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New Zealand's Foresight Project 
How can governments best position science and technology policy while the knowledge revolu- 
tion is driving profound changes in economies and societies around the world? What can small 
countries such as New Zealand, which account for only a tiny fraction of global science and 
technology investment, actually contribute to global knowledge? And what role should govern- 
ment play? These questions are at the heart of the Foresight Project, initiated in New Zealand 
last year to review priorities for public investment in research, science, and technology and to 
motivate strategic thinking about the future across New Zealand. The project could be a model 
for other small countries seeking to redefine relationships between government and industry. 

New Zealand has a proud tradition of research, science, and technology. Our unique 
biological, geological, and climatic features have required science and technology that 
cannot simply be transported from elsewhere in the world. In addition, contributing to the 
global knowledge base has been an important part of building a national capability for 
locally interpreting and adapting international advances. Traditionally, government fund- 
ing and institutions have dominated research, science, and technology in New Zealand, 
and public investment still accounts for about two-thirds of total research and development. 
Indeed, our private sector investment is among the lowest among countries in the Organiza- 
tion for Economic Cooperation and Development. New Zealanders also have a relatively 
low awareness of the benefits of science and technology, particularly its link to wealth cre- 
ation, so it is vital that a public debate about the future direction of public investment in 
science and technology be tied to a general discussion about the role of new knowledge and 
technological change in meeting the needs of and creating opportunities for our society. 

A public debate might address questions such as these: Who is responsible for providing 
public services that until now have been delivered by government? What as individuals, 
local communities, and citizens are we obligated to provide for the greater good? Where do 
we draw the line between public and private responsibilities? The process we undertake to 
answer such questions will be as dramatic as the answers themselves. In countries like New 
Zealand, dominated by small firms that have difficulty realizing the benefits of investing in 
new ideas, governments play an important role in research and technological innovation. 

In the emerging knowledge economy, the role of government needs to be reconsidered. 
A new focus on fostering linkages and information flows and on building human capital 
needs to be achieved. There must be sufficient incentives to invest in knowledge creation. 
Governments must underpin innovation throughout all sectors of society, focusing on the 
needs of end users. The New Zealand Foresight Project provides a framework for various 
groups to think about their future and thereby define a context for the government's re- 
search, science, and technology investments. These groups--ranging from the fruit industry 
to local governments-are being asked four simple questions. First, describe your group's 
future strategic position and significance. Next, outline the key achievements or milestones 
that enable this position. Then, identify the new knowledge and technologies that these 
achievements require. Finally, review the investments required in terms of costs and ben- 
efits and articulate the expected relationship to government investments. The strategies for 
innovation that come out of this excercise will feed directly into the government's review of 
its goals and priorities for research, science, and technology investment. 

In the knowledge age, developing "smart" policy will depend on engaging the wider com- 
munity, drawing on extensive information, and fostering new ideas about how to address 
goals. This is not a task to be restricted to the academically or technologically elite. Instead, 
we need open and public debate about policy objectives and how they will be met. This debate 
must include people from all perspectives to ensure that social, ethical, environmental, and 
economic perspectives complement the technological perspective that scientists provide. 
Furthermore, the policy dialogue may itself foster the interaction between scientists and end 
users that is sorely needed to develop innovation in countries like New Zealand. 

The success of the Foresight Project should therefore be judged by its impact on how 
various groups across New Zealand think about the future role of knowledge and technological 
change. It should also be judged on the basis of the associated changes in investments, partner- 
ships, and competencies brought about to support our development as a knowledge society. 

Maurice Williamson 

The a u h  is Minister of Research, Science and Technology for New Zealand. 

1 LETTERS 

I Whose property? 

A Brazilian senator argues for 'recog- 
nition of the contributions and the re- 
sulting intellectual rights" of rural native 
groups in Brazil (below, right). Intema- 
tional collaboration in high-energy phys- 
ics is encouraged. And authorship of a 
ing laser design is discussed. Other & Hers discuss an entropy effect in vi- 

rus formation, human iris morphology, 
a self-funding scientist, and gray whale 
esearch. 

The Gentle Force of Entropy 

O n  reading the Research News article by 
David Kestenbaum "The gentle force of en- 
tropy bridges disciplines" (20 Mar., p. 1849), 
I was reminded of the old saying, "What goes 
around comes around." The article reports 
that in the case of a suspension of two sizes 
of spheres, the larger ones aggregate sponta- 
neously, thereby giving more space to the 
smaller ones-resulting is a maximization of " 
the entropy of the system as a whole. 

