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Ladies and gentlemen, I am very honored to be one 
of the contributors to the Honda Foundation 
memorial system.

When we are looking at economic 
development, we must be very clear about two 
things. The first is that most of the time over history 
our societies have experienced equilibrium growth, 
and much of the time we have thus experienced 
rather predictable situations.

However, once in a while there is a phase 
transition or a major change of the whole economic 
structure, and we are currently, after 200 years of 
industrialization, moving into such a phase transition.

The global economy is now rapidly changing 
and becoming increasingly dependent on cheap, 
long-distance communication capacity, cognitive and 
creative occupations, and a capacity to handle 
cultural differences and conflicts.

As I said before, the reasons for the changing 
global economy are to be found in a phase transition 
that we will soon experience and a persistent 
equilibrium economic growth caused by the growth 
of knowledge due to steady growth of education and 
by research and development activities of research 
institutions and industry, and the innovations made 
possible by research and development activities.

The recent phase transition, I will talk about a 
little later, and it has to do with a soft and hard 
infrastructure for communications, for financial 
transactions and trade, and by the increased 
openness in many respects of many countries.
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The long-term equilibrium trends are 
associated with knowledge progress. In the early 
1960s, there was an extensive discussion about the 
relative role of different factors of production, and an 
American economist, Robert Solow, claimed that in 
fact the long-term rate of growth of per capita 
income in the USA could only, to a very limited 
extent, be explained by savings, or the growth of the 
stock of material capital, or the increases of 
quantitative labor supply.

It is rather the steadily increasing stock of 
human capital, technological and organizational 
knowledge that ensures a steady rate of growth of 
per capita real income of 2% to 3% per annum in the 
OECD countries and a faster rate of increase, in fact, in 
the developing economies.

An important contribution by Angus 
Madison and his associates has made it possible for 
us to study the macroeconomic accounting data 
over very long periods of time for a large number 
of industrialized nations. This database has 
increased our possibilities to explain the stable rate 
of growth of real national products, as I will show 
in a table.

However, if we look at the factors that I will 
then discuss, we have to start with knowledge 
progress and look into the impact on the increases of 
income per capita and how that influences in its turn 
working time per year, longevity of life of the 
populations, and finally the emergence of quite new 
value structures.

So let’s look at the rate of growth of 
economies. If we make a calculation from 1870 to 
1979 using Angus Madison’s original data, we find 

that Japan was the world leader. It had a growth rate 
of 3.0% per year in terms of real per capita income.

However, if we extend the time until the latest 
observable material in 2010, the income growth has 
dropped to 2.6% and it’s now closing in on the 
average rate of growth of the OECD countries. It 
seems like the OECD area is now tending towards 
something between 2.0% and 2.5% of real per capita 
income growth.

What consequences will this have? Well, one of 
the important consequences is shorter working time 
and increased leisure time. A persistent empirical 
regularity in growing economies is the decline in the 
number of hours a member of the labor force devotes 
to work within a fixed time period.

An econometric estimate that I’ve done is 
based on Madison’s data for the OECD countries for 
the period 1870 to 1980, and it shows that there 
tends to be a reduction of average working time by 
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over time of life expectancy, and what does this 
mean? Well, it means essentially that we are 
approaching a fairly high level of life expectancy, and 
that will have consequences.

Now if I would summarize some of these long-
term trend consequences for people’s behavior, I 
would get the following result. There will be a steadily 
increasing growth of knowledge and information, 
even if we don’t have a phase transition, meaning that 
we would move into a new economic system.

There would be an increasing income per 
capita at the rate of 2% to 3% per annum, with the 
latecomers having 3% and the early birds having 2% 
approximately.

There will be an increasing life expectancy 
towards 100 years in the most advanced parts of the 
world, and this will, of course, mean that people will 
have to work for a longer period of their lives. The 
expectation is that we will have something like 75 
years as a fairly normal retirement age in the long 
run, not the 60 to 65 years that we find currently.

However, the decreasing working time per year 
is dropping as a consequence of the backward-
bending supply curve and that will lead to something 
like 7%, maybe 8%, of total lifetime being spent 
working. This is in fact shorter than the share of life 
that we spend on drinking and eating currently, so in 
the long run, eating and drinking will be considered a 
more basic part of life than working.

There will be a steady shift towards a post-
materialist value structure. What does that mean? 
Well, it means that we will move from the industrial 
society materialist value structure when people were 

about 0.3% per year in the growing industrial 
economies, if we have this rate of growth of, let’s 
say, 2.5% per year.

