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Part 1

About
Research 

About
Research 

1
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Research is not about the  
paper-cranking Machine!

What is Research ?

1

College of Engineering Seminar SeriesCollege of Electrical Engineering & Computer Science 

印刷機

什麼是研究 ?

論文
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You picked a 
Tunnel (“problem”). 

You walk in this 
dark tunnel 
(investigate the 
problem)

You do not see 
light until you walk 
to the end of the 
tunnel!

Research involves
exploring the 
“unknown” and 
“finding solutions”.

You picked a 
Tunnel (“problem”). 

You walk in this 
dark tunnel 
(investigate the 
problem)

You do not see 
light until you walk 
to the end of the 
tunnel!

Research involves
exploring the 
“unknown” and 
“finding solutions”.

1

Research is like..

College of Engineering Seminar Series

What is Research ?
Unknowns & Solutions

College of Electrical Engineering & Computer Science 

答案

探索未知

什麼是研究 ?
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1. When Research is Focused
2. When Research addresses 
and solves important problems
3. When Research creates Impact

About Research 
What is Good Research?

1

College of Engineering Seminar Series

Many times, we are confused
what is “fundamental” work
and what are “noises”.

Some researchers are busy
doing work that resemble
“noises” rather than fundamental

College of Electrical Engineering & Computer Science 

什麼是好的研究？

重點，

重要的，

影響
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Research in Essence:

1. Research is about “solving problems” and “providing solutions”. 

2.  Also, progress beyond the current-state-of-the-art! 

3.   Research entails (i) understanding and appreciation by others and 
(ii) recognizing the importance of the discovery and outcome. 

1

Research Cycle 
Essence

Ideas 

College of Electrical Engineering & Computer Science 

研究的本質

領域進步

解決問題，提供解決方案
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Research Cycle
3 Phases - Initial, Execution, Final  

Initial 
Phase 

Execution
Phase 

Round-up

Phase 

Weeks/
months

Years Weeks/
monthsEfforts

1 – 3 years or more..

Emphasis should be on the “execution” phase. Emphasis should be on the “execution” phase. 

Time

1

#1 #2 #3

Professor 

Student 

College of Electrical Engineering & Computer Science 

研究三階段
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Cycle 1: Proposal Preparation:

Too much time and emphasis on proposal preparation is 
detrimental to on-going research. 

A good proposal has no guarantee of good research output 
or outcome. 

A highly funded proposal indicates high cost and large scale
BUT does not necessarily imply research quality nor excellence. 

1

Research Cycle 1 
Initial Phase

College of Electrical Engineering & Computer Science 
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Research Cycle 1 
Initial Phase

Risk of Cycle 1: Initial Phase

No funded proposals → limited resources  → crippled research

Too much funded proposals → overwhelmed → quality affected

Too much efforts in writing proposals → little time left for research…

1

&

Vs.

College of Electrical Engineering & Computer Science 

Pg 12C K Toh © 2007/2008/2009/2010/2012  

Cycle 2: Research Execution:

The most important part of your research. Doing and 
investigating on unsolved or undefined problems enhances “creativity”
and “novelty”. There are many researchers out there, competition is 
fierce. 

1

time Talent
Creativity
Ideas 

Professor Students,  
Postdocs,
etc

Research Cycle 2 
Research Execution

College of Electrical Engineering & Computer Science 

研究執行
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Cycle 2: Research Execution Period :

Ave. Ph.D.
Duration

3 years

4yr

Research Cycle 2 
Research Execution

College of Electrical Engineering & Computer Science 

研究的執行時間

1
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Research Cycle 3 
Risk of outcome 

Cycle 3: Research Outcome:

No ideas → no creativity → no solutions → no contributions

Poor research → no good results → little significance → no
publications → no impact 

Very hard problem → no solution → failure

1

College of Electrical Engineering & Computer Science 

研究結果
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Types of Research 
Positive 

• Work on “new problems”

• Find new solutions

• Or work on existing unsolved problems

• Find solutions

• Move the field forward (i.e., beyond the current state-of-the-art) 

• Create the “wave”
• Create the “impact” 

TYPE 1: “Positive” Research

1

College of Electrical Engineering & Computer Science 

研究類型

現有的,懸而未決的問題

找到解決的答案

新問題

找到新的解決答案
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• Prove existing or past work or solution is wrong!

