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“A picture speaks a thousand words.” This old Chinese

proverb is a perfect description of the work of  LOTHAR

KREMPEL from the  MAX PLANCK INSTITUTE FOR THE

STUDY OF SOCIETIES in Cologne. The scientist transforms

dreary data into fascinating graphics. Whether international

trade relations or the interrelationships between Germany’s

biggest corporations – his images illustrate how complex 

social networks operate and how they change over time.

NETWORKS

himself the key question of how to
map out the complex network in a
way that makes its main characteris-
tics easily visible. 

For Lothar Krempel, the focus is
not just on the intuitive clarity of
what he produces. His diagrams are
first and foremost serious visual
aids, intended to give researchers
and experts who work with networks
in the worlds of politics, public ad-
ministration or business a set of sci-
entifically proven findings to draw
on. They therefore must translate the
precise, statistical data into a visual
language that can be read and inter-
preted with equal precision. 

When the Max Planck researcher
describes how data is translated into
images, his words take us on a jour-
ney through a wide variety of disci-
plines. Naturally, computers play a
key role: it was not until their com-
puting power exploded in the 1990s
that the mathematical processes
gained the necessary potential.
“Massive optimization algorithms

At first glance, the diagram looks 
like the map of a rather strange

subway network. But the stations are
not travel destinations, but the
names of well-known companies.
Upon closer look, the colored arrows
and circles form an impressive net-
work between Germany’s largest
firms, known collectively as
Deutschland AG. Like a road map,
the plan depicts the financial ties
that link the one hundred leading
banks and financial and industrial
corporations in Germany. It makes
the connections between them pal-
pable, something which is otherwise
impossible to achieve with endless
columns of statistics. 

Just how clearly these graphics
communicate becomes obvious
when this picture is compared with
another: whereas the first provides a
snapshot of the heart and soul of
free enterprise in Germany in 1996,
the second depicts the situation four
years later. And it quickly becomes
apparent that the network of

Deutschland AG is gradually dissolv-
ing. Although the business press has
been hinting at this erosion for
years, it is the stark contrast between
these diagrams that makes it possible
even for lay people without a lot of
background knowledge to under-
stand exactly what is happening. 

Between 1996 and 2000, the
names of many of the players
changed, some left the scene, and
new companies appeared. The key
information, though, is the disap-
pearance of a large number of the
main connecting arrows – combined
with the breakup of smaller subcen-
ters in the network. The web of mu-
tual financial ties has become much
less intricate, much looser; and to-
ward the edges of the picture it dis-
solves completely. Two visual aids
are all it takes to translate the in-
credible dynamism of the German
economy’s ongoing transformation
into a universal language. 

“The remarkable thing is that my
kids can understand pictures like

man government’s monopolies com-
mission. The tables contain all the
key information on the mutual con-
nections between German compa-
nies. But the abstract columns of da-
ta do not allow the interesting links
and developments to shine through.
Even experts have to look at the fig-
ures long and hard to get an idea of
what the network is really like. This
understanding is just what the pic-
tures created in Cologne provide –
remarkably fast and intuitively. Their
simple clarity can be deceiving and
almost masks the amount of time and
effort that went into producing them.

Network visualization is the name
of the sophisticated methodology
Lothar Krempel uses to bring his re-
search objects to life. These objects
can be corporate networks, global
trade relations between nations,
written correspondence between fa-
mous scientists, or even the interna-
tional market for professional soccer
players or cars. With every new re-
search object, the researcher asks

The early days of network visualization: 
Hand-drawn sketch of typical group relationships 

by psychotherapist Jacob Levy Moreno in 1953.

these,” says the man who created
them. “The better they are, the fewer
words you need to explain them.”
Lothar Krempel is a scientist at the
Max Planck Institute for the Study
of Societies in Cologne. He research-
es how networks in societies func-
tion: the analysis of social networks
is his field of expertise. In his work
he purposefully relies on our eyes’
ability to process many different
pieces of complex information at the
same time.

SIMPLE CLARITY REPLACES

COLUMNS OF DATA

These diagrams cannot help but call
to mind the ancient Chinese adage
that a picture speaks a thousand
words. The Chinese were well aware
that we think primarily in images.
Lothar Krempel’s diagrams of the
company network in Germany prove
how effectively this trait can be used
to illustrate scientific findings. The
graphics are based on statistics pub-
lished every two years by the Ger-

are at work in the background, first
putting the data in order,” explains
Krempel. The computer sorts all the
data in whatever way it was pro-
grammed. Krempel extracts the com-
putations he needs, known as algo-
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it must not confuse the viewer. That
is why Krempel looked into disci-
plines that have already developed
highly efficient methods of turning
abstract data into easily understand-
able symbols, signs and colors: the
fields of cartography, colorimetry
and informational graphics. Cartog-
raphers in particular have centuries
of experience in how our eyes take
in information. Their empirically de-
termined mapping standards reflect
the way in which our visual percep-
tion is able to optimally process col-
or, form and movement.

