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Talk Outline: 

 

1.   A little personal history 

2.   Some important policies for 

strengthening science in a nation 

 

 

       



1965 - 1986, my lab worked with  bacteriophage T4 

A model organism for studying DNA replication 



Discovery of the “protein machine” that makes a 
new DNA helix by copying an old one, as 

predicted by Watson and Crick 





1980-1993 
 

Study of the 

cytoskeleton in 

the early 

Drosophila 

embryo (a 

syncytium) 



During this period, I also served terms as the 

chairman of newly developing Biochemistry 

departments 

 

 

•  first at Princeton and then at the University 

of California, San Francisco (UCSF) 

 

 



What I learned from my 30 years in 

universities 

 

 
•The importance of gifted individuals. 

•The importance of “naïve” young intellects. 

•How to motivate people by providing them with enough 

“rope” (motivation comes from taking responsibility for one’s 

own decisions). 

•The irrational inertia in all large systems.  

•The need for incentives to create change (generally, new 

funds) 

•. The need for leaders to encourage risks (and to accept the 

inevitable failures that result). 
 

 



My education in Washington, DC 

1993 to 2005 

A sudden shift from science to science policy 



 
 

 The National Academy of Sciences responded by producing 20 
8-page pamphlets for policymakers and the public,  

entitled Beyond Discovery: the Path from Research to 
Human Benefit 

 
Each is a case study in how fundamental knowledge leads in 

unpredictable ways to major new applications.  

     

 

• Early in the Clinton presidency, it was 

suggested that every research proposal 

from scientists should explain how that 

science, if funded, would lead to practical 

applications. 

 

• This was viewed as a threat to fundamental 

research. 



http://www.BeyondDiscovery.org 



www.BeyondDiscovery.org 

 

Timeline for Global Positioning System (GPS) 



www.BeyondDiscovery.org 

 

Timeline continued 



To keep science healthy we must  

work to stimulate innovation 

 

 
• In attempting to do so, it is important to recognize 

how new knowledge arises. 
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How do 

productive 

ideas in 

science 

arise? 

 

A personal 

example 



THE FUNDAMENTAL REASON FOR THE 

EXPLOSIVE GROWTH OF SCIENCE 

 

100 units of knowledge 

can be combined 

in 100 times more ways 

than can 

10 units of knowledge 
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To create consists precisely in not making useless 
combinations and in making those which are useful 
and which are only a small minority.  

 Invention is discernment, choice…  Among chosen 
combinations the most fertile will often be those 
formed of elements drawn from domains which are 
far apart. … 

 The true work of the inventor consists in 
choosing among these combinations so as to 
eliminate the useless ones. 

 

      Henri Poincaré 

      1908 

 

The  source of creativity in science  



But there is a catch! 

 

As knowledge grows, it  becomes 

increasingly difficult to find the right 

combinations 



A good way to stimulate new science: 

Focused workshops with 5 experts and 20 
leading scientists in other areas 

 



How should research be organized to 
stimulate innovation? 

 

• Here I will give you my personal view, based 

on my 40 years in universities. 

 

 

 

 



The start of my career in science policy 

1985 



Structuring institutions to maximize 
innovation 

• In general, we should encourage our institutions to 
support a set of laboratories of modest size (9 to 12 
people, maximum), each headed by an 
outstanding, innovative independent investigator. 

• These laboratories should be clustered, embedded 
in a cooperative culture in which techniques and 
equipment are freely shared. 

• Our reward systems must change to strongly 
encourage risk taking and originality. 

• And everything must be done to encourage a 
random collision of people and ideas. 

 



START 

5 Departments 

dominate 

FINISH 

3 Graduate- 

training 

Programs 

dominate 

What UCSF did to improve teaching and research   

in the 1980’s 



Where I am now: UCSF new Mission 

Bay Campus 



UCSF: a productive and stimulating 
environment for research and teaching 

• Laboratories of modest size are clustered, and embedded in 
a cooperative culture in which techniques and equipment 
are freely shared. 