• Undo and Redo 

• Re-learn from mistakes made by community 

• Impact the community and impact the field !! 

1

TYPE 2: “Negative” Research

Types of Research 
Negative 

College of Electrical Engineering & Computer Science 

研究類型

證明現有的或過去的解決方案是錯誤的

撤消和重做
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• Improve on an existing solution
– say by 5-10%
– produce tons of papers,,,
– big deal or no big deal?
– ask yourself 

• Don’t sweat the small stuff !

• Take your time to find impt topics to do.

• Leap, not drag!!

TYPE 3: “Incremental” Research

Types of Research 
Incremental

College of Electrical Engineering & Computer Science 

研究類型

(稍微的研究)

(不出汗的小東西 X ) ( 不要為了不值得的事情出汗  ) 

1
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• Hype – just saying (frenzy publicity, over enthusiasm)

• Myth – A belief that is widely thought as false

• High Risk

• High Gain

• No Gain

1

TYPE 4: “Myth or Hype” Research

Types of Research 
Myth or Hype

College of Electrical Engineering & Computer Science 

研究類型

神話, 虛構的.  

炒作 ?

高收益

無收益
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Summarizing: Choosing the right topic is KEY!!  

1

1. “Positive” Research Major Contributions (new solution)

2. “Negative” Research Major Contributions (rewrite history)
..it takes a lot of guts and evidence to…
...prove something is wrong…

4. “Myth or Hype” Research Solving a problem way ahead of time
..when needs are not yet recognized…
..when problem takes time to gain 
..can result in major contributions
..or can result in no contributions

3. “Incremental” Research Incremental Contributions (avoid…)
(5-10% improvement on existing solutions)

Types of Research
In Summary 

College of Electrical Engineering & Computer Science 

四種類型的研究
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Part 2

Research
Quality, Measure,

Impact, 
Recognition  

2

College of Electrical Engineering & Computer Science 

研究質量，計量，影響
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Research Quality
What is it?  

How can we know we are doing “Quality” Research? 

JUDGED 
by peers?

JUDGE 
based on 
impact? 

Quality is NOT Quantity!

2

1. Novelty
2. Originality 
3. Technical Correctness
4. Significance 
5. Timeliness 
6. Impact 

Quality Metrics

College of Electrical Engineering & Computer Science 

什麼是研究質量?

質量不是數量!

獨創性

重要性

正確性

新奇

時效性

影響力
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I have published over 5000 papers in my lifetime!           So What?
Point # 1

2

I published 1 and 1st paper on DNA that rocks the world! 

Now that is something!!..

Point # 2

Research Quality
Quality vs. Quantity 

College of Electrical Engineering & Computer Science 

質量與數量
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Research Measures
What are we measuring? 

• Number of Citations
• Number of Publications
• Number of Patents (Inventions) 
• Recognition (Awards,,,)
• Attention (Follow-on work,,wave,,)
• IMPACT

Research Input
• proposals
• $$ (matching)
• researchers
• time 

What are we measuring?? Input ? Output ? Or what? 

Research Proposal Outcome

Research Output

• $$
• resources

2

Q: 
Which
Carries
More
Weights?

College of Electrical Engineering & Computer Science 

如何衡量研究？
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• Let Your peers judge your work 
(input/output)
– Proposals, papers, etc..

– Include “international peers”
• Researchers from industries

• Academic professors, postdocs, etc

• Users of your research…
Reviewers’
Feedback

Follow up on
your work by
others 

Best Paper
Award

Research
Award 

No. of 
Citations

Recognition
By peers

Recognized
internationally

2

Research Measures
Others judge your work!

College of Electrical Engineering & Computer Science 

如何衡量研究？
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1. Journal Paper Approach
• Formally reviewed and archived

• No. of papers = productivity, not quality!

2. Rate of Publications = “Speed”….
• N/T (total papers to time) 

• Productivity, not quality!

Source: Prof. Doug Comer, ex-VP Research, CISCO (USA)

2

Research Measures
Example: USA Way   

USA 
Measure 

of 
Professors,,,,,

College of Electrical Engineering & Computer Science 

如何衡量研究？
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3. Direct Funding Approach

• Amount of $$ is not always = 

quality of research

4. Profit Generated by Patents, etc

• Revenue is a terrible measure of research 
quality !

