineering, Quantitative

Mammalian Physiology and Tissue Engineering, Molecular and Cellular



Bioengineering Lab, Clinical Needs and Technology”’} 1t

of

HI

5 £ o7

ZQ

F9 A Bok= Biomedical Computation, Biomedical Devices,
Biomedical Imaging, Cell & Molecular Engineering, Regenerative Medicine

ol

% 2 http://bioengineering.stanford.edu

LI Biomedical Informatics X&

Biomedical Informatics(BMI) d3-& A&E8ta} Awsl o|ahs HEA|AH A
Zolgks WA 4= e A2 Al WS gt Agatua Ay

At

WEARS AN FHe Aol B s ATeAn, A u
SRAAAZ D o] 9l
ABIT AR W AN 5 FH, 54, B Aoz 184 5 9)
S AEE ES RS A7 Sasied Baw L ATe
BMI 43¢ SH5S] 3ot AREns, 443 So Polold] 4%
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Biomedical Informatics, Computer Science, Probability, Statistics and
Decision Science, Biomedical Domain Knowledge, Ethics and Social Policy
o TH Robe] 3BE W o]5:slof Pk

F4 AFPEOZE  Introduction  to  Biomedical — Informatics:
Fundamental Methods, Introduction to Biomedical Informatics: System
Design, Introduction to Biomedical Informatics Research Methodology,
Representations and Algorithms for Computational Molecular Biology,

Translational Bioinformatics7} 1tk

¥4 A4 FAZE Biolnformatics, Medical Informatics, Clinical

Informatics, Genomics, Decision Support, Biomedical Imaging 5¢] %1

% 1522 http://bmi.stanford.edu
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#H AW olYo} tf&tul(University of Pennsylvania)

Aoyt gl (University of Pennsylvama UPenn)2] w49l v}
0]Q &% ¥l &3}+= Bioegineering d&°|, tHEZQ #]4%] AE+= Nano

Bio Interface Center(NBIC)7} it}
7}, Bioengineering &
1) MEZF|X|

Bioengineering(BE) 232 983} A&Egto] wAES 8ke] 74 st
YAR1S AREete] E7] Hg}oq A AT

2) sint £

UPennelli= 1920t} 6] BE #oke] Zagle] 9I9lar, 197349 34} 217
Z ukokor 19961 d9] Institute for Medicine and Engineering®] A1 %31t
BE &= AL Al-ukat 2go] 9l

BE dgolx= sdie), of3aisl, ofsh 9l 33t AlH, 93 x|¢J8) b
%8l gty AYe Faato] npo]QFste] HH L AT Hols )

st gk

ool QBN AYYRE AT, w719 W
1 Aol SISl Rt glo] AdEE, Sakkel, o, AR,
we g

A= Yelst gk
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3 srat 74

23] 3533 50 olakel A, 300 At 65w Thetely
oz T4} gk

Ak o] P vt2E Biomedical Science 271, Bioengineering 27
53 478} 2945 Bioegineering %, BE Alu|u} 2345 o] =8 dAHE

F8 AT FofZ= Molecular Engineering, Cellular Engineering, Tissue
Engineering, Drug and Gene Delivery, Cardiovascular and Pulmonary Cell
and Tissue Mechanics, Orthopaedic Bioengineering, Injury Biomechanics,
Biomaterials, Computational Neuroscience, Experimental Neuroscience,
Medical Imaging and Imaging Instrumentation, Imaging Theory and
Analysis, Cellular and Molecular Imaging, Theoretical and Computational

Bioengineering, Bioinformatics”} %1

% 2 http//www.seas.upenn.edu/be/index.html
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gt PSS 93 S-838r|E o5l viHlo] Q. FgHok] TS
AL Qi S YUIES tIAO R AA] ] =

.
L
A Fsh= “Nano Day” X213 58 93t ok

of

HI

5 F2 o7

F9 9+ FokZ+ Biomolecular Optoelectronic Function, Molecular

Motions, Single molecule Probe, Engaging Globally and Locally”} 91t
¥ 1543 http://www.nanotech.upenn.edu

4. 78g] ¥ ol—wZ2] thtul(University of California, Berkeley)

Aol Ed] dighu Umversngy of California, Berkeley(Berkeley)2]
Hho] & Fetytel 8l Bioegineering Ha-0] 9.oH, thE2AQ X AlE
N

2+ Berkeley Nanosciences and Nanoengineering Institute”} S}

7}. Bioengineering M&
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300974 9] theFel dEiore] g ¥ A wpKoR A tigkd 3}
Aol A9 UC San Francisco?} 302 $93ko] 140094 wgzlos
AT,

4 B4 Mz maf

0K

gHiLo A+ Biomaterials, Biomechanics, Biomedical Devices, Cell &
Tissue Engineering, Computational Bioengineering, Imaging, Premed & 7

N EoRe] algE AlEeta it

of

HI

5 F2 o7

F9 99 Fol2+= Biomaterials, Biomechanics, Biomedical Imaging,
Biomedical Instrumentation, BioMEMS, Nanotech, Robotics, Computational
Biology, Bioinformatics and Genomics, Drug Delivery Systems, Neural

Systems Analysis, Tissue Engineering, Vision®] )

% =4 http://bioeng.berkeley.edu
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Ll Berkeley Nanosciences and Nanoengineering Institute(BNNI)

