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» Vice-President Research Strategy; Dean, Faculty of Engineering; Director, Center for
Nanofibers & Nanotechnology; Director of NUS Enterprise; Director of Technology

Licensing Office @ National University of Singapore (NUS)

» Author of book Changing Face of Innovation; Founder, Global Engineering Deans Council

(www.gedc.org); Co-Founder of University Excellence Care Project (www.uecare.org).
» Thomson Reuters identified him among the World’s Most Influential Scientific Minds
» Highly cited researcher (highlycited.com). 700 ISI papers, 40,000 citations; 92 H-index
» PhD, University of Cambridge; The General Management Program, Harvard University

» Elected Fellow, professional societies & academies of Singapore, UK, India, ASEAN & USA
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Singapore: Publicly funded university CPR in 1980s ~ 5%



(1905/1960/1980) National University of Singapore (NUS)
(1980/1991) Nanyang Technological University (NTU)
(2000) Singapore Management University (SMU)

(2009) Singapore University of Technology & Design (SUTD

(2009) Singapore Institute of Technology (SIT)

Government recurrent expenditure
on education ~ $10 billion (3.7% of GDP)

on universities ~ $3 billion (1% of GDP)



Singapore employment trend
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Figure 4.1: Publicly-Funded University Landscape in Different Countries — Proportion
of Research-Intensive to Teaching-Oriented Universities .*®
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* Numbers in parenthesis refer to % of cohort in “aspirant” research —intensive universities.
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Singapore
Enrollment in public universities ~ 60,00

Intake of public universities ~ 17,000



Private Higher Education

~ 150,000 students enrolled in ~70 private higher education providers.

~ 100,000+ are overseas students. Polytechnic students form the bulk

of Singaporean students

Most of PEls do not have degree-awarding status and instead, offer the degree

programs of its overseas university partners.

CPE manages a two-tier regulation framework - the mandatory Enhanced
Registration Framework (ERF) and the voluntary EduTrust certification

framework.
Table 6.3: ERF and EAUTRUST Requirements
ERF EduTrust
1. Corporate 1. Management commitment and responsibilities
governance 2. Corporate governance and administration
2. Quality of provision 3. External recruitment agents
3. Information 4. Student protection and support services
transparency 9. Academic processes and assessment of
students
6. Quality assurance, monitoring and results

Source: Council of Private Education.
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Primary school enrollments are dropping from 300,000 to 250,000 over the past decade



QS Top student cities

6 Zurich 7 Hong Kong 8 Boston
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9 Montreal 16 Munich

http://www.topuniversities.com/university-rankings-articles/qs-best-student-cities/top-10-student-cities-2014



National University of Singapore (NUS)

Asia Rank: 1
World Rank ~ 22

~1990s ~ 2010

Teaching University World Class University



100% faculty members with PhD degrees and research
active

~ 50% faculty members are international

~ 20% of undergraduate students are international

~ 60% students go on overseas attachments

~ 60% of graduate students are international

~ 100 research centers and institutes

~ $200,000 research per faculty member

~ 2000 PhD students
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M.LT. settles in for long

SINGAFON L

American university
likes being involved with
the first ‘smart nation’

BY JANE A FETERSON

On » welicy day in Siagapore’s Chioose
Garden, Dasiel Hatings, an engincer:
ing peofessor at the Massachusetts In-
stitwte of Tochaology, took his first ride
I & Oriveriess polf cart, one of myriad
nnovations MY, s ANving Sor this -
Land nation as it preperes for a future of
explosive growth

YMALT W in Singupere for the ong
o' anid) Previnsgor Hnstiogs, dicsator
of the Singapoco-M.1LT. Allkance for Re-
scarch and Techaology, or Smat. Mis
teamn of professccy manages five new
labs, paid for by the Singapore govern-
ment (MLT. contimoes to pay faculty
salaries Guriag the academic year)
“We have stable fiveyear funding W0
haodie spotiommt wrbon peodisens We
oo W mmodied; M works for "

MLTY point person 1 the future mo-
hility bab, Prof. Kmsdio Frazzoll, haa just
returned from Doston, where he sponds
A0 percent of his toe, to meet with booal
offcials ao) apply for & Gwwngwar com.
tract rencwal. On his toam are 40 P2LD.
and pont-Soc resesrchers, 3 third from
MLY

“Singapore bas the pelinical wil 1o In-
novele,” e sxid, referring to ity plan to
be the workd's first “senart nation” The
oty atate winds 10 Masiet the Island
with & bost of sessors, incioding & po-
teatial “killer app™ for shared driver
Sets carn. " Massachuse ety doesn't allow
us 00 todt driveriess cars. This is our liv.
ing tent bod™

