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Discover New Universes:  
The Research Portal  
“Surprising Science”

The University of Freiburg has launched a 
multimedia portal to showcase new develop-
ments in science and research: How is Web 
2.0 changing the English language? What are 
the university’s robots capable of? How can 
moss help children with kidney diseases? The 
online research portal “Surprising Science” has 
the answers in words, sounds, and images.

Many researchers in Freiburg are already 
contributing to Surprising Science. The portal 
is a great way to present complex fields of re-
search like neurobiology or economics in an 
attractive journalistic format and make them 
accessible to the general public. In addition to 
reports on selected individual research pro-
jects from all disciplines, the portal features 
information packages that explore a common 
theme from a variety of perspectives. These 
special features illustrate the great diversity of 
research being conducted at the University of 
Freiburg on topics that are important for our 
society.

If you would like to be informed as soon as 
new media is posted on the portal, you can 
follow Surprising Science on Twitter, subscri-
be to our RSS feed, or request to be placed on 
our mailing list. Journalists can use all texts, 
interviews, audio clips, and videos free of 
charge. In this way, Surprising Science is hel-
ping to disseminate research findings from 
Freiburg beyond the borders of the region.

www.surprising-science.de
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Attack on the Lungs

by Annette Kollefrath-Persch

Researchers at the University of Freiburg are Testing the Long-Term 
Consequences of Microscopic Airborne Particles for Our Health
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On the street we inhale exhaust from cars, in 
the office particles released from ink car-

tridges, in the bathroom nanoparticles from hair 
spray and in the spring dust blown north from the 
Sahara. Each day we breathe in millions of dif-
ferent particles floating around in the air. It is 
known that they can be harmful to our health, but 
how dangerous are they really? Not enough re-
search has been done so far to say for certain. 
Thanks to a new research approach by Prof. Dr. 
Reto Gieré from the Department of Earth Scienc-
es of the University of Freiburg, it is now possi-
ble to determine what long-term consequences 
such airborne particles have on our health.

Gieré is collaborating with a team of scientists 
from the fields of mineralogy, environmental 
medicine, and pharmacy, as well as from the 
German weather service. The team is systemati-
cally characterizing individual dust particles that 
fly through the air every day and determining 
their mineralogical and chemical makeup with 
the help of microscopes and x-ray devices. Only 
then will it be possible to analyze with more pre-
cision the type of particles we breathe in. “Our 
goal is to find out what the air we inhale in 
Freiburg and the Rhine Valley is composed of,” 
explains Gieré, “and to determine where all of 
these particles are blown in from.” Once the re-

Satellite image of a storm  
that carried large amounts of 
desert dust from the Sahara 
to Europe on 18 July 2000. 
The dust plumes are easy to 
see, particularly over the cen-
tral Mediterranean Sea and 
Sicily. Dust plumes like these 
can even deposit particles in 
Freiburg.
Photo: NASA
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searchers know the mineralogical composition of 
the dust particles, they can establish whether 
the dust particles are, for instance, from automo-
bile exhaust fumes, street dust, or smoke from 
coal-fired power plants. Most people would be 
shocked about all of the occasions on which hu-
mans are exposed to dust particles: “Christmas 
is the worst time of all,” says Gieré. “Burning 
candles in the living room let off an unbelievably 
high amount of particulate matter.” Other parti-
cles have a long journey behind them: Even dust 
from the Sahara reaches Freiburg.

Lung Cells and Dust Particles in Test Tubes

However, the team is not only interested in 
what the particles are composed of. They are 
also studying what influence dust particles have 
on human health. “Astoundingly,” says the miner-
alogist, “we still know only little about their impact 
on our health.” But this question is becoming 
more and more important, because industrialized 
countries produce and release many different 
kinds of particles every day and everyone who 
lives there breathes them in. The research proj-
ect is focusing initially on synthetic particles, 
such as those from paint, automobile tires, and 
deodorant, because we have a certain amount of 
influence over the extent to which we exposure 
ourselves to these kinds of dust. The influence of 
natural particles, on the other hand, is difficult to 
minimize: Wearing a face mask while riding a 
bicycle or staying at home when dust from the 
Sahara reaches Freiburg might be prudent pre-
cautionary measures, but it is impossible to avoid 
the natural particles completely. Gieré is thus 
also planning on studying the impact of these 
particles on human health in the future.

In order to determine to what extent the parti-
cles found in Freiburg’s air are detrimental to our 
health, the researchers produce individual types 
of particles in the laboratory in various sizes and 
concentrations. They then expose cultures from 
the human lung to them in test tubes. “We don’t 
want to expose the lung cells to all kinds of par-
ticles at once, because we are trying to find out 
what effect particular particles have on the hu-
man lung,” explains Gieré. Various tests reveal 
how the lung cells react: Do the dust particles 
have an effect on the cells or even on the genes? 
The researchers are using an electron micro-

“Astoundingly, we still only know little 
about their impact on our health”

Hard-edged particle under a scanning electron microscope:  
This particle of calcium sulfate crystals was captured in the air in 
Strasbourg, France. It was released through industrial combustion 
processes.
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Prof. Dr. Reto Gieré 
has worked at the Section 
for Mineralogy-Geochemis-
try at the Department of 
Earth Sciences since 2004. 
Other stations of his career 
include Purdue University 
in Indiana, USA, the Uni-
versity of Basel, Switzer-
land, the University of Brit-
ish Columbia in Vancouver, 
Canada, and the Carnegie 
Institution in Washington, 
USA. He is also a fellow at 
the Geological Society of 
London and the Mineralogi-
cal Society of America. His 
research interests include 
atmospheric dust particles, 
environmental contamina-
tions, and the storage of 
highly radioactive waste.

scope to ascertain whether the particles have 
penetrated into the cell, and if so what part of it. 
The foreign matter can reach the cytoplasm or 
the nucleus, and in the worst case they can 
cause damage there. When this happens, the 
lung sends out antibodies so the cells can de-
fend themselves against the foreign matter. The 
scientists can then measure the signals created 
during this process.

The Smaller, the More Persistent

The size of the dust particles is an important 
factor, and the differentiation between coarse 
and fine particles has sparked much controver-
sy: “Politicians and the media often speak of fine 
particles in general,” complains Gieré, “without 
knowing how fine a particle actually has to be to 
earn this name.” All dust particles larger than 
2.5 micrometers (0.0025 millimeters) are classi-
fied as coarse particles, while particles with a 
size of 2.5 micrometers or less are characterized 
as fine particles, and those that are smaller than 
100 nanometers (0.0001 millimeters) are catego-
rized as nanoparticles or ultrafine particles. The 
smaller a particle is, the more of that particle a 
fleck of dust will contain. Moreover, fine particles 
float around in the atmosphere longer than 
coarse particles. Only when it rains is the air 
washed free of fine particles. But it is not only 
their persistence that makes the smaller parti-
cles a greater threat for human health; they can 
also inflict more damage due to their small size. 
Dust particles that are smaller than 2.5 micro
meters can accumulate in the alveoli in our lungs 
and once they make it there, we can’t get them 
back out of our bodies. Coarse particles, on the 

Further Reading

Gieré, R. (2010): Atmospheric Particles. 
Elements 6, 201– 272.

Gminski, R./ Decker, K./Heinz, C./Seidel, A./
Könczöl, M./Goldenberg, E./Grobéty, B./
Ebner, W./Gieré, R. /Mersch-Sundermann, V. 
(2010): Genotoxic effects of three selected 
black toner powders and their dimethyl sulf
oxide extracts in cultured human epithelial 
A549 lung cells in vitro. In: Environmental and 
Molecular Mutagenesis, DOI: 10.1002/em.20621.

other hand, can’t make it that far into our respi-
ratory tract because they irritate our throats, in-
ducing us to cough them out.

The team led by Gieré and Prof. Dr. Volker 
Mersch-Sundermann from the Freiburg Univer
sity Medical Center has already published the 
first sobering results: The researchers’ in vitro 
tests demonstrated that particles from black ink 
cartridges inflict changes in the cell nucleus and 
thus have a genotoxic, i.e., gene-changing, effect 
on the human lung. This could lead to mutations 
or cancer, but the research team cannot yet say 
for sure. Gieré and his colleagues still need to 
conduct more experiments to analyze all of the 
effects of the various types of dust. In order to be 
successful, these experiments must transcend 
the boundaries of traditional scientific disciplines. 
Freiburg provides ideal conditions for this multi-
disciplinary research, says the mineralogist. By 
no means does he intend to spread panic: “How-
ever, it is important to point out concrete dangers, 
because only so can we react to them.”