1) MBI

Berkeley Nanosciences and Nanoengineering Institute(BNNI)+ Berkeley
8 3 woje] WA AT BEES FA7] T A7)

o) vheosAel 98 9
] Baqen AR

2) 58
0ol i WA e et 9 Felol ol Sk A 2
Ho] Fex|al glo U:] Lawrence Berkeley National Laboratory2} &2 35}
} Silicon Valley?] &5 2

sl S A8S THa gk Ed
RN AR o) PSE i A7 AR 9

3 T4

o

P AF
oka}

R84
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S

1A, Awgd, s}, Aabws), A5E A3 st 5 o
| 919315 8k glrk 901 o] wgrzlo] FHefsted
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A 71GAS JEOR AE pasta o)
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LesEs tEeR oz 45719 ol5wet A7 =79l “SHARP”
] o

2 5l A3 Aol 43 Fely 4 glor] EE U % 4268 A9
% Qe 71918 AFH

¢l “DE-NSE Grad Group” 5 E}%}?‘& JE:L‘%J% Xﬂ%"é}l 2}

o] Hlo= Ao} AAste] Hd == “Management of Technology
Program(MOT)" 9} 5 €]3] -5 A 93| & dld o= ok thokeh 38 adx
ZO8E FFdkaL ok

8 9+ Fok= quantum information and computation, nanomechanical

systems, nanoelectronics, nanomedicine, nanomanufacturing, bionanotechnology

o|tt.
% 1543 http://nano.berkeley.edu/welcome/welcome.html
5. mjAREA = Fdl(Massachusetts Institute of Technology)
ujARSEA = B (Massachusetts Institute of Technology, MIT)9] H}o] <.
+§d 89)+= Biological Engineering A-30] 9o, thiAel gj4=] Al

B2+ Center for Biomedical Engmeenngol Qo™ Harvard®} #&o=
Harvard-MIT Health Science Technology Z& 135 43}l T},
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7}. Bioengineering M&

Bioengineering(BE) A& #4F Aaety} 3es g7 A28 She
S WA= FHAA AY-EH A

PN
o

S
10

ol

Am

19970l Ao} 200530 Hx= Al SH9)E Fofstglon, gL 3l A

A S g

L I}4ol| A= Biological Engineering, BHAFeR] Il A= Applied
Biosciences H+ Bioengineering®l| w3t w& % A 7|3 E AllgehH,
Bioengineering®} Applied Biosciences®] 7 M5 Aokl gt 2iAIEHS]
zeao] Sl BEshel W7 AirE, et sE o HAL 89l
£ 4293t Computational & Systems Biology, Microbiology).

Bio-Instrumentation Laboratory, Bio-Micro Center, Biophysical
Instrumentation Facility, Biotechnology Process Engineering Center,
Center for Biomedical Engineering, Center for Environmental Health
Sciences, Division of Comparative Medicine, ICMIT(Database &
computational analysis for biological & medical systems), Mass
Spectrometry Lab 5 UThFeh (A Al 58 &4 A77]3E Al st

0]
A



thek gl 7k F 40%e] W wrtoR FgEo] Sltt

57 918 2%, 1280 48, 78 A, AT B4 34, 1

w9 5 FAR FEste] Alsetar ok
A o] P4nlv}b+= Biomedical Science 2¥H, Bioengineering 24 5

=]
2 =8k 2312 Bioegineering G, BE Aln|u} 23K o)A} =8 ApR

FQ A EokZ+= Biological and Physiological Transport Phenomena,
Biological Imaging and Functional Measurement, Biomaterials,
Biomolecular Engineering, Cell and Tissue Engineering, Computational
Modeling of Biological and Physiological Systems, Macromolecular
Biochemistry & Biophysics 5°] it}

% 1922 http://web.mit.edu/be/index.htm
Ll Center for Biomedical Engineering
1) MEFZ

Center for Biomedical Engineering(CBE)+= #38<

e 2, A B3
AYAA vhol 2.0t 7)ol ABA Feaa, w2

FA 3= Biological
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Engineering %0k A48 sk AL Zx2 AYm9ch

il

bN|
=]

2)

Aim

Fopst 1 2 AE QRS 2 ol
AEsa wheA] Washe BE Robl Az #Ae A7 F0A71E A

&
S BRR g

=

3) 74
MIT, Whitehead Institute, Harvard 2]¥}tH8}, Boston 2|Z}ujsth

Harvard-MIT Health Sciences and Technology & Z419] 459 9] w47
o= FAE] 3l

FQ A+ FokZ = Molecular Engineering, Cell and Tissue Engineering,

Physiological Systems Engineering®] %1t}

% 54 http://web.mit.edu/afs/athena.mit.edu/org/c/che/www



Harvard-MIT Health Science Technology(HST)+= 38}, &8}, <]gke] &
A S B A7k A7 BHE FAE dEs] A RRDE G5}
A Al A Qs Heh] fle AE ZEaFor

bN|
=]

)

Aim

)

MIT, = ohs, s olt), 28l A
oJog FAEo Qtt. HAHGEHEYA)) o=
of 44 Eg|4og Ayt WFES] Atate] A Ao Qlal, #hv]
A el 717 FRel old ¥ ollEk F4 - ]FAH(formal and
nonformal) €14 15
A4 oy 7)1 Ao QA 9= A7 Bk

SHA S| A= HST 35 743 A 2o 7]13]E5 Algstal 9o, 4.
WALelg] 2 9 oAl Ek9] A HAS skl Sl

Al 28 FAE oS Akl

o ooz toke WAL 7k AEa oo 98 4 9l A )
A3 2o o]9)0] T Rojol vl AxE Sgals AVIFEA Y %
3l o RAEH=

o7 o Wrtol} ~a2 A2 FAE vols)

