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If the scientific results financed by taxpayer money are “public goods”, is it useful or 
even ethical to spend billions Euros/$ to search for an elementary particle? Or to visit 
a Jupiter satellite and look for water on Mars? Or to observe a galaxy ad the edge of 
the Universe?   

Competition has become one of the major driving forces for research. But are we 
sure that the competition-driven science model is truly the best one to make useful 
science? 

More, is the very concept of knowledge changing today? The scientific method 
introduced by Galileo more that 400 years ago resisted at least three industrial 
revolutions. Are we sure is it still valid and applicable today, in the midst of the fourth 
industrial revolution?
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‘30s  the Princeton 
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“When work to produce wealth, 
the study to produce knowledge, 
the game to produce well-being 

  they hybridize and get confused allowing the 
creative act” 

Institute of Advanced Studies 

Einstein  
letter to President Roosevelt 
Oppeneimer 
Director of the Manhattan project 
Godel, Turing, von Neumann:  
I am thinking at something much 
more important than bombs: 
computers 
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Porter: applied research and research not yet applied
It may take decades, if not centuries, to find applications of profound 
theories. Examples:

Electricity.  Faraday 1830-40 —> Light bulb 1835, electric engines1860

Maxwell equations1850 —>  Radio >1900

Quantum mechanics 1930 —> Electronics, chemistry, atomic energy, laser

Special & general relativity 1905-1915 —> GPS 1990

Photoelectric effect 1905 —> CCD cameras1980

DNA 1953 —> Insuline from genetic engineering  1982
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Obvious conclusion
Certainly yes, useless science, Maxwell's equations, 
special and general relativity, quantum mechanics, etc. are 
more than useful, without them the world in which we live 
would be completely different.

Perhaps in 100 years the world can not do 
without quantum gravity.

Observations of Gaia will be at the base 
of the galactic googlemap ..



So obvious that…
In the world, spending on pure, basic research grew exponentially at the 
turn of the Second World War, during the Cold War and until the fall of the 
Berlin Wall. 

World War II: radio / radar / nuclear / rockets 

Cold war: nuclear / rockets 

Sputnik/Gagarin: space race, NASA, Apollo project (> 3000 scientific 
articles, vs. 500 Martian rovers, 1400 ISS, 4000 Cassini) 

Startup: Silicon Valley (Stanford, Berkeley) , Boston Area (MIT e Harvard)
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But…
Since the 1990s, intensity of investment in 
research in the Western world has always 
come down ($ are still increasing though)

USA ~ 2% GDP in the 60s, today 0.85% (half 
for defense research)

The 2008 crisis accentuates the trend

The fraction of investment in basic research 
compared to applied research decreases

Private sector invests less and less in basic 
research: USA 6% of the total. Example of Bell 
Lab (8 Nobel laureates) today impractical



Investments in research 2014
In the world, on average, the public sector invests in research ~ 25% of the total 

Country       Public                 Total    Abroad      Total       Basic research 
                             GDP fraction                            G$ 
Italia             0.56%               1.2%      0.07%      27.7         50% 
Francia         0.8%                 2.2%     0.26%       58.7         55% 
UK                0.5%                 1.7%     0.42%       44.2         35% 
GER              0.8%                 2.0%     0.20%     108.8 
EU                0.67%                2.0%                    365.8 
USA              0.85%               2.75%    0.08%    457.0 
China            0.8%                 2.0%      -             368.7         25% 
Japan           0.8%                  3.6%      -            166.9 
Korea           1.0%                  4.3%      -               72.3
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Rosetta:  
ambition-driven research

Volatile Glycine 
Volatile Methylamine ethylamine

Volatile Phosphorus

Altwegg+2016

Comet is completely covered by 
organic macromolecules       
base C-H, O-H

Capaccioni+2015









           NASA CAESAR  mission to Churyumov-Gerasimenko                 
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Competition-driven science:  short-term, project-based funding. Implication:          
a) incremental results; b) demand of short term positions cheap and mobile.       
Dual labor market.

The need to compete for funds and career, produces the need to publish frantically, 
and then to tackle simple problems, in the mainstream, in fashion. Leaving aside 
the risky ones, which require too many years of work, and the outliers.

Perlmutter: “I would not be able to make my Nobel-prize winning discoveries in 
today’s research funding environment”

Thorne: “Today it would not be easy to convince the government to finance a 
project like LIGO, politics no longer wants to risk big scientific adventures”
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Conclusion
Reverse the trend:

Return to public institutions the ability 'to make ambitious science and 
therefore ambitious choices.

Rebalance the relationship between ambition-driven science and 
competition-driven science in favour of the former.

