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Preface

Since 2000 research initiatives on nanotechnology have intensified and discussions of poten-
tial risks have also been taken up by growing circles of the public at large. The European
Commission, for instance, published its communication paper “Towards a European strategy
for nanotechnology” in May 2004 which also addresses research on health and environ-
mental risks. In October 2006 the “Nano Dialogue” was launched by the Federal Ministry of
the Environment, Nature Conservation and Reactor Safety in which stakeholders from poli-
tics, trade and industry, science, public institutions and associations discuss the opportunities
and risks of nanomaterials. It was also during this period that the “Magic Nano” case oc-
curred. It involved acute intoxication cases at the end of March 2006 triggered by the use of
a surface sealing spray which had the word “nano” in its name but did not actually contain
any nanoparticles.

In the field of consumer protection the debate about the potential risks of nanotechnology is
shaped to a major degree by the offerings and activities of the Federal Institute for Risk As-
sessment (BfR). For instance, our Institute conducted an expert Delphi survey, staged a con-
sumer conference in 2006 and carried out a representative population survey on nanotech-
nology in 2007. In 2008 BfR undertook a content analysis of Internet fora. Furthermore, sev-
eral expert hearings, expert meetings and in November of this year a BfR Consumer Protec-
tion Forum were held on the subject of nanotechnology.

One of BfR's tasks is to examine questions of risk perception. This is particularly important in
the case of new technologies like nanotechnology which could be associated with previously
unknown risks. The perception of risks is influenced not only by concrete exposure to and the
hazards associated with substances and products but also depends on psychological, social
and cultural factors. At the interface between consumers and “decision makers” the media
contribute to the public perception of a topic and also to the decision-making process.

Against this backdrop the goal of the project “Risk perception of nanotechnology — Analysis
of media coverage” was to examine whether nanotechnology in media coverage is tackled
more from the angle of risks or benefits and how the topic is played down, expanded on and
blown up in media coverage. The results of this study will be used to tailor BfR's risk commu-
nication activities in the field of nanotechnology to its target groups with a view to further im-
proving consumer health protection.

e e

Professor Dr. Dr. Andreas Hensel
President of the Federal Institute for Risk Assessment
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Abstract

This content analysis examines German media coverage of nanotechnology between Janu-
ary 2000 and December 2007 in a total of 1,696 articles published in the national quality
newspapers Financial Times Deutschland, Frankfurter Allgemeine Zeitung, Frankfurter
Rundschau, Siddeutsche Zeitung, taz, Die Welt, the news magazines Focus and Der
Spiegel, and the weekly newspaper Die Zeit. The results show that on average 212 articles
were published every year. After the peak of 248 articles in 2004, there was a decline in cov-
erage to 170 articles in 2007. The main topics covered are “fundamental research” and the
“application information and communication technologies”. The central actors are “per-
sons/institutions in the field of science” and “economic actors”. Overall, the media coverage
of nanotechnology very much focussed on the potential benefits of the technology. Risks are
only discussed to a minor degree. In a framing analysis five issue-specific frames were iden-
tified: “Research and Development”, “Progress in information and communication technolo-
gies”, “Economic use”, “Medical benefit” and the “Risk-opportunity debate”.
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1 Question and goals of the study

The research project “Risk perception of nanotechnology - Analysis of media coverage” was
carried out by the Institute for Communication Science at the Westphalian Wilhelms Univer-
sity Mlnster on behalf of the Federal Institute for Risk Assessment (BfR). Professor Dr. Mat-
thias Kohring and Professor Dr. Frank Marcinkowski were in charge of the project and it was
carried out by the research assistants Anne Friedemann M.A. und André Donk M.A.

The remit and the related research goals of the study are presented in the first part of this
final report. The research questions, their theoretical basis and methodological implementa-
tion are briefly described. Furthermore, the current state of research is discussed.

1.1 The question

Nanotechnology is seen as one of the most important future technologies. Science, trade
and industry and political circles all believe it offers major innovation potential (BMBF 2007).
Although there are now numerous products in whose fabrication nanomaterials or nanotech-
nological methods are used and research in the nanorange is seen as an academic growth
area, it is still an emerging technology. This also applies to public perception. Nanotechnol-
ogy, its material foundations and its products do not lend themselves to direct sensory per-
ception and are, therefore, very much open to associations and surrogate perceptions. As
knowledge about nanotechnology is steadily growing in the population but can still be de-
scribed as relatively limited, social debate about this technology offers an opportunity - more
than in the case of the debates about modern biotechnology or nuclear technology - to exam-
ine the influence of media-driven public communication on the perception and assessment of
new technologies. The project “Risk perception of nanotechnology” seeks to identify the
width of social perspectives of the topic, to record their plurality and to classify them.

Media-driven public communication has the potential to exert a major influence on the social
perception and assessment of topics and objects. The central research question is therefore:
How is nanotechnology presented in the news media? This prompted the following ques-
tions:

e On what scale and by means of which positioning (section) is there media coverage of
nanotechnology? In the course of time have there been changes in the scale of reporting
and how can they be explained?

e How do the media cover nanotechnology? Which topics and interpretation frames are
found in media coverage? Is there a risk-opportunity debate?

e On what scale are our political, social, economic and scientific actors and groups of actors
present in media coverage? How do these actors position themselves vis a vis nanotech-
nology?

e What arguments are used for and against nanotechnology? Which actors or groups of
actors use these arguments?

e How is nanotechnology connotated in coverage? Which actors or groups of actors use
which semantic strategy in order to trigger specific perceptions?