Source: Prof. Doug Comer, VP Research, CISCO (USA)

2

Research Measures
Example: USA Way   

USA 
Measure 

of 
Professors,,,,,

College of Electrical Engineering & Computer Science 

如何衡量研究？
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5. I/R

• Ratio of Impact vs. Amount of 

Resources used.
►Large funding BUT poor impact = looks bad

►Small funding BUT large impact = looks good

▓ Individual PI is concerned with “impact”

▒ University administrators (Dean, VPs, ) might prefer 
resources                                                                      

.Source: Prof. Doug Comer, VP Research, CISCO (USA)

2

Research Measures
Example: USA Way  

USA 
Measure 

of 
Professors,,,,,

College of Electrical Engineering & Computer Science 

如何衡量研究？
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Thomson ISI

2

6. No. of Citations on each 
paper / author / institution

Metrics: (a) Total no. of citations 
(b) Paper with highest citations
(b) H-index 
(c) G-index / etc .

Research Measures
Example: USA Way   

USA 
Measure 

of 
Professors,,,,,

www.googlescholar.com

www.harzing.com

College of Electrical Engineering & Computer Science 

如何衡量研究？
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Research Measures
Example: USA Way
H index versus G index   

College of Electrical Engineering & Computer Science 

A scientist has index h if h of [his/her] Np

papers have at least h citations each, and 
the other (Np − h) papers have at most h 
citations each.

Given a set of articles ranked in 
decreasing order of the number of 
citations that they received, the g-
index is the (unique) largest number 
such that the top g articles received 
(together) at least g2 citations.
[Gives more weight to highly cited 
papers]

≥ G² citations

N
o.

 o
f 

ci
ta

tio
ns

如何衡量研究？

2
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Research Measures
Example: USA Way
H index versus G index   

College of Electrical Engineering & Computer Science 

如何衡量研究？

2
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Research Measures
H-Index vs. G-Index

College of Electrical Engineering & Computer Science 

Both G-Index and H-Index correlate well with “total number of citations”

如何衡量研究？

2
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Research Measures
H-Index vs. G-Index

College of Electrical Engineering & Computer Science 

G-Index is generally 1.5x higher than H; Top scientists have high G and H. 

如何衡量研究？

2



17

Pg 33C K Toh © 2007/2008/2009/2010/2012  

7. Bad Things About Journal Impact Factor

Assumption: Publication in a High Impact Journal will enhance the impact of 
an article. (?)

Answer: Journals do not offer any free ride. Citation rates of articles 
determine the journal impact factor, not vice versa!! 

Journal impact factors are not statistically 
representative of individual journal articles!!

Journal impact factors correlate poorly with
actual citations of individual articles

2

Research Measures
Example: USA Way   

USA 
Measure 

of 
Professors,,,,,

College of Electrical Engineering & Computer Science 

如何衡量研究？
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• Don’t Get Stuck with “Brand” 

• A “Gucci” bag may be empty inside.

• Focus on

• the significance of “your work”,
not specific “brand” of conference 

or journal…. U need to “publicize” your

work, attract attention (if indeed your

work is good)

2

Research Outlets
Where to publish?   

College of Electrical Engineering & Computer Science 

論文發表
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Research Impact
What does it mean?

2

What do we mean by “Research Impact” ? 
How can we quantify “Research Impact” ? 

College of Electrical Engineering & Computer Science 

研究的影響力，貢獻
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• 3 Prime Elements of IMPACT (my view) 

2

Impact
the Field 

•New knowledge 
Creation

•Advances current
State-of-the-art

•Open new field
•Breakthrough

Impact
the 

Community  

•Society;
•Research community;
•Industries;
•Follow-on work;
•Create a “wave”

Impact
the 

Economy

•Wealth creation
•Jobs creation
•Benefit the country

Research Impact
What does it mean?

College of Electrical Engineering & Computer Science 

什麼是研究的影響力和貢獻?
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It takes TIME to see the impact (especially for new fields)

It takes LESS TIME to see the impact if it immediately solves an existing issue.. 

IM
P

A
C
T
 

Do 
IMPT
Work

Be
The 
1st

Wide
Dissemination

Wide
Acceptance

Provide
Profound
Solutions

Do it well,,,,,

2

Research Impact
How to create high impact?

