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Little Background on Tertiary EducationLittle Background on Tertiary Education

 Australia PerspectiveAustralia Perspective::
 In 2005 alone, overseas students in Australia represented aboutIn 2005 alone, overseas students in Australia represented about

18%18% of all her higher education students. of all her higher education students.
 In Australia: international students (2004 to 2005) were valued atIn Australia: international students (2004 to 2005) were valued at

over over Au$9 billionAu$9 billion in export earnings. in export earnings.
 The third highest export for Australia: The third highest export for Australia: wool (Au$2.3 billion), wheatwool (Au$2.3 billion), wheat

(Au$3.2 billion) and beef (Au$4.5 billion) in terms of value.(Au$3.2 billion) and beef (Au$4.5 billion) in terms of value.

 US Figures:US Figures:
 All degreesAll degrees: 1959-60 : 1959-60 476,704476,704              phdphd  9,8299,829

                   2004-05                    2004-05 1.99 mil1.99 mil  phdphd 44,60044,600
 Graduates population larger than the national population ofGraduates population larger than the national population of

some countriessome countries

 The UK scenario?The UK scenario?
 How about How about Hong Kong, and ChinaHong Kong, and China??
 College Ranking has become an important issue.College Ranking has become an important issue.
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The Glory and HistoryThe Glory and History
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Turing



MIT: The top world institutions for revolutionary scienceMIT: The top world institutions for revolutionary science

 Use the last 20 years (1987 to 2006): The combinedUse the last 20 years (1987 to 2006): The combined
NobelNobel––FieldsFields––LaskerLasker––Turing (NFLT) metricTuring (NFLT) metric

 Nobel, Fields medal, Nobel, Fields medal, LaskerLasker award (for Clinical Medical Research), award (for Clinical Medical Research),
and computing science (ACM. Turing award).and computing science (ACM. Turing award).

 The top world institutions for revolutionary science according toThe top world institutions for revolutionary science according to
NFLT areNFLT are

 MIT, Stanford and PrincetonMIT, Stanford and Princeton  –– all in the USA all in the USA

 First: First: USAUSA has  has 19 institutions19 institutions with at least three prize-winners. with at least three prize-winners.
Second: France, with three institutions having three or moreSecond: France, with three institutions having three or more
winners;winners;

 The The UKUK and Norway have  and Norway have oneone each. each.

 Argument: (Alumni, faculty member, ex-faculty member,..)Argument: (Alumni, faculty member, ex-faculty member,..)

 Revolutionary science is a term coined by Thomas Kuhn in his book, The structure ofRevolutionary science is a term coined by Thomas Kuhn in his book, The structure of
Scientific Revolutions (Chicago University Press, 1970)Scientific Revolutions (Chicago University Press, 1970)



Fields Medal (1982-2006)Fields Medal (1982-2006)
1982:1982: CONNES (CONNES (InstitutInstitut des  des HautesHautes  ÉtudesÉtudes  ScientifiquesScientifiques), ), FranceFrance

THURSTON (Princeton University), THURSTON (Princeton University), USAUSA
ShingShing-Tung YAU-Tung YAU (Institute for Advanced Study),  (Institute for Advanced Study), USAUSA

 19861986 DONALDSON (Oxford University), DONALDSON (Oxford University), UKUK
FALTINGS (Princeton University), FALTINGS (Princeton University), USAUSA
FREEDMAN (University of California, San Diego), FREEDMAN (University of California, San Diego), USAUSA

 19901990 DRINFELD (Phys. Inst. Kharkov), UkrainianDRINFELD (Phys. Inst. Kharkov), Ukrainian
JONES (University of California, Berkeley), JONES (University of California, Berkeley), USAUSA
MORI (University of Kyoto), JapanMORI (University of Kyoto), Japan
WITTEN (Institute for Advanced Study, Princeton), WITTEN (Institute for Advanced Study, Princeton), USAUSA

 19941994 BOURGAIN (Institute for Advanced Study, Princeton), BOURGAIN (Institute for Advanced Study, Princeton), USAUSA
LIONS (LIONS (UniversitéUniversité de Paris-Dauphine),  de Paris-Dauphine), FranceFrance
YOCCOZ (YOCCOZ (UniversitéUniversité de Paris- de Paris-SudSud), ), FranceFrance
ZELMANOV (University of Wisconsin), ZELMANOV (University of Wisconsin), USAUSA