94 Aud B 2 QAT A5,
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of

HI

4) FL AT
jq'é‘l]‘, %5—1]', 5:43_'1‘0] ﬁt;sj ]j.tﬂ—;(ﬂ A A =5 7&—}‘5‘]—111 , E3] Biomedical

Imaging, Biomedical Informatics and Integrative Biology, Functional and

Regenerative Biomedical Technologies A -oFe] o1+l 248 FaL 9t
% 14 http/hst.mit.edu

6. H2~E thgtul(Boston University)

B2E 8k (Boston University)9] vlo] Q. 83+ 8t2h= Bioinformatics
Aol Atk

7}. Biocinformatics M3
1) MEF[X|

Boston University®] Bioinformatics A8 X2E A% (post-genome) 2|
e Als v BEARG Fopd] Aeat S HiE AYE ]l

2) sttEd

Bioinformatics 13- 19991 “ﬁﬂm 0131 /‘ggﬁk a3k 9

o=
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fu)
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2007 7€ wE=HISHYHNSE) S 2HE 5l 7]7k9] Integrative



Graduate Education and Research Traineeship(IGERT) HZH 4 73S
= A%Ho s 4] % A5 Addta UPHIGERT = (R4 0]
SAAQ gk s wSFE e ?'SE:‘ ATE 9% =4 A uF 5

H }04 fﬂi‘% RSN A A7F $30,000 ] FehaS AFdhs AlEolth

R

djo

WFHL The College of Arts and Science, The School of Dental
Medicine, The College of Engineering, The School of Law, and the School
of Medicine®] 57 @ehgtal 71g} sate] o] W wrss T4
TS 2001 9] ML) #d SIS 500 9] WALty 2 SAER
TAE] e

AFuds AEe] Yok PS AEE 5 Jes A8k 95
Jom IGERT #8hks F7oJ#ke] 79+ Biological Networks, Biological
Systems, Probability Statistics, Data Mining®] #-oF 5 A3k 7 7o) A&
IS el osit.

of

HI

5 2 AAF

FQ A Holg: Systems hiology, Computational modeling of
regulatory and metabolic networks, docking, comparative genomics,
Protein design, Genomic and proteomic biotechnology, Microarray
engineering and analysis, Pharmacogenomics, structural biology, Large

scale modeling of biological systems, RNA, Computational studies of
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cancer and neurological disorders and functional genomics, Ssynthetic

gene networks and molecular computing and genetics 5°] 1t

% 954 http://www.bu.edu/bioinformatics

1=

7}

A2 A A (interdisciplinary) n5 %2 AG7XY A

el T2 AL

2 Aol A= oA AL 87K (department)©] 7ido] obd SAIA &3 L

&8 A7 Zragor FYHE AHEe tiE] 2vRE o
1. NSF IGERT ~z-1%

SAA W 9 AT BYEE 93 2P 499 A9 JWo g NSFe
IGERT (Integrative Graduate Education and Research Traineeship
Program) Z2130] 9lt} IGERTE A4 oks A7k gighdA did
o] Agtu] Aol FhAoANk #ste] IGERTZE1%) Adate] gtat
K-12 3 9ub tde] ob2]X|(outreach) W81 EFataL glck

7t Z2OY =5

IGERT (Integrative Graduate Education and Research Traineeship
Program) X213 NSFO] 7Hhi4 fjshy] wSxga=io s 2 10d
¢tk wSol] QoM A= Zzase] st Bl AAE A=s) stk

IGERT Z&132 A48 shee] 4AE Hol 4
S A, et w53 wSFHNA 2L FAH



A nlar 2]an 7|3l QlojA] ek ws %ﬂﬂ Hsls =
U}, 3k [GERT Z 2132 A Zroj o} F=Hof] gJojA A
P, AAA 2] wl - 22AQ1 k) F8 5= (workforce) o] A4

Gelo] 7lofaa ik

ol

bN|
=]

L.

[l

2

Aim

IGERT =232 1998 el AJ&ts]o] dA7H4] F 19571 EEEJE% %
oF 423219 SISl A& IeMTh IGERT 213 Biological
Sciences(BIO), Computer and Information Science and Engineering(CISE),
Education  and  Human  Resources(EHR),  Engineering(ENG),
Geosciences(GEO), Mathematical and Physical Sciences(MPS), Social,
Behavioral, and Economic Sciences(SBE), the Office of Polar
Programs(OPP), and the Office of International Science and
Engineering(INT) 55 ¥38h= NSF #¢1¢] w-2o]jt},

cl =233 M

IGERT Z&3e 1) A7 ZRAE 2) thehd w+, 3) dutls 3 K-12
Ay 23] ik AW AF, 4) STEM(Science, Technology, Engineering
and Mathematics) 152] g 5 U] 7k 9] z|oz A=) AA|
IGERTY] 17 Z2AEE ko] 2FeE4 STEM wofol 7|8k & ¥skE
7P o= AT kel S AdaEhH, 2006~2007d skl A7 HaAE
AIZE 136709] IGERT Z2AEE Z 335709] /PEAQ] A7 AAES B
sz Q)