In the first (1960) edition of mv book 
( I ) ,  I cited the phenomeAon of 
tactoid formation by the rodlike tobacco 
mosaic virus [a 1941 observation (2)] as re- 
sulting from a kind of entropic force. As il- 
lustrated in a figure from that book, at a cer- 
tain concentration, a solution of the virus 
separates into football (American)-shaped 
aggregates or tactoids in a thereby diluted 
solution of the remaining individual mol- 
ecules. Papers by Onsager (1949)(3) and 
Flory (1955)(4) were cited. Here, asymmetry 
in shape rather than difference in size was 
involved. 

The topic was retained in my second 
(1967) and third (1976) editions, but was 
dropped in subsequent ones [including the 
current sixth edition ( 3 1 ,  as no longer being 
of timely interest. In the Research News ar- 
ticle, a 1958 paper by physicists is said to 
have given the first explanation of this type 
of entropy effect. It appears, however, that 
physical chemists, at least Onsager and Flory, 
led the way. 

Arthur W. Adamson 
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Super-Aceelerafrore and 
international GoBBaboration 

I enju\-e~l the a r t~c le  1-y DavlLl Keste~ib~ium 
(Ne\\-\, 77 Fcb., r. 1796) abLn~t the next 
generat~c>n ot particle accler,ltor\. I ,hare the 
or11i101-i that n-e necii an  electron-poi~tro~~il 
collliier n i th a performance e\cee,ling that 
c7t the  ';tanf'or~l L ~ n e a r  Accelerator Cen t f r  
(';LAC) L ~ n e , ~ r  Co l l~de r  1.1- at  1ea.t a h c t c ~ r  
ilt 5 to 1L1 111 en erg^. a~i,l p e r h a p  tour or,lers 
ot  rnagn~t~~Lle  in 1~ul-iino.iry. I also h a r e  the  
i ~ p i n ~ o n  that such a prclject 5ho~1lJ  he trul\. 
i~iter~ldtiL)nal. Hn\\.e\,er. I 'ivoulLl like to 
cc~mment  uii t\vo s t ,~ t e rnen t~  111 the ar t~cle .  

Germanv's DESY 1,lb IS Jescrlbeil as "haril 
at  n-orl;" o n  a l i~ iear  coll~iler made Lit super- 
conducting c , i v ~ t ~ e i  a> an  , ~ l t e r n , ~ t i ~ . e  to the 
co~-i~-e~-itio~-ial recl-inoloi.~- ~ i romote~ l  171- Iapan's 
KEK laborativy anLl 1.1- SL?IC, ,111ii t h ~ s  I. 

t o  he a bail omen fo r  i n t e r n a t ~ o n ~ ~ l  io l -  
laburation. 

Indeed, DESY I,.; r r iC~k~ng  a major cont11- 
I T U ~ I O I I  to the  ~nternat i i in~i l  TESL.4 collal7o- 
ratlon, i n i t~~ i t c i l  by yhy<iilsti at  Cc>mell 
Uni \ -er i~ty  (>ince 19'13, centered DESl-).  
..it present, some iL1 i~~stitutloi-i i  from eight 
co~u~itries,  inclucl~no the U1-iitc.d States, are 
c ~ l l a b o r a t ~ ~ ~ y  ti] c l e ~ ~ e l i ~ ~ i  t h ~ q  technclloi.\-. 
TESLX is thuq a truli- ~nter~-iatioi-ial ci)ll,~ho- 
rution \ \here o ~ ~ t i i d e  i1-istitut1o1-i~ l-iC1\.e co1-i- 
trlh~iteLl .;olnc 5Z"o a t  the t i~ t a l  ef'f'c~1-t. Gi\.eli 
the 1ar.e extrapci1atioi-i ill perfC)rm,ulce pa- 
rameters, n . ~  feel tl-i,it ir is not  i letr~mental t ~ )  
i~-iter~-iatiC>nal collahoratic>i-is as stated in tl-iii 
article hut important pr~~ilei-it to ~ s p l i ) r e  
all i)ptio~ib in nrLier to arrir.2 at  the  best solu- 
t ~ o n .  ..i prematLlre L i e c l ~ ~ o n  o n  rl-ie tecl-inc~l- 
i~gv n.111 nor serve rlie intcr~-i,rtlonal ilser 
muniry n.211. 