1o coe of e labs, where another
Sonart groap Wvestizates eavircomen.
tal problems asd s sready om it
socend contract, Prof Nucholas Pat-
rilakis of MLT. sald be o0 found
Siegapoce 8 bethor 0 for s rescarch
His team bellde stingraydite robots
that collect data 1o fight ocoan Migae;
teat dods are right off the coast, ““This
lab was specially bullt for ws with totally
w, statoofdhe-art oguiponent,” he
sakd. "That doosn't happen in Boston,”

Other Smart Iabs help tackle Infec
tous dsoases, wuch ne dengoe Tever, us
woll as drug screening sud power con-
semption. All are doused B a geaming
oew tower Calded Create — Campaon for
Research Excollonce and Technodogical
Entecptise — ca the campess of the Na-
thonal Univereity of Stngapoce

Jolming M.LT, # Croate are 0 other
workd<class uiversities froen Britala,
Chima, France, Germacy, lsracl s
Switreriand But M LTy footpriot is the
oldont and Iargent

“Wihen theso progrsms  natoradly
end, wo will do others,” sald Kiang Wee
Lam, exacutive darector of Create, an en-
Uty ender the prioe minister's e

ROVATION Prol Dasiel Hastings cxplaining (he mechantcs of & devwrriews poll owrt Slags-

Pore wante be Masdot O llnad wid sesans b

adile erivaviaie

ACOODTIT Pred Nictlas Patrdadalin, beh, Gopleying the inndde of wn wndervates rolud for
talieting Cante v eorns alghe Studonts AT have 99 o far 1est bede arv righe off O cousl

Create rocerves an undssciosed chunk of
AN evergruwing tranchyo of government
rosourch money, which I peojectod to
Incronss 36 percent next Year to an an-
tual 4 hillion Singapore dollars, o aboot
$31 bon. “We Bave aa opon talent
PONCY for cosescch” be sadd, “aad we
actoally have a qoeoe of MLT. prodes-
sors willing (0 work with cur students
That's the ackd test.™

Prodessor Hastings conowred. Sowt
bt o troudle attracting Wp cosarch
scuetisty froom sroand the workd “Sngs
pore’s stature is iocreasing year by
your," he sald, noting that M.LT, has en-
Sed o collaborntons with the ety
Atate for 15 years, "Every project is ool
fadarative with faculty sevd studeets from
NUS aod NTU" be sald, referring 1o
e Natonal Untversty of Smgapoce aod

Namyang Technologioal U

Indeed, o muan reason foe bmwng
MIT. to Singapoce was 10 produce
world-class lecal talent, especially
MOROeRTONT entrepreneers.,

Apart fram the labu, 4 Soaart inovs
oo center bDelps turn research inte
cemmercial sTart aps by elfering grants
and expart advice. Of 13 Ooompansies it
has heiped lesanch, 10 reenadn viadle. An
other 37 are still incobating

A noted star b Visenth, & slart ap thae
markets water geid platforms with
wesocs to detect water Jaks Visent
landed its frst contract with Sings-
POre’s public utilsty ; Austraiia and Hong
mmuwdnumup

rny the Singagore University of Tech-

aulin S

Ingapore

ATER e

EXPCRIVAR TATON A-.‘mlm.lo'n-« O 1 Satal | et SBEC11 L wund (hene

(0 0 oM a g pelora

d sasitary Clap L o TSRy

LAS wORK Slagapere-M LT Allance Sor Rossarth and Techanbagy, s Senirt, i o toam of
grofesmacy Dot managos (v labocaticies jadd fad by O Sanpajuce poorament

nology and Desagn, opened in 2002, rop-
resents OLLT's most ambitions educy
ton offort dlnce its fownding 150 years
L

Our hope &2 10 be MLT. 20 n aa
Astan cootext.” sasd Prof, Thomas Mag-
mantl, SUTDS president and former
dean of MLT s Schoel of Engineering
The school offers foor core programa,
008 W Architecture and (voe a engp
noermg, A paid for by tho Singspore
Loveramnnl

Scane 100 MLY. professors, aboat 0
percent of the university's lacuXy, are
Invedved, though caly W0 professors
come 10 Smgapare far substantial pert-
ods during the year,

Together, they develop 90 percent of
the curncudum, trals faculty sed wel
cone the top 30 students for 3 soemmer