E4), IGERT?] tighe w4492 1367]¢] IGERT Z2AE F f2$ 8
9JoF w&HA, FHAY e g IAES AT JAFH AUE st
= AS A er wdshs 122709] IGERT Z2AEAA AAHglon,

il

il

<
o
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328709 WA A7 BaE Ak

AA Quk giF diekdAl 283 K-12 Sl A IGERTOIA S 414
Ql etell gk RS Aests AL THHOE STEM wof A4 T 2
ol S 7] Y3 o) sdsity. FAF R ol A (outreach) &
FES Hagh 114719] IGERT(59.6%) A 6871] IGERT= K-12 3417}
WAFS O] FefahE 1757119] Bg Harslgleh &gk 114709 IGERT % 207
= s deaes Eﬁé Fale 44719 S5E55 Hasigich

mpAeto 2 STEM o] 8% i 2006~2007 717 Bt 28 5
91 136709] IGERT Ayte] 23 151989 FAAESL IGERT Z=139] 9]
A Ahas A diekon, 1549 FHAE] AAl A gl= 136719
IGERTE &3l 259 vALSHeE Wttt - AHminority) o] Sdje}
Fsto] IGERTS] ZRAE ] 52%0 4] A Q1E/R=9| el o] %7} 3

& Woiylon], 38%9] ZaAEME 27} Holeet $Eam, 10%] 3
Aol M= 7} glolEl B} vhx] ok7k H A AT} oA Holo] gloj= IGERT
TRAE] 719%% 7} PHES 293, 2= Bzt Yk <F VI-1>
B 2006~2007 59 1¥ IGERT T2 Aabe] 38 FolZ Yehich

<# VI-1> IGERT Z212{e| ZofH FQ Hut

# % | # Journal | #Conference | #Conference | #Book

TOPICS IGERTS | IGERTS | Articles | Publications | Presentations | Chapters

#Books

Sustainability:
ecology and the 38 28 211 58 313 7 4
environment
Computational
science and 48 35 188 110 252 18 1
engineering
Human and social
dimensions of new
knowledge and
technology
Nanoscience:
engineering and 23 17 188 87 254 6 4
technology

4“4 32 183 72 403 26 6




. # % | # Journal | #Conference | #Conference | #Book
TOPICS IGERTS | IGERTS A{‘ticles Publications | Presentations | Chapters #Books
Energy: alternate
and renewable 4 3 91 6 192 0 1
resources and
conservation
Materials science
.. 27 20 219 101 200 4 3
and engineering
Bioinformatics 11 8 62 3 57 0 1
Civil infrastructure
monitoring and 2 1 36 2 45 2 0
Improvement
Entrepreneurialism 17 13 109 93 181 5 3
Neuroscience:
biology and 10 7 24 14 55 2 0
psychology
 Climate change: g}y 5 2 116 2 | o
impacts and factors
Biological evolution 1 ] 58 3 ® 7 0
and development
Diverse device | o) | 47 | 193 56 108 8 | 3
development
Sensing, signals,
imaging and signal | 14 10 83 55 107 9 2
processing

2f. Hio[elHo|ElA 2 Z2HE Al

2006~2007d0] BuAE A|E3 13670¢) IGERTIA 117 Z2AE7} A
=AM o] el Foat Bdy FENET IGERT wgo] &
g i ¢ %A AgHs glol e wgahs 7|, A5FH IT 7]%S
olf ¥A3 &3sto @M IGERT FHAEL 2|7F Aol #4240
A7) Sl ok ZoAE A A AFE g o2+ BE A
o 4 = F UE 55 7|=S NLetal vk o] okl IGERT 7

Aske] o thga} 2k

rSL not'
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IGERT A (AN ET n, A7 R o]Fol7l 22
WA 3kt o] 3lo] Okavango Delta fr&ie] $H44, Ak3|A 44

o FeE, ok Ao A the THARI olFE ofzeTloMe] qF =2
St et FAES F7ME Z7Y AT 993 gl
(hypothesis)& Al@E 4 gl dAY AlEH oA BdS /L3St o]y Bele
ojddle A9 o HA A AL DA F58 Futel] GIANE 2dE S
Z7e 2718 AAE 229 A AA] i3k G UAlsla e ddE
A A9 AFET ptETE & ATE shar Yok A IS B3
718 AT FAS Z712 A3 Tkl 2HE, ] B
7127} Wit Q3le Fajz 2ls) 2718 Ask(salinization) A, T2 W
(grazen @] AA) 183 712 A A 2E(livelihood system)@e] 4528 5
T8 tHBrown, University of Florida).

F2L ol o] viAls mele] 4ol J&kS =712 Greater Yellowstone Ecosystem(GYE)
of 3| MF(grizzly bears, Ursus arctos)& AMHE-SH Aldd7s Bd Age AT
(population) @8tel] that 29| error source terms L3+ 7o) 3t A1LE F3)3}
Aot 7" AT (population) H|OJE]2RE] THEolRl 4 tigh o2 9] anE
ZAkel7] S18A] frequentisté Bayesian model®] 29 219 H2W-S ARSI &
A A7 g TS Eds gshe Ao BEAY] SEEE(Endangered
Species list)olA] AZL-2E 2 H9] SMF(GYE grizzly bears)S AJA7|1= A
s B} gk 248 71esHA 8 FtHDavis, Colorado State University).

IGERT w9} 35472 =38 IGERT TS Al 714 7H4(influenza, Streptococcus
pneumoniae, influenza followed by S. pneumoniae)®] %3 W 98ke 93k 3k &
& Lsiglh A3 dHolelE ol&ste], A7E-S 79 W(infection parametres)
£ Feslala, Ax) WS 2ALERL influenza$t S. pneumoniaed] A5 3-E wlAY
23 35 Z7+e] WA Ak e Ae-S ZARSFATHKeener, University of Utah).