CLOSE CONTACT

WITH THE ART SCENE

“Basically, everything we use here
has already been thought of some-
where,” says Krempel, “but we need
to find out where that experience ex-
ists and bring it all together.” The so-
cial scientist not only had to search
out the knowledge, he also had to
learn the specialist language used in
each of the disciplines. Only when he
had dedicated enough time and effort
to this background work could he
unlock the knowledge he needed to
develop his talking pictures. 

“The first subject I tackled was
global trade relations,” recalls Krem-
pel, laying a diagram on the table.
The web of finely intertwined lines
illustrates the trade flows between
the member states of the OECD, the
Organization for Economic Coopera-
tion and Development, in 1992. It
was produced on the basis of official
data from the organization. “This
one’s a classic,” he says. The picture
now even hangs in the New York
Hall of Science – and provides mag-
nificent proof that science doesn’t
have to be dull. “It can also be beau-
tiful, aesthetic,” Krempel points out.
So it comes as no surprise that the
researcher maintains close contact
with the art scene and took part in
the Ars Electronica festival in Linz.
In the fall of 2004, this internation-

NETWORKS

ally renowned event was dedicated
to the language of networks from the
perspective of art and research. But
what does the word “network” really
mean to a scientist? 

“Analyzing a network is based on
observing relations, and I can use
what I discover to put together a
system,” explains Lothar Krempel.
The mutual relationships between
the players in a network form the
underlying web that holds it all to-
gether. “These relations have long
been the subject of statistical multi-
variate analysis: multidimensional
scaling, factor analysis, correspon-
dence analysis and so on,” says
Krempel.  

Of course, the modern social sci-
ences, just like the natural sciences,
rely heavily on mathematics to ex-
tract their research findings from
large volumes of raw data. But in
bringing up all those statistical
analyses, the Max Planck scientist
from Cologne simply wants to point
out a key question – one that is easy
to understand without mathematics,
namely: How can all those mathe-
matical formulae be manipulated
such that they result in easily read-
able diagrams of networks?

A naive, direct translation of the
figures into a standard system of co-
ordinates often produces something
that is utterly indecipherable. “Out of
the relations, distances are produced
in an abstract setting, and these dis-
tances can be very great indeed,” ex-
plains Krempel. “You can roughly
compare it with maps of subway
networks: they don’t show the geo-
graphical aspect; they shrink every-
thing so that each station is the same
distance away from the next.”

This abstraction makes subway
maps easier for our brains to take in.
Even though they are spatially dis-
torted, we can remember the details
easily and this knowledge gives us a
means of orientation. Their secret is
that they “bend” the geographical

The interconnec-
tions between 
Germany’s one

hundred biggest
corporations in

1996, 2000 and
2002. Financial 

institutes are de-
picted in yellow, 

industrial corpora-
tions are red, and

companies that 
are a mix of both

are orange. The 
series of diagrams
dramatically illus-

trates how the
Deutschland AG

network has 
eroded over time.

A citizen’s social network 
as depicted by Thomas B. Lemann 
and Richard L. Solomon in 1952.

truth while still keeping the stations
in the right relation to one another.
This is the rule that the makers of the
maps must stick to. “The remarkable
thing is that the human eye is very
good at reading these kinds of rela-
tions,” says Lothar Krempel. For him,
this means he can afford to change
the distances between the objects in
his diagrams – by pulling clusters
apart, for example, to make them
legible. 

But the neighborhoods between
the entities are sacred; they must be
preserved in the diagrams. This is
when the characteristic features of
the networks he maps out become
immediately apparent.

“The first step is always to ask
yourself how you can put the infor-
mation in some sort of order,” reveals
Krempel on the subject of how he an-
alyzes his data. With a network as
historically complex as that between
Germany’s biggest corporations,
there are many possible ways of or-
dering, analyzing and mapping the
data (MAXPLANCKRESEARCH 2/2003, p.
72). After all, it reflects more than a
hundred years of German history,
from Bismarck to the present day.
Martin Höpner, who also works at
the Max Planck Institute in Cologne,
researched this history from a scien-
tific viewpoint. 