• Both buildings and programs are designed to promote a 
random collision of people and ideas. 

  ---Friday lunch talks given by a rotating group of 50 faculty 
 from different departments, who faithfully attend and interrupt           
 with questions. 

  ---Intense, two-week minicourses given by two faculty to 12 
 students, each exploring the frontier of a different research area. 

• There is a strong tradition of mentoring of both students 
and younger faculty. 



Creating a highly cooperative culture 

requires a constant focus on maintaining 

scientific standards and values 

• Not 



“Policies at most scientific journals state that a person should be 

listed as the author of a paper only if that person made a direct and 

substantial intellectual contribution to the design of the research, the 

interpretation of the data, or the drafting of the paper. … Just providing 

the laboratory space for a project or furnishing a sample used in the 

research is not sufficient to be included as an author, though such 

contributions may be recognized in a footnote or in a separate 

acknowledgments section.” 



A problem: the channeling of research 
topics due to “training inertia” 

Unexplored 
experimental  

spaces 

Overcrowded 
experimental  

spaces 



An urgent challenge to universities and to 
funding agencies 

• Special mechanisms must be developed to 

select our very best young scientists at an 

early age and provide them with the 

resources they need to pursue new lines of 

research, without requiring “preliminary 

results”. 



How Science magazine can help to 

stimulate innovation in research    

and in education 

 

 



 Stimulating 

innovation by 

helping the 

scientific 

community 

move forward 

on critical 

issues like 

data 

availability 

and archiving 



News: News of the Week, News Focus, 

Meeting Briefs 

 

Commentary: Editorials, Letters, 

Books, Policy Forum, Perspectives, 

Technical Comments 

 

Research: Reviews, Brevia, Research 

Articles, Reports 

 

Publishing great News & Commentary 

 in addition to Research 
 



Science apps for mobile devices 

free daily news feeds and editorials 



Science apps for mobile devices 

free daily news feeds and editorials 



Arguing for funding that encourages changes   

in research paths 



New Innovator Awards  

 US National Institutes of Health (NIH) 

 
 

Each investigator is asked to propose a “highly innovative 

approach to a high-impact problem,” and no preliminary 

data is required.  

 

Applicants must have received their PhD no more than 10 

years earlier. 



The aim is to incentivize scientists to 
jump from the red to the white spaces 

Unexplored 
experimental  

spaces 

Overcrowded 
experimental  

spaces 



Finally, strategy is everything in 

research 

 

• For example, there are an enormous 

number of experiments that one could in 

principle do in cell biology and 

biomedicine, but resources are always 

limited.  

 

• How to choose? 



With so many mysteries left in biology and 
medicine, how might one decide on a 

particular problem to attack? 

 My advice to young scientists: 

•  Work on a problem that is not already being 

intensively mined by many other people. 

 

•  Work on a problem where you can find skilled, 

interesting colleagues to interact with. 

 

•  Work on a problem that is important to solve. 



What makes a problem important? 

“Other things being equal, that research 

problem has the most scientific merit which 

promises to contribute most heavily to         

-- and illuminate most brightly -- other 

important gaps in our understanding of 

biology or medicine.” 
 

Modified from Criteria for Scientific Choice,                       

by Alvin Weinberg, US physicist. 1963 

 

    

 



What has worked well in 

research? 

1. Identifying an important, unsolved  

problem that you passionately want 

to solve. 

 

2. Inventing (or searching for) new 

methods or approaches to solve  

this problem. 

 

 

 



What has not worked well in 

research? 

Perfecting a particular method or 

approach and then searching for a 

biological problem to use it on. 

 

 

 



 
 
 
  
 
 

“Leadership is the art of getting someone 
else to do something you want done 
because he (or she) wants to do it.” 

 
   

 
Dwight Eisenhower  

US General and later President (1953-1961)        
 

     

 

Ending with an important fact:  
 



 