Al 749 T &3k (Ecology and Evolutionary Biology, Plant Sciences, and Computer
Science)®] L] IA AFHE T8 2o did Hskgd) A Wl
o] A3te] BAE Bk ¥y AFZIZAEES FP9t) ]SS vl A3}
1k WhaHexpression divergence) Hl-& ARo]9] kA (+) TS AT Positive
selection®] FAE Ao M 15 W (expression) THE WaK(divergence)
Atole] AaA 7L Al Aok =20 WA W3t mlEd 7FsAe] tke AL B




oFo] 71Z& As)=S whta} thNachman, University of Arizona).

[] Development and Release of Garli: th-$-=715(Maximum likelihood criteria)& ©]
S5 AR 49 F714 guelFol IGERTY AESA e} AFE H3AE
Alo]o] % AT Ayz Yehith o] T2 o5 o] ARy 7|2E
Fe 242 53 £33 DNA MY EF(tree)d] AT SAF EX3} o] B A&
ApSo] TuE 2k1 Q)= oS FAFH T2 IS Fdsy] HsiM F178 g
Z8 AT o] =R ojde) Zaase) vsiM B A7E Ha /102

3tk ¥ 223392 IGERT 2403 e FHEMEY] =502 3 IGERT ¥4

Aol 3 EE e, A Aoz A $EHS B3 AT E48 9

3 71 @ol AMgse z2a#o] HthHilis, University of Texas Austin).

2. Harvard Integrated Life Sciences(HILS) X =138

7.

[KI

27 =4

ShErste] HILSE SH-& Alole] felo] At
F5) WAoln, ATTAT ol AT S o FauA g B
o thga7] 913l 2004510] A s,

PN
S

Lt

[KI

29|

Am

HILS+= Ul 70¢] = @abtiskthe Faculty of Arts and Sciences, the
Dental School, the Medical School, and the School of Public Health)ol] 3}
© 11709 Uighd 22038 F5keh, 2 7 T4 clusters 2 A E
o3 AR TxE AR 3] ZTa e gk DS Eoajr, Al
8 opell M AEAl st gl Al diegk APE 7hsstA gk g,
HILSO| 93 91d3l= B /o] sh= dapriste] <4k 25%g 9] A astaks
2 Az e g3 zr=tl,

o]
o

12
tlo
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program”). & X2 SS9 WHHA QAL 3
(quahfymg examination), W4 7%, 1g)ar o] 7|7k Eetdl] =3 %
& dei w3 HF ﬂﬂ‘%—%
S Eo] 2 o] M(rotation 5 <loA, SHAIES]
A Zeo]AE ARXEY & Efal‘%* el A] o] FojA|uf, HILSW the 2=
FollAe] meo]dS e & TraFke] e Aol upgbA o] Fefxint,

EL'
m iy
fo

-+ -
i

rr

|&l

fiu

&

ui)

-

2l HILS Z21#e| F2 Ho

HILS X273 7)% Aalsto) el 5t 7|85 AF-3tt), HILS7} Al
F5= PhD Z2a#3e gy} )

<E VI-2> HILS =213

EE 74 vop
Biological and Biomedical Sciences(BBS)9] BMAI#AL the
Biological and |fundamentals of cell and molecular biology, microbiology,
Biomedical genetics, developmental biology, translational —medicine,
Sciences computational biology, and the biochemistry of prokaryotic
and eukaryotic organisms®ll 3t Al3}3488 Alash).
The Biological Sciences in Dental Medicine(BSDM) Program-e
Harvard School of Dental Medicine®] $IXI8kaL 210, Arts and
Sciences of Harvard University2] w550l 2JaiA] k)2 Ala-3it).

<E AE>

Biological Science
in Dental Medicine




152 88|& HM2olg Qb giop o
74 o pof
AE A B4 ARTE BEee ke, e gl )
oM AfHIAEL FHAZITE nutritional biochemistry;
cardiovascular  hiology; gene regulation; cell-environment

Biological Sciences |.

in Public Health

interactions; radiobiology; genetic toxicology; carcinogenesis;

pulmonary inflammation; immunology; infectious diseases:

protozoa, helminths, viruses and bacteria; genetic approaches

to disease mechanisms.

Biophysics

28] MEde AESY EA d&shs 5" s
AF AYE Fehe AdAES Y # ]E Ags, T2
;o] ZFREAQl EAo R 23)A, AYAELS the Departments

of Molecular and Cellular Biology, Chemistry and Chemical
Biology, and Physics, and in the Division of Engineering and
Boston campus, including the

Applied Sciences, or the

Harvard Medical School, Division of Medical Sciences, and the

11  Harvard-affiliated teaching hospitals, including the
Dana-Farber Cancer Institute, Children's Hospitals X33k 71
B 2ol AL A

Chemical Biology T2 13¢] B3z QB4 Ao glon
, ) Ao ssta) AestoR e Aot A3 VeES mng
Chemical Biology ~ } s
A AAs= Aot} o] 2ol FHL AET| 9lon g

A L5 AR E3 ool oFstat zlo] AT

Chemistry &
Chemical Biology

Chemistry & Chemical Biology(CCB)&= 3}8to| 4] PhD 8+
A5 ATt o] ZRIFNME oAl FHEA]] 2R
s F OF Aol 7Fssh, b9 CCBY uFE =
gtah 7F RO AR Festa 9lom, et

LL«] e dyluss) g9t )3 2
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Immunology ZZ132 molecular genetics, cell activation,
immunochemistry, cellular immunology, tumor immunology,
Immunology allergic inflammation, immunogenetics, immunoparasitology,
and immune deficiency< 23F$H FHLIEE GHol|A 9] wS} o
T AT

Department of Molecular and Cellular Biology(MCB)&
el kRl WStk Molecules, Cells  and

Organisms(MCO) and Engineering and Physical Biology(EPB).