THE LONG HISTORY

OF DEUTSCHLAND AG

In order to map the historical devel-
opment of Deutschland AG, the two
researchers combined two methods
of depiction: Höpner’s text tells the
story and backs it up with data and
facts, while Krempel visualizes the
past years’ developments in his pic-
tures. This dual approach brings the
history of this unique business net-
work to life.

The nucleus of Deutschland AG
grew out of the period of rapid in-
dustrial expansion in Germany in the
late 19th century, known as the

rithms, from fields such as physics –
and electrical engineering: similar
processes are used there to calculate
the optimal positioning of electrical
circuits on chips and boards to avoid
unnecessary overlaps.

Once the computer has finished its
highly efficient work in the data
mine, it has produced the raw mater-
ial for a diagram. Even at this stage,
a plan can be drawn outlining the
positions of the players in relation to
each other and the connections be-
tween them. Then follows the fine-
tuning, during which the researcher
considers what additional informa-
tion he wants to incorporate in the
chart. In the Deutschland AG dia-
grams, for example, the size of the
circles indicates the size of the stake
a player has in other players in the
German company network. And the
color specifies whether a given play-
er is one of a financial or industrial
corporation’s subsidiaries. 

This kind of supplementary infor-
mation must also be clearly legible;
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hub around the firm Allianz. There
we find a new big name: e.on. “A
process of Europeanization is what’s
behind this,” says Lothar Krempel,
going on to explain, “Having
merged into e.on, companies like
Veba are now trying to establish a
significant position in the European
market.”

The example of Deutschland AG
shows that the two methods em-
ployed by the Cologne-based scien-
tists together result in a clear yet
multifaceted analysis. For the pur-
poses of depicting the actual history,
words are the best medium, which is
why text is also of key importance to
social scientists. The visualization of
the network, on the other hand,
shows in detail the changes that
have occurred among the players
and in their relations with each oth-
er. Thus emerges an overall picture
that is both easy to grasp and very
precise. Yet the use of images repre-
sents a minor revolution in the so-
cial sciences. 

“In the humanities, people treat
images with polite reserve,” says
Krempel, “because an image can
have a very dubious function.” Giv-
en that images have a very strong
impact on us, it is also easy to ma-
nipulate using them. Advertisers try
this on us on a daily basis, but it is
the subtler tricks that are more dan-
gerous. For instance, everyone is fa-
miliar with the colorful graphics that
claim to prove the existence of a
trend by inflating a tiny statistical
blip to enormous proportions.

Scholarly mistrust of the image
does have historical and philosophi-
cal roots, though, as Krempel ex-
plains. “It has partly to do with the
Renaissance,” he says. At that time,
producing an image was a time-con-
suming and expensive task that had
to be done by hand and that only the
rich and powerful could afford. They
often used pictures as a means of
manipulation. For instance, proud

NETWORKS
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banks became less and less interest-
ed in investing in industrial corpora-
tions. While the business system was
still very nationally oriented, they
had been able to keep an efficient
check on the safety of their invest-
ments through the system of super-
visory board monitoring. Globaliza-
tion took away this security. 

HOSTILE TAKEOVERS

TURN LUCRATIVE

Moreover, the banks were faced
with new conflicts of interest. In-
vestment banking was becoming
more and more lucrative – and 
with it the arrangement of hostile
takeovers. This happened to
Deutsche Bank in 1997, for exam-
ple, when it was involved in orga-
nizing Krupp’s hostile takeover of
Thyssen, even though it had a rep-
resentative on the supervisory board
at Thyssen. The bank has been con-
sistently extricating itself from its
financial ties in industry ever since.
Even Chancellor Schröder’s govern-
ment is encouraging the further dis-
integration of Deutschland AG: the
major tax reform of 2000/2001
made the sale of large share pack-
ages free from tax – a move that
helped accelerate the dissolution of
mutual financial relations. 

“We now have a diagram of the
situation in 2002, and you can see
that the process of disintegration is
continuing,” says Krempel. He
points out the red conglomerate at
the top right of the 1996 picture,
commenting, “Here we have a sector
of industry that is dominated by in-
terlocking interests: the energy sec-
tor surrounding the Ruhrkohle AG
corporation.” Indeed, RAG sits at the
center of a complex labyrinth of re-
lationships with many big power
companies. In the network map
from the year 2000, though, the web
in the energy sector is much less
complicated, with its midpoint hav-
ing moved down below the main

RESEARCH & Society

portraits with all the insignia of
power were intended to impress
those who saw them and keep them
submissive.