 ..
 19981998 BORCHERDS (Cambridge University), BORCHERDS (Cambridge University), UKUK

GOWERS (Cambridge University), GOWERS (Cambridge University), UKUK
KONTSEVIC (KONTSEVIC (InstitutInstitut des  des HautesHautes  ÉtudesÉtudes  ScientifiquesScientifiques), ), FranceFrance
McMULLENMcMULLEN (Harvard University),  (Harvard University), USAUSA

 20022002 VOEVODSKY (Institute for Advanced Study, Princeton), VOEVODSKY (Institute for Advanced Study, Princeton), USAUSA

 20062006 OkounkovOkounkov, Princeton University, , Princeton University, USAUSA
WERNER, WERNER, UniversitéUniversité Paris- Paris-SudSud XI in  XI in OrsayOrsay, , FranceFrance
Terence Tao, UCLA , Terence Tao, UCLA , USAUSA

 Summary :   Summary :   USA    (12),    USA    (12),    France    (5),France    (5),      UK   (3),UK   (3),        Ukrainian      (1),   Japan    (1)Ukrainian      (1),   Japan    (1)



AMC Turing Award (Computing Science)AMC Turing Award (Computing Science)
 Mostly USAMostly USA
 Big share from US University: Big share from US University: BerkelyBerkely, Carnegie Mellon, and MIT, Carnegie Mellon, and MIT
 Last UK recipient: 1991- Robin Milner (Cambridge)Last UK recipient: 1991- Robin Milner (Cambridge)

 2007   Carnegie Mellon University, UT Austin, 2007   Carnegie Mellon University, UT Austin, USAUSA
 2006   IBM, 2006   IBM, USAUSA
 2005   Demark2005   Demark
 2004   Corporation for National Research Initiatives, 2004   Corporation for National Research Initiatives, USAUSA
 2003   UCLA, 2003   UCLA, USAUSA
 20022002   USC, MIT,   USC, MIT, USA, USA, Weizmann Institute (Weizmann Institute (IsraelIsrael))
 20012001   Norway, Norway  Norway, Norway
 20002000       Andy Andy YauYau, Princeton, , Princeton, USAUSA
 1999    University of North Carolina, 1999    University of North Carolina, USAUSA
 19981998    Microsoft,    Microsoft, USAUSA
 19971997    Bootstrap Institute,    Bootstrap Institute, USAUSA
 19961996    Weizmann Institute, Israel,   Weizmann Institute, Israel,
 19951995    UC    UC BerkelyBerkely, , USAUSA
 19941994    Carnegie Mellon, Stanford,    Carnegie Mellon, Stanford, USAUSA

 Carnegie Mellon University: There are Carnegie Mellon University: There are 1010 Carnegie Mellon Turing award winners, Carnegie Mellon Turing award winners,
including its first-ever recipient.including its first-ever recipient.
http://www.cmu.edu/corporate/points_of_distinction/awards/turing.shtmlhttp://www.cmu.edu/corporate/points_of_distinction/awards/turing.shtml



A Brief TableA Brief Table

 Number of NobelNumber of Nobel––FieldsFields––LaskerLasker––Turing winners by nationTuring winners by nation
8787––20062006

 Nation                Nobel         Other 3 awards     TotalNation                Nobel         Other 3 awards     Total
USA                     126                    45               171USA                     126                    45               171
UK                          9                     10                19UK                          9                     10                19
France                    5                      7                 12France                    5                      7                 12
Germany                9                       0                  9Germany                9                       0                  9
Switzerland             7                       0                  7Switzerland             7                       0                  7
Japan                     3                       1                  4Japan                     3                       1                  4
Russia                    2                       1                  3Russia                    2                       1                  3
Denmark                 1                      2                   3Denmark                 1                      2                   3
Norway                   1                      2                   3Norway                   1                      2                   3

A minimum of A minimum of 3 3 winners is required for inclusion.winners is required for inclusion.



Does every student/parent look at these Glory?Does every student/parent look at these Glory?