These questions were examined using systematic, standardised content analysis of the lead-
ing German daily newspapers, weekly newspapers and news magazines. The survey was
conducted between 2000 and 2007.
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1.2 Basic theoretical and empirical concepts

In accordance with the preferred approach used here which stresses the constructive per-
formance of the public media sphere, the question must be asked how the basically open
topic of nanotechnology is played down, expanded on or blown up in media coverage. This
method is very similar to the agenda-setting approach where media impact is seen as the
influence of media discussions on the perceived relevance of public topics by the population
at large. In this context the weighting of a topic in media coverage influences the importance
which readers, listeners or spectators attribute to that topic. Based on broad research litera-
ture the media do influence the topics the recipients place on their agenda (Réssler 1997).
Agenda-setting research focuses on the methodological comparison of media agenda and
topic weighting amongst the public at large. This project is, however, designed as a content
analysis study and is, therefore, limited to recording the “independent” process variables. It
cannot prove the effect itself but it can illustrate the discussion processes in the mass media
and point out the potential impact of their coverage.

The orientational function of journalistic news media goes beyond mere discussion. It also
encompasses complex perspectives of society which are presented to the recipients as
frames or an orientation framework. The above-chance linking of specific attributes to topics
is an interpretation pattern which is called a media frame by communication science. Frames
of this kind define action situations or action areas. They present possible ensuing actions to
the recipients and rule out others. This is where media coverage has the potential to exert a
considerable influence.

A fundamental distinction can be made between the frames of communicators (e.g. associa-
tions, ministries, organisations), journalists and recipients and the actual media frames.
Framing by communicators or social actors (strategic framing) has been examined above all
in conjunction with social movements where the main attribute is influencing public opinion
formation (Benford/Snow 2000; Gamson 1992; Gerhards/Rucht 1992). The term journalistic
framing assumes that, besides the general news values, the journalists' frames also shape
the selection and presentation of public topics (Scheufele 2003). Fewer empirical studies on
recipient framing have been carried out (Gamson/Modigliani 1989; lyengar 1991; Neu-
mann/Just/Crigler 1992). In this case it is assumed that the recipients already have individual
information processing frames and that they do not simply take on board media-driven
frames in conjunction with the media impact. Finally, a distinction is made between media
and text frames (Harden 2002; Kohring/Matthes 2002; Semetko/Valkenburg 2000;
Simon/Xenos 2000). Media frames cannot be placed on a par with journalistic frames. This is
because, besides the journalistic framing, the journalist selection criteria and presentation
forms influence the final text, too.

In research on media framing, which is the central reference point for the project presented
here, a distinction can be made between various concepts of framing and the related differ-
ent operationalisations and empirical access points. In principle we can list a) issue-specific
framing, b) generic framing and c) equivalence framing as different, albeit combinable con-
cepts.

In the case of issue-specific framing research is interested in describing specific frames in
terms of content for each topic (biotechnology, unemployment, abortion). In this way framing,
for instance, of a topic in various national cultures can be compared (e.g. biotechnology, cf.
Kohring/Matthes, 2002). In order to increase the methodological quality of empirical framing
studies, a component model has been suggested which designs frames as above-chance
patterns of individual components which occur in several texts like problem definition, impar-
tial assessment, causal attribution of responsibility and proposed solutions, and endeavours
to implement them empirically (Kohring/Matthes 2002; Matthes/Kohring 2004; Dahinden
2006).
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Studies on generic media framing adopt a slightly different approach. They see media frames
as formal-stylistic reporting patterns which are used independently of the respective topic in
order to give the media text a specific “face” which can be recognised by the recipient. Some
of the frames identified are very similar to known news values whereas others (for instance
moral framing) are separate components in the above-mentioned component model. In the
overview of several individual studies, some frames are apparent that can claim a certain
degree of “universality” as independently of one another, they can be identified again and
again in a large number of studies on various media topics. They include conflict framing
(each problem always has two antagonistic sides), episodic framing (abstract and general
problems are depicted using individual cases), strategic framing (hidden motives are always
suspected behind public actions and articulated interests), loss and gain framing (in each
affair there are winners and losers) amongst others (lyengar 1991, Capella/Yesmieson 1997,
Semetko/Valkenburg 2000, De Vreese/Peter/Semetko 2001).

The concept of equivalence framing takes up early experimental studies by von Tversky und
Kahneman (1981) which have also been understood as challenging basal assumptions of the
rational choice theory. Without explicitly using the framing concept, their works show that
different language formulations of logically identical situations are capable of triggering sys-
tematically and above-chance different behaviour in test persons. In the field of media re-
search these works are seen as a reference to the importance of metaphors, stigma-related
words and emotive words. Lawrence (2006) and Entman (2006) provide more recent evi-
dence of this type of framing research. They point out random differences in the use of the
words “torture” and “abuse” in American media coverage of incidents in the Abu Grahib
prison.

If this framing approach is used for nanotechnology, too, it is likely that the news media will
supply very different situation definitions and orientation frameworks. Traditional risk com-
munication about large-scale technologies has often failed because it did not take this multi-
perspectivity seriously and consequently pursued unsuitable communication strategies. Al-
ready for these strategic reasons efforts should be made to give a more complex description
of the social debate about a new technology. The framing approach is used for this very pur-
pose in this study.

1.3 Science journalism and science coverage

The understanding of science journalism on which this study is based is outlined below. In
this context science journalism is defined as media coverage that discusses the relationship
between science, technology and medicine in society. The reason for media coverage may
lie in the science itself (e.g. a new research finding); it may equally lie in the social environ-
ment of science (e.g. a research policy decision). Science journalism, therefore, deals with all
actual and possible interactions between society and science (including the closely related
modern technologies and modern medicine). Science journalism is, therefore, coverage from
science — classic examples of this are reports about new inventions or the findings of new
studies. Science journalism is also coverage about science — for instance the importance of
science for economic prosperity or the moral debate about whether science should do every-
thing that it is capable of doing or about the research policy discussions surrounding univer-
sity funding etc.

An understanding of this kind goes beyond the traditional ideas of science coverage as a
“transmission belt” of science for the public at large. This has to do with the general under-
standing of journalism presented here which is basically designed as an independent ob-
server (Marcinkowski 1993). Only when media reports are undertaken by independent ob-
servers of social developments can they serve as orientation in a complex society that has
become confusing for the individual actor. This social function of orientation regarding social
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interdependencies (Kohring 2005) means that journalists must always first ask what conse-
quences certain scientific events have for their social environment. Hence, journalists pick
out scientific events based on important they are for their readers, listeners and spectators.
The decisive factors for the choice of scientific events as topics for coverage are, therefore,
the relevance criteria of the social environment of science. Science is only interesting for a
very small, highly educated public as science. The public at large is not interested in the
process of knowledge generation itself — as a rule the direct effects of science on society or
on parts of society are what people want to read about in the media.