No wonder, then, that philosophers
and thinkers were suspicious of the
deceptive power of images. Even in
ancient times, Plato objected strong-
ly to painting, describing it as noth-
ing more than imitation and phan-
tasmagoria. This is the long and dif-
ficult relationship with imagery that
has given scholars their critical view,
says Krempel, explaining, “If you’re
looking for underlying truths, you
need to get away from the immedi-
ate sensory perceptions – images are
too powerful.” That is why only a
few research disciplines have tradi-
tionally developed a language of im-
agery, one of them being the field of
biology. Their copperplate engrav-
ings were an important means of
categorizing the typical features of
plant and animal species.

VISUALIZATIONS

AS SCIENTIFIC METHOD

“If you want to use images in a sci-
entific context, you need to specify
very precise reasons why you used
the methods you chose,” stresses the
Max Planck researcher. “You need to
ensure that an image will not render
more to its viewers than the underly-
ing information.” This is one of the
strong demands he needs to fulfill in
order to have his visualizations rec-
ognized as a scientific method. The
reaction of colleagues in his field
was inevitably cool at first. “Many of
them said, ‘Oh, he’s drawing pic-
tures,’” remembers Krempel with a
smile. “After all, you can’t tell by
looking at pictures how much hard
work went into them. That’s some-
thing they can’t tell you.” However,
the scientist has a weighty argument
on his side: other disciplines have
long since started applying these
kinds of visualization methods with
considerable success. 

Who wants to sit next to whom? Depiction of pre-
ferences expressed by schoolchildren (top); the graphic

below shows the friendships in a class setting. 

In order for his methods to be sci-
entifically recognized, the researcher
at the Cologne institute has to be
able to give very precise reasons as
to why and how he uses symbols
and colors. To do this, he needs rules
to define the human perception of
sizes and colors. How that works is
described by the so-called psycho-

Gründerzeit. Numerous young com-
panies were faced with a crisis be-
tween 1873 and 1879 because they
did not have the capital to continue
on a growth path. Yet, without
growth, they would not survive. This
led to an economic crisis, an idea
with which we are familiar today but
which was a completely new concept
in those days. Germany’s startled
politicians made the country’s lead-
ing banks take on the obligation: to-
gether they were to provide the life-
saving cash transfusions that indus-
try needed, and the companies were
to pay back the loans primarily in the
form of stocks and shares. 

Thus arose a complicated network
of mutual financial ties, at the center
of which lay the big banks and fi-
nancial institutions. The economic
crisis of the 1920s subsequently
served to strengthen this quasi-car-
tel: the companies moved even closer
together, resulting in the 1925 for-
mation of the powerful IG Farben
conglomerate, for example. In the
Third Reich, the Nazis allowed the
network to operate largely untouched
because they needed it to enable the
country to rearm and go to war.

Deutschland AG experienced its
second major phase of economic
growth in the 1950s – but now in
the Federal Republic of Germany.
The Allies may have broken up the
big cartels like IG Farben, but they
did not strip the companies of their
assets in the Western sectors. The
network again played an important
role in the West in the period of re-
construction of the early postwar
years, which was largely based on
the principles of planned economy.

In the mid-1960s, West Germany
gradually changed its economic pol-
icy. New laws progressively called
for more transparency in the net-
work. In the 1970s, Deutschland AG
saw the first signs of approaching
globalization: rich oil sheiks started
to show more of an interest in buy-
ing up shares in German companies.
Deutschland AG gradually began to
erode. But it wasn’t until the mid-
1990s that the process really picked
up momentum. The increasingly
globalized economy offered industri-
al corporations new opportunities,
but it also put them at the mercy of
global market forces more than ever
before. And this meant that the
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hub around the firm Allianz. There
we find a new big name: e.on. “A
process of Europeanization is what’s
behind this,” says Lothar Krempel,
going on to explain, “Having
merged into e.on, companies like
Veba are now trying to establish a
significant position in the European
market.”

The example of Deutschland AG
shows that the two methods em-
ployed by the Cologne-based scien-
tists together result in a clear yet
multifaceted analysis. For the pur-
poses of depicting the actual history,
words are the best medium, which is
why text is also of key importance to
social scientists. The visualization of
the network, on the other hand,
shows in detail the changes that
have occurred among the players
and in their relations with each oth-
er. Thus emerges an overall picture
that is both easy to grasp and very
precise. Yet the use of images repre-
sents a minor revolution in the so-
cial sciences. 