Molecular and
Cellular Biology

Neuroscience®] Tz 1L A7 7]%x9} whgte] B $of A9
Aol FAF BAAARE, T5 2% AAL QI 27w
HAYUSZZ AWl o]2& theket MFo] A 7st e FH e
3 FHS AT

v L=

Neuroscience

Department of Organismic and Evolutionary Biology(OEB)
o THATE AR A28 T2, 7%, W9 o3l B

Organismic and |o71& &8t Stk OEBE] 59| A FA= the flow of
Evolutionary energy and material through ecosystems, the development and
Biology structure of communities and populations, the diversity of
plant, animal, and microbial groups, and X3le] TRAS 71

34 &= the mechanisms 52 X33}

Systems Biologyd] Z¥& o232 A¥Z ALHEo] A=t
A EAE sAsk] s AREE SHAQ A 289 o
FeHuldE 7 ATAES AL Stk o] ZRIOFS
the Committee on Higher Degrees in Systems Biology, which
Systems Biology |comprises senior representatives from the Departments of
Systems Biology(DSB), Biological Chemistry and Molecular
Pharmacology(BCMP), Molecular and Cellular Biology(MCB),
Chemistry and Chemical Biology(CCB), and the Division of
Engineering and Applied Sciences(DEAS)ol ¢JaiA] 7H==t}

Virology Z213&  molecular cell biology, molecular
genetics, structural biology, virology, and immunology°ll*]<]
Virology At zeity, ZzaWe] #MAIS  mentored  laboratory
researcho|t}. s =cl Aol 507H¢] =A<l virology Aol
oHeFs 1919 A& Al Eth
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gkl o]5 F 30%7F =lolth Egk ULPY 1 ofike A7k 3%
5008 RE ol m o] F 50%%= SA/AMA Al oJsiA F-REE F3E
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5L 548 wadd Ag8o= &334 gtk 1990 ULP= ¢

AlE(research centre) == A7 A (research federation)S THE7]|2 A%

!

oL

ko] 2000 8A) ULPAI= 17702] AT dimo] git}. G Ao 320 o
THEEAMY, atE], 7% o) 2A8ka, 5 AN, 3

e B, SAE AuelAe F 9o oly zZaAEs spta
ULPOIA t)F-29] A7 A 7HHEAQl ol 23] Jjdlel] A3Hsh
27 ot}

2l ULPSl 947 2ok The Molecules and Innovative Therapeutics

FederationS SACZ

MIT ¢1%-& ULP, CNRS, INSERM, ULP, CNRSZH-E]¢] o4 7j¢] oI+
o2 A= o] otk o] e AT B ER ghe), whild e AW aela
FeAE e 9 AE FEgte] ] S-S FAI0E FAdE] Qirt o] A
T 1% HMR, Eli Lilly 28] Synthelabo 53 22 3]Ak¢} &)
zL7]7}o]tq HU\]—jL]_ZLQ- Y‘SQJg}: 7]—E’ﬂ6]- “BﬂE:].Q. 7HHL—;5H gh;} o] oy 94 Z5
A4S AFE T, AETAL, FAt A sEitE %6} 7FEAQ A
T 3eAE Al Ao, w7t FEAlel gt A AdAeA B AHi
& 71E WhEo, AlokAe] 7 9 B AT E 58 %L Nkl Sit.

4, YT} I22~ skl (University of Wisconsin—La Crosse,
UW-L)9] Bioinformatics across the life Science Curriculum(BLSC)
3L 77 340)

Jh Z2agel M

YrZa-2} 2822 &al(University of Wisconsin-La Crosse, UW-L)

40) Biochemistry AND Molecular Biology Education, 35(1)



9] Bioinformatics across the life Science Curriculum(BLSC) X~ 21312 A}
gt Aels, A A5 7148 5o e shror] A7A8S W
A7 FEER Sdsta JE YRS gete) dRusygd] 3
AI717] f18iA s i), FAA 02 UW-L2 BLSCE Z219] 7)o
ol ) A4S gelad g A, slEe] ARANtS Bk 4+ 3
w5 AR S =E3AE 713E Algehks otk =4, g
ABENA A= Jdel et S5s FRAT)= Aolvk AlA, wiakE: A
Qe R0l vAe Yokt Sle) s Aeldl g EsE 2

o|tt.

W oR AF T2 ] AHT WHAHL o5, ZYNYol} 1
A% 52 A5 sk o Wi, BLSC Z2ade) 542 AR, 3%,

aja eS| A 7l Sate] agIpA el AeAuste] Ue-s A=

B0 ol oItz Aot oI §I3] WFEE SE] WA olshslor

|

W oeks Auguste 4 Y 712 gagon, ot thedl <
VIS R, G2 S 2K ol el S mASAYeld 45

o AAF2 2 gl Aol ohlel, A7k HER Sahg Sl Mz

U2 430 WEARSS AslA A}

<# VI-3> BLSC =219 2 Jig & 5l¢ 24

Concepts Subconcepts

DNA replication: antiparallelism, semi conservation,
Coding and noncoding strands

Transcription: structural RNA(tRNA and rRNA)
Processing: intron/exon splicing, polyA
Translation

ORG/reading frame

Central Dogma
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Concepts

Subconcepts

Definition of
a gene/operation

Gene organization: pormoter, intron/exon, polyA, CpG islands
Operon organization: promoter, operator, terminator