Microscopic image of a sample of atmospheric dust collected in Mainz. A dust 
analysis can differentiate between various types of particles on the basis of 
their optical characteristics, allowing scientists to determine their origins.
Graphic: German Weather Service/Dietze 7



Right on Target
Political Scientist Uwe Wagschal and His Students  
Analyzed Public Opinion before the Regional Elections  
in Baden-Württemberg

by Nicolas Scherger

Expert knowledge from professionals: Sandra 
Schlagmann from Infratest/Infratel Berlin trains 
the students on finding the right strategies for 
telephone interviews.
Photo: Kunz
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Opinion polls, projections, and trends: The 
findings of election research are an insepa-

rable part of modern political discourse in the 
media, in parties and ministries, among voters. 
What is less well known is how the researchers 
arrive at these findings. For example: How is it 
possible to infer the opinions of 7.6 million eligi-
ble voters before the regional elections in 
Baden-Württemberg from interviews with a 
group of just under 1,400 of them? Uwe Wag-
schal, professor of comparative political science 
at the University of Freiburg, answered this 
question together with his students in an under-
graduate seminar: At the end of February 2011, 
he and his young election researchers published 
an opinion poll that predicted the actual results 

of the election more accurately than any other 
poll conducted between December 2010 and the 
regional elections on 27 March 2011.

“My goal was to give the students an idea of 
what election research involves from A to Z,” 
says Wagschal. In order to prepare the students 
for the empirical work, he invited electoral re-
searchers from the polling and public opinion in-
stitutes Infratest dimat, Forschungsgruppe 
Wahlen, and SIGMA as speakers. The students 
also received training in statistics, interviewing 
techniques, and the computer programs they 
would later use to collect and analyze the data. 
Project partners like the local newspaper Bad-
ische Zeitung and the State Agency for Civic 

The University of Freiburg tops the charts: The graph shows the amount of percentage points by which the 
results of opinion polls deviated from the actual results of the 2011 regional election in Baden-Württemberg.  
It also shows how many parties the polls remained within the bounds of statistically tolerated deviations for  
the so-called confidence intervals.
Graph: qu-int
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Education of Baden-Württemberg helped them 
present the results of the opinion poll to the pub-
lic with a podium discussion, several newspaper 
articles, and a project homepage.

The first challenge for the students was to 
develop the questionnaire. The trick was to find 
relevant questions and formulate them as pre-
cisely and impartially as possible. “The quality of 
the questionnaire is the pivotal factor. We thus 
discussed every question many times over,” says 
Wagschal. The students studied opinion polls 
conducted by the polling institute Forschungs-

gruppe Wahlen from the 1960s to the present, 
evaluated and improved their own list of ques-
tions in over 25 rounds with test subjects, and 
had the list analyzed by professional pollsters. 
The poll collected data on more than 100 vari-
ables: What do you consider to be the most im-
portant problem currently facing Baden-Würt-
temberg? Who would you like to see as the 
state’s minister president? And, particularly im-
portant for the media and the public, the tradi-
tional question of the weekly political opinion 

polls released each Sunday in Germany: What 
party would you vote for if elections were to take 
place next Sunday?

Chance as a Statistical Principle

The participants were selected randomly, thus 
ensuring that the poll would reach a representa-
tive cross-section of society. The basis for selec-
tion was a so-called “mother sample” of 7,000 
telephone numbers. An electronic random num-
ber generator varied the last digit of the numbers 
to ensure that numbers not included in the tele-
phone book were also represented. The member 
of each household who had most recently cele-
brated his or her birthday was chosen to 
participate in the poll. “If we had just chosen  
the person who answered the phone, we would 
have interviewed the daughter of the house too 
often,” explains Wagschal. The students called 
31,000 numbers and reached a total of 11,000 
citizens; 1,361 of the persons called ended up 
participating. For the 25 young researchers who 
conducted the poll, this meant up to 120 at-
tempts per day over a period of three weeks 
starting in late January. An average of only six to 
seven of these attempts were successful. Many 
of the people who answered the phone hung up 
immediately, some vented their anger about the 
state of politics, and others agreed to participate. 
The researchers were forced to react to these 
situations, sometimes with appeals to reason, 
sometimes with appeals to the emotions. Wag-
schal believes that this communication process 
was the most important experience for the stu-
dents: “The students saw how heterogeneous 
the state is. Freiburg is not the world.”

The Trade Secret of Opinion Researchers

The data was made anonymous and weighted 
for the analysis. This means that not all of the 
responses were treated equally. Along with the 
development of the questionnaire, this is one  
of the most important factors in a scientifically 
sound analysis, says Wagschal and it is also  
a source of possible criticism: Many opinion re-
search institutes have a reputation for being 
biased toward a particular party or for slanting 
results to satisfy their clients. “Opinion research-
ers never reveal their weighting methods; that’s 
their big trade secret.” The students experiment-
ed with various values and watched how they 
changed the results. “We put a lot of thought into 
how to best weight the data. That was the key to 
our success.”

Data collection is hard work: Conducting the telephone interviews  
was the most important experience for the students.
Photo: Kunz

“The students saw how heterogeneous 
the state is. Freiburg is not the world”
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Prof. Dr. Uwe Wagschal
studied political science 
and economics at the 
University of Heidelberg. 
After completing his doctor-
ate in 1996 he served as  
a research assistant at the 
University of Bremen. From 
2001 to 2003 he worked as 
a political advisor at the 
think tank “Avenir Suisse,” 
before accepting a chair in 
empirical political research 
at the University in Munich. 
In 2005 Wagschal was 
appointed as professor  
for comparative political 
science at the University  
of Heidelberg, and since 
2009 he has served as 
professor in the same area 
of specialization at the Uni-
versity of Freiburg. His 
research interests include 
comparative public policy 
research, direct democracy, 
government budgets, and 
conflict research.

What turned out to be decisive was above  
all social-structural factors. Although chance de-
livers good results, the composition of the sam-
ple did not accurately reflect the population 
structure of the state. To compare the two, the 
election researchers studied data from the State 
Statistics Office of Baden-Württemberg on fac-
tors like the distribution of age, sex, level of 
education, income, and household size. If they 
found that a certain age group was not sufficient-
ly represented in the sample, they weighted the 
data from this age group more strongly in the 
analysis. However, the researchers would have 
had to weight a few respondents who belonged 
to several underrepresented groups 20 times 
more strongly to accurately reflect their repre-
sentation in the state. They thus decided to limit 
the weighting factor to 2.5.

They also decided against a so-called political 
weighting, which would have affected the typical 
Sunday poll question in particular. “Election re-
searchers typically reason that voters’ old pre
ferences become stronger as the election draws 
nearer,” explains Wagschal. They assume that 
people who supported a certain party in the pre-
vious election, particularly those who supported 
the currently ruling party, will be less likely to 
change their minds and support the other party 
in the last weeks and days before the election 
and that opinion polls conducted shortly before 
an election thus often tend to overestimate sup-
port for the opposition parties. In order to coun-
ter this tendency, pollsters often give more 
weight in the analysis to respondents who claim 
to support the ruling party. Since the students 
did not employ political weighting, they stated in 
their presentation of the results at the end of 
February that they thought the ruling CDU/FDP 
coalition would improve its approval ratings in 

Neck and neck: the results of the Freiburg opinion poll in comparison  
to the official results of the regional election on 27 March 2011.
Source: State Statistics Office of Baden-Württemberg/University of Freiburg
Graph: qu-int

the final weeks before the election and attract 
enough votes to continue governing, while the 
Greens were rated too highly. Then came the 
earthquake and the nuclear catastrophe in Ja-
pan. “That cost the CDU a couple of percentage 
points and put our poll right on target with its 
prognoses for the Greens and the Left.”

This example also demonstrates why Wag-
schal believes that election research will be-
come more difficult in the future: Traditional al-
legiances to political parties are becoming less 
common, and social milieus are disintegrating; 
many voters are more willing to change their 
vote and make their decision more spontaneous-
ly. In addition, it is becoming more difficult to 
conduct representative polls over landline tele-
phone connections because young people  
often only have a mobile phone number. “All of 
the polling institutes are looking for ways to 
reach people over the Internet,” says Wagschal. 
He predicts that social scientists with training in 
sociology, psychology, statistics, and market 
research will soon enjoy excellent career oppor-
tunities in the area of election research, a claim 
that he also backs up with evidence: The tutor 
who helped supervise his election research 
project recently landed a job in the strategy de-
partment of the national executive committee  
of the German Green Party.

Further Reading

Wagschal, U./Grasl, M./Jäckle, S. (2009): 
Arbeitsbuch Empirische Politikforschung. 
Berlin/Münster (Einführungen Politikwissen-
schaft 6).

Documentation of the project on the Internet: 
http://www.landtagswahl-umfrage.de
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The researchers are developing a questionnaire  
to distribute to victims of traumatic events to  
determine whether they are in danger of suffering  
from psychological disorders in the long term.
Photos: Lühmann

First Aid for  
Emotional Wounds
Freiburg Psychologists Aim to Improve Care for  
Victims of Traumatic Events

by Holger Lühmann
Questions 32–48 are about the period during the traumatic event and  

the first hours after the event.

strongly disagree
dis-

agree 

neither 
agree 

nor dis-
agree 

agree strongly 
agree

32.   I felt intense fear, helplessness, or horror during  

the event.