 Yes or noYes or no
 What do they care most?What do they care most?
 They care many other factorsThey care many other factors

 Employment, strength of the college,Employment, strength of the college,
reputation, student care, peers, campus,reputation, student care, peers, campus,
safety, etcsafety, etc

 Good students consider all aspectsGood students consider all aspects
 Less students consider other aspectsLess students consider other aspects



Parents and Students look forParents and Students look for

 Harvard is not a revolutionary science college, butHarvard is not a revolutionary science college, but……

 Look for the best possible college of the disciplineLook for the best possible college of the discipline

 The Wharton Business/Finance School of  U PennThe Wharton Business/Finance School of  U Penn

 The Life Science at Harvard and Johns Hopkins UniversityThe Life Science at Harvard and Johns Hopkins University

 The Business and Management at Michigan-Ann ArborThe Business and Management at Michigan-Ann Arbor

 The School of Computer Science at MIT, Carnegie Mellon and StanfordThe School of Computer Science at MIT, Carnegie Mellon and Stanford

 The Department of Electronic Engineering of City University HKThe Department of Electronic Engineering of City University HK



Students/Parents Focus: The USNews Ranking



USNewsUSNews Ranking in Different areas Ranking in Different areas



The US experienceThe US experience

 Here is the actual Here is the actual UCLA 2007 SurveyUCLA 2007 Survey question and top 15 reasons question and top 15 reasons
that this conclusion was based on.that this conclusion was based on.

 College has very good academic reputation College has very good academic reputation                 63.0%              63.0%
 This college's graduates get good jobs This college's graduates get good jobs                        51.9%                     51.9%
 A visit to the campusA visit to the campus                                                  40.4%                                              40.4%
 I was offered financial assistanceI was offered financial assistance                                  39.4%                            39.4%
 Wanted to go to a college this sizeWanted to go to a college this size                               38.9%                           38.9%
 College has a good reputation for social activities College has a good reputation for social activities         37.1%      37.1%
 The cost of attending this collegeThe cost of attending this college                                 36.8%                             36.8%
 Grads get into good grad/professional schoolsGrads get into good grad/professional schools               34.1%           34.1%
 Wanted to live near homeWanted to live near home                                            19.2%                                        19.2%
 Rankings in national magazinesRankings in national magazines                               17.6%                           17.6%
 Information from a websiteInformation from a website                                           17.0%                                       17.0%
 Parents wanted me to go to this schoolParents wanted me to go to this school                          13.0%                      13.0%
 Admitted early decision and/or early actionAdmitted early decision and/or early action                    11.4%                11.4%
 Could not afford first choiceCould not afford first choice                                            9.7%                                        9.7%
 High school counselor advised meHigh school counselor advised me                                   9.0%                               9.0%



Different Perspectives:Different Perspectives:

StudentsStudents
ParentsParents
TeachersTeachers
ProfessorsProfessors
University PresidentsUniversity Presidents
GovernmentGovernment
CommunityCommunity
InternationalInternational

University Ranking



The Six Features used by the UK TimesThe Six Features used by the UK Times
2007 Case2007 Case (Argument on the weightings)(Argument on the weightings)

 Peer review Peer review 40%40%
 Employer ReviewerEmployer Reviewer 10%10%
 Research CitationResearch Citation 20% 20% (medicine school**)(medicine school**)

 Staff to Student ratioStaff to Student ratio 20%20%
 International StaffInternational Staff 5%5%

 International StudentInternational Student 5% 5% (US case undergrad/post-grad)(US case undergrad/post-grad)

100%: NUS, LSE, IC, 100%: NUS, LSE, IC, Cranfield, Geneva, Geneva, Ecole Polytechnique (swiss),
   Ecole Normale Lyon (France);;

99%: 99%: MonashMonash, NTU, Auckland, , NTU, Auckland, Maastricht (Australia), KTH, Royal Institute
 of Tech (sweden), Wollongong (Australia), RMIT (Australia);;

98% UCL98% UCL



So it all come back to the feature selection issueSo it all come back to the feature selection issue

Example: to select the major features for
being an attractive or non-attractive man



Self-Organizing Map (SOM)Self-Organizing Map (SOM)

 Unsupervised learning algorithmUnsupervised learning algorithm

 Based on competitive learningBased on competitive learning

 Dimension reductionDimension reduction ( (VisualizationVisualization))

 Topological ordered mapTopological ordered map
 Applications: Engineering, physicalApplications: Engineering, physical
   science, and finance analysis.   science, and finance analysis.