Science coverage of nanotechnology, too, is therefore by no means confined to the special,
rather rarely published science sections. The greater the social relevance of a research area,
the more frequently it is covered outside the actual science section. It is this coverage in par-
ticular that can provide the greatest insight into the social assessment and acceptance of
nanotechnology.

1.4 Current state of research: Nanotechnology, media and framing

Social scientific studies on nanotechnology mainly focus on the public perception and accep-
tance of nanotechnology as an emerging technology (Bainbridge 2002; Macoubrie 2006;
Waldron/Spencer/Batt 2006). For instance in their study Pense and Cutcliffe (2007) look at
how social groups like, for instance churches, trade unions and environmental associations
affected by a nanotechnological innovation, communicate on anticipated problems and the
solutions to them. In this context the authors draw on three examples of development and
analyse their presentation and discussion in publications of these social actors. Rogers-
Hayden and Pidgeon (2007) discuss a report of the Royal Academy on the future prospects
of nanotechnology in 24 expert interviews with stakeholders, too. These experts agree with
the main conclusion in the report that nanotechnology and its science(s) are indeed on the
up and up.

Furthermore, a few studies look at the visualisability and visualisations of a phenomenon like
nanotechnology that does not lend itself to direct human perception. Lsch (2006) examined
visualisations of nanotechnology in daily newspapers and science magazines and estab-
lishes that these images act as a communication link between science and its public. He
identifies three visualisation phases (cf. ibid: 233): In the pioneer phase (end of the 1990s up
to mid 2000) the dominant visualisations are of future nanorobots, in the problematic phase,
(mid 2000 up to the end of 2001) of “market-damaging” nanorobots and in the fictionalisation
phase (from 2002) of metaphoric depictions of nanorobots. Thurs (2007) also reported that
visualisations from the field of science fiction aree what attracted the attention of journalists.

In recent years the subject nanotechnology has been widely examined in communication
science. The 2/2005 issue of the journal Science Communication looks at nanotechnology
and the public at large (cf. Lewenstein 2005). Lee, Scheufele and Lewenstein (2005) present
a study which examines the attitudes of the public at large to an unknown technology like
nanotechnology. Using a representative telephone survey in the USA the authors show that
the use above all of science-oriented media has a positive impact on support for nanotech-
nology and that people with a “negative feeling” about nanotechnology tend to see the risks
rather than the opportunities of this emerging technology. Schummer (2005) analyses
whether and, if so, how the non-scientific public at large obtains information about nanotech-
nology and notes that the “normal” reader tends towards visionary literature which focuses
on potential future developments. A comparison of survey data from the USA and Europe
reveals (Gaskell et al. 2005) that 50% of US citizens are of the opinion that nanotechnology
will improve their lives whereas most Europeans (53)% are not convinced of this.
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News coverage is indeed seen as a relevant influencing factor (cf. Scheufele/Lewenstein
2005 with explicit reference to the framing concept). However, no systematic empirical stud-
ies of media coverage have been conducted in German-speaking countries. If statements
are made about media coverage then they are either hypothetical or are founded on cursory
considerations and are not systematic (Siegrist 2006). One example is a study by Kulinowski
(2004). Based on a non-systematic evaluation of media coverage and specialist literature the
author concludes that the public debate about nanotechnology is shifting from “enthusiastic”
to “critical”.

The perception of nanotechnology in the news media was examined by the Swiss foundation
Risiko-Dialog although this study was not very differentiated or systematic from a theoretical
or methodological angle. During the study period 2001-2005 a random sample of articles
from German quality newspapers underwent content analysis (cf. Grobe/Eberhard/Hutterli
2005). A few studies are available for the US-American and British markets which have ex-
amined coverage of nanotechnology (Anderson et al. 2005; Friedman/Egolf 2005; Laing
2006; Gorss/Lewenstein 2005; Stephens 2005) or the influence of media knowledge on atti-
tudes towards nanotechnology (Lee/Scheufele 2006). Table one gives an overview of the
studies which have a direct link to this research project.



Table 1: Overview of studies of media coverage of nanotechnology

Authors Cornell University University of South Foundation Cormex Research, Laing Anderson/Allan/ Friedman/Egolg
Gorss/Lewenstein Carolina, Risiko-Dialog, Petersen/Wilkinson
Stephens Grobe/Eberhard/
Hutterli
Year 2005 2005 2005 2006 2005 2005

Analytical period

01/1986-06/2004

1988-15/2007

01/2001-04/2005

01/2004—-12/2004

04/2003-06/2004

01/2000-12/2004

Publications ex-
amined

New York Times, Wash-
ington Post, Wall Street
Journal, Associated

Important US American
and non-US American

47 German-
language publica-
tions (for instance

15 Canadian and 12 US
American newspapers

10 British daily newspa-
pers/8 weekly newspa-
pers (for instance The

Daily newspapers from
the USA and UK (for
instance New York
Times, Washington

Bl daily newspapers FA.Z, NZZ, Die Times, The Guardien, Post, Guardian, Finan-
Zeit, FTD) The Observer) cial Times)
Partial recording (no Partial survey, random Partial survey Pa_rtial recording from 942 Full survey of all a_rticles
Type of recording details of random sam- sample from 1330 arti- (non-systematic _artlcle_s (see_lrch W?rd nano; Full survey on health and enwron-'
ple collection) cles random. sample, inclusion criterion: more than mental risks (key word:
no details) one statement) risk)
Number of articles | 620 350 449 381 (40 %) 344 121 (71 U.S./50 U.K.)