0
1

2
3

4

33.   I thought I could die during the event.

0
1

2
3

4

34.   I thought I would be severely injured during the event.
0

1
2

3
4

35.   I lost control of my feelings during the event.

0
1

2
3

4

36.    My body reacted with perspiration, trembling, and  

heart palpitations.

0
1

2
3

4

37.  I was physically injured.

0
1

2
3

4
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The derailed train, the smashed-up wagons 
strewn across the tracks, the corpses laid 

out in rows: Catastrophes like the high-speed 
train disaster near Eschede, Germany, in the 
summer of 1998, which killed over 100 passen-
gers and railroad employees, often leave survi-
vors with posttraumatic stress disorders and 
other aftereffects. Memories of the event and its 
aftermath can rapidly transform the initial shock 
into a long-term emotional burden. Prof. Dr. Dr. 
Jürgen Bengel from the Institute of Psychology 
and his colleague Katharina Becker are studying 
ways to prevent psychological disorders caused 
by such events from taking root. They want to 
optimize the early diagnosis of symptoms and 
develop methods for preventing posttraumatic 
stress and providing suitable and immediate 
support for victims.

Whether train wrecks, fires, or massacres the 
psychologists want to offer their help to survivors 
of all incidents in which there are a lot of casual-
ties and injuries. They are analyzing data from  
a wide range of sources to determine how survi-
vors cope with states of anxiety. “Previous stud-
ies have focused primarily on psychological dis-
orders in victims and rescue teams after 
traumatic events,” explains Bengel. “They usual-
ly start very late, whereas we are focusing on 
early intervention. We want to study the victims’ 
experiences directly after the event.” They also 
want to integrate people into the study whose 
success in coping with the event usually remains 
undocumented. “Following major incidents there 

is always a large number of victims with long-
term psychological aftereffects who do not seek 
help,” reports Becker. “Potential victims do not 
always visit a psychologist, whether out of em-
barrassment or a lack of knowledge. There thus 
aren’t any reliable studies on who suffers from 
posttraumatic stress disorders or other condi-
tions, why, and to what extent.”

Analyzing Protective and Risk Factors

However, the researchers warn against over-
estimating the amount of cases. Although a large 
amount of victims show symptoms of depression 
and stress shortly after a traumatic event, many 
of them recover again without experiencing any 
long-term emotional problems. It is thus a great 
challenge for psychologists treating victims of 
traumatic incidents to make a clear distinction: 
They must differentiate patients with a temporary 
stress from those with an increased risk of devel-
oping a long-term psychological disorder. “It is 
always difficult to make the right prognosis after 
large-scale accidents,” says Becker. “For one 
thing, it is easy to misinterpret some symptoms, 
and for the other, it takes a great deal of organi-
zational and personal effort to detect everyone 
who is potentially at risk.”

In order to determine how people cope with 
traumatic events, Becker is studying the psycho-
social condition of people afflicted with posttrau-
matic stress for her dissertation. She distributes 
questionnaires to victims of severe car crashes 

“Following major incidents there is  
always a large number of victims with 
long-term psychological aftereffects”

Questions 32–48 are about the period during the traumatic event and  

the first hours after the event.

strongly disagree
dis-

agree 

neither 
agree 

nor dis-
agree 

agree strongly 
agree

32.   I felt intense fear, helplessness, or horror during  

the event.

0
1

2
3

4

33.   I thought I could die during the event.

0
1

2
3

4

34.   I thought I would be severely injured during the event.
0

1
2

3
4

35.   I lost control of my feelings during the event.

0
1

2
3

4

36.    My body reacted with perspiration, trembling, and  

heart palpitations.

0
1

2
3

4

37.  I was physically injured.

0
1

2
3

4
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and other accidents as well as to firefighters and 
paramedics at public safety answering points, 
psychosocial counseling services, and hospitals 
in order to find people who are potentially trauma-
tized. The questionnaire includes 122 questions 
in which the respondents provide information on 
the significance of the accident for their lives and 
on their life situation before and after the event: 
What fears and anxieties do they have? How 
close are they to family and friends? Do they feel 
well regarded and understood by others?

The aim of the study is to determine what in-
fluence factors like a person’s overall life situa-
tion and thoughts can have on how well he or 
she copes with traumatic experiences, explains 
Bengel: “We are studying a person’s so-called 
protective and risk factors. Once we know what 
helps a person to overcome a traumatic experi-
ence and what prevents them from overcoming 
it, we will be able to establish a reliable instru-
ment for diagnosis and psychological care.” The 
risk factors include, for instance, the particular 
gravity of the event, a history of emotional insta-
bility, or a sustained feeling of being threatened 
following the event. The protective factors, on 
the other hand, are things that make it easier for 
a person to overcome a traumatic event such as 
emotional support from family and friends or op-
timistic prospects for the future.

The researchers knew that it would be diffi-
cult to find people who have been victims of a 
traumatic event for their study. For one thing, it 
is not mandatory to fill out the questionnaire at 
the cooperating institutions and organizations. 
In addition, people who have “other worries” af-
ter experiencing an event of this kind are less 
willing to participate. Nevertheless, Becker is 
convinced that they will succeed in finding more 
than enough test subjects: “All of the question-
naires will be filed anonymously, so nothing 

speaks against taking part in our study. Besides, 
the survey will help improve therapeutic care for 
the patients.” The main priority of the study is to 
improve psychological practice, and the point of 
the questionnaire is to find people who will later 
suffer from posttraumatic stress disorder or oth-
er aftereffects and whose fate would not be dis-
covered without a detailed survey.

A Questionnaire for Reliable Prognoses

The psychologists will begin by testing an ini-
tial version of the questionnaire, explains Ben-
gel: “We want to find out which questions are 
most effective and reliable for predicting poten-
tial long-term psychological aftereffects.” In the 
end, they hope to have a short, standardized list 
of questions that also allows for reliable progno-
ses. “If our approach works, we could have the 
questionnaire distributed directly by rescue 
teams at the scene of the accident or by doctors 
at the hospital,” says Becker. “This would give us 
the opportunity to greatly reduce the amount of 
people afflicted by psychological aftereffects in 
the long term.”

“If our approach works, we could have  
the questionnaire distributed directly by 
rescue teams at the scene of the accident  
or by doctors at the hospital”
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Becker is studying the answers to the ques-
tionnaires for conspicuous features and conduct-
ing structured interviews with all of the partici-
pants. She meets with everyone who sends back 
the questionnaire to the Institute of Psychology 
around three months after the accident and con-
tacts respondents who don’t live in the region by 
telephone. “These meetings can help us find out 
whether the questionnaire is a reliable way to de-
tect potential cases of posttraumatic stress dis-
order or other psychological disorders.” She can 
also bring practical experience to bear in these 
meetings: As a volunteer for the emergency fol-
low-up treatment service of the German Red 
Cross, she has the necessary sensitivity to deal 
with traumatized patients.
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his doctorate in these two 
fields and assumed a posi-
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a Heisenberg Scholarship. 
Afterwards he worked at 
the University Medical Cen-
ter in Hamburg-Eppendorf 
and at the Humboldt Uni-
versity in Berlin. In October 
1994 Bengel was appointed 
as professor at the Institute 
of Psychology of the Uni-
versity of Freiburg, where 
he heads the Department 
of Rehabilitation Psychol-
ogy and Psychotherapy.  
His research focuses on 
the psychology of chronic 
illness, psychotraumatology, 
adjustment and stress dis-
orders, and evaluation and 
quality assurance.
Photos: Lühmann
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A severe accident can change lives not only those of  
the victims, but also those of the rescue teams.
Photo: Soehngen/Fotolia
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I f you wanted to survey enemy territory in the 
nineteenth century, you would launch yourself 

up into the air in a moored balloon and record 
what you saw with pen and paper. Later on, this 
process was simplified through the invention of 
airplanes and the camera but the fact remained 
that the aerial images were subject to interpreta-
tion. Remote sensing was developed primarily 
for military reasons, experiencing its first boom 
in the Second World War. Civilian use of this 
technology was at first a mere byproduct. The 
British used it after the war to document the de-
struction of large portions of Europe.

Today we are bombarded with information 
gleaned from remote sensing data every day on 
television. “Thanks to optimized models, remote 

A cloud of red dots that’s all the image reveals. 
Scientists have to interpret the data with the help of 
algorithms to determine where trees and terrain are.

sensing can even be trusted for things like 
weather forecasts most of the time,” says Prof. 
Dr. Barbara Koch, head of the Department of Re-
mote Sensing and Landscape Information Sys-
tems (FeLis) at the Faculty of Forest and Envi-
ronmental Sciences of the University of Freiburg, 
and grins. Geography and forest science in par-
ticular have profited from technological develop-
ments in remote sensing, which is capable of 
collecting information on the earth’s surface as a 
whole as well as on buildings and vegetation. 
With the help of satellites or airplanes, research-
ers can investigate the state of forests or ana-
lyze land use without needing to come into direct 
contact with their objects of research. They re-
ceive their information from electromagnetic ra-
diation reflected from the objects or emitted by 

Trees under a  
Laser Scanner
Freiburg Forest Scientists Create Three-Dimensional Forest Models 
Using Remote Sensing Techniques

by Stephanie Heyl
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them. By measuring this radiation, the scientists 
can draw inferences on the state of the objects. 
Passive sensors use sunlight reflected from the 
surface of the earth or the objects. Aerial images 
created with film and digital cameras are the 
best example of this method. However, most 
passive systems only work during the day. The 
production of night images with a passive sensor 
requires the use of thermal scanners that mea-
sure infrared radiation.