And this result supports the old hypothesis of 
the backward-bending labor supply curve, which 
essentially says that you’ll make a choice between 
working more and consuming more when you have 
an increase in productivity. People simply prefer to 
work a little less when they can afford even more 
consumer goods. So there is a kind of break to the 
consumption and demand with the increasing rate of 
growth of the economies.

The other phenomenon is the increased 
longevity of life. John Maynard Keynes, who may be 
the greatest economist in the 20th century, 
famously remarked that in the long run we are all 
dead. And that’s not a probabilistic statement, he 
said, it’s a certainty.

Every human being has a finite life expectancy 
but this finite time period has been increasing in 
most parts of the world. You in Japan would know 
that. Globally, the increase in human life expectancy 
averages between three and four years per 
generation, which corresponds to a year-on-year 
increase of 0.6%.

However, according to a study by the National 
Institute of Health, while some experts assume that life 
expectancy must be approaching an upper limit, data 
on life expectancies between 1840 and 2007 show a 
steady increase averaging about three months of life 
per year. This is supported by studies by Vaupel and 
others, as illustrated by the figure above.

As you can see, it’s a fairly linear development 
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countries there is a conflict between the people 
who are linked to the old structure and the people, 
mainly young, well-educated women, who are 
linked to the new value structure.

Now, let me then move to the paradigmatic 
changes that we are facing. The paradigmatic 
changes are actually a historical phenomenon that 
we can observe. We’ve had such changes during the 
latest millennium. The economic history of the 
world during the last millennium has been 
dominated by long periods of equilibrium growth or 
stagnation interspersed by four logistical 
revolutions or phase transitions.

The first logistical revolution was caused by 
the institutional and transport-system changes 
around the Mediterranean and the north of Europe, 
permitting a massive trade expansion and growth 
of wealth among the commercial innovators like 
the Medicis and the Fuggers in Europe, who 

nationalistic, fairly religious on the average, they 
believed very much in hierarchical relations, 
productivity was a driving force in every decision 
process, nature was there to be exploited, and 
brotherhood was a central aspect of life.

What does it look like in the post-materialist 
C-society*, that I would call it? It would be 
cosmopolitan rather than nationalistic, it would be 
agnostic, it would be emancipated, it would be 
creative, it would be sustainable, and it would be 
rather tolerant. So it’s a completely different situation.

Now, the question is can we observe this shift 
anywhere? Yes, we can. We can observe it rather 
clearly. This is a classical picture from Ronald 
Inglehart’s study where on the x-axis he has plugged 
in income per capita and on the y-axis he has 
plugged in the frequency of post-materialism.

In the upper-right corner you find the typical 
post-materialist societies at the beginning of this 
century. You find countries like Finland, the 
Netherlands, Italy, Belgium, France, Sweden, 
Germany, Denmark, Austria, Britain, Japan, and 
Ireland. And in the lower part of it you find countries 
like Russia, Nigeria, Belarus, Latvia, South Africa, 
Brazil, Portugal, and so on.

So there is a kind of hidden conflict between 
the post-materialist countries in the world and the 
materialist countries in the world, and within the 

* Emerging industrial society as new theoretical model 
proposed by Dr. Andersson, which aimed at both preserving 
the natural environment and developing regional economies 
in the face of aggravated problems with the global 
environment. “C” features creativity, communication capacity 
and complexity of products.
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actually transformed the European scene in very 
many respects.

The second logistical revolution happened 
around the 17th century and was again a commercial 
revolution based on institutional innovations, but 
even more by the new sailing possibilities opened up 
by the creation of the caravel and later the Dutch, 
very efficient ship, the fluyt.

However, the most important innovation was 
institutional, and it had to do with the creation of a 
banking system in Holland and Great Britain where 
they managed to base the new banking system on 
governmental guarantees, and that made trade, even 
over very long distances and long periods of time, 
something that was viable.

The third logistical revolution, or the Industrial 
Revolution, started in the 19th century and hit 
country after country. It is still hitting some countries 
around the world, the newly industrialized countries. 
They are still moving from agricultural to industrial 
structure.

And that was founded on the combined effects 
of free trade, proper property rights, and 
specialization of production to reap advantages of 
division of labor, and trade was no longer then 
limited to the exploitation of given price differences 
between regions as it was during the former two big 
transitions.

It was instead an industrial approach where the 
focus was on the difference between the price of a 
good in the importing region and the lowest possible 
cost of supplying the good.

Importers therefore became interested in 
influencing the entire chain of logistical costs down 
to the production sites and bringing the good to the 
market, including the costs of organizing production 
and of transporting the product to the market, 
including the marketing process itself.