Lloreover. DESl' is critici:e,l ti\. tl-ie U.S. 
L)eparrme~-it of Enerey', Peter Ri~se1-i fix rais- 
Ing the ~ q u e ~ t ~ i > i i  i>t a .ire at  rliis .rage. In the  
TESLA C(i11ceptua1 L)e;igi-i Relwrr. tn.i> sites 

\?.ere cons~~lereil-one 3t DESY, the other at  
F t rm~lab .  I ;ii) no t  &el that tl-i~s 1.; bad tc7r 
~ n t z r n a ~ ~ o n , i l  co1lab~~rat i i~i - i~ .  TLI mal;e a 
mean ingf~~ l  c i ~ m p a r ~ ? i ~ n  of' the  o p t ~ o n $ ,  the 
a~.ail,ll-lllty of a >Ite anii the  total ciist 
incurreil 111 i e t t ~ n g  up ;i new l a h o r a t o r ~ l f  
neeileLl-must be k~ion-11. 

Bjorn H. Wiik 
Dt.~itrcht.s Elt lk t in11r71-S~11~/1r i1t~i1i l  IDESY) 
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G r ~ ~ n t r ~ x ?  
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I ~11sayrt.e with the i m y l i c a t ~ o ~ i  tliC1t human 
iri? morpholLlgy is mclre "stahle" tlian f~nger -  
prints or ~ e t l n a l  \ . a s s ~ ~ l a t ~ ~ r e  ("E\-ehall ID," 
Ranilo111 SClmples, 16 Jan . ,  p. 329). T h e  ~ r i s  
can change n ~ t h  tl.auma, ~ n f e c t ~ o ~ i ,  ~n f l am-  
mation of ,in 1~11L)pathic n,Iture, glaucoma. 
and ,liter cataract surgery. In  the y o ~ m y ,  tlie 
l ike l~haod L ) t  c h ,~nge  IS 1-iiinima1. 

Augztst E, Reader 
718 Grund S u w t ,  

XI:l~~irc!a. CA 945C 1-7445. CSA 

Funding Themseives 
and Others 

I11 reail~l-ig "Sc1ent1st.i n.110 hind themselves" 
(Syec~a l  Ne11.s Report, 9 Jan. ,  p. 178) by Joli 
Cohen ,  \ye \\-ere m o ~ e i i  to relate t l i ~ i  story of 
i-ie~~rorhy\iologist ,Alexander Forhes, who not 
c~nlv u ~ e d  hla o\yn funds to suppart hi? olvn 
~vclrk ( 1  ), but \vent conililerclbly t~l r ther  1.y 
hcl l~ing n~lotl-ier $c~ent~. ; t ,  Ernst Theacliir 
\ o n  Bri~cke, eccape f i a~ l l  N a : ~ - o c c ~ ~ p ~ e ~ l  Xus- 
trla in 1939, so that Rri~ske caulil resume 111s 
rrse,irsl-i (2) .  

Forlies, l ~ a r n  111 M ~ l t o n ,  MLissclchusetts, 
\\-as the  yr,incl.;on of Ralpl-i R?,llila Emerson. 
H e  1s o11e of ..imerica'i premier electra- 
l ~ h j . , ~ o l o y ~ ~ t >  ancl b~omecl~cal  e~~g i i i ee r s  13 ). 
B r ~ ~ c l ~ e ,  ,i ~ i r o r n ~ ~ ~ e l - i t  X ~ ~ s t r i a i i  e~~ropl-iys~ol- 
cly~at ot Jt.wis1-i al-icestry, n.as a n  excellent 
experimental~jt  \\-I10 p m t ~ ~ l a t e d  spinal ciircl 
~ n t e r n e ~ ~ r o n ~  and cl-iarnpitx-ie~l the  ccr~-icept 
i>f' recipi-oc.11 ~ n n e r v a t ~ o n  of' ll-iusil~. (2 ) .  

5c)C>11 after the  Nazi.; a~-i~-ieseil ..iu.;trla to 
Germal-iy in l larcli  193S, Brdcke n.as abruptly 
Lli\mlaseLl h a m  Innsbruck Un~\-er.lty. U n -  
k n o u ~ ~ l  to Briicke, Forbe.; immediately be- 
gan to arranee a pC>.;it~on tor hlln at  Hal-~ar i l .  
H e  offereil to i~liclerwrltc, a11;I ~uhseiluently 
asiumeil sole re.;pon.;ihility for, Brdeke's 
sa1,iry tor 2 years. H e  wrote to niunerous scl- 
enti.;ts (incli~di~-ig 1 .  Erla~-i:.er, R.  Vii. G e m d ,  
ai-iLl H. 5. Ga.;.;er), ~ndi~stri~ll istb (lncluCli~-ig 
E. llall~nckroClr), anLl f'o~u-i~latioli. iollcitil-iq 