Laser Beams from an Airplane

Forest scientist Barbara Koch and her team, 
on the other hand, are specialized in a form of 
active remote sensing: airborne laser scanning. 
With this method, devices send pulses of light 
from an airplane to the earth’s surface and 
measure how long it takes for the reflected 
beam to return to the airplane. This interval, the 
so-called time of flight, is then converted into 
distance. Measuring systems inside the air-
plane calculate its position in space and use the 
time of flight to locate the precise position of the 
reflection in a system of spatial coordinates. 
Thus, individual spatial information is collected 
for each pulse of light. Since the laser systems 
send out up to 400,000 signals per second, the 
researchers receive spatial information on up to 
ten points per square meter enabling them to 
produce a relatively precise image of the earth’s 
surface with its buildings and vegetation. “The 
advantage of this method is that the laser can 
be used day and night,” says Koch. The only 
drawback is that it is not weather-proof like a 
radar, which can break through the clouds with 
its long radio waves. “I can’t see through a thick 
layer of clouds with a laser.”

How airborne laser scanning works: Instruments send pulses of  
light (yellow) from an airplane to the earth’s surface and measure 
how long it takes for the reflected beam (red) to return to the air
plane. The data can be used to produce a relatively precise image  
of the earth’s surface with its buildings and vegetation.
Diagram: Klaas

The scientists can use this method to quickly 
gain comprehensive information on areas which 
would be too time-consuming and expensive to 
explore from the ground. This explains why air-
borne laser scanning has become an increas-
ingly popular method for taking inventory of for-
ests, since the images capture data that is of 
great importance for forest science. The data is 
used primarily to make topographical images of 
the earth’s surface. If the laser pulse sent out 
from the airplane reaches the ground there is 
only a single reflection, but if it hits vegetation it 
sends back many echoes: from the treetops, 
from the branches, from the trunk, and from the 
ground. Due to holes in the forest canopy, the 
ground echoes are usually still so numerous that 
it is possible to collect detailed information on 
the form of the terrain under the trees, including 
trenches and gorges.

However, extracting information from the im-
ages is no simple matter. Barbara Koch illus-
trates this by presenting an image with many red 
dots divided into two clouds. “The dots hanging 
in the air are reflections from trees, the others 
are from the ground,” she explains. “On an aerial 
photograph I can always locate forests, streets, 
and paths intuitively. With a laser image I don’t 
see much at first glance.” To interpret this data, 
Koch and her team developed algorithms that 
classify the clouds of dots automatically. This 
saves time and money. In this way, the system 
can provide data on several layers of vegetation 
at once, allowing the scientists to make infer-
ences on the biodiversity of the area. “Forest 
stands consisting of several levels will generally 
accommodate more plant and animal species 
than single-level stands.” It is not yet possible to 
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use the data to analyze aspects of genetic diver-
sity, such as the presence of several types of 
trees, but the researchers are working on it: “To 
identify tree species we need more than just the 
geometric data. It’s also necessary to analyze 
physical information such as the intensity and 
the amplitude of the radiation, and the method 

for doing this is not yet ready to be put into prac-
tice.” At present, it is only possible to differenti-
ate reliably between deciduous and evergreen 
trees.

This limitation notwithstanding, remote sens-
ing offers an abundance of possibilities even at 
the current state of technology. It can be used to 
identify differences in elevation of less than a 
decimeter in meadows, fields, and paths. It can 
automatically capture and model individual trees, 
tree heights, and the degree of canopy cover in 
wooded areas. It even allows researchers to cal-

culate the stock of available wood and biomass 
in a forest stand on the basis of the height and 
density of the trees. “All of this data can be used 
to develop plans for the sustainable and nature-
friendly management of forests. These plans 
regulate the amount of wood that can be taken 
from a mature stand and the measures that need 
to be taken to ensure the stability and natural di-
versity of the forests,” explains Koch. “We can 
then check at regular intervals whether the regu-
lations are being adhered to.”

Cities Want Laser Data Too

One significant factor is the ability of plants to 
bind carbon dioxide (CO2) from the air. Once one 
knows the biomass of a forest, one can use it to 
calculate the amount of gas it can bind. This is 
the key quantity for the efforts of nations to im-
prove their carbon footprint. “Before politicians 
deliberate about pumping carbon dioxide under-
ground, they should determine how much CO2 

can be bound by increasing the amount of for-
ested areas,” says Koch. According to the Co-
penhagen Accord on climate change, countries 
that increase the size of their forests will receive 
financial compensation for their efforts. “We 
could provide evidence of this with the help of 
remote sensing. Then the rich countries could 
pay the poor countries for preserving and ex-
panding their forests.”

Meanwhile, cities, energy corporations, and 
nature conservation organizations have been call-
ing up the department to ask whether they can 
use its information and algorithms. Three-dimen-
sional city models made on the basis of laser data 
can form the foundation for further environmental 
models to determine the development of warmth 
in a city, the houses that would be struck first by a 
flood, or the optimal location for a solar collector. 

“Remote sensing with lasers is currently experi-
encing a real boom,” says Koch. “Rightly so be-
cause it can deliver a lot of information.”

“On an aerial photograph I can always locate 
forests, streets, and paths intuitively. With a 
laser image I don’t see much at first glance”

Red dots become trees and houses: The researchers create 
three-dimensional models from the laser data step by step.18 uni'wissen 03 
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Female and soccer player that alone 
can be enough to break a taboo.
Photo: Seeger

A Level Playing Field?
Class, Body, Ethnicity, Gender:  
Sociologist Nina Degele is Charting the Bounds  
of Inequality and Discrimination in Soccer

by Claudia Füßler
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Does it matter whether a soccer player is 
black or white if he helps his club win the 

championship with his goals? Do women who 
play soccer still have to struggle as hard for re
cognition as they did ten or twenty years ago? 
And is a star player on the national team more 
likely to be forgiven for being gay than an aver-
age player in the regional leagues? These are 
just a few of the questions Nina Degele is inter-
ested in answering in her latest research project, 
funded by the Friedrich Ebert Foundation. The 
professor of sociology and gender studies at the 
University of Freiburg has – figuratively speaking 
– taken to the field in an effort to chart the bounds 
of racism, sexism, and homophobia in the world 
of soccer. When various forms of inequality and 
discrimination interrelate, sociologists speak of 
intersectionality. This research paradigm allows 
the individual dimensions of inequality and their 
significance to be examined in more detail.

Gay, but Star Player

The sociologist focuses on the conditions of 
societal interaction: How is money distributed? 
What role does a person’s gender or position in 
society play? How do age, physical fitness, eth-
nicity, and generational affiliation affect who we 
are? The sociologist’s natural enemy is thus the 
generalization. “When I hear things like ‘men are 
more aggressive,’ I see red,” says Degele. 

“That’s such a wholesale statement that it has to 
be false.” Claims like “women are disadvantaged” 
are also inadequate. “When one examines indi-
vidual cases more closely, such as differences 
between discrimination against a black female 
manager and a white female employee, the di-
mension of gender is compounded by those of 
ethnicity and class,” Degele explains. These are 
the ‘big three’ factors class, ethnicity, gender 
that form the core of intersectionality.

Just keeping track of these three variables 
alone in a broad sociological analysis would 
seem to be complex enough, but Degele and her 
colleague Prof. Dr. Gabriele Winkler from the 
Technical University of Hamburg-Harburg have 
also included a fourth dimension in their project: 
the body. This makes intersectionality into a 
much more nuanced and, as Degele says, “quite 
complicated” affair. After all, sociology is not 
only interested in the absolute amount of influ-
ence various factors have, but also how they 
shift in relation to one another or even displace 
each other completely. For instance: Can a 
young man who is discriminated against due to 
his class affiliation compensate for this deficit by 
way of physical fitness? Nowhere can such 
questions be examined so readily as in the mi-
crocosm of soccer. Soccer is in the public eye, 
it’s popular, and in many respects it’s a reflection 
of society at large: “Female soccer players are 
breaking a taboo just by engaging in a sport 
that’s so strongly associated with masculinity, 
while homosexual male soccer players are the 
very epitome of taboo.” Is it possible to compen-
sate the social stigma of homosexuality through 
status? In order to answer this question, Degele 
and her research team conducted discussions 
with various groups that have little in common 
besides their love of soccer: a lesbian soccer 
team, an anti-racist fan club, a Catholic church 
choir that plays occasionally for fun, regular am-
ateur soccer players, children, immigrants, and 
older men.