“In the humanities, people treat
images with polite reserve,” says
Krempel, “because an image can
have a very dubious function.” Giv-
en that images have a very strong
impact on us, it is also easy to ma-
nipulate using them. Advertisers try
this on us on a daily basis, but it is
the subtler tricks that are more dan-
gerous. For instance, everyone is fa-
miliar with the colorful graphics that
claim to prove the existence of a
trend by inflating a tiny statistical
blip to enormous proportions.

Scholarly mistrust of the image
does have historical and philosophi-
cal roots, though, as Krempel ex-
plains. “It has partly to do with the
Renaissance,” he says. At that time,
producing an image was a time-con-
suming and expensive task that had
to be done by hand and that only the
rich and powerful could afford. They
often used pictures as a means of
manipulation. For instance, proud
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banks became less and less interest-
ed in investing in industrial corpora-
tions. While the business system was
still very nationally oriented, they
had been able to keep an efficient
check on the safety of their invest-
ments through the system of super-
visory board monitoring. Globaliza-
tion took away this security. 

HOSTILE TAKEOVERS

TURN LUCRATIVE

Moreover, the banks were faced
with new conflicts of interest. In-
vestment banking was becoming
more and more lucrative – and 
with it the arrangement of hostile
takeovers. This happened to
Deutsche Bank in 1997, for exam-
ple, when it was involved in orga-
nizing Krupp’s hostile takeover of
Thyssen, even though it had a rep-
resentative on the supervisory board
at Thyssen. The bank has been con-
sistently extricating itself from its
financial ties in industry ever since.
Even Chancellor Schröder’s govern-
ment is encouraging the further dis-
integration of Deutschland AG: the
major tax reform of 2000/2001
made the sale of large share pack-
ages free from tax – a move that
helped accelerate the dissolution of
mutual financial relations. 

“We now have a diagram of the
situation in 2002, and you can see
that the process of disintegration is
continuing,” says Krempel. He
points out the red conglomerate at
the top right of the 1996 picture,
commenting, “Here we have a sector
of industry that is dominated by in-
terlocking interests: the energy sec-
tor surrounding the Ruhrkohle AG
corporation.” Indeed, RAG sits at the
center of a complex labyrinth of re-
lationships with many big power
companies. In the network map
from the year 2000, though, the web
in the energy sector is much less
complicated, with its midpoint hav-
ing moved down below the main
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portraits with all the insignia of
power were intended to impress
those who saw them and keep them
submissive.

No wonder, then, that philosophers
and thinkers were suspicious of the
deceptive power of images. Even in
ancient times, Plato objected strong-
ly to painting, describing it as noth-
ing more than imitation and phan-
tasmagoria. This is the long and dif-
ficult relationship with imagery that
has given scholars their critical view,
says Krempel, explaining, “If you’re
looking for underlying truths, you
need to get away from the immedi-
ate sensory perceptions – images are
too powerful.” That is why only a
few research disciplines have tradi-
tionally developed a language of im-
agery, one of them being the field of
biology. Their copperplate engrav-
ings were an important means of
categorizing the typical features of
plant and animal species.

VISUALIZATIONS

AS SCIENTIFIC METHOD

“If you want to use images in a sci-
entific context, you need to specify
very precise reasons why you used
the methods you chose,” stresses the
Max Planck researcher. “You need to
ensure that an image will not render
more to its viewers than the underly-
ing information.” This is one of the
strong demands he needs to fulfill in
order to have his visualizations rec-
ognized as a scientific method. The
reaction of colleagues in his field
was inevitably cool at first. “Many of
them said, ‘Oh, he’s drawing pic-
tures,’” remembers Krempel with a
smile. “After all, you can’t tell by
looking at pictures how much hard
work went into them. That’s some-
thing they can’t tell you.” However,
the scientist has a weighty argument
on his side: other disciplines have
long since started applying these
kinds of visualization methods with
considerable success. 

Who wants to sit next to whom? Depiction of pre-
ferences expressed by schoolchildren (top); the graphic

below shows the friendships in a class setting. 

In order for his methods to be sci-
entifically recognized, the researcher
at the Cologne institute has to be
able to give very precise reasons as
to why and how he uses symbols
and colors. To do this, he needs rules
to define the human perception of
sizes and colors. How that works is
described by the so-called psycho-

Gründerzeit. Numerous young com-
panies were faced with a crisis be-
tween 1873 and 1879 because they
did not have the capital to continue
on a growth path. Yet, without
growth, they would not survive. This
led to an economic crisis, an idea
with which we are familiar today but
which was a completely new concept
in those days. Germany’s startled
politicians made the country’s lead-
ing banks take on the obligation: to-
gether they were to provide the life-
saving cash transfusions that indus-
try needed, and the companies were
to pay back the loans primarily in the
form of stocks and shares. 