Main results

e Rapid increase in
number of articles be-
tween 1986-2004

¢ More coverage of
opportunities through-
out the entire study
period (>65%)

e Focus on progress
and economic advan-
tages

¢ Topic focus: applica-
tions in the medical
and environmental ar-
eas

e Main topics: scientific
discoveries or projects
(27%) as well as ethi-
cal, legal and social
implications of
nanotechnology (EL-
Sls) (17%)

e Positioning: 36% in
business/finance

e 45% of the articles on
ELSIs are neutral,
30% opportunity-
oriented

¢ Ratio: opportunities to
risk focus in articles
3:1

e Mainly positive
coverage

e Opportunity
focus in 70% of
the articles

¢ Positively rated
topics: applica-
tions in the field
of medicine and
information and
communication
technologies

¢ Risks are only
discussed su-
perficially

e Scarcely any coverage

e Number of articles per
month and newspaper:
USA 13.3; C 15.5

¢ Interest in nanotechnology
does not increase over
time

¢ Risks/benefits: no risks
are mentioned in 66.9%
(C) and 75% (USA) of the
articles; by contrast no
opportunities are men-
tioned in only 9.4% (C)
and 31.2% (USA)

e Frames: 3 major frames
are identified (no explana-
tions of method): profiling
new technology; societal
risk/benefit discussion;
business/market news

¢ Concentration on a
few “elite” daily news-
papers

¢ 3 dominant frames:
(a) science fiction and
popular culture, (b)
scientific discovery or
project, (c) business
story

e 38% of articles are
opportunity-oriented

¢ 11% risk-oriented

¢ Main actors: scientists
(39%)

e Approximately 48%
/44% of the articles
have negative head-
line

e Articles mostly bal-
anced

e No detailed discus-
sion of health risks in
47% /38% of the
cases

® 60% of articles no
detailed discussion of
environmental risks

e Mention of social risks
(35% /48% ) as side-
effects

¢ Regulation does not
play any role in <40%
of the articles
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1.5 Operationalisation of the main study categories

Data are collected on two levels. (1) The collection unit on the first level is the full newspaper
article. This level records not only the most important identification characteristics but also
presentational and content characteristics like, for instance, constellation of spokespersons,
main topic and its framing. (2) Further characteristics are recorded on the level of the individ-
ual spokesperson’s comments. A spokesperson's comment is counted when a clearly identi-
fiable individual or collective actor is quoted with a comment which refers to the topic under
debate. Comments of this kind may either come from the journalistic author of the contribu-
tion or actors outside the media (Gerhards/Neidthardt/Rucht 1998; Wessler 1999; Marcin-
kowski 2005). The use of this fundamental distinction means it is possible to separate the
“voices of the media” (Eilders/Neidhardt/Pfetsch 2004) from the voices of actors presented in
the media in the evaluation. Comments by third parties are either presented in the media
coverage as a verbatim quote or indirect speech. This level mainly records who says some-
thing, which aspects of the topic are touched on, which positions are conveyed and which
arguments are used, the form of communication and the target groups etc. All coverage
characteristics, which are recorded on the level of the spokespersons’ comments may be
aggregated through corresponding data transformation on the contribution level. This means
that all analyses can also be included on the highest level (cf. for a procedure of this kind
Gerhards/Lindgens 1995: 16 ff).

The agenda-setting approach highlights the importance of topics which are interpreted here
as sub-topics of nanotechnology. Hence topics are identified using a comprehensive list of
topics which include as upper categories the areas “fundamental research”, “health care”,
“textile industry” or “chemical industry”. These generic topics are then broken down into cor-
responding aspects which means that each topic could be adequately recorded. In this way it
is possible firstly to show whether nanotechnology is a quantitatively weighted topic in media
coverage. Secondly, it can also be shown which related sub-topics are present on what scale
in the media coverage.

From the perspective of issue-specific framing it is about formulating indicators for the four
components of a frame (cf. Matthes/Kohring 2004). The mention of the main topic and the
damage-benefit assessment of this topic are used to define the problem. The indicator for the
causal interpretation is the mention of the actor responsible for the previously listed benefit or
damage. The moral assessment is undertaken via direct assessments of the main topic; it
can also be expressed in positive or negative acceptance statements. Calls to implement or
renounce nanotechnology developments or applications are indicator for a recommended
action. Besides the identification of frames, an additional language analysis was undertaken
for instance of metaphors and key words in order to gain insight into the differing language
shaping of these content perspectives of nanotechnology.

Up to now Semetko und Valkenburg (2000) have developed the most advanced method for
recording non-topic-specific or generic frames. In a study on Dutch media coverage of the
EU Summit in Amsterdam in 1997, the authors formulated a total of 20 content analysis vari-
ables by means of which five generic frames were to be identified. The formulation of the
items was based on a meta-analysis of the available framing literature. The corresponding
set of variables was also designed as a questionnaire in which the coders had to answer
each of the questions about the text with “yes” or “no”. All dichotomous variables were then
entered in a cluster analysis, a statistical method that compiles if possible similar elements in
if possible different groups in order to clarify which of the individual items occur together in an
above-chance manner. These clusters were then identified as generic frames. In this way the
authors succeeded in operationalising typical journalistic frames (conflict, strategy, win/loss
etc.) on the basis of a limited number (normally 3) of indicators. The corresponding items
have since been used repeatedly in research. They constitute a kind of standard tool for re-
cording the above-listed constructs.
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2 Research design and methodological implementation

The first step involved outlining the central research questions, the theoretical foundations
and the operationalisation steps derived from them. The second part presents the construct
of the recording tool. It begins with a description of the content analysis method. This is fol-
lowed by explanations about the steps involved in this research project for drawing up the
codebook over the selection of the texts down to coding.