The sociologists visited the soccer players on 
their own turf in their clubhouse, at their local 
bar, and even in their locker rooms. “Those dis-
cussions were unbelievably fascinating,” says 
Degele. “We just played the part of moderators 
and got people talking. They really got into the 
discussions, often even forgetting that we were 
there.” One interesting thing the researchers 
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noted was a strong tendency toward political 
correctness on the topic of gay soccer players. 
No one wants to be branded as an anti-gay tra-
ditionalist.

The researchers were astounded at the strat-
egy people use to avoid coming across as being 
homophobic: “They talk a lot about how fans 
and the media stir up resentment against gays 
which is in fact not the case, as may be seen by 

the example of well-known gay politicians like 
Foreign Minister Guido Westerwelle and Mayor 
of Berlin Klaus Wowereit.” Again and again, a 
deep-seated aversion to homosexuals reared  
its head under the politically correct surface of 
their statements. To the team’s surprise, this 
disposition often emerged in connection with the 
ever-ominous topic of showering: “‘I don’t have 
anything against homosexuals, but I wouldn’t 
shower with them,’ was a sentence we often 
heard.”

While homophobia and sexism in soccer have 
become more visible in the past years, racism 
has changed its outward appearance and be-
come more subtle. Racially motivated violence 
among fans in the professional leagues has be-
come more uncommon. “Some people have tak-
en this to mean that the issue has lost its rele-
vance,” says Degele. “That’s not exactly true. Of 
course there has been progress in the past 
years, but the lower leagues in particular are still 
struggling with xenophobia and racism. Fans of 
higher-league clubs have become more careful.”

The dimensions of intersectionality are flexi-
ble. This may be seen clearly through the ex-
ample of soccer, the sociologist explains: “The 
historical perspective is very important. If you 
only consider the currently existing dimensions, 
you might fail to identify important develop-
ments.” Gender and ethnicity, for instance, are 
modern inventions. “When soccer began to be-
come popular a hundred years ago, they were 
not central dimensions. What was most impor-
tant back then was class.” As the dimension  
of gender in soccer developed, it absorbed a  
lot of the original lower-class associations of  
the sport, and this makes it interesting to 
determine what shifts in this relationships are 
currently taking place or will take place in the 
future.

All inequality is not created equal: Intersectionality research studies the  
relationships between the four dimensions class, body, ethnicity, and gender.
Photos: konradbak, Liu, Deklofenak, Kovalev (all from Fotalia)

“Recent studies show that more 
attractive people earn more money  
and also enjoy certain advantages in 
everyday life”
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Soccer is an object of research that is always 
changing, with factors whose relative importance 
is continually waxing and waning like religion, 
which seemed to have almost lost its signifi-
cance and has now become relevant again due 
to immigration. But it isn’t just a matter of the old 
dimensions shifting in importance. There are 
also always new dimensions to consider. An ex-
ample of a relatively new dimension is physical 
attractiveness, explains Degele: “Recent studies 
show that more attractive people earn more 
money and also enjoy certain advantages in 
everyday life. Someone with the looks of Helmut 
Kohl would no longer be a viable candidate for 
chancellor today.”
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All inequality is not created equal: Intersectionality research studies the  
relationships between the four dimensions class, body, ethnicity, and gender.
Photos: konradbak, Liu, Deklofenak, Kovalev (all from Fotalia)
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Arguing Gets You 
Nowhere
Germanist Andrea Albrecht is Studying the Portrayal  
of Mathematics in Literature and Culture

by Rimma Gerenstein
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F rom time to time it’s amusing to think back 
about what one’s math teacher was like the 

prototype to end all prototypes. A prototype that 
doesn’t seem to have changed much in the past 
century: “Blue glasses, a good dose of absent-
mindedness, dry as a bone, the necessary con-
sequence of representing the driest subject of 
them all.” Writing in 1904, Moritz Cantor already 
knew all of the clichés that have been associated 
with mathematics teachers for centuries. The 
professor for the history of mathematics wrote 

an essay against the misconception that mathe-
maticians are incapable of creativity and fantasy 
and contributed to a hotly debated topic in the 
early 20th century. In plays, letters, magazines, 
and philosophical tracts, humanists and natural 
scientists were disputing questions like: What 
makes a good mathematician? And what does 
he have in common with a creative spirit, a poet, 
or a writer?

High in Empiricism, Low in Creativity

This discussion would not have been possible 
in the early modern period. People back then be-
lieved in the virtues of mathematics. Not only did 
it teach pupils valuable skills in arithmetic and 
logical reasoning, it also built character, shaped 
the homo mathematicus, regarded back then as 
the king of exact science and logic, a noble 
seeker of truth. With these credentials, who 
would want to blemish their reputation with cre-
ativity, the dubious weapon of the philosopher?

But beginning in the 19th century, people be-
gan to criticize this traditional dichotomy. “Wit, 
art, fantasy, and life on the one side, and calcu-
lation, rules, monotony, and pedantry on the oth-
er these fronts began to crumble,” says the Ger-
manist Dr. Andrea Albrecht. In her habilitation 
thesis, which combines literature and cultural 
studies with the history of mathematics and phi-
losophy, she is investigating how mathematics 
and mathematicians are portrayed in literary and 
cultural texts. “My main emphasis is on dis-
course about mathematics, so the topic is not 
mathematical in and of itself.” When a mathema-
tician attempts to explain his field to a non-ex-
pert, that doesn’t have anything to do with formu-
las, square roots, or compound fractions: “When 
mathematicians talk and write about mathemat-
ics, this communication is a constant attempt to 
develop a self-image and establish it in cultural 

Emmy Noether was the founder of modern 
mathematics but in the Third Reich she was 
branded as a representative of “Jewish mathe
matics,” which the Nazis derided as being too 
abstract and theoretical. 
Source: University Archive, Göttingen

Look who’s arguing now: 
For centuries mathema-
ticians were thought of 
as civilized academics 
who conducted their 
discussions in a peace-
ful manner but that had 
more to do with self-
promotion than reality.
Picture: Becker
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perception and the general public.” It is thus a 
kind of image building, a centuries-old PR cam-
paign advocating the discipline of numbers, sym-
bols, and figures.

However, not only mathematicians are en-
gaged in the discourse on mathematics: “When 
a mathematician appears in a school play and 
exhibits features like cold-heartedness or stub-
bornness, that says something about the image 
of mathematics the author wants to construct,” 
explains Albrecht. Satirical school plays and 
novels in particular draw on common stereo-
types of mathematicians to launch their social 
criticism.

Harmonic Men of Numbers and Symbols

Andrea Albrecht studied German literature, 
philosophy, and mathematics, and she didn’t 
succeed in reconciling these disparate disci-
plines until after completing her dissertation: 

“They were like two separate parts of my person-
ality.” She came up with the idea of combining 
them while studying 19th-century cultural and 
natural history journals as part of a research 
project at the University of Göttingen. In many 
issues she discovered articles that pointed to in-
terrelationships between the humanities and the 
natural sciences. When Picasso inspired artists 
throughout Europe with his sculptures and paint-
ings, for instance, architects, art historians, and 
painters were discussing the term abstraction. At 
the same time, mathematicians began a debate 
on the merits of concrete versus abstract think-
ing for their research. These journals reveal that 
there was a great need for a dialogue between 
the sciences,” says Albrecht. “The parties were 
talking to each other, publishing texts in which 
they stated their own positions and responded to 
those of the other party.”

Thomas Hobbes argued in his philosophical tract Leviathan that  
people would engage in a “war of all against all” if there weren’t  
a strong state to keep them in check a hypothesis that stands  
in contrast to the purportedly peaceful nature of a mathematician.
Source: Wikimedia Commons

“Wit, art, fantasy, and life on the one side, and calculation,  
rules, monotony, and pedantry on the other these fronts began  
to crumble”
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In addition to journals from around the year 
1900 and novels and plays from the early 20th 
century, Albrecht also studies non-literary texts 
from as early as the 17th century. For instance, 
mathematicians addressed their colleagues from 
philosophy in the prefaces to scholarly tracts. In 
the 18th and 19th centuries, representatives of 
different disciplines often encountered one an-
other when university administrators gave 
speeches on the occasion of their installment in 
office and engaged in self-promotion for their 
discipline, without, however, always sparking a 
controversy. Even seminal intellectual figures 
like Immanuel Kant and Moses Mendelssohn ex-
pressed their admiration for the peaceful nature 
of mathematicians while deriding their fellow phi-
losophers for their ill temper. “These two oppos-
ing poles do not accurately reflect the reality of 
the times,” explains Albrecht. “If you examine the 
history of mathematics more closely, you’ll find 
that mathematicians were not harmonious at all. 
They engaged in heated debates. But the history 
books gloss over these incidents. Mathemati-
cians who argue, like Thomas Hobbes, aren’t re-
garded as ‘real mathematicians’ and are later ex-
cluded.” To this day, Hobbes is known primarily 
as a political theorist and philosopher, not for his 
mathematical ambitions.