Reduce the short-term, cheap position: drive the recruitment through 
tenure tracks

Collaborate with private sector  who want to invest in ambitious projects



But, how to do science?
The scientific method was invented by Galileo 400 years ago, and has 
resisted at least three industrial revolutions: 

  1750 - The first industrial revolution in UK 

  1900 - Ford and the assembly line 

  1950 - von Neumann dream: computers 

>2000 - Is resisting to the fourth? (Big data, IoT, AI)
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The scientific method
Identify the problem: is that woman a witch?

First observations:  turned a man into a salamander, she has a witch's nose

Model: witches burn, wood burns, witches are made of wood, wood floats, 
geese float, witches must weigh as much as geese

Experiment: let’s put a witch and a goose on a scale. Do they weigh the 
same?

Model confirmed, model rejected
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One method: Karl Popper: falsifiable theories. A theory is never proven, but 
if it survives many attempts at refutation it could be true, at least until it is 
refuted.

However, theoretical ideas influence the choice of the experiment and the 
interpretation of data …

Feyerabend: The experiments that may contradict the dominant vision come 
from rival theories. Scientists should never agree. No method, in times of 
crisis, scientists proceed by violating the rules

100 methods: the essence of science is to draw conclusions from incomplete 
information. Great chance of error. Science requires correction mechanisms, a 
collection of practical activities to unmask errors. 

Smolin: Ethical and imaginative community (the future brings surprises, 
discoveries and crises). 1) An agreement is reached based on evidence. 2) 
Until the experiments require us to reach an agreement, we must encourage 
the coexistence of many different points of view

Feynmann: Science is organized skepticism towards the reliability of experts' 
opinion
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The fourth 
industrial revolution

OECD report 2016

Organisation for Economic 
Cooperation and Development

Internet of Things
Big data
Artificial Intelligence
Neurotechnologies 
Nano/micro satellites 
Nanomaterials 
Additive manufactoring (3D 
printing) 
Energy storage 
Synthetic biology 
Blockchain
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Cognitive IoT

Wu+ 2014







Kyle Reese to Sarah Connor

Defense network computer, new, powerful, hooked into everything, 
trusted to run it all. They say it got smart, a new order of 
intelligence. Then it saw all people as a threat, not just the ones on 
the other side. Decided our fate in a microsecond: extermination.







Science driven by testing of computer generated hypotheses based 
on patterns extracted from massive datasets.  

Data will increasingly precede the research idea.  
The process and utility of model development will change because 

the data will contain all objects of interest.  
Data will be comprehensive, not representative.  

OECD 2016 Science, technology & innovation outlook
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Scientific method 

First observation 
Model/theory 
Experiment 
Model confirmation/rejection 
Prediction

Cognitive IoT 

Observations 
Data analysis 
Extrapolation

Knowledge

data will contain all      
objects of interest 



A (weak) reply

Sensors, computers, robots, software could not exist without strong 
theories that allowed their development (in particular quantum 
mechanics and relativity)



A CIoT proto-system already exist: Google
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Is there a way out?

Incremental knowledge: there 
is no match: CIoT (or even 
google) win easy

But are CIoT and Google able 
to produce scientific results 
truly Game Changer? Those 
causing radical changes in the 
society?

Scientific impact - Open new fields
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Breakthrough
Game Changer

radical societal 
transformation

DisruptiveIncremental

[c] James Kalbach 2016
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Origin of Life 
The first principles 
Research in the laboratory, the lego of life

The origin of Life

 Immagination      
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computing



Starshot



Starshot



Starshot









Reclutamento
Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili
~30 nuove assunzioni ogni anno

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili
~30 nuove assunzioni ogni anno
~100 dottorandi di ricerca

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili
~30 nuove assunzioni ogni anno
~100 dottorandi di ricerca
50-70 primi post doc (AR)

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili
~30 nuove assunzioni ogni anno
~100 dottorandi di ricerca
50-70 primi post doc (AR)
~30 tenure track (equivalenti TD-B)

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili
~30 nuove assunzioni ogni anno
~100 dottorandi di ricerca
50-70 primi post doc (AR)
~30 tenure track (equivalenti TD-B)
~10 posizioni TI aperte, concorso nazionale, vince il migliore e sceglie la sede

Modello Italiano (Francese)



Reclutamento
Definire aree di ricerca strategiche
Definire le infrastrutture tecnologiche piu’ adeguate per affrontare le ricerche strategiche
Quantificare numero di ricercatori necessari per realizzare queste ricerche/infrastrutture 
e massimizzare il ritorno scientifico dalle infrastrutture
Impostare il reclutamento per soddisfare questo requisito
Esempio —> 500 ricercatori indispensabili
~30 nuove assunzioni ogni anno
~100 dottorandi di ricerca
50-70 primi post doc (AR)
~30 tenure track (equivalenti TD-B)
~10 posizioni TI aperte, concorso nazionale, vince il migliore e sceglie la sede
~100 posizioni su progetto (equivalenti TD-A)

Modello Italiano (Francese)