Choose
Topic 
Carefully 

College of Electrical Engineering & Computer Science 

如何實現高的研究影響力和貢獻?
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Swiss Measure of Professors,,,,,

Publications Citations

professors

External expert
evaluation

RESEARCH
IMPACT 

Example from ETHZ (Switzerland)  ,,,,,,

2

Research Evaluation
Example: The Swiss Way 

College of Electrical Engineering & Computer Science 

瑞士教授的研究評價
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Korean Measure of Professors,,,,,

At Korea University
and BK21 Program

No. of SCI Journal 
Publications

Example from Korea University,,,,,,

Journal Impact
Factor

2

Peer Qualitative
Paper Evaluation

At KAIST and POSTECH

Research Evaluation
Example: Korean Way 

College of Electrical Engineering & Computer Science 

韓國教授的研究評價
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Swedish Measure of Professors,,,,,

Multi-metrics
but research
plays a major
role.. 

Publications

PhD output

Example from Uppsala University (Sweden) ,,,,,,

Funding Teaching

Nobel Prizes
/Awards

Citations..

2

Research Evaluation
Example: Swedish Way 

College of Electrical Engineering & Computer Science 

瑞典教授的研究評價
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Research Evaluation
Example: Taiwan HEEACT Evaluation  

College of Electrical Engineering & Computer Science 

台灣教授的研究評價

2
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Specifically, there isn’t a Nobel
Prize for Computer Science!
So what other international recognitions?

Computing: IEEE – IEEE Fellow

Engineering: ACM – ACM Fellow
AAAS Fellow 
IEEE Medals
ACM Turing Award
Kyoto Prize
Shaw Prize
Marconi Prize/Fellow
Queen Elizabeth Prize in Engineering 

2

► Fellowships are also given for leadership 
and education too

Research Recognition
Peak in Engg. & Science Research

College of Electrical Engineering & Computer Science 
Create
Impact

World
Recognition

Leads to…
.

研究的榮譽
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IEEE Bell IEEE Edison 

IEEE Hamming IEEE Neumann 

IEEE Noyce 

IEEE Medal of Honor 

2

Research Recognition
Peak in Engg. & Science Research

College of Electrical Engineering & Computer Science 

Medals

IEEE獎牌
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Excellence in Research results 
In election to National Academy 

• UK Royal Academy of Engineering (FREng) 
• UK Royal Society of London (FRS)
• US National Academy of Engineering (NAE)
• US Presidential National Medal of Technology
• US Presidential National Medal of Science 
• Chinese Academy of Sciences / Engineering
• Taiwan Academica Sincia 

• Holders of Distinguished Chair Professorships

2

Research Recognition
Peak in Engg. & Science Research

National Academy
of Science

College of Electrical Engineering & Computer Science 

院士
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Part 3

World
Class

Institution

World
Class

Institution

3

College of Electrical Engineering & Computer Science 

世界一流的大學
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Why World Class? Research can strengthen a country! 

Research

Economy 

High Quality of Living

Strong Country 

Products

Progress

Services 

Wealth  

Jobs  

3

Technology

Innovations

Science

World Class
Why the need for World Class? 

College of Electrical Engineering & Computer Science 

為什麼要世界一流的研究？
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Many Countries want to be world class in research ,,,,,, 

3

World Class
Many countries want world class 

College of Electrical Engineering & Computer Science 

很多國家要世界一流的研究!
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List of Countries by R&D Spending (2011)

3

World Class
Many countries want world class 

College of Electrical Engineering & Computer Science 

個國研發開銷
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World Class
R&D Manpower  

• Scientific R&D Manpower 
(source: University World News 2008)

– USA: 4526 for every million = 1,394,008
• (308 million population in USA)

– Germany: 3222 for every million

– Finland: 7431 for every million

– Sweden: 5171 for every million

– Japan: 5085 for every million

– China: 633 for every million = 841,890
• (1.33billion population in China)

College of Electrical Engineering & Computer Science 

研發人力

3
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Financial Times (25Jan2010)
• “China scientists lead world in research growth” - by 

Clive Cookson

World Class
China’s R&D  

Jonathan Adams, research 
evaluation director at 
Thomson Reuters, said 
China’s “awe-inspiring” 
growth had put it in second 
place to the US – and if it 
continues on its trajectory it 
will be the largest 
producer of scientific 
knowledge by 2020!!

http://www.ft.com/cms/s/0/7ef3097e-09da-11df-8b23-00144feabdc0.html

College of Electrical Engineering & Computer Science 

Publish or Perish? 
China is now 2nd in 
publications output (SCIE).