Background on SOMBackground on SOM

 Handling datasets using computational methods has become anHandling datasets using computational methods has become an
integral part of business, science, engineering, and even educationintegral part of business, science, engineering, and even education

 Problematic because the increase of  data dimensions, and numberProblematic because the increase of  data dimensions, and number
of instancesof instances

•• Feature selection, data reduction, Clustering and visualizationFeature selection, data reduction, Clustering and visualization
are important to Engineering and non-engineering problemsare important to Engineering and non-engineering problems

•• What is What is my viewmy view on University ranking from the above on University ranking from the above
perspectivesperspectives



A simple way to visualize Self-Organizing MapA simple way to visualize Self-Organizing Map
(SOM)(SOM)

Input space: RGB inputsInput space: RGB inputs
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SOM output map on Hong Kong StocksSOM output map on Hong Kong Stocks



Our Work on Self-Organizing MapOur Work on Self-Organizing Map

 Developing New SOM modelsDeveloping New SOM models

 Different types of applications:Different types of applications:
Image, documents retrieval,Image, documents retrieval,
Plagiarism detection,Plagiarism detection,
Business data analysis (Stocks)Business data analysis (Stocks)



2006 Times World Top
2007 University ranking



2005 Times World University Ranking



Times University RankingTimes University Ranking  (2006)(2006)

Input data distribution by each featureInput data distribution by each feature
The six features are Peer Review Score, Recruiter Review, Int’l Faculty Score, Int’l

Students, Faculty/Student, and Citations/Faculty.



Times University RankingTimes University Ranking  (2007)(2007)

Input data distribution by each featureInput data distribution by each feature
The six features of a data point, which are Peer Review Score, Employer Review,
Staff/Student, Citations/Staff, International Staff Score, International Students.
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Are the 07 Features reliable or biased to **?Are the 07 Features reliable or biased to **?

 Query on the feature of Citation, biased to the U.K.Query on the feature of Citation, biased to the U.K.

 The The ““peer reviewpeer review”” is also biased to the U.K; in which UK is also biased to the U.K; in which UK
respondents alone were respondents alone were 71%71% of those from the US  of those from the US ((U.K to USU.K to US

population is about 5 timespopulation is about 5 times))

 The rankings in relation to the other criteria, the 2007 dataThe rankings in relation to the other criteria, the 2007 data
correlations are very low and usually insignificant.correlations are very low and usually insignificant.
    07 data PR07 data PR”” .260,  .260, Emp_REmp_R -.008,  -.008, Fac_studFac_stud ratio .088,   ratio .088,  Int_facultyInt_faculty .018,   .018,  
Int_studInt_stud .039 .039
        2006 data correlation was stronger2006 data correlation was stronger

       06 data "Peer review      06 data "Peer review”” .480,  .480, empemp review . 348, Faculty stud ratio .135,  review . 348, Faculty stud ratio .135, IntInt faculty  faculty ––045, 045, IntInt      
students .094students .094

 Comments: it seems appropriate to consider the 07 ranking a newComments: it seems appropriate to consider the 07 ranking a new
version of ranking. No comparability with the previous years.version of ranking. No comparability with the previous years.””

 Source: university ranking watch http://Source: university ranking watch http://rankingwatch.blogspot.comrankingwatch.blogspot.com//
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UK University Performance on Citation (2006 Data)UK University Performance on Citation (2006 Data)