DNA binding proteins

Restriction mapping

Regulation of
gene expression

Transcription—-promoters, enhancers, operator, repressor
Translation

Promoters—consensus: strong/weak

DNA binding proteins

Mutations Types/Effects and DNA/Proteins
Gene/protein families
Evolution Domains/exons/motifs
conservat?cr)z Gene duplication/exon shuffling
Selection(coding, noncoding, active sites)
New motifs/proteins
Viruses, prokaryotes, eukaryotes: composition, size, structure,
RNA/DNA, % of GC
Gene ] ..
Oreanization HOX: gene duplication
& Centimeres/telomeres/Autonomous Replicating Sequence
Repetitive(Alu)
Three domains
Phylogeny/ Accumulation of mutations over time
vioseny Generation of tree & evaluate the tree
Taxonomy ..
Applications to other courses
Rates of mutations in different areas of DNA
Use to identify disease genes
Use to identify biochemical pathways
Model .
. Use to model human disease
Organisms/Comp

arative Genomics

Identify new important genes
Minimal model of life
Gene organization

Protein
Structure/
Function

Active site/binding site

Structures(primary to quaternary): globular and fibrous
Oligomers

Surfaces

Motifs/domains

Properties of
Macromolecules

Proteins: amino acid properties, pl, molecular weight, Km, slab
view, S-S bonds, H bonds
DNA




Concepts

Subconcepts

Properties of
Macromolecules

H Bonding, binding proteins
Relative size of macromolecules
Ribosome

DNA packaging: chromatin
Lipid structure

HOX genes
Evolution
Development  |Gene regulation
Positional/Timing/Regulation
Virus life cycle/sporulation
Genomics/ | Applications of bioinformatics: drug design, vaccines, arrays, yeast
Proteomics  |two-hybrid, phage display, two-dimensional gels
cf =239 Mo}
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5. HIAA FHeal(Michigan State University)2] Options -z -13141)

71 Z2age| 25

Lt =239 £

Options<= oJv] s} WolA & 7Fedt Azt g 718e= et
w2 Options G| B4 27t 71E se4] 248 9ds] St
7] §1aA 7k 18y Optionst= 841

A 3E vk Ald Fe ol et tan ugd
[e3]

X

r
¢

e gy gate] AEvte R Adgd F glom BFAH 0T Optionst 7l
ol tidg o] SAdolut Optionse] AAE= 5788 HA4 o stao] 24
Options?] & o} AAL 7]% =

Ao whA Optionse A9 st H4slE
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ch WS=Z=2732: Options OAl

<¥ VI-4> Sample "Options™ Michigan State University College of Engineering

Chemical engineering: Environmental option(18 credits)
Required courses
Introduction to Environmental Engineering
Biochemical Engineering
Fundamentals of Microhiology
Complete three of the following courses:
Environmental Engineering Chemistry
Water and Wastewater Treatment
Solid and Hazardous Waste Management
Microbiology for Environmental Health Engineering
Materials science and engineering: Biomaterials engineering options(27 Credits)
Required courses
Human Gross Anatomy & Structural Biology
Quantitative Human Biology
Organic Chemistry I
Tissue Mechanics
Biomaterials & Biocompatibility
Complete one of the following courses
Ceramics and Refractory Materials
Fracture and Failure Analysis
Physical Metallurgy of Ferrous & Aluminum Alloys
Technical electives
Nine credits from an approved list of technical electives

6. = 7hEetolu—AEE tigkal(University of North Carolina—Charlotte)

9] Biotechnology®} Bioengineering 8% = 12442)

7h Z2O#e =X

w7 ERfolU-AERE Hi8tal(NC Charlotte) = Biotechnology @} Bioenigeering

o 21124 54S AskuAt s ShEe] 478 F541717] 8,

42) Int. J. Engng Ed. 15(4)
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£79] ¥219 Biotechnology?} Bioengineering #3Z 2138 7431
T2 3 B sHEA AESH Feko] oAl 7] xA90 Y
55 A ¥3kaL, Biotechnology 2} Bioengineering 4-8-0l] 4] 4-8-24]91 #]2]
& a4zt A=l Bl il giekalee] ARE gad

aL
= [ 3]
Y= RS Feshe Aotk

o

~

> 4

Lt =230 74

Biotechnology ¢} Bioengineering §3r =2 130 w&3A L Fata} A&
s FEeles, Aedy) e} wsd e - AEENeH ¥
2z

5

ghte] WSS BE 7o A tHteam-teaching). ©171E 7+]9| ¢

38 WS, Sl Zh7te] gl g Al o
TS oha, wg AR} st e Bt agHoR A
He AS 2R

Cl. Biotechnology 2t Bioengineering 8 &tZ2d# 2| W1y

Biotechnology ¢} Bioengineering §-Z & 130 thgt -2]%¢] A4z
& 38, A= 1gal EYste] fAl A e =98 Fr1seke )
oItk o] wEIHA Y] Tl d= SAEo| oln] a5 At - 3}
oA S8 sEEo] vk A& AR AAE] 7] v, A
ojuf Hag A o iR shal vk wWSHAES 165 WS o
2 o]FofA glom, 7] Ft AEA R PrHE H 7] SF FAES
B3] flsiA AR

16579 WHIFL2 it 5ot A&E = 7 Y] FY EYow o]Fojit
7% #H8t} Fate] FAlO| gk s o] flalA, A8 AelEe] )
Uyl Algech w3k tiE) Carolinas Medical Center 12|31 Whitaker
Foundation &2 H-¥]¢] A74E7Pt 23 435 &8 didas Bage
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=9 9 A 54 galo)a A|EH o7 s = TIkE et
207 o]= 93 2,000 7}, Invention 2,0000]ek= 2de] S 9
ah9ick. Miller 379l ©l8h4] AlSke Tvention 20002(1) E3F AbgleAle]
3 At A=A FHA717] Yot JaAQ0 ws2Hg (2) &40 e
5 [e]