Thus arose a complicated network
of mutual financial ties, at the center
of which lay the big banks and fi-
nancial institutions. The economic
crisis of the 1920s subsequently
served to strengthen this quasi-car-
tel: the companies moved even closer
together, resulting in the 1925 for-
mation of the powerful IG Farben
conglomerate, for example. In the
Third Reich, the Nazis allowed the
network to operate largely untouched
because they needed it to enable the
country to rearm and go to war.

Deutschland AG experienced its
second major phase of economic
growth in the 1950s – but now in
the Federal Republic of Germany.
The Allies may have broken up the
big cartels like IG Farben, but they
did not strip the companies of their
assets in the Western sectors. The
network again played an important
role in the West in the period of re-
construction of the early postwar
years, which was largely based on
the principles of planned economy.

In the mid-1960s, West Germany
gradually changed its economic pol-
icy. New laws progressively called
for more transparency in the net-
work. In the 1970s, Deutschland AG
saw the first signs of approaching
globalization: rich oil sheiks started
to show more of an interest in buy-
ing up shares in German companies.
Deutschland AG gradually began to
erode. But it wasn’t until the mid-
1990s that the process really picked
up momentum. The increasingly
globalized economy offered industri-
al corporations new opportunities,
but it also put them at the mercy of
global market forces more than ever
before. And this meant that the
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What is especially interesting for
the DFG, and for the Max Planck
Society, is another finding: a large
number of non-university research
institutes also participate in the net-
work – although they are not al-
lowed to apply for DFG funding. The
Max Planck Institutes have a partic-
ularly strong involvement in the
network, and bring in their own re-
sources. Thus, Krempel’s diagram
can also be interpreted as follows: in
the field of biology, the different re-
search systems in Germany are so
extensively linked that their joint fi-
nancing achieves a greater effect.
This fact was hidden in the mass of
DFG data, and only the graphic pro-
duced in Cologne made it easily ac-
cessible.

Network visualizations have an-
other strength, as Krempel explains.
“Someone from Japan or Africa can
read the data, too, which is the really
exciting part. These kinds of pictorial
representations speak an internation-
al language, something that is natu-
rally extremely important in today’s
electronic communication age.” Un-
mistakable proof of this is the fact
that his OECD diagram made it into
the New York Hall of Science. That
picture has a life of its own anyway:
after it was published in a German
computer magazine, its author re-
ceived a phone call. The caller was a
German banker working in the im-
port and export trade. According to
Krempel: “He was really excited and
spent half an hour telling me how
he’d found his 20-year work history
mapped out in that diagram – so the
picture really does show what is be-
hind the OECD’s figures.”

His pictures often provide the
Cologne-based social scientist with
such unexpected moments. Many
times it’s an offhand response that
tells him he’s hit the nail on the
head, he observes with a smile. And
then all he says is, “Do you think I
can’t see that?” ROLAND WENGENMAYR

NETWORKS

metric functions. As Krempel ex-
plains, “Our perception of size, for
example, or the perception of a circle
to be double the size of another, is a
subject that was examined over a
hundred years ago.”

More difficult to measure on a
precise scale is how we perceive col-
ors. “But colormetricians have been
investigating color and color sys-
tems since about 1920,” Krempel
points out. In the process, they de-
veloped psychometric color terms in
which the gradation of brightness
and saturation gives rise to a pre-
cisely definable sensory perception.
Krempel refers to this as sensory
metrics. “It took me a year to under-
stand exactly how colormetricians
do it,” he recalls. “And of course it is
only a model, but it does describe
how the perception of 90 percent of
the population works.”

Put simply, the psychometric color
terms represent a kind of ruler – al-
beit one with a pretty complex scale.
They can be used to measure human
color perception in a precise manner.
“These colorimetric models have
been the international standard since
1976 and now play an active part in
shaping our world,” says the Max
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Planck scientist, adding, “the entire
principle of digital photography is
based on them.”

So when Lothar Krempel applies
his knowledge in the right way, the
understanding of his graphics is not
just intuitive: how people read the
information is also subject to mea-
surable criteria. “On the other hand,
if you change the diagrams even
slightly, they cease talking to you –
they turn into puzzles,” he says.
“That is what happens if you don’t
use natural organization.” When
Krempel succeeds in creating good
pictorial representations, they direct-
ly visualize the characteristics of the
networks they depict. “These are
preattentive processes that happen
really fast and automatically.”