小心中國

3
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World Class
Where TAIWAN stands among others?

2011 World Universities Ranking 
Top 10 (all fields)

1.Cambridge      UK
2.Harvard UK
3.MIT            USA
4.Yale            UK 
5.Oxford      UK
6.Imperial        UK
7.Chicago      USA
8.Princeton    USA
9.MIT             USA
10.Caltech       USA

2005 World Universities Ranking
Top 10 ( all fields )

1. Harvard           USA
2. Cambridge      UK
3. Oxford             UK
4. MIT                  USA
5. YALE               USA
6. Stanford           USA
7. Caltech            USA
8. U C Berkeley    USA
9. Imperial            UK
10.Princeton          USA

http://www.timeshighereducation.co.uk

PS: There are other rankings, such as Shanghai JiaoTong Universities’ Rankings, etc. 

College of Electrical Engineering & Computer Science 

世界大學排名

3
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World Class
Universities Rankings

College of Electrical Engineering & Computer Science 

( Metrics used to judge ranking of  Universities)

判斷世界大學排名的指標

3
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World Class
Where TAIWAN stands among others?

College of Electrical Engineering & Computer Science 

2011 Taiwanese Universities World Ranking

National Taiwan University World Rank = 87

National Tsing Hua University World Rank = 213

National Cheng Kung University World Rank = 285

National Yang Ming University World Rank = 302

National Chiao Tung University World Rank = 306

Taipei Medical University World Rank = 373

NTHU next goal – Beat NTU, get into World Top 100 

台灣個所大學在世界的排名

3
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World Class
Where NTHU stands among others?

College of Electrical Engineering & Computer Science 

Rank 2009 2010 2011 2012

1 HKU HKU HKUST HKUST

2 CUHK HKUST HKU NUS

3 Tokyo U CUHK NUS HKU

4 HKUST Tokyo U Tokyo U SNU

5 Kyoto U SNU CUHK CUHK

6 Osaka U Osaka U SNU Peking U

7 KAIST Kyoto U Kyoto U KAIST

8 SNU Tohoku U Osaka U Tokyo U

9 TIT Nagoya U Tohoku U POSTECH

10 NUS TIT TIT Kyoto

Asian Universities Ranking – Top 10 

個所亞洲大學的排名

3
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World Class
Where TAIWAN stands among others?

College of Electrical Engineering & Computer Science 

Asian Universities Ranking (2009)

22. University of Tokyo                         JP    
24. University of Hong Kong                JP
25. Kyoto University                             JP
30. University of Singapore                  SG
35. Hong Kong UST                             HK
46. Chinese U of Hong Kong               HK
44. Osaka University                            JP
47. Seoul National University               KR
49. Tsing Hua University                      CH
52. Peking University                           CH
55. Tokyo Inst. Of Technology              JP
69. KAIST                                             KR
73. Nanyang University                        SG
95. National Taiwan University             TW

Asian Universities Ranking (2012)

20. National Taiwan University            TW   
31. National Tsing Hua University       TW
37. National Cheng Kung University   TW
39. Kobe University                             JP
42. Waseda University                        JP
49. National Chiao Tung University     TW
50. National Yang Ming University       TW
53. National Central University            TW
54. National Taiwan U of S & T            TW
60. National Sun Yat-sen University    TW
64. Taipei Medical University               TW
87. National Taiwan Normal U             TW
73. Nanyang University                        SG
95. National Taiwan University             TW

台灣個所大學在亞洲的排名

3
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World Class
Taiwan University Ranking  

http://www.4icu.org/tw/

College of Electrical Engineering & Computer Science 

2010
Taiwan

Ranking

台灣個所大學在國內的排名

3
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World Class
Taiwan University Ranking  

College of Electrical Engineering & Computer Science 

2012
Taiwan

Ranking

台灣個所大學在國內的排名

3
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World Class
Taiwan Universities’ Ranking 