Mathematicians: The Best Soldiers

Aggressive, heroic, tough: The public image 
of mathematicians changed in the 1920s and the 
1930s. Germany was preparing for war, looking 
for the best and most able soldiers: “Here, again, 
it was thought that science strengthens one’s 
character,” says Albrecht. “Young academics 
were expected to develop a national conscious-
ness, an ethos.” Mathematicians had a reputa-
tion for being particularly strong-willed and de-
pendable the “soldierly nature” became an 
educational and political ideal.

At the turn of the 20th century mathematics 
had been regarded as a science with little or no 
relevance for daily life, but now it was suddenly 
in great demand: The Third Reich needed statis-
ticians for casualties, insurance, or investiga-
tions of firearms. National Socialist academics 
were also suffusing the academic world with 
their ideology. “The 1930s saw the founding of 
‘German mathematics,’ with all of the anti-Semit-
ic connotations the term implies.” The goal was 
to banish all Jews from the field of mathematics 
and shape a racist ideal of the German scientist. 
Jewish mathematicians like Emmy Noether were 
accused of being too abstract and theoretical in 
contrast to German mathematicians, who were 
purported to be clear and intuitive. In practice, of 
course, they worked in quite the same way, but 
what mattered was how they presented them-
selves. “Modern mathematics would not have 
been possible without Emmy Noether, and the 
Germans knew that. But instead of citing Noether 
they cited their own henchmen. They were aware 
that, from a scientific perspective, their ‘German 
mathematics’ had lost.”
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Like tin soldiers on a plate of glass: Coils with  
a diameter of less than one millimeter enable  
MRI scanners to visualize microscopic objects.
Photos: Doden

Cylinders for Cells
A Research Team at the University of Freiburg Has Developed 
Microscopic Coils for Magnetic Resonance Imaging

by Eva Opitz
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When doctors need pictures of a broken bone 
or a dislocated cervical vertebra, x-ray ap-

paratuses deliver precise images. If they need to 
examine muscles or other soft internal structures, 
they turn to a magnetic resonance imaging scan-
ner. The radiation exposure from magnetic reso-
nance imaging is much less dangerous for the 
body than that from x-rays. A large coil inside its 
tube creates a constant magnetic field that acts 
on hydrogen nuclei and their so-called nuclear 
spin in soft tissue and moves them in a certain 
direction. The various gray scales of magnetic 
resonance images reveal the density of water in 
the various types of tissue. Abnormalities are vis-
ible immediately when the pattern reveals con-
spicuous differences. Tumors, for example, have 
a different water content than healthy tissue.

The Magnetic Answer

The constant magnetic field in the tube is 
overlaid with a high-frequency field that makes 
the nuclear spins resonate, thus producing clear 
images of the region of the body being scanned. 
Another coil measures the resonance of the in-
teraction between the magnetic fields, the so-
called magnetic answer. “This measuring coil, 
which takes the images, should be as close as 
possible to the object,” says Prof. Dr. Ulrike Wall-
rabe, who conducts research on small-scale 
magnetic systems in the Laboratory for Microac-
tuators at the Department of Microsystems Engi-
neering (IMTEK). “Areas like the stomach, for in-
stance, can be represented with ease. The head 
is more difficult, because it’s farther from the 
coil.” On the other hand, the stomach and the 
head are not relevant for fundamental research 
in biology. The objects that biologists want in the 
tube for this purpose are quite a bit smaller: clus-
ters of cells, individual cells, or tiny life forms. 
However, current MRI scanners are not suited to 

imaging such objects, explains Wallrabe: “When 
we place cells in the big tube with the enormous 
measuring coil, there is too much space between 
them and the coil. The entire signal is destroyed.”

In order to scale down the technology to meet 
the size of the objects of research, Prof. Dr. Jür-
gen Hennig, Head of the Department of X-Ray 
Diagnostics at the Freiburg University Medical 
Center, has launched a joint project with micro-
systems engineers Ulrike Wallrabe and Prof. Dr. 
Jan Korvink. “The first step,” says Hennig, “is to 
reduce the size of the measuring coil, not that of 
the tube.” The size of the coil is reduced to meet 
that of the cell clusters, which are about 0.1 milli
meters in diameter. The microsystems engineers 
have begun testing the new coils with large al-
gae cells. “We want to find out how we can tease 
out signals that are as useful as possible from 
the probes,” says Wallrabe. The project on 
micro-magnetic resonance (MICRO MR) re-
ceives funding from the European Union. The 
advantage of MR over optical microscopy in bio-
logical research lies in the fact that the cells do 
not have to be marked with fluorescent dyes and 
placed in a petri dish or on a piece of glass but 
can be analyzed in a healthy three-dimensional 
environment while still living.

The three-dimensional test arrangement in-
cludes approximately 25 tiny golden coils per 

High-tech sewing machine: Gold wire is  
coiled around the cylinders with the help of  
a wire bonding technique.
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square centimeter arranged like tin soldiers on a 
plate of glass. With the help of lithographic meth-
ods from electrical engineering, in which struc-
tures are applied to semiconductor chips, micro-
systems engineers can now also construct 
mechanical or optical structures. Photolithogra-
phy is a technique for casting shadows. Every-
thing that can be drawn on a sheet of paper can 
be copied with the help of this technique. For in-
stance, when one transfers a circle to a thin, 
light-sensitive layer a so-called resist it is copied 
as such. When one transfers it to a thick layer, it 
casts a cylindrical shadow. “If we want to create 
thick structures that are also three-dimensional, 

we produce one layer after the other,” explains 
Wallrabe. In this way, the researchers can stack 
up several layers and vary their thickness or the 
materials they are made of.

Wrapped around the Cylinder

The researchers use lithography to create a 
cylinder of resist and use it as a mount for a gold 
wire coil that starts at the bottom and moves up 
the cylinder. “The coil accomplishes something 
that is not possible with lithographic methods 
alone. It twists upward into the third dimension,” 
says Wallrabe. The basis for this method was 
Jan Korvink’s idea of converting a machine from 
microelectronics. “You might say we misused it 
to create the coils,” says the micro-electrical en-
gineer. Like a high-tech sewing machine, the ma-

chine takes thin gold wire and coils it around the 
cylinder with a wire bonding technique. The size 
and thickness of the coil depend on what it is to 
be used for. The coils are between 0.2 and 
1  millimeters in diameter. The coiling process 
takes half a second, after which the machine is 
ready for the next coil. This allows large amounts 
of the tiny structures to be produced in a short 
amount of time and at low costs. “If we hadn’t 
come up with this method, it would have been 
extremely expensive,” says Korvink. There was 
previously no standardized production process 
for three-dimensional microcoils. Once devel-
oped, the coil technology can be used for other 
projects.

Four to five coils are enough to conduct bio-
logical research on cells using magnetic reso-
nance imaging. The cells enter the resist cylin-
der, which thus has a dual function: On the one 
hand, it holds the coil in place, and on the other 
hand, it replaces the petri dish. The necessary 
magnetic field is created by a magnet in Jürgen 
Hennig’s laboratory with a strength of 9.4 tesla 
(the unit for magnetic flux density). The strength 
of standard tubes in medical MRI scanners is 
only 1.5 tesla. The tiny cylinders with the gold 
coils are placed in this big machine and subject-
ed to a constant magnetic field. “At first we only 
miniaturized the measuring coil; all of the other 
coils were still the same size,” says Wallrabe. 
This gives the scientists enough signals to ob-
serve the cells living in water or in a nutrient so-
lution, but not to look inside of the cells them-
selves. “If the cells are living, they can also 
divide and biologists can observe the process,” 
says Henning. This gives the scientists com-
pletely new insight into the processes of life.

Big and small: The measuring coils of conventional 
MRI scanners are designed to scan human body 
parts, like the head, arms, or legs (left).  
The Freiburg research team produced coils so small 
they can be used to scan individual cells (right).
Photos: Spiegelhalter/Freiburg University Medical 
Center, Badilita

“If the cells are living, they can  
also divide and biologists can observe 
the process”

30 uni'wissen 03 



Prof. Dr. Jan Korvink
studied in Johannesburg 
and Cape Town, South 
Africa. He earned his doc-
torate at the ETH Zurich, 
Switzerland, where he sub-
sequently led a research 
group on microsystems 
modeling at the Physical 
Electronics Laboratory 
(PEL). He has served as 
professor for simulation  
at the Department of Mi-
crosystems Engineering of 
the University of Freiburg 
since 1997. He conducts 
research on methods for 
the inexpensive production 
of three-dimensional mi-
crostructures, applications 
for microsystems in mag-
netic resonance imaging, 
and simulation tools for 
improving the efficiency  
of computer-based design 
methods.