Here, preattentive means subcon-
scious: our eyes preprocess the im-
ages to an incredible degree without
us even noticing. Krempel’s visual-
izations purposefully make use of
the fact that we are experts at recog-
nizing objects and their relationships
to one another. This is also what en-
ables us to quickly get a sense of ori-
entation in our surroundings. 

The graphics produced in Cologne
work as if, when looked at, a part of
the cognitive process is happening
outside the head – on paper, so to
speak. “This is relatively new in the
world of scientific visualization.
Psychologists call it externalized
thinking,” explains Krempel. Put
simply, computers take over the hard
part of the thinking process for us:
they preprocess the vast quantities of
data, insofar as intelligently de-
signed mathematical instruments
can do so in an automated manner.
The result allows viewers to interact
with the data immediately and cre-
atively – to analyze it, interpret it
and translate it into models and hy-
potheses. Without this assistance,
people would have to get their heads
around the masses of data before
they could even make a start. “This
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thinking now takes place outside of
the head,” says Krempel, explaining
the effect of his diagrams. They
therefore allow people to take an in-
telligent shortcut and move straight
to the creative process. 

How well this works is demon-
strated by the visualization of a net-
work that is vital to research in Ger-
many: the German Research Foun-
dation (known by its German abbre-
viation DFG) currently supports
some 20,000 university research pro-
jects with funding to the tune of
around 1.3 billion euros a year. For
the DFG, it is, of course, interesting
to see how this support impacts the
way research institutes work togeth-
er. For example, different working
groups are able to use their funding
to buy expensive equipment that
other groups may not have, and then
share the benefits with them. Such
cooperation gives institutes the
chance to make optimal use of fi-
nancial resources and to make their
research more efficient. 

VISUAL LANGUAGE

IS INTERNATIONAL

For the DFG, Lothar Krempel has re-
searched how these kinds of net-
works form. In doing so, he utilized
information dating from 2002. His
diagram illustrating the field of bi-
ology provides a very nice depiction
of how strongly networked the re-
search community is in this area. As
expected, the key players are the
universities, being the only institu-
tions that receive funding from the
DFG. They are grouped around Mu-
nich’s Ludwig Maximilian Universi-
ty, which has clearly been particu-
larly successful in its attempts to
obtain funding. The university in
Munich, in turn, cooperates with
many other institutions of higher
education. Thus everyone benefits,
as the other universities are able to
put their own funding into the pot,
as well. 

Lothar Krempel with his picture that hangs 
in the New York Hall of Science. It illustrates the 
trade flows between OECD states in 1992.
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What is especially interesting for
the DFG, and for the Max Planck
Society, is another finding: a large
number of non-university research
institutes also participate in the net-
work – although they are not al-
lowed to apply for DFG funding. The
Max Planck Institutes have a partic-
ularly strong involvement in the
network, and bring in their own re-
sources. Thus, Krempel’s diagram
can also be interpreted as follows: in
the field of biology, the different re-
search systems in Germany are so
extensively linked that their joint fi-
nancing achieves a greater effect.
This fact was hidden in the mass of
DFG data, and only the graphic pro-
duced in Cologne made it easily ac-
cessible.

Network visualizations have an-
other strength, as Krempel explains.
“Someone from Japan or Africa can
read the data, too, which is the really
exciting part. These kinds of pictorial
representations speak an internation-
al language, something that is natu-
rally extremely important in today’s
electronic communication age.” Un-
mistakable proof of this is the fact
that his OECD diagram made it into
the New York Hall of Science. That
picture has a life of its own anyway:
after it was published in a German
computer magazine, its author re-
ceived a phone call. The caller was a
German banker working in the im-
port and export trade. According to
Krempel: “He was really excited and
spent half an hour telling me how
he’d found his 20-year work history
mapped out in that diagram – so the
picture really does show what is be-
hind the OECD’s figures.”

His pictures often provide the
Cologne-based social scientist with
such unexpected moments. Many
times it’s an offhand response that
tells him he’s hit the nail on the
head, he observes with a smile. And
then all he says is, “Do you think I
can’t see that?” ROLAND WENGENMAYR
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metric functions. As Krempel ex-
plains, “Our perception of size, for
example, or the perception of a circle
to be double the size of another, is a
subject that was examined over a
hundred years ago.”