So the industrial revolution, which we 
experienced the last phases of here in Asia and 
Europe and North America, is a kind of complete 
logistical chain system.

Now, the fourth logistical revolution is now in 
effect in parts of the former industrial world. I would 
say that it’s basically a regional phenomenon rather 
than a national phenomenon. No nation is fully 
influenced by it, but very many nations are 

experiencing it in the most advanced regions of 
those countries.

Now this new revolution is based on 
cognitive capacities; creative organizations; 
communication and contact networks; culture in 
the form of institutions, values, and the arts; and 
the complexity of products. There’s an enormous 
increase in the complexity of products and thus 
our production system.

In discussions with the Nobel laureate 
Haavelmo and the Honda laureate Haken, I’ve found 
that a seeming paradox can be resolved. What is the 
paradox? Well, the paradox is the following: all 
economists and most engineers and policymakers 
realize that the economic system is essentially very 
nonlinear, and according to mathematics, the typical 
character of a nonlinear dynamic system is that it will 
always go into chaos. So chaos is an inherent 
problem of the nonlinear economic system.

But Haavelmo, when I talked to him, said, 
“That’s very strange because when I look at the 
statistics of economic growth, it looks very stable and 
that’s not compatible with the idea of a very 
nonlinear economic system.”

And I discussed this with Hermann Haken, the 
Honda laureate who could not be here today, and I 
found that some of his ideas of synergetics could 
actually be applied to economic theory.

Now, what do you need to do then? Well, you 
have to carefully separate the timescales. You have to 
carefully separate the variables according to their 
individual, or, as they are called in American 
economic studies, private goods versus collective or 
public goods, in the terms of its effects.
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Now I’ve done this in this table. I have a rate of 
change: is it fast or is it slow? And when I say slow, it’s 
by order of magnitude slower than the fast processes. 
Effects, on the other axes, is individual or collective.

Now in the lower right corner I find the 
combination of slow and public or collective, and 
that is what we normally call infrastructure. And 
basically the idea is that economic decisions are 
mostly taken by firms and households under the 
assumption that infrastructure is given and not 
being changed by, for instance, a natural 
catastrophe or something like that. It’s there as a 
stage on which the economic games are played.

What is the infrastructure then in this 
framework? It’s cognitive capital, it’s creative 
capacity, it’s communication and transport networks, 
it’s culture, and it’s complexity of goods. These are 
the fundamentals on which the exchanges of 
ordinary market goods are happening and where the 
growth of private capital is determined.

In fact, with this approach we can actually see 
the market activities as something that are 
happening on a stable stage, as long as it is stable 
and does not change very much. And this was true 
during the industrial revolution.

Unfortunately, the industrial structure during 
the growth process goes towards a creative 
destruction. Sooner or later you come to a point 
where the arena has changed so much that the 
classical industrial manufacturing firms do not fit the 
arena. They start crumbling and fall to pieces and 
something else must come in its place, and this 
causes what we call structural unemployment.

The basic argument of this paper that I’m 
presenting today is that scientific creativity is 
becoming increasingly important for the R&D and 
innovation activities of industry. There is going to be 
a much closer link between scientific studies and 
industrial research and development and innovation 
processes.

This will not only affect the structure of 
industries and their allocation of knowledge capital. 
It will also increase the spatial concentration of 
scientists and the clustering of research activities in 
science-oriented regions.

The accessibility of the labor force with a high 
level of education is skewed in favor of what I call 
C-regions, that’s regions that are rich in these new 
resources. The C-regions thus have an accessibility 
advantage in terms of the dynamics of knowledge 
accumulation and creation. This in its turn generates 
a more rapid pace of innovation and the 
development of new regional comparative and 
competitive advantages, as will be illustrated.

The knowledge infrastructure determining the 
conditions of creativity of a region is dependent on 
accessibility in the spatially extended network for 
communication and contact. It is also highly 
dependent on the openness, tolerance, and curiosity 
of the regional populations, and the allocation of 
resources to creative activities, and how the 
intellectual property rights are used in the sciences 
and arts.

Now, this table shows the overall research and 
development investments as a percent of GDP. And if 
we look then at the countries in the north of Europe, 
Sweden, Denmark, Finland, and the Netherlands, we 
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find rather high values, especially for Scandinavia: 
3.43 for Sweden, 3.06 for Denmark, 3.89 for Finland. 
And if we take the average for OECD, it’s much lower: 
2.17% of the GDP during the period 2008 to 2011.