2.1 Content analysis

As already mentioned in the first chapter, media coverage of nanotechnology is examined
using systematic, standardised content analysis in the areas of discussion processes and
framing. Content analysis - a method of the empirical social sciences - describes the generic
term of various scientific methods of text analysis. Texts in the wide sense of the term are the
subject matter of content analyses. Besides newspaper or magazine articles, interviews and
images are also deemed to be texts (verbal and visual texts). As a rule, content analyses are
undertaken on three different levels: on the syntax level the occurrence of letters, words, ex-
pressions etc. is examined; on the semantic level the focus is on the relationship between
symbols and their importance; on the pragmatic level the use and function of specific signs
are analysed. “Content analysis examines the systematic recording and evaluation of text,
images and films [...] However, the term “content analysis” falls short on one point: content
analysis need not necessarily be restricted to the “contents” of texts or other material [...]. It is
far more the case that attention focuses on formal aspects of texts, films or images like for
instance stylistic characteristics, sentence length, frequent use of verbs etc.” (Diekmann
2001: 481).

In the modern media society everyone is surrounded daily by the most diverse media texts.
However, in daily life people tend to react to these texts in a rather unsystematic and intuitive
manner. When one for example flicks through the arts section of a newspaper for “interest-
ing” reviews, one has a least a very concrete idea of what one finds interesting but in most
cases one would have difficulty explaining this idea to a third party. The same applies to the
widespread presumption that the taz newspaper is more to the left, the FAZ rather on the
conservative side of the political spectrum. An assumption of this kind is very plausible.
However, in order to turn an intuitive, daily consideration of media contents into a systematic,
intersubjectively transparent content analysis, the criteria used for the respective considera-
tion must be outlined and documented. This brings us closer to what is called in science con-
tent analysis, i.e. the guided systematic observation of texts (cf. Klammer 2005: 249 ff). One
strength of this method is that it is comparatively easy to use. Printed texts can be examined
largely independently of time and space. Even today the German media coverage of World
War | can be examined as long as the newspapers have been archived and are accessible.
You don't have to go out and do field work for this or set up a laboratory. Entire periods can
be examined whereas many other methods only permit statements about a specific period. In
principle, the results of content analysis can be reproduced whenever required.

“Communication does not take place in a vacuum but in a specific social environment, i.e. in
a social situation” (Atteslander 2008: 202). This means that each content, each communica-
tion is subject to a large number of conditions when it is created or processed which can then
be identified in an analysis. Based on the media content these conclusions (inferences) per-
mit (to a certain degree) statements about aspects of social reality.
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Fig. 1: Inference about content analysis (Rossler 2005: 29)

historical, social, political situation

Data

I Coder

Communicatorr )--- Message — Recipient

The most important contexts for inferences are 1) the communicator, 2) the recipient, 3) the
historic, political or social situation. The questions that can be asked for instance about the
texts as the basis of content analysis in this context are 1) Who says something and to what
end? 2) For whom is the statement intended? 3) What standards are the basis for communi-
cation? To sum it up empirical content analysis is, therefore, “a research technique by means
of which conclusions can be drawn about every type of signifier by means of systematic and
objective identification of its elements which should also apply beyond the individual ana-
lysed document” (Kromrey 2006: 319).

2.2 Analytical tool

An inductive and deductive procedure was adopted when drawing up the analytical tool. The
inductive procedure includes the review and evaluation of a random sample of material and
expert meetings. On the basis of this preliminary work content analysis “categories” (obser-
vation criteria) were established, in this case for language analysis, the probable “actors” and
the expected arguments in the “risk-opportunity debate”. Demands, instructions and topics
could also be identified in this way and corresponding categories formed. By way of prepara-
tion for the analysis, discussions were also held with the experts Professor Dr. Stefan Linz
from the Institute for Theoretical Physics of Munster University and Professor Dr. Harald
Fuchs from the Minsteraner Centre for Nanotechnology (CeNTech). Professor Linz, who is a
member of both the DFG special initiative and the DFG research group 845 “Self-assembling
nanostructures through low energy ionic beam erosion”, provided information in a meeting on
5 July 2007 about common definitions, work areas and applications of nanotechnology from
the angle of physics. Following this first conversation a working definition for nanotechnology
was established for this project:

Nano (Ancient Greek for dwarf): in the scientific context nano is a measurement unit
which corresponds to one billionth part (10° = 0.000000001). Nanotechnology oper-
ates in a range of one billionth of a metre (10”° metre). This describes the range in
which more and more quantum physics effects are playing an important role.
Nanotechnology describes and offers procedures/processes which open the door to
manipulation of these tiny components of nature. Hence nanotechnology cannot be
reduced to an area or market — it is interdisciplinary. Almost all natural science facul-
ties and research institutions and a large number of economic sectors can use
nanotechnology.
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Furthermore, based on preliminary work, lists were drawn up about probable frequently oc-
curring researchers, research groups and research areas or nanotechnology applications.
The focus of the meeting on 15 July 2007 with Professor Dr. Fuchs was on the opportunities
and risks of nanotechnology as well as demarcating this area from biotechnology. CeNTech,
of which Professor Fuchs is the scientific director, is a member amongst other things of the
EU project “Nano2Life”. The results of these expert conversations played an important role in
drawing up the analytical tool.

The procedure for constructing the tool was deductive to the extent that current studies on
media coverage of nanotechnology were systematically evaluated. In particular the work of
the foundation Risiko-Dialog, which posted its codebook on the Internet, was used to this
end.

The measurement tool (codebook) produced specifically for this project encompasses sev-
eral related sets of variable which are explained in more detail below.

A. Formal characteristics: This set encompasses the variables V1 - V14_2 which serve as
identifiers, for instance date, medium, journalistic form.

e Word field analysis: variables V15_1 - V15_3 look at the link between the article and
nanotechnology or the context in which nanotechnology is mentioned. Furthermore, new
words are recorded in a string variable. The word field analysis is only conducted under
specific, above-mentioned conditions.)’

e B. Recipient view: variables V16 - V19 constitute a content unit which asks about the sub-
jective impression after reading. Variables on comprehension are one focus.

e C. Image analysis: if visual material is used in the article, then the variables V20- V22 are
recorded.

e D. Topic structure: in this set which encompasses variables V23 - V27, statements on the
localisation, concern and on the subject of the main and sub-topics of the articles are re-
corded. Comprehensive topic lists are available for the classification of the topic in the an-
nex to the codebook.

e E. Actor level: variables V28 - V33 encompass for instance type, prominence and general
statements on nanotechnology by an actor; extensive lists are also available for the classi-
fication of actors. Up to 3 different actors may be recorded per article.

e F. Opportunities/benefits and risk dimension: this set encompasses variables V34 - V49.
Details are recorded here about opportunities and risks and the expectation of occurrence
by actors, named responsible persons and any instructions.

e G. Generic framing: variables V50 - V65 record article characteristics like negativity, per-
sonalisation or conflict.

e H. Language level: variables V69 - V74 variables grouped in this set examine the meta-
phors used, the frequency of negative or positive adjectives in conjunction with nanotech-
nology etc.