M MLY A rosearch st — Dalernation
Al Dosigen Center — has also been co-do-
cated on both campuses, partly to In
it potontiad antrepruneurs. So fur, it
bas helpod spawn seven registered
AN Lo in Nngapore

Unihe thewr Yale compterparts, the
MLY facuity has ot pebiely com-
platned abost limits to academic free-
Soen in Singapore, Professor Magaanti
wid, Whle concoding that not sll pro.
Tossors think alie, e 3304 all activities
have been vetted f0 SaTMr tuppoct

SUTD belps MLT. achieve its mis
mon,” he suld, “'to create icnowledge and
educate students to  Improve the
workd”

“We are conatantly experimenting
with Gfferont modes of instroction™ be
conthonnd, addng thar SUTD was

sroady a workd deader Ik “coborn-
based™ teaching. Studeots — 80 percent
Singaporean, 60 percent made — do not
typecally sit in lectures, They lears by
working in teams with peofessors who
D8 100 A8 CHoc Toed Uhan Iastructons

In a baskt éesign class, seven fonme
work on Gefferent growp projocts s two
professory and u teaching assistan
move from cee 19 ansther offoring a8
vice, The atmcsphers s conviviM sad
rolaxed, yot focused, and somsetones -
tense

Thia month, ome toam «f sevon wo
Goots, unmied ahier & “spoid dating”™
uaion, was bratestormung abowl how
0 redesign o sanitary disposal bin for
woown’s todets. With Jess than five
wewdes Lotr the team thptchied Its design
o0 a whiteboard, lsing padnters
goanod from & survey of female atu-
donits about what needed fixing

We are gven 900 Sagagoce dollars

2 buald the machine nd male a video
aboot I" sasd Amon Chao, 20, explaln
g that o grouy wold baok for cortain
Prts i hardware shogs before using
schosd machines, such s 3-D printers,
Moot Cutters or waterit Cuttery, to beld
Aprototype

The ball rang and te team boaded 10
the campus hawier center, a food court,
for Junch, After choowing menis fram a
handful of stalls, they sst together o
dncuss what sets SUTD. apart from
DT Sgapoce rverties

“The waching hece Is very differeot™”
said Joce Owe 108 Bt » possive Jearn-
g approach” Shoe applanded the
srong whon pride, patient Loachery
and collaborative students, as woll
the wooliicial motte: Dot say we
Gt bnvite you ™

Fraaklin Ananba, & chemistry lec
turer who jodned S UT.D, after teaching
ot Caldornin Polytechnie State Univee:
sy, stopped at the table to offer a per-
spoctive. “The vision s why | came,”
sadd D Asarida, wiho has 2 LD s ;o
Socular device Rabrication. " The merper
of destgn and eogineoring got my atten.
thon

10ks baggest challenge bo *'freshmore’
yoar -~ 8 12-ncoh bybtedd of freshman
and sopdornice years — i getEing wlo-
donts to mteract He tries (0 set & tone
where studenta feed safe to voice an
opinlon or sk & question without fene
g ropercustlons.

"From a faculty perspective, here s
room for growth” De. Anariba aakd

The stodents are commmitted. | want 10
teach them and they want to learn."”

Come January, SUT.D. maves to an
oven bigger now campus noar Chang
ANport, buill 1o eventually Sccoonens-
date 1000 students aenually. “Our god
00 Create coe of the workd s great wol-
versities” Professor  Magnani said.
“We want S.UT.D. an the lat with Har-
vard, Cambridge and Oxfoed

OULINL. MORT COVERAGL
N Pt articiey otd adsoston Sewy
Fplimas s wm sfacethen



National University of Singapore (NUS)




° THOMSON REUTERS

THE WORLD’S
MOST INFLUENTIAL
SCIENTIFIC MINDS 2014

highlycited.com

A hot air balloon soars south of High River and east of the Rocky Moun

Canadian Hot Air Balloon Champlomhips September 27, 2013. REUTERS/Mike Sturk -
I
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Singapore’s Highly Cited Researchers




Countr Highly Clte?nljﬁlsbe;l;chers, 219 Population HCRs per million
y o i (millions) population
http://highlycited.com/

Switzerland 67 8 8.375
United States ~ 1717 318.2 5.396
United Kingdom 340 63.7 0.338
Denmark 27 5.6 4.821
Netherlands 76 16.8 4.524
Sweden 28 9.7 2.887
Singapore 14 5.4 2.593
Finland 14 5.4 2.593
Germany 163 80.7 2.020
Israel 13 8.2 1.585
Norway 7 5.1 1.373
France 384 65.9 1.275
Japan 98 127.1 0.771
South Korea 21 50.4 0.417
Taiwan 8 23.4 0.342
Turkey 10 76.7 0.130
China 160 1365 0.117
Malaysia 3 30.1 0.100

