How technological evolution
happens









“Every boat is copied from another boat... Let’s reason as follows
In the manner of Darwin. It is clear that a very badly made boat will
end up at the bottom after one or two voyages and thus never be
copied... One could then say, with complete rigor, that It Is the sea
herself who fashions the boats, choosing those which function and
destroying the others”.

“Alain” (Emile Chartier), 1908



The evolution of the violin

“Peculiarities in the
design and shape of
instruments,
transmitted luthier-
to-apprentice, would
arise, not unlike
genetic drift. The
process of creating
the outline, whether
adhering strictly to a
preexisting mold or
pioneering a new
shape, is not unlike
century: 10th I2th-13th 13th I5th=16th 16th-17th 16th-18th inheritance and
mutation”

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0109229 chitwood 2014



Descent with modification




“The result of human
action, but not the
execution of any
human design™

Adam Ferguson, 1767



Kurzweil’s version of Moore’s Law Human brain size
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Recombination fuels cumulative evolution

>

Asexual
opulation
pop ﬂb

Sexual
population



http://upload.wikimedia.org/wikipedia/commons/5/5f/Evolsex-dia2a.svg
http://upload.wikimedia.org/wikipedia/commons/5/5f/Evolsex-dia2a.svg




""No man ever saw a
dog make fair and
deliberate exchange of a

bone with another dog’’
Adam Smith 1776 j




When ideas have sex-**
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Trial and error

“Innovation 1s a numbers
game. You have to go through
5,000 to 6,000 raw ideas to
find one successful business.”

Art Fry, inventor of the
Post-it note at 3M




Prediction is hard...

Ernest Rutherford, Nobel Prize Ken Olsen, founder and chairman,
Winner, 1933 Digital Equipment Corporation, 1977

Paul Krugman, Nobel-winning
economist, 1998.



Prediction is hard...

“By 2005 or so, it will
become clear that the
Internet’s impact on the
economy will have

been no greater than
the fax machine’s.”

“There is no reason
anyone would want a
computer in their
home.”

“Anyone who expects a
source of power from
the transformation of
the atom is talking
moonshine.”

Ernest Rutherford, Nobel Prize Ken Olsen, founder and chairman, Paul Krugman, Nobel-winning
Winner, 1933 Digital Equipment Corporation, 1977 economist, 1998.



CRAGSTAN »n 1 I\lll‘.llPIE!l =

FRICTION POWERED




The cognification revolution?

Self-taught Al software
attains human-level
performance invideo games




“The capitalist achievement
does not typically consist in
providing more silk
stockings for queens but in
bringing them within reach
of factory girls.”

Joseph Schumpeter







In the last 20 years the proportion of the world living in extreme poverty has....

—)

Almost halved

Stayed the same

Almost doubled
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Source: Gapminder and Novus, n=1005



In the last 20 years the proportion of the world living in extreme poverty has....

—

Almost halved ‘The greatest enemy of

knowledge is not ignorance, it
is the illusion of knowledge.’

Stayed the same Daniel Boorstin

Almost doubled
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Source: Gapminder and Novus, n=1005



OIS Share of the World Population living in Absolute Poverty, 1820-2015

in Data All data are adjusted for inflation over time and for price differences between countries (PPP adjustment).
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Data sources: 1820-1992 Bourguignon and Morrison (2002) - Inequality among World Citizens, In The American Economic Review; 1981-2015 World Bank (PovcalNet)
The interactive data visualisation is available at OurWorldinData.org. There you find the raw data and more visualisations on this topic. Licensed under CC-BY-SA by the author Max Roser.



Child Mortality by World Region Since 1960
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People in richer countries tend to be happier and gfee
within all countries richer people tend to be happier

— The position of the arrow shows the average life satisfaction reported by the population of a country (vertical axis)
and the average income of that country (horizontal axis).
— The slope of the arrow shows the gradient between income of individuals and their reported life-satisfaction within each country.*
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* The gradients correspond, country by country, to the regression coefficients between income quintiles and the related average life satisfaction reported by people within each income quintile.
Data sources: World Bank for data on incomes by quintile (based on income shares by quintile and GDP per capita as the mean income); Gallup World Poll for life satistaction by income quintile.
The visualization is available at OurWorldinData.org. There you find the research and more visualizations on life satisfaction. Licensed under CC-BY-SA by the author Max Roser.