Prof. Dr. Ulrike Wallrabe 
studied physics at the 
University of Karlsruhe. 
From 1989 to 2003 she 
researched on micro
actuators and optical 
microelectronic systems  
at the Karlsruhe Institute  
of Technology, Institute of 
Microstructure Technology. 
She has served as profes-
sor for microactuator tech-
nology at the Department 
of Microsystems Engineer-
ing of the University of 
Freiburg since 2003. In 
addition to microcoils and 
magnetic microstructures, 
her research interests in-
clude adaptive microoptics, 
such as elastic lenses and 
mirrors, as a supplemen-
tary method for magnetic 
resonance imaging.

Prof. Dr. Jürgen Hennig 
studied chemistry in Stutt-
gart, London, Munich, and 
Freiburg. After earning his 
doctorate in Freiburg and 
working for several years  
at the University of Zurich, 
he accepted a post at the 
University Radiological 
Clinic in Freiburg in 1984. 
He was appointed as pro-
fessor at the Department  
of X-Ray Diagnostics in 
1993 and has served as 
director of research at the 
department since 2004. 
His research activities 
range from fundamental 
research on methods for 
magnetic resonance 
imaging and related topics 
to product development 
involving the optimization 
and testing of the basic 
technologies for existing 
applications.

Further Reading

Badilita, V./ Kratt, K./ Baxan, N./ Mohmmadzadeh, 
M./ Burger, T./Weber, H./ Elverfeldt, D. v./
Hennig, J./ Korvink, J. G./ Wallrabe, U. (2010): 
On-chip three dimensional microcoils for MRI 
at the microscale. In: Lab Chip 10/11,  
p. 1387 – 1390.

Mohammadzadeh, M./ Baxan, N./ Badilita, V./
Kratt, K. / Weber, H./ Korvink, J. G./Wallrabe, U./
Hennig, J./ Elverfeldt, D. v. (2011): Character-
ization of a 3D MEMS fabricated micro 
solenoid at 9.4T. In: Journal of Magnetic 
Resonance 208/1, p. 20 – 26.

31



Digging for Stories
How Freiburg Archaeologists are Using Fragments to 
Reconstruct Life in the Ancient City of Pergamon

by Thomas Goebel
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Ruins and reconstruction: The Gymnasium in  
the ancient city of Pergamon was not just a place 
to engage in sports, but also a central space for 
culture and communication.
Photo: Stappmanns, Zeichnung: Schazmann (1923)

What can a few pieces of marble ruins, the 
naked foot of an ancient statue, or a piece 

of a stone coat say about people who lived over 
2,000 years ago? How they saw themselves and 
their society? A whole lot, says Ralf von den 
Hoff, professor for classical archaeology at the 
University of Freiburg: When the finds are not 
just treated as isolated fragments but are placed 
in their historical context, they begin to speak. 
Von den Hoff is studying the Gymnasium of the 
ancient city of Pergamon in a large-scale project 
supported by the German Research Foundation. 
From 2004 to 2009 he conducted excavations on 
location, in the modern Turkish city of Bergama.

A gymnasium was not just a place for athletes 
to practice, but also an important public space 
for the entire Greek city, a central space for cul-
ture and communication, full of sculptures of 
gods, kings, and citizens. And that made it a full-
fledged educational institution particularly for 
youths, says von den Hoff: “In the gymnasium 
one learned all one needed to know as a citizen.”

The Gymnasium in Pergamon was built in the 
early 2nd century before Christ. It is the largest 
known structure of its kind. German archaeolo-
gists who dug there in the early 20th century 
found many fragments of sculptures: hands, feet, 
and parts of clothing, as well as foundations and 
pedestals. Finds from Pergamon can be found 
on location as well as in museums, for instance 
in Berlin or in Izmir, Turkey. But despite earlier 
excavations, we still have relatively little knowl-
edge of the function of the Gymnasium’s archi-
tecture and the many sculptures inside of it for 

the citizenry of the ancient city and of the chang-
es made to it as a result of political upheaval. So-
cial and cultural references are what von den 
Hoff is particularly interested in.

Images Create Identity

Pergamon was a royal residence during the 
Hellenistic period. In the year 133 BC, however, 
Attalus III bequeathed the whole kingdom to 
Rome, which was then integrated into the admin-
istrative structures of the empire as a province. 
Earlier excavations have already revealed de-
tails on some of the building activities during Ro-
man rule, such as the addition of a thermal bath 
complex to the Gymnasium. Von den Hoff and 
his colleagues thus concentrated on the deeper 
layers from the Hellenistic period and on the 
transition between the two political epochs.

One of the goals of their excavations was to 
learn more about the architecture and use of the 
Gymnasium: as a training and sports complex, 
as a place of personal hygiene, as a place for 
ritualistic acts. In addition, the archaeologists 
were interested in aspects of visual representa-
tion, such as the decoration of the rooms with 
sculptures. They documented the layers of the 
various phases of construction with sketches 
and photographs and dated fragments whenever 
possible, entering them into a database.

The findings from these excavations now 
serve as the basis for the next big research proj-
ect. Ralf von den Hoff sees the field of classical 
archaeology as founded on two equally strong 
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pillars: Field research produces the finds, and 
historical and cultural interpretation places them 
in their context. Whereas classical archaeology 
used to see itself primarily as a form of art his-
tory, today its role is often in danger of being re-
duced to the execution of excavation work. But 
von den Hoff finds that these two activities fall 
short of describing the true breadth of the field: 

“Archaeology also involves the study of images. 
We ask ourselves: How do images and their per-
ception function in the context of culture?” In so-
cieties without mass media, like those of the an-
cient Greeks and Romans, images played an 

immensely important role in the construction of 
identity. Von den Hoff views the archaeological 
finds not just as works of art, but first and fore-
most as evidence of the daily lives of people, of 
society, of life in Pergamon.

Clothed Citizens, Naked Athletes

“A piece of stone coat, for instance, indicates a 
clothed statue, and a clothed statue a citizen 
whereas athletes were portrayed without clothing,” 
says von den Hoff. Artistic production in these 
times was not completely free; it followed certain 
rules, and the statues had certain functions. By 
determining when the finds were made and where 
they stood, the archaeologists succeeded in piec-
ing together the history of the Gymnasium’s image 

program bit by bit. One of their main findings is 
that while the public space was dominated by the 
kings during the Hellenistic period, it was rede-
signed by the citizens after the kingdom’s collapse. 
And they invested it with new splendor: “The citi-
zens began to install marble floors in rooms that 
had previously only had simple clay floors.” A host 
of new statues was erected: “There are scores of 
sculptures portraying citizens in coats.” Most of 
the statues in the elegant rooms portray patrons 
and benefactors. They represent the civic ideals of 
the polis and were thus intended as a model for 
public behavior.

But the statues of kings were not removed from 
the Gymnasium. In fact, a close examination of 
the finds indicates that they were even maintained 
and restored during the period of Roman rule: 

“The statues served to remind the citizenry of their 
own history as a kind of memory repository for civ-
il society,” says von den Hoff. The statues of self-
confident and affluent citizens were simply placed 
alongside those of kings. Later on, a separate 
room was reserved for sculptures representing 
Roman emperors.

The Gymnasium as a space for images and civ-
ic education: Even if this wasn’t the explicit func-
tion of the edifice, it is legitimate to interpret its 
history as an expression of the formation of iden-
tity in an urban civil society, says von den Hoff. 
And these insights can be integrated into other 
historical and archaeological findings: The work of 
Ralf von den Hoff and his colleagues is part of a 
large-scale Pergamon project coordinated by the 
German Archaeological Institute (DAI) in Istanbul, 
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Only the pedestal remains: While most of the statues 
from the Hellenistic period were of kings, they were 
joined later by statues of affluent citizens.

“In the gymnasium one learned all  
one needed to know as a citizen”
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Turkey, which in turn is part of the DAI research 
cluster “Political Spaces.” The Pergamon re-
searchers wish to gain “an overall picture of an an-
cient city we know relatively little about.” One of 
the goals of the project is to create a 3D model of 
Pergamon to illustrate the spaces and images un-
earthed by the findings in their original context. 

“This isn’t just a matter of creating an interactive 
display for museums it also has scientific value.”

Von den Hoff is also supervising two disserta-
tions within the context of the project. One is about 
the building history of the Gymnasium. The other 
is a study on euergetism, a Hellenistic social prac-
tice in which affluent citizens donated money to 
finance buildings and works of art and were them-
selves honored with statues in the Gymnasium. 
And the general public can also participate in the 
Freiburg Pergamon project: Von den Hoff and his 
students have organized an exhibition with objects 
from the Gymnasium on loan from Berlin

“The statues served to remind the citizenry of  
their own history as a kind of memory repository  
for civil society”

Pergamon in Freiburg

The exhibition “Sculptures in Pergamon. 
Gymnasium, Sanctuary, Palace” was 
organized in cooperation with the Antiquities 
Collection of the State Museums of Berlin/
Prussian Cultural Heritage Foundation.  
It is being held from 6 May to 31 July 2011  
in the Herderbau, Tennenbacher Straße 4  
(entrance on Habsburgerstraße).