Now, if we look at the scientific research, how 
big is that? Well if we take Sweden, it’s much lower 
than industrial R&D, which means that we have a 
problem. If we look at the OECD as a whole, it is 0.44 
as compared to 2.17 in total. And if we look at Japan, 
it’s a very high total allocation of resources to R&D, 
3.33, but only 0.45% of your national product is going 
to scientific research. It’s a surprisingly small relative 
allocation of funds to scientific research.

Politicians and bureaucrats who control the 
allocation of resources to science often assume that 
the currently popular national innovation policies are 
best at promoting future comparative and 
competitive advantages to the countries. The 
implication is, however, that they tend to support 
industrial R&D rather than scientific research in spite 
of the much greater and more widespread long-term 
social returns that scientific creativity would 
generate.

I could give you many examples. If we look at 
information technology, it’s often assumed that that 
is something that happened primarily in the US on 
the West Coast during the 1980s and 1990s, but the 
basis of it was created in the 1930s by mathematicians 
in Britain and at Princeton.

Most of this was, so to say, highly dependent 
on rather ill-funded scientific research being done 
under very bad conditions in Great Britain in the 
1930s. And it’s probable that we will have the same 

problems emerging today because of the low relative 
share of scientific research.

There are, however, two opposing hypotheses 
on the role of science. The first one is called Baumol’s 
hypothesis. Baumol is an American economist, 
associated for a very long time with Princeton, and he 
says inventors work in isolation from science. The 
other counter-hypothesis by Hollingsworth says that 
inventors are increasingly dependent on science 
because of the increasing complexity of products, 
and he went around to prove it.

Now the question is then what is complexity 
of products? What do we mean by complexity of 
products? Well, there are numerous proposed 
definitions of complexity. Most of these are, so to 
say, beer talk based on intuitive reasoning. However, 
Ray Solomonoff, Andrey Kolmogorov, and Greg 
Chaitin, three rather famous mathematicians, 
provided a mathematical and precise definition of 
complexity.
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They claim that complexity is measurable and 
can be defined as the minimal length of a program or 
algorithm that yields an exact solution to a pre-
formulated problem. So it’s minimal length that 
defines complexity.

What did they mean? Well, I would say it’s 
easier rather to show you. Let’s say that we have 
example one, which says 002000300004, and then 
five zeros and 5, and then six zeros and 6 and so it 
goes on towards infinity.

The other example is 121543699821345798709
81269994333. It can be shown that there is no 
possibility of finding a computation formula that is 
shorter than the series itself. It is thus more complex 
than the first example because anyone can write a 
short computer code to generate the first example.

Now, can we use this in engineering and 
sciences and technology and so on? Well, Solomonoff 
already claimed that it is possible to generalize the 
complexity of computer algorithms so that this 
definition of complexity also applies to phenomena 
such as design of products, blueprints, and 
production instructions because standard goods 
must follow strict rules of composition and 
production instructions.

An example is the blueprint and production 
plan for a new automobile. It has, according to this 
procedure, become possible to produce even an 
automobile by 3D computing, as recently 
demonstrated in the United States by some scientists.

However, there are limitations. I could give an 
example. In Sweden, we make Swedish fish soup and 
that’s a very simple soup. And the contrast is a French 

bouillabaisse soup. I would claim that the French 
bouillabaisse soup is by orders of magnitude more 
complex. It takes a minimal instruction that is very 
long compared to the instruction that is minimal for 
making Swedish fish soup.

But it also shows that there is a limitation that 
arises from the difference between a set of numbers in 
an algorithm and the set of ingredients in the soup. 
Soup ingredients have a much greater scope than 
numbers: they are heterogeneous rather than uniform 
in having an open-ended set of underlying attributes.

A second limitation is that soups, unlike 
numbers, are sensitive to the skill of the individual 
using the recipe. A recipe-using individual is not as 
homogeneous as an algorithm-using computer. A 
skilled worker can adjust the recipe if the delivery of 
an input is for some reason not good enough.

Now, how can this be handled in an economic 
analysis? Well, algorithmic complexities of the 



35th Honda Prize Commemorative Symposium122

Commemorative Speech    Dr. Åke E. Andersson

products are basically in the short term given by 
earlier investments in new knowledge. In a way, the 
investments in knowledge provide a stage on which 
algorithmic complexities can be calculated.

In the long term, however, algorithmic 
complexities, input structure, and required skills can 
all change as a result of creativity in scientific 
research. The accumulation of scientific knowledge 
thus occurs through a slow and creative process that 
changes the algorithmic complexity of goods, mostly 
in an increasing respect.

So, algorithmic complexity over a long time 
period can be seen as the knowledge 
infrastructure. The development of science 
towards increasingly complex theories, models, 
and products causes a need for more complex 
cognitive capacity among scientists within 
laboratories and other research institutes.