People in richer countries tend to be happier and gfee
within all countries richer people tend to be happier

— The position of the arrow shows the average life satisfaction reported by the population of a country (vertical axis)
and the average income of that country (horizontal axis).
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i i "N
— Colors represent the continent of the country. Denmaiwnzerland lorway
Finlando,@anada 7.5

Ausiralia Mlether\ands
Sweden
Israel R Austria Gig

agﬂ Cyprus

Vot HBosma and TumswaDom Aa / Cé7
. ietnam lerzegovina. ' : / roatia
Tajikistan o Camaroon o IAzerbaijan : Portugal
: Indonesia e Montenegro
Srra teone Nepald( Kyr% OB Nigeria sl Bulgaria
o’ { Honduras 0' Sri L?;?f
Congo .
Senegal  Bangladesh Albania 4.5

Pakistan
South Africa

ermany ? c

Costa Rica 0% Belgium G- o)

Argﬁnrinﬂ o= Gzech Republic xembourgcv 4%

ruguay UK

cuflf Brazl_ oA Paname o7 y ; 55 't
Colombia 9% Chile ’ France =
) Malaysia oW </ Spain Qo
Traignd O Siovakia 0 5

i Poland )
MoldovaG” 5 g EQT 6 = 5

Nicaragua 18alvador | ECuador Romania Japan

Bolivia 5> o
Paraguay b % o
O peryoiB>  Belarts =
&7 Bregee Estonia 5.5 8_9
Philippines . Turkey J ]
Serbla Eohina Hung: 9 8
= ©
C
35

@

(®)]

©

=

(3]

>

<

Mali O=e=
Burkina Faso% " Armenia
ol O’ Indi
Democratic . Gambodia . Georgia
Republic of 4
Congo
Togo ©
Nigero B O‘VTanzania
MadagascarQy
Guinea O R 3.5
$1,000 $1.2 $3,000 $5,000 $7,000 $10,000 $15,000 $20,000 $30,000 $50,000 $70,000 $100,000

Average income in each country

(in international-$ — adjusted for price differences between countries)

* The gradients correspond, country by country, to the regression coefficients between income quintiles and the related average life satisfaction reported by people within each income quintile.
Data sources: World Bank for data on incomes by quintile (based on income shares by quintile and GDP per capita as the mean income); Gallup World Poll for life satistaction by income quintile.
The visualization is available at OurWorldinData.org. There you find the research and more visualizations on life satisfaction. Licensed under CC-BY-SA by the author Max Roser.



Number of medium sized (7-700 tonnes) and large spills (> 700 tonnes) between 1970 to 2012 - Max Roser
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The author Max Roser licensed this visualisation under a CC BY-5A license. You are welcome to share but please refer to its source where you

find more information: waw . OurWaordin Deta. org/data’envirenmental-changedoil-spills

Data sources: ITOPF



B Battle death rate in state based conflicts by type (1946-2013) — by Max Roser

in Data .
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8 Data source: PRIO Battle Deaths Dataset (1946-2007) and data provided by Steven Pinker for 2009 and later (based on UCDP and PRIO).
The interactive data visualisation is available at OurWorldinData.org. There you find the raw data and more visualisations on this topic. Licensed under CC-BY-SA by the author Max Roser.



Inequality
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s World population growth, 1750-2100 — By Max Roser

in Data
—\_ Annual growth rate of the world population
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The Price for Lighting (per million lumen-hours) in the UK in British Pound  [SUgileL

1 lumen hour is equal to the luminous energy emitted in 1 hour by a light source emitting a luminous flux of 1 lumen. For in Data
comparison: a standard 100W incandescent light bull emits £1700 lumen.
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mted for inflation and expressed in prices for the year 2000. Shown is a 5-year moving average.



“I have observed that not the
man who hopes when others
despair, but the man who
despairs when others hope, Is
admired by a large class of
persons as a sage.”

John Stuart Mill, 1828



Number of airplane crashes
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Oﬁ-'; \évgtgd Real World Average GDP per Capita Since 1600

7,614

7,000
6,500
6,000
5,500
5,000
4,500
4,000
3,500
3,000

2,500

Real GDP (in 1990 International Dollars)

2,000
1,500

1,000

“We cannot absolutely prove that
those are in error who say society has
reached a turning point, that we have
seen our best days, but so said all who
came before us and with just as much
apparent reason...On what principle is
it that with nothing but improvement
behind us we are to expect nothing

but deterioration before us?”’
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