Opening Hours
Tuesday–Friday: 2–6 p.m.
Sunday: 11 a.m.–5 p.m.
and by appointment.

Admission is free.
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in the public perception of 
Theseus in Athens in the 
6th and 5th centurie. He 
has served as professor for 
classical archaeology at 
the University of Freiburg 
since 2006. His research 
interests include ancient 
sculptures and portraits as 
well as space and interior 
design in Hellenistic cities.
Photo: Nielsen

A pile of junk? Archaeologists are studying these fragments to gain insight  
into the daily lives of the citizens of Pergamon.
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Laurenz is 19, and will soon be a father. He 
isn’t happy about it, because he doesn’t even 

know yet what he wants to do with his own life. 
He broke off one apprenticeship and has just 
started another, but he doesn’t really like it. His 
mother is pressuring him to continue it anyway, 
because a child costs a lot of money. His father 
doesn’t say anything. He hasn’t played a role in 
Laurenz’ life at all. And then there are his girl-
friend Nora’s parents, who accuse him of one 
thing after the other: how irresponsible it is to 
have a child with a seventeen-year-old girl and 
why he, the older one, wasn’t more careful. 
There is talk of abortion and breaking up. What 
isn’t being talked about is what Laurenz and 
Nora want. At that age, say the adults, people 
don’t know what they want yet.

The fact is that youth is a time when we have 
to make a lot of far reaching decisions about our 
lives. If we suddenly find out that a child is on its 

All Grown Up
A Catholic Welfare Studies Research Group in Freiburg  
Finds Out What Teenage Parents Really Need

by Stephanie Streif

way, the difficulty of developing our own poten-
tial is compounded by the need to care for an-
other human being. In addition, many teenage 
parents have difficult family backgrounds and 
hope that the world they create with their own 
child will be a better one than that from which 
they come. But this usually is not the case. 

“Teenage parents have to master a dual develop-
mental task,” says Klaus Baumann, professor for 
Catholic welfare studies and Christian social 
work at the Faculty of Theology of the University 
of Freiburg. With funding from the Stifterver-
band, a foundation for German science and re-
search, Baumann is conducting a qualitative 
and quantitative study to find out how teenage 
parents deal with this situation and what forms 
of psychosocial support they need. What’s new 
about the study is that it also takes the fathers 
into account: “We still know far too little about 
the skills of teenage fathers. Existing fundamen-
tal research tells us next to nothing about them.” 

Young, caring, affectionate:  
The Catholic welfare studies 
research project is focusing on 
the parenting skills of teenagers.
Photo: Mother-Child Living 
Community Muggensturm
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Although much research on teenage parenthood 
has been conducted in recent years, hardly any 
of these studies go beyond simply providing a 
snapshot of the current situation and pointing 
out shortcomings and risk factors.

But not only have young fathers been ignored 
by the research community, they have also been 
abandoned by social organizations: There are a 
lot of hotlines for pregnant teens, and there are 
advice centers, training programs, and housing 
concepts for underage mothers. And the fathers? 

“There is often no place for them in these servic-
es. Instead of integrating young fathers, they of-
ten regard them as a source of disturbance from 
the outset,” says the sociologist and psycholo-
gist Dr. Dieter Fuchs, who is jointly responsible 
for the project as a freelance researcher at the 
Section for Catholic Welfare Studies of the Fac-
ulty of Theology. Instead of concentrating exclu-
sively on the mother and child, the two research-
ers are focusing on the entire relationship 
structure in their project: “What we’re interested 
in is not just the binary relationship between 
mother and child.” The research design of the 
project is correspondingly complex: Parallel to 
conducting a quantitative questionnaire among 
teenage parents in the districts of Lörrach, Ras-
tatt, and Ortenau, the researchers are examining 
the life stories of the young fathers and mothers 
as well as the emotional bond between the par-
ents and their child in qualitative case studies.

Playing Together

The questionnaires were distributed by the 
social services departments of the district ad-
ministrative offices and by support organiza-
tions for mothers and children. The researchers 
always attempted to get both parents to partici-
pate. Nevertheless, the response rate for teen-
age fathers is only at 29 percent so far. The 
questionnaire included biographical data on 
family, relationships, and social networks as 
well as more involved questions such as what 
role models the young parents have, what con-
flicts they are involved in, what expectations 
they place on themselves, and what they want 
for themselves as parents and for their children, 
both at the present time and for the future. In 
order to identify differences between teenage 
parents and other youths, the researchers also 
asked childless teenagers from the same region 
and the same schools to participate in the ques-

Dr. Dieter Fuchs
is a freelance researcher  
at the Section for Catholic 
Welfare Studies of the Fac-
ulty of Theology of the Uni-
versity of Freiburg, where 
he has taught methodology 
seminars and courses for 
the master program in 
street children education 
since 2001. He studied psy-
chology (diplom in 1967) 
and social sciences (PhD 
in 1988). After completing 
his studies he did various 
forms of freelance work, 
such as at the SOS Chil-
dren’s Village in Sulzburg  
and as an adjunct lecturer 
for communication studies 
at the Department of Archi-
tecture of the University of 
Stuttgart. During this time 
Dieter Fuchs also complet-
ed expert’s reports on the 
topic “Citizen Involvement 
in Planning [for Municipal 
Construction Projects]” for 
the Ministry of the Interior. 
Between 1972 and 1991 he 
was departmental director 
of the day care centers run 
by the Youth Office of the 
City of Stuttgart and also 
taught classes part time  
at the Stuttgart Academy 
for Cooperative Education. 
He then concentrated on 
biography research.

Prof. Dr. Klaus Baumann 
had himself ordained as  
a priest in 1989 after com-
pleting his studies in theol-
ogy in Freiburg and Rome. 
He then studied psychology 
at the Pontificia Università 
Gregoriana in Rome and 
received training as a psy-
chotherapist. In 1996 he 
earned his doctorate in 
theology. Afterwards, he 
worked in the area of pas-
toral care and opened a 
psychotherapeutic practice 
in Freiburg. When Germa-
ny passed the Psychother-
apist Law in 1999, he ap-
plied for a license as a 
psychological psycho
therapist. In 2002 he was 
appointed as professor for 
applied human sciences  
at the Faculty of Theology 
in Paderborn. Since 2004 
he has served as professor 
for Catholic welfare studies 
and Christian social work 
at the University of 
Freiburg, and in 2010 he 
was selected as dean of 
the Faculty of Theology.
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tionnaire. 15 schools of various kinds in the dis-
tricts of Lörrach, Waldhut, and Ortenau partici-
pated in the study. 778 questionnaires were 
returned by March 2009. The response rate 
among teenage parents, on the other hand, is 
still relatively low at 41 questionnaires. “We’re 
still waiting for questionnaires and will also dis-
tribute more of them.”

In addition to this quantitative study, the re-
searchers are also conducting case studies to 
learn more about qualitative aspects of teenage 
parenthood: In three support organizations for 
mothers and children, they documented nine 
sets of parents with their child. In order to under-
stand the relationships between them, the re-
searchers recorded videos of the parents taking 
turns playing with their childmother and child, fa-
ther and child, all three together. The camera 
documented the eye movements, gestures, and 
facial expressions of all three, and their verbal 
communication was also recorded. Since the sci-
entists are interested in the development of par-

ent-child relationships, they are staging every 
playing session twice whenever possible: once 
when the child is between three and six months 
old, and again when he or she is nine months old. 
The researchers also ask the underage mothers 
and young fathers to tell their life stories on cam-
era and conduct guided interviews with them. 
The counselors at the organizations are also 
asked to comment on the parent-child relation-
ships. For this reason, the researchers selected 

parents who are in regular contact with each oth-
er and are making an effort to raise their child 
together. This is extremely difficult, says Fuchs. 

“We’re just now watching and analyzing the syn-
chronized films.” One of the initial findings of the 
analysis is that the young fathers are as inter-
ested as the mothers in forming a relationship 
with their babies, and that they succeed in doing 
so: “We have experienced them as very consci-
entious, very sensitive despite the great pres-
sure they are under.” It will be two years before 
all of the results are in. The Stifterverband has 
indicated that it would be willing to extend fund-
ing for the project.

And why is Catholic welfare studies the right 
discipline to fill this research gap? Klaus Bau-
mann speaks of the theological value of the proj-
ect, its ultimate goal of promoting social skills: 

“Ultimately, our project is about supporting young 
people in need.” The most important thing for the 
researchers is to help the youths do what they 
can do, not to point out what they can’t do. “Oth-
er studies have focused primarily on pointing out 
the shortcomings of teenage parents and deter-
mining how they can be overcome by way of ex-
ternal help. We, on the other hand, are interest-
ed in the skills of young people and how we can 
promote them both in the context of parenthood 
and in that of growing up, which is accelerated 
when one has children.”

“Instead of integrating young fathers, they 
often regard them as a source of disturbance 
from the outset”

Teenage fathers have 
been ignored by research. 
The Freiburg research 
team aims to fill this 
research gap.
Photo: eyezoom1000/ 
Fotolia
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