Now this is much talk, but it has been tested, 
and the test was done by Hollingsworth who actually 
addressed the question by connecting scientific 
complexity to the frequency of creative 
breakthroughs and the internal organization of 
universities, research institutes, and laboratories. And 
his focus was on biomedical science, which is 
unusually concerned with understanding and 
predicting highly complex systems. So biotechnology 
is now a focus of the complexity analysis.

Hollingsworth noted that high cognitive 
complexity is the capacity to observe and understand 
in novel ways the relationships among complex 
phenomena, the capacity to see relationships among 
often-disparate fields of knowledge, and it is that 

capacity which greatly increases the potential for 
making a major discovery. These were his 
conclusions.

Then he said, “Let’s look at different types of 
labs. How are they organized?” And he found that 
there are Type A labs, which are characterized by high 
scientific diversity, high and diversified network 
connectivity, they are connected internationally in a 
diversified way, and they have access to funding, 
even for high-risk research.

The personality of the lab head is very central 
according to this analysis. High cognitive complexity, 
high confidence, and high motivation are the three 
characteristics of this type of lab head. And the 
leadership implies excellent grasp of how different 
fields may be integrated.

The Type B labs had a low or moderate 
scientific diversity and high network conductivity but 
only within their own single discipline. If they were 
analyzing some chemical substance, they had 
excellent relations with all people looking exactly at 
that chemical substance around the world. They had 
low cognitive complexity, they were risk-averse, and 
they had very limited funding for high-risk research.

And the leader was not concerned at all with 
integrating distinct scientific disciplines. He was not 
interested in interdisciplinary science.

The surprise was when they evaluated the 
success rate of these activities: “all of the 291 
discoveries in our project were made in Type A 
laboratories. Significantly, none of the 291 discoveries 
in our research occurred in Type B labs.” So this gives 
us a fairly clear understanding of in what way 
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reorganization of research should move.

The problem is, however, because these are 
high-risk problems, there were a lot of mistakes also 
in the Type A laboratories. They made mistakes but 
they were on the whole much more successful than 
the risk-averse, highly concentrated Type B labs.

There is a need for reorganization of research 
into Type A departments, labs, and research institutes. 
Increasing complexity of science requires good 
accessibility of new and diversified external knowledge. 
This provides strong arguments for locating these Type 
A research organizations that are growing into large, 
open, and diverse C-regions. It gives an advantage to 
some metropolitan regions in the world like Tokyo.

My son has been working with the top 12 
science city regions, and he has shown that there are 
some persistent regions in the world that will 
probably be the world leaders in research and 
development also in the future.

London is one case, Tokyo/Yokohama is 
another case, and an upcoming case is Beijing, and if 
we look at this table that goes all the way from 1996 
to 2010, it gives a kind of stable picture of the global 
leaders in terms of regions of the future.

So we have some paradigm changes ahead in 
the research system. The first fact is increasing 
complexity of R&D causes heavier reliance on 
scientific research. Consequence: more resources 
ought to be allocated to scientific research in all 
advanced countries.

B. Fact: Scientific R&D on complex products 
and systems is already clustered in large C-regions. 
Consequence: The increased complexity implies a 
future of increased clustering of scientists and 
industrial R&D in the larger C-regions of the world.

C. Fact: International science collaboration 
improves diversity and the quality of knowledge 
inputs, according to the study by Hollingsworth, but 
also studies I’ve performed together with my 
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collaborators. Consequence: More funding of 
scientific international collaboration is needed. 
Unfortunately, the resources to do this are quite 
limited in parts of Asia, and especially in China.

So let me then summarize and conclude. The 
third logistical or industrial revolution has been a 
great economic success with sustained growth of real 
per capita income triggering a longer life, increasing 
leisure time, and a value transformation towards 
openness, creativity, and tolerance.

Currently, we have a parallel structural 
transformation from agriculture to industrial society 
in parts of the world, and from industrial into 
C-society in countries like Japan.

Industrial societies carry the seeds of their 
destruction causing backward-looking nationalistic or 
sectarianist movements like we see in Europe today.

The dynamic and thus long-term comparative 
advantages of the C-regions and C-nations are driven 
by scientific research on new and complex products 
and production systems. Too small resources are 
allocated to scientific research supporting this 
change, often only 10% to 30% of total R&D.

There is now a need to reorganize scientific 
work in universities to handle the increasing 
complexity of goods and production systems. There 
is an increasingly strong argument for locating the 
reorganized scientific institutions in the most diverse 
city regions with a post-materialistic value structure.

Thank you.