A first pretest of the analytical tool was conducted on 10 August. The tool was then refined
and tested during a coder trainer session on 23 August (this is examined in more depth in
Chapter 2.5).

' The set of variables for field analysis was only used to code the articles which were outside the inclusion criterion (cf. Fig 2).
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2.3 Selection and procurement of the texts

The print media included in the analysis were selected by the customer. They are the na-
tional daily newspapers Financial Times Deutschland, Frankfurter Allgemeine Zeitung,
Frankfurter Rundschau, Siddeutsche Zeitung, taz, Die Welt, the news magazine Focus and
Der Der Spiegel and the weekly newspaper Die Zeit.

The selected print media are all quality or opinion-leading media. The Siddeutsche Zeitung
(circulation in the first quarter of 2008: approximately 465,000) is characterised as a liberal
newspaper with broad national news and media sections. The Frankfurter Allgemeine Zei-
tung (circulation in the first quarter 2008: approximately 389,000) is considered to be a lib-
eral-conservative newspaper whose strength lies in its large worldwide network of corre-
spondents — the independence of agencies in the business section was praised on several
occasions. The right wing-conservative newspaper Die Welt of the Springer group achieved
circulation in the first quarter of 2008 of 227,000. The Frankfurter Rundschau (circulation in
the first quarter of 2008: approximately 163,000) is deemed to be a left-wing/liberal daily
newspaper. The taz is the smallest (circulation in the first quarter 2008: approximately
57,000) of the national quality newspapers and is seen as a left-wing/alternative publication.
The most recent newcomer (21 February 2000) in the field of national daily newspapers is
the Financial Times Deutschland. Aside from the Handelsblatt it is the only national daily
newspaper which is primarily intended for business. In the first quarter of the 2008 it had a
circulation of around 106,000. The daily newspaper Die Zeit (circulation in the first quarter of
2008: approximately 496,000) is one of the opinion leaders in Germany because of its high
journalistic standards. It is considered to be liberal. The news magazine Der Spiegel (circula-
tion in the first quarter of 2008: approximately 1.06 million) and Focus (circulation in the first
quarter of 2008: approximately 718,000) are opposites: the main attribute of Der Spiegel is
its investigative research whereas Focus links political or scientific topics to a greater degree
with service functions and entertainment (cf. Meyn 2004: 94 ff).

This study is designed as a full survey of the years 2000 up to 2007. Hence it encompasses
all articles on the topic of nanotechnology during that period. The following procedure was
adopted to identify the population. First, all corresponding articles were sourced via the data-
base portal Genios GBI (www.gbi.de). Genios GBI is a search engine which carries out a full
text search in the online archives of daily newspapers, magazines and journals etc. for spe-
cific search words in defined periods. Hence a search was carried out for the above selection
of print media using the search term “nano*” during the period from 1 January 2000 up to 31
December 2007°.

2 “Nano*“: The asterisk* after the word nano expresses the fact that nano and all conceivable words and combinations with the
prefix “nano” were sourced in an open manner.

% As a standard procedure these results were verified once again to the extent that corresponding search tools were available.
For instance some newspapers have their own search function in their online archives which normally confirmed the Genios
search. Any deviations are noted further below for each print medium. In the case of deviations, the articles which were identi-
fied in addition to the Genios search were recorded.
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Table 2: Compilation of the texts according to Genios GBI

Source Number of articles in the
study period
FAZ 1748
FR 989
FTD 708
SZ 853
TAZ 377
Welt 1144
Zeit 298
Focus 155
Spiegel 178
Total 6450

For material procurement and archiving two students were hired from June 2007 to January
2008. They drew up hit lists using the above-mentioned procedures, checked then for accu-
racy and completeness and then procured the corresponding materials. Missing articles were
entered in a separate list and recorded later. There were several options for procuring mate-
rial. Some articles were available as original issues or were stored on microfiches/microfilms
in the press archives of Minster University and were copied there or printed out. Other arti-
cles were procured from the online archives to which there was access via a network of the
library at Munster University or for which a short-term subscription had to be taken out. A
third path was the procurement of annual CD-ROMs. In the case of the electronic variants,
the majority of the articles were available as faxes and could, therefore, be printed out. Some
of the articles hadn't been archived as originals via any of the above-mentioned paths which
meant that pure text files from the GBI database were used. For the individual media public-
cations sourcing and archiving were done as follows:

e FAZ: The articles to be recorded were accessible online as pdf files. The search was car-
ried out on http://business-archiv.faz.net/intranet/biblio/FAZ. Based on the hit list all
identified articles were stored and printed out. For the year 2000 the articles were only
available in HTML format, from 2001 onwards as full newspaper pages. No articles were
recorded which are described as FAZ.NET, dossiers or Sunday newspapers or are clearly
recognisable as a local section.

e FTD: The articles to be recorded were accessible online as PDF files:
www.ftd.de/recherche/archiv.html. The articles were available as full newspaper pages.
No articles were excluded from recording. As the Genios search identified a larger number
of articles than were found in the online archive, theses additional articles were recorded
in print form after conclusion of the online search in the press archives of Manster Univer-
sity.

e Focus: The articles to be recorded were available in print format. The hit list was drawn up
via Genios GBI. By way of deviation from the standard settings, the search mask “Focus
Money” was excluded as a search criterion. The articles were then recorded in the news-
paper and press archive of ULB Minster.