Input data distribution by the featureInput data distribution by the feature

5 10 15 20 25 30
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

Citations/staff Score

S
c
o
r
e

UK University

Cityu



2006

2007

100 200
0

0.5

1

Peer Review Score

S
c
o
r
e

100 200
0

0.5

1

Employer review score

Input Data 6-D Distribution

100 200
0

0.5

1

Staff/student Score

100 200
0

0.5

1

Citations/staff Score

S
c
o
r
e

100 200
0

0.5

1

International staff score 

100 200
0

0.5

1

International students score 

50 100 150 200
0

0.5

1

Peer Review Score

S
c
o
r
e

50 100 150 200
0

0.5

1

Recruiter Review

Input Data 6-D Distribution

50 100 150 200
0

0.5

1

Intenational Faculty Score

50 100 150 200
0

0.5

1

Intenational Students Score

S
c
o
r
e

50 100 150 200
0

0.5

1

Faculty/Student Score

50 100 150 200
0

0.5

1

Citations/Faculty Score



Analysis on the UK University Performance  (2007 Data)Analysis on the UK University Performance  (2007 Data)

Input data distribution by each featureInput data distribution by each feature

There are six features of a data point, which are Peer Review
Score, Employer Review, Staff/Student, Citations/Staff,

International Staff Score, International Students.
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Disadvantages of conventional SOMDisadvantages of conventional SOM

 Structure is Structure is fixedfixed before training before training

 Neurons are Neurons are uniformlyuniformly distributed in the distributed in the
output space.output space.

 SOM is SOM is heuristicallyheuristically derived derived

 SOM input is in a flat vector; problem withSOM input is in a flat vector; problem with
tree-datatree-data



Growing SOM : CSGGrowing SOM : CSG

 Networks are Networks are adaptively formedadaptively formed in in
one-levelone-level

 Neurons in the output space areNeurons in the output space are
distributeddistributed according to  according to inputinput
distributiondistribution



2006 data set using CSG: Neuron number is 73
Training time 6.11 sec



2007 data set using CSG: Neuron number is 118
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2007 data set using CSG: Neuron number is 166
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Training time 118 sec
2006 data set using CSG: Neuron number is 304
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Input data

SOM

Training
ClusteringInputInput

VectorVector
in n-Din n-D

SOMSOM

TraininTrainin
gg

ClusteringClustering
of SOMof SOM

--The basic idea of Clustering of the Self-Organizing Map Using aThe basic idea of Clustering of the Self-Organizing Map Using a
Clustering Validity Index Based on Clustering Validity Index Based on Inter-Cluster and Intra-Inter-Cluster and Intra-
Cluster DensityCluster Density

--  Cluster data better than the classical clustering algorithms  Cluster data better than the classical clustering algorithms
used on the SOM, and find an optimal number of clustersused on the SOM, and find an optimal number of clusters



Cluster by Inter-cluster and Intra-cluster density (06 Data)
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Probabilistic Regularized SOMProbabilistic Regularized SOM

 The weight-updating rule is an optimization of aThe weight-updating rule is an optimization of a
cost functioncost function

 The assignment is The assignment is soft soft by certain by certain probabilityprobability

 The The interneuron distancesinterneuron distances  are preserved fromare preserved from
input space into output spaceinput space into output space



Interneuron DistancesInterneuron Distances

input space

output space

d1 d2

△1 △2

2

2

1

1

!
=

!

dd



2006 Data2006 Data

PRSOM Resultant mapPRSOM Resultant map



200 University Ranking200 University Ranking  (2006)(2006)

3D visualization Using H Matrix and PRSOM3D visualization Using H Matrix and PRSOM



Concluding CommentsConcluding Comments

 The 3 local University exhibit similar characteristicsThe 3 local University exhibit similar characteristics
(similar to the 2 Singapore U)(similar to the 2 Singapore U)

 City University together with Singapore Universities, andCity University together with Singapore Universities, and
Australian University have  similar characteristicsAustralian University have  similar characteristics

 The Top US colleges are on their own league/clustersThe Top US colleges are on their own league/clusters
 Oxford and Cambridge are clustered together with the USOxford and Cambridge are clustered together with the US

top Collegestop Colleges
 The data collected by the Times and the way theyThe data collected by the Times and the way they

processed them (2007) is highly controversialprocessed them (2007) is highly controversial
 Students/parents view maybe very differentStudents/parents view maybe very different

 SOM is very useful for administrative, business analysis andSOM is very useful for administrative, business analysis and
other non-engineering applications, financial data etc.other non-engineering applications, financial data etc.



Thank YouThank You