India 11 1245.2 0.009



Thomson Reuter’s
Web of Science
holds some 58
million items

ower
301 m

Cuta prowcies 3y Tromess e m;q-n-—rg- &
sacmd T Dcstet 214 Dewirates - 1% Sepentw JOIM -~
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Pre-historic;

. i 1
Early; Ancient ages Middle Age Modern Age
Stone Age Bronze Age Steel Age Polymer Composites Silicon Sub-Micron Materials
Copper Age Iron Age Age Age Age Age
10000 BC 5000 BC 0 1000 1500 1800 1900 1940 1960 1980 1990 2000 2010 2020
Natural Ceramics Metals Alloys Molecules  Nuclear & Aerospace Micro, Nano Engineered Materials
Materials

le \
i\
} S.Ramakrishna, Materials Today (2013) 16(4), 102-103



Scientists and Engineers per Million People
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International visiting scholars

International visiting scholars who temporarily visit

host countries and then return to their home

countries are considered one form of short—-term

brain circu

ation. Unlike brain drain or brain gain,

brain circul

for both th

ation emphasizes the potential benefits

e sending and receiving countries as a

consequence of the continuous and circular moves
http://www.uecare.org/ue/

OI SCLoldrs.

http://www.universityworldnews.com/article.php?story=20140924081517506



http://www.uecare.org/ue/ ‘




UECP IAB
“Advising”

Promotion
Services

Feed Back Sharing v 4

Internationalization

http://www.uecare.org/ue/




What are the numbers?

~ 200 million plus students in ~ 20,000 plus universities around the world
~ 5m to 10m students in the graduate programs (masters and PhD)
~ Hundreds of disciplinary areas and specializations

~ half a million students internationally mobile for higher education



T'Eng INEeers (are specialized yet with broad based education. It is about a mix of knowing, doing and

being)

Enhancers

Entrepreneurial,
Intrapreneurial, &
data analysis Skills

Innovative &
Creative SKkills

Lifelong learning,
proactive &
adaptability skills

Global Knowledge
& Orientation
(open mindset)

Essentials

via Project management; Business; Finance; Leadership

via Research/Interdisciplinary/Multidisciplinary projects

via Independent leaning; Society perspectives & challenges

via Global learning; work in a diverse team; team work

Engineering
Knowledge and
Analytical Skills via
Engineering
Science, and
Engineering
Courses (depth)

Systems thinking,
problem solving and
design skills

by applying engineering
knowledge via Open
Ended Design Projects/
Industry Internships

Professional ICT &

Standards/Ethics & Communication Skills
Social Conscience and via Technology Enhanced
Critical Thinking Learning/

Skills via Breadth Discussions/Presentations
Courses; Self-

awareness



Why students enroll into graduate
programs?

[ To gain advanced skills and knowledge

1 To move into new areas (compared to the bachelor degrees)

U To seek opportunities beyond the borders



Why graduate education is important?

O Universities need well qualified academics
O Industry and businesses need specialists and experts

[ Research, invention and innovation need specialists in addition to the

generalists



What complicates?

U Diverse program structures (course requirements, thesis requirements,

publications, etc.)
O Incoming students with different levels of education attainments
O Variety of quality assurance and standards

d Work environment for the graduates is different from the yester years



3 Is & E of Graduate Education

JInterdisciplinary approach

JdImpact

JInternational collaboration

JEnterprising mindset

Graduate education of yester years

dMono-disciplinary
 Depth focused

JLocalized



Work environment for the graduates is different from the yester years:

Developing Graduates and Researchers

Public scholarship
abilities

Mentoring skills

Team, multicultural,
collaborative skills

Articulation skills

Via communicating to the lay persons; society relevance; visibility

Via guiding junior students and researchers

Via multi/interdisciplinary research; international collaborations

Via international conferences; interactions with funders

Scientific Scientific skills via Ethics to avoid Journal papers &
fundamentals &  usage of advanced plagiarism; book writing
knowledge via scientific tools & fraud; Safety skills; Grant
course work methods practices writing skills; IPR

protection &
transfer skills

Journal of Engineering Education Transformations, Volume XXVII, No. 4, July-2014, ISSN 2349-2473



CAMPUS AS LABORATORY

Innovative ways of teaching, learning and doing research are helping

universities around the globe to adapt to the moi aen world

—