e FR: The articles to be recorded were available as microfiches. A hit list was drawn up via
Genios GBI for the corresponding period. During recording it emerged that some articles
could not be found. After consulting the Frankfurter Rundschau, the reason for this is that
many of the local sections and regional issues were not available in the national issue but
were still identified by Genios as hits as well. Hence Sport Rhein-Main, Kultur Rhein-Main,
Wirtschaftsspiegel Frankfurt, Frankfurt, Rhine/Main and Hesse, city districts of Frankfurt
and four local sections (Hochtaunus, Wetterau, Main-Taunus, Kreis Offenbach) were ex-
cluded from the section search and deleted from the overall hit list. In addition all articles
entitled “culture leisure service” were excluded from the hit list because they are clearly
part of the local issues.
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e Spiegel: The articles to be recorded were available online as PDF files. Spiegel articles
were sourced online via the archive search (http:/service.spiegel.de/digas/archiv). In
this case, “search in” was selected as the search option “in full article”. All other sources
(e.g. SpiegelOnline, KulturSpiegel) were excluded aside from Der Spiegel. Based on the
hit list for a specific period the articles were purchased, stored in full and then printed out.

e SZ: The articles to be recorded were available on microfilms. The hit list was drawn up via
Genios GBI. The articles were sourced in the press archives of Mlnster University on mi-
crofilms. In order to ensure rapid sourcing of the articles, the articles were assigned to a
specific section from the hit list for the section search on Genios. If articles could not be
assigned to any section, a search was conducted in the entire newspaper for the article.
This process was repeated several times over if the article was not found the first time
round. No articles were excluded from the search. A comparison of the Genios hit list with
the SZ-DVD search (up to 2005) showed that some articles could be found in addition via
the DVD search. These additional articles were then sourced in the newspaper and press
archives of ULB Minster on microfilms or in print format.

e TAZ: The articles to be recorded (http://www.taz.de/digitaz/archiv/suche.demo,1) were
available online or on CD-ROM. Based on the specific hit lists all articles were recorded
and no articles were excluded. Articles, which could be assigned to local sections, were
excluded during the control of the years. The articles were available in text format.

e Welt: The articles to be recorded were available from 1 January 2000 up to 8 January
2001. From 8 January 2001 onwards they were available online as PDF files. A hit list was
drawn up for both periods via Genios GBI.

e Zeit: The desired articles were available for the period 1 January 2000 up to 31 December
2006 in electronic format on annual CD Roms as text files. The corresponding articles
were sourced for the full year 2007 on Genios GBI and copied in the newspaper and
press archives of Minster University.

2.4 Analytical units and inclusion criterion

The individual article was selected as the analytical unit. Within the article nanotechnology
must play a central role (half of volume). One exception to this 50% criterion is when the arti-
cle contains a section of major importance on nanotechnology, i.e. a main topic, an actor or
opportunities and risks can be determined at least for a concrete part of the article. The mere
mention of nanotechnology — for instance in stock exchange reports or reports by universities
— does not meet this requirement. Contributions of this kind, which do not permit the content
coding of central topic characteristics were merely identified in this analysis and entered in
the word field analysis in order to at least record the connotation of the use of the partial
word “nano”. Another part of the population was included in analytical body via the identifica-
tion of the partial word although the term “nanotechnology” was not itself used in it. In these
cases a contribution could be identified as coverage of nanotechnology when it described
events, new methods or novel applications in conjunction with the size range nanometre.
One necessary precondition for this is that the size range in which nanostructures are ob-
served is explicitly mentioned. The following figure seeks to illustrate the complex inclusion
criterion:
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Fig. 2: Selection procedure to identify the analytical path
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2.5 Conduct of the content analysis

In the following chapter the individual steps for carrying out the content analysis are de-
scribed in detail. If individual elements of this process have already been presented in earlier
chapters, they are briefly repeated here and references made to the corresponding section in
the final report. The content analysis is oriented towards five prototype phases proposed by
Werner Frih (2007): 1) Planning phase, 2) Development phase, 3) Test phase, 4) Applica-
tion phase (coding) and 5) Evaluation phase.

To start with two frequently used technical terms from methodology of content analysis are
explained to improve understanding of the text: coder and codebook. As number codes are
attributed in content analysis methods to the relevant characteristics of a text, in order to be
able to evaluate this statistically at a later date, this process is called “coding”. A coder is,
therefore, a processor who identifies manifest characteristics of a text and translates them
into number codes. The codebook is a set catalogue of questions and, to a certain extent,
work instructions for the coder. It ensures that a uniform procedure is adopted by all coders
and that measurements can be replicated.

2.5.1 Planning phase

The planning phase covers the definition of the epistemological interest, the selection of
study material and the drawing up of a schedule. The goal of the study is to answer the cen-
tral research question “How and on what scale is nanotechnology covered in the German
quality press? (see Chapter 1.1). The definition of the sample is per force linked to this epis-
temological interest. The schedule was defined as the years from 2000 up to 2007 and the
print media to be examined are the above-mentioned national quality newspapers and news
magazines (see Chapter 2.3). The articles which belong to the population were identified
using the search mask Genios GBI and then recorded. The project had a term of 13 months
for which the following schedule was laid down:
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Table 3: Schedule and work plan

2007 2008
BB 6 |7 89 10]11][12|1]2]3]4]5]6
Selection/procurement of texts u u u
Development of category system -
and codebook
Pretest u
Data recording [ [ | [ | u u ]
Data analysis [ | ] [] ]
Writing of final report ] ] ]

The schedule and work plan were largely complied with only the material procurement took
far more time than had been initially allocated.