Superb Engineering

Arts Entrepreneurship

Creativity, Innovation, Design, Philanthropy, Ethics
Communications

£ Frje] urk A4 WAREE e} 2ok

- hands-on design projects in every year

- authentic, ambitious capstone senior/advanced-student projects

- experience working independently, as a member of a team, and as a
leader of a team

- performance before an audience that includes experts



- international/intercultural immersion experience

- substantial constructive contribution to society

- ability to communicate logically and persuasively in spoken, written,
numerical, and visual forms

- development of self-sufficient individuals able to articulate and
activate a vision and bring it to fruition

- demonstrate significant creative artistic expression

- acquire significant work experience in a corporate or business culture

- show ability to apply basic business practices necessary to bring a

product to the marketplace

ot ustd 74

8 adie] A 9H2 g ot oldeta, Fxetar, defehs gd
S THIATE Aew 2% gdY] SA4E vet 2ol At

- a superb command of engineering fundamentals
- a broad perspective on the role of engineering in society
- the creativity to envision new solution to problems

- the entrepreneurial skills to bring these visions to reality

2 WAL B A o3 THE AL = UEF AYs]
AeiA AEEon o2 93t wSIAL foundation - specialization -
AR o]FAZTH[ Y VI~2)).

au

realization®] Al



Coursework

2AE HgA7]E= A FFEaL(2) specialization A= SHIES] A

oA AE e A4S -85} wAlo]™ (3) realization TH

= M50 Aplo] vl 2 £ #dst] HsiA ARgate dAlolth

o] BE Wl YL o]2S Axor Fr)a, FEke & ek Yo A o]
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=
ik
ol
D)
£l
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= =
slsiH, g9l #el 7S BEAT|E R A B8 TR A E Fols)
A gk dhdo]l EEhHA ZERAEE= ¢ SFEYon H, FAHA
(authenticity)©] S7FetA ©th S WFIAL Adelsh= d oA A
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T 2ol s 7EAAE FSE Ytk FTEE F 7H
Pt ZeAER S3ten, meld vt ¥ S
28] A gotA Aol wigk 48 Atele] WAF 23}
7} 87 ZEEE e 3Ao] V]3] 543 §9 A9} 22 entrepreneurial

E AoA oAl AE Algdch v 7)o SAES Al
o) s AT EE AdEE < 9lth Foundation®] % th& 9 54L& 28hd
o] 7 WA 8] ¢l Sophomore Design Project®]t}. Sophomore Design
Project= SHE0] A7) A1) ofeltol S st T2AE A A2S
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SUMMARY

Strategies for the Development of
Converging Technology Scientists and Engineers
- Focusing on Biotechnology-based
Converging Technologies -

Lee Soo-Young, Ha Teajung, Sung Yangkyung

Converging technologies refers to the synergistic combination of
different science and technology areas including nano-bio-info-congo.
Converging technologies are the results of not just a physical combination
but a chemical combination of element technologies, which create unique
characteristics that are different from the original elements. In spite of the
Increasing importance of converging technologies in enhancing nation’s
competitiveness, it is rare to find studies on the development of emerging
scientists, engineers and workforce in converging technologies. To this
end. the purpose of this report is to provide strategies to develop
scientists and engineers in converging technologies that will meet the
demands of new R&D trends and industrial needs.

Through this report, we tried to answer the following questions; What
are the implications of unifying sciences and converging technologies?
How will scientific knowledge and current technologies evolve and what
emerging development are envisioned? What are the most pressing
education issues that require immediate attention? How can we develop a

transforming national strategy to enhance individual capabilities and R&D



competitiveness?

In order to meet the challenges of converging technologies, most of all,
science education at all levels needs radical transformation from
elementary school through post-doctoral training. Furthermore, new forms
of educational institutions will be necessary. The creative development of
converging technologies requires people who understand multiple fields in
depth and can intelligently work to integrate them. The current
educational system that is based on separate scientific disciplines and
fields of engineering can not provide adequate learning environments for
the future scientists and engineers of converging technologies.

The followings are recommendations to enhance the development of
scientists and engineers of converging technologies.

First, scientists and engineers at every career level should gain
in—depth knowledge and skills in one scientific discipline or a field of
engineering and in neighboring disciplines to broaden their understanding
and perspectives. Scientists and engineers should have opportunities to
collaborate and cooperate with colleagues in diverse fields to share their
understandings and learn from each other. Scientists and engineers of
converging technologies should be risk-takers who are not afraid of
trying new approaches, and should have creative and open mind to go
beyond the conventional understandings.

Second, in order to educate scientists and engineers of converging
technologies and to train the technical labor force for the future, the
current discipline-based curricular and departmental organizations of
schools at all levels should call for a major reform. The walls between
disciplines and departments need to be removed to promote a better flow
of knowledge, skills and people.

Third, government should establish a national research and development

priority on converging technologies and provide financial supports for
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scientists and engineers of converging technologies. In particular,
government should provide support in establishing infrastructure for
conversing technologies and coordinating the work of various research
mnstitutions and universities, which can enhance multidisciplinary scientific
and engineering efforts.

Last but not least, a new cultural norm should be accepted throughout
the professional communities of scientists and engineers. Opportunities of
working across  disciplines and interdisciplinary training and

communication need to be further encouraged.
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