More difficult to measure on a
precise scale is how we perceive col-
ors. “But colormetricians have been
investigating color and color sys-
tems since about 1920,” Krempel
points out. In the process, they de-
veloped psychometric color terms in
which the gradation of brightness
and saturation gives rise to a pre-
cisely definable sensory perception.
Krempel refers to this as sensory
metrics. “It took me a year to under-
stand exactly how colormetricians
do it,” he recalls. “And of course it is
only a model, but it does describe
how the perception of 90 percent of
the population works.”

Put simply, the psychometric color
terms represent a kind of ruler – al-
beit one with a pretty complex scale.
They can be used to measure human
color perception in a precise manner.
“These colorimetric models have
been the international standard since
1976 and now play an active part in
shaping our world,” says the Max
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Planck scientist, adding, “the entire
principle of digital photography is
based on them.”

So when Lothar Krempel applies
his knowledge in the right way, the
understanding of his graphics is not
just intuitive: how people read the
information is also subject to mea-
surable criteria. “On the other hand,
if you change the diagrams even
slightly, they cease talking to you –
they turn into puzzles,” he says.
“That is what happens if you don’t
use natural organization.” When
Krempel succeeds in creating good
pictorial representations, they direct-
ly visualize the characteristics of the
networks they depict. “These are
preattentive processes that happen
really fast and automatically.”

Here, preattentive means subcon-
scious: our eyes preprocess the im-
ages to an incredible degree without
us even noticing. Krempel’s visual-
izations purposefully make use of
the fact that we are experts at recog-
nizing objects and their relationships
to one another. This is also what en-
ables us to quickly get a sense of ori-
entation in our surroundings. 

The graphics produced in Cologne
work as if, when looked at, a part of
the cognitive process is happening
outside the head – on paper, so to
speak. “This is relatively new in the
world of scientific visualization.
Psychologists call it externalized
thinking,” explains Krempel. Put
simply, computers take over the hard
part of the thinking process for us:
they preprocess the vast quantities of
data, insofar as intelligently de-
signed mathematical instruments
can do so in an automated manner.
The result allows viewers to interact
with the data immediately and cre-
atively – to analyze it, interpret it
and translate it into models and hy-
potheses. Without this assistance,
people would have to get their heads
around the masses of data before
they could even make a start. “This
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thinking now takes place outside of
the head,” says Krempel, explaining
the effect of his diagrams. They
therefore allow people to take an in-
telligent shortcut and move straight
to the creative process. 

How well this works is demon-
strated by the visualization of a net-
work that is vital to research in Ger-
many: the German Research Foun-
dation (known by its German abbre-
viation DFG) currently supports
some 20,000 university research pro-
jects with funding to the tune of
around 1.3 billion euros a year. For
the DFG, it is, of course, interesting
to see how this support impacts the
way research institutes work togeth-
er. For example, different working
groups are able to use their funding
to buy expensive equipment that
other groups may not have, and then
share the benefits with them. Such
cooperation gives institutes the
chance to make optimal use of fi-
nancial resources and to make their
research more efficient. 

VISUAL LANGUAGE

IS INTERNATIONAL

For the DFG, Lothar Krempel has re-
searched how these kinds of net-
works form. In doing so, he utilized
information dating from 2002. His
diagram illustrating the field of bi-
ology provides a very nice depiction
of how strongly networked the re-
search community is in this area. As
expected, the key players are the
universities, being the only institu-
tions that receive funding from the
DFG. They are grouped around Mu-
nich’s Ludwig Maximilian Universi-
ty, which has clearly been particu-
larly successful in its attempts to
obtain funding. The university in
Munich, in turn, cooperates with
many other institutions of higher
education. Thus everyone benefits,
as the other universities are able to
put their own funding into the pot,
as well. 

Lothar Krempel with his picture that hangs 
in the New York Hall of Science. It illustrates the 
trade flows between OECD states in 1992.
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Hamamatsu Photonics Deutschland GmbH

Arzbergerstraße 10, D-82211 Herrsching 
Tel.: +49 (0) 8152 375 200, Fax: +49 (0) 8152 375 222
e-mail: info@hamamatsu.de,   www.hamamatsu.de

Applications:
● Routine Fluorescence Microscopy
● Green Fluorescent Protein Applications
● DNA Analysis
● Red and Near Infrared Fluorescent Applications
● Motility and Motion Analysis
● Histology, Pathology and Cytology
● Dynamic Intensity Analysis 

(FRET, Ratio Imaging)

High Resolution (up to 11 Million Pixel)
High Sensitivity
Broad Spectral Range
Low Noise Design
Cooling
High Speed
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