College of Electrical Engineering & Computer Science 

2009

台灣個所大學在國內的排名

3
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World Class
Taiwan Universities’ Ranking 

College of Electrical Engineering & Computer Science 

台灣個所大學在國內的排名

3
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World Class
Taiwan Universities’ Ranking 

College of Electrical Engineering & Computer Science 

2011

3
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Quote from a Member of  US National Academy of Sciences (NAS)

Professor X-H Cho, Professor of Radiological Science, U C Irvine (USA)

A fundamental problem is the lack of understanding 
of just what is meant by a world-class research 
institution. As epitomized by Nobel science prizes, 
it is the “originality” and “major impact and 
contributions”that define truly world-class 
science!! World-class buildings, offices, and lab
spaces do not make world-class institutions..,

,

3

World Class
Common Misunderstanding

College of Electrical Engineering & Computer Science 

世界一流大學的含義
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World Class
Attributes of WC Universities

3 Major Characteristics : 
1. Research Excellence

- Significant research achievements/impact 

2. Top Faculty
- Each faculty is a “star” in his field 

3. World-Wide Reputation
- University *must* be world famous in something..

What Constitutes a World Class University? 

3

College of Electrical Engineering & Computer Science 

什麼是世界一流大學?
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World Class 
What it Entails?

1. Personal Development
– Promote excellence in research

– Develop “Star professor” Culture

– Intensify research quality and output

– Learn from others! (don’t hate or envy)

Many Universities in 
Asia are undergoing 
changes to achieve
World-class 
Research 

What it Entails? 

3

2. Change  – “Yes we can!” - Obama”
– Change in emphasis and in recognition

– Shift from “power struggle” to “research excellence”

– Get the “right people” to do the “right things”…

– Empower star researchers to lead by example…

College of Electrical Engineering & Computer Science 

什麼是世界一流大學?
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3. World Class Faculty.. 

3

Enough
Top

Faculty? 

Cultivate More
(internally)

Recruit World
Class faculty

(external)
Y

N

Keep them happy..

Good Environment

Recognition + Compensation 

Grade “As” hire
grade “As”!

Grade Bs hire
grade Cs…!!

World Class 
Top Faculty A Must Have

College of Electrical Engineering & Computer Science 

世界一流的教授
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• Create “The Hierarchy of Excellence” (based on merit)
• Assistant professors work on building up their prestige, contributions, and 

research excellence

• Associate professors proceed to perform greater significance in their 
research with more teaming up

• Full/Distinguished/Chair/President professors lead their fields and 
provide research insights, teaming and excellence; provide mentoring

• Build “Respect & Recognition” within schools/colleges/faculty
• Allow “dual track” and mutual consultations:
• – Administrators & Star Research Professors 

Assistant Professor
AssociateProfessor

Full Professor

Distinguished Professor /
Chair  Professor / 
President’s Professor /
Academy Professor / 
National Professor   

4. Provide a Good Faculty Structure. 

3

World Class 
Clear Faculty Structure

College of Electrical Engineering & Computer Science 

良好的教授結構
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Build World-wide Reputation… 

3

NATIONAL / REGIONAL 

GLOBAL 

Top graduates in 
Business + Industries +
Other universities 

Attention /
donors

Top
Research

Top
Faculty 

news
attention

Attracts top students

World Class 
Build World Wide Reputation

College of Electrical Engineering & Computer Science 
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Vision
& 

Roadmap

Top
Faculty

World
Class

World-wide
Recognition +

Reputation

In Summary,,,, 

3

Hi-impact
Research

1

2

3

4

5

World Class 
Path to World Class University 

Attract top
students

Attract 
grants

Impact Field, 
Impact Society, 
Impact Economy

University
Administrators

College of Electrical Engineering & Computer Science 

邁向世界一流大學的道路
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Conclusion

1. Roadway to “world class university” cannot be done overnight!!
2. Requires “total effort” 

Essentially,,,,,

4

World Class 
We build it. They will come. 

College of Electrical Engineering & Computer Science 

結論

3.  What it entails:
1. Personal Development
2. Change
3. Recruit/Compete/Cultivate for Top Faculty
4. Good Faculty Structure
5. Build World-Wide Reputation
6. Do “High Impact Work”

4. Then, 
you are on your way to building a World Class University ! 

~ End ~ thank you! 