2.5.2 Development phase

Based on the research questions and the theoretical foundations — the discussion function of
media coverage and the presence of certain frames in media texts — a codebook (see Chap-
ter 2.2) was prepared for the systematic and transparent recording of the relevant contents of
newspaper texts. Two expert interviews and the review of a partial random sample of the
texts were taken over into the development of the codebook as inductive components. The
codebook consists of 74 variables which assign a number code to the individual text charac-
teristics like for instance the actors, topics or risk assessments. The individual variables and
their examples are defined in the codebook. The issuing of a number code is explained
which means that each coder is capable of undertaking a clear attribution when it is correctly
applied. The numerical codes permit a summary and comparative statistical evaluation of the
text characteristics at a later stage.

2.5.3 Test phase

The test phase encompasses the work steps sample coding, coder training and the reliability
test. Initial test codings were undertaken during the drawing up of the codebook by the pro-
ject leaders, project staff and a small group of students using a random sample of the mate-
rial. These test codings were then compared, discussed extensively and the tool was then
refined. Prior to commencement of data recording an extensive training course was staged at
the beginning of September 2007 (for programme see Fig 3). Firstly, the coders were famil-
iarised with the analytical tool, i.e. with each individual variable in the codebook to enable
them to use the codes in a uniform manner and if possible to reach the same coding results
when coding the same analytical material (article). Secondly, efforts were made to ensure
basic uniform understanding of the analytical object “nanotechnology” as this was essential
for the reliable identification of articles on nanotechnology in which the term itself was not
used. After the training session each coder was asked to test code 25 articles within the
framework of a pretest’. At a second coder training session results were extensively dis-
cussed and any unclear elements identified. Based on the results of the first pretest the ana-
lytical tool was refined and, with the help of further sample codings, tested for practicability,
clearness of the categories and logic. Once the results of this second test run were deemed
to be satisfactory, the data recording phase was launched at the beginning of October 2007
and was completed by the end of February 2008.

* A pretest is a sample recording in the run-up to the actual field phase which is used to test and refine the recording tool.
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Fig. 3: Structure of coder training (Réssler 2005: 170)
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The content analysis method seeks to achieve the highest possible degree of intersubjectiv-
ity and comparability. A reliability test can determine the extent to which this is achieved, i.e.
the extent to which all coders assign the same codes to the test text characteristics in the
vast majority of cases. “The reliability of a measurement instrument is the benchmark for the
reproducibility of measurements” (Diekmann 2001: 217). Not just every current coder was to
assign the same codings with the help of the codebook but also future coders should reach
the same results when the same material was analysed afresh.

To test intercoder reliability, i.e. the correlation of all coders in the coding (analysis) of the
same material (article), 55 newspaper articles were randomly selected which were evenly
distributed between all 9 publications examined. For each of the pairs consisting of four cod-
ers, the coefficients Holstis R and Scotts Pi were calculated, as proposed for the determina-
tion of reliability for more than two coders, and the average was then determined for all cod-
ers (cf. Kolb 2004; Réssler 2005: 185 ff). This led to a reliability for all variables of the code-
book of R = .87 and Pi = .79.° Given the number of coders this result is very acceptable. Fur-
thermore, it can be assumed that the “true” correlation of codings is higher as the evaluation
of data did not cover all categories of a variable; several categories were compiled into
meaningful abstract upper categories (cf. Matthes/Kohring 2004).

® The reliability values of the V15_1 - V74 variables were calculated on the basis of 47 articles for which all four coders chose
the same analytical path. The calculation was done with PRAM (Program for Reliability Assessment with Multiple Coders).



26 BfR-Wissenschaft

Table 4: Intercoder reliability of selected variables

Set of variables Scale level Holsti’'s R | Sotts Pi
V3 1-Ve6, Vi1, V12 Formal details nominal .95 91
V10_new Scale ordinal .89 .83
V_analysis Analytical path dichotomous .92 .84
V24 _topic Main topic nominal .87 .81
V28 | new — V28 lll_new® | Main actor nominal .76 .63
V33_1-V33_ I Assessment of ordinal .79 .66
nanotechnology
V34 |-V34 [II° Mention of benefit nominal .82 72
V37_1-V37_lII° Actor responsible for | nominal .87 .80
benefit
V39 1-V39 lI# Mention of risk nominal .90 .83
V42 | -V42_ 111 Actor responsible for | nominal .95 91
risk
V44 | -V44 1I1° Demand nominal .97 .95
V48 |-V48 III° Forecast nominal .90 .83
V50 — V67° Generic Framing dichotomous .94 .90

& Mean value for all 3 mentions in the analysis
®: Mean value for the 17 variables which were used to record generic framing

2.5.4 Application phase

Great care was taken to ensure that there was a non-chronological, mixed distribution of
analytical units to all coders to ensure that they were able to process articles from all years
and publications. In this way systematic differences arising from the selection of articles (e.g.
series and coder effects) could be avoided and undesirable “learning effects” (Wirth 2001)
could largely be neutralised. Thanks to these precautions learning effects of this kind — which
are to be expected in conjunction with nanotechnology which is still a comparatively “new”
topic for the average reader — did not impact on a specific time period.

For the coding of the individual article all coders were instructed to proceed in three stages
(see Code book, p.6, annex C): first of all the article was to be read in full in order to deter-
mine whether the inclusion criterion “nanotechnology as the main topic” was met and which
analytical path (word field analysis vs. full analysis) was to be selected for the article con-
cerned. In a second reading the content coding should begin. In this context it may have
been necessary for the article or parts of the article to be reread for the purposes of coding
individual variables. In the case of uncertainty or complex texts a third reading was recom-
mended. Coding itself was done via an input mask developed for this survey directly into the
data base. The input mask guided the coder through the individual steps in the codebook
and contained a register card for each of these sections in which the values for the corre-
sponding variables were entered. The data set per article could only be closed and saved
when all fields had been completed. Furthermore, the input mask was programmed to only
allow the codes defined for each variable — hence misentries could largely be avoided.

In order to be able to react to problems during the recording phase two and to be able to fully
document decisions, a joint work file was set up on the online work platform BSCW to which
all project staff had access.
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2.5.5 Evaluation phase

The statistical analysis of the content analysis data is oriented primarily towards the main
questions (see Chapter 1.1) of the Federal Institute for Risk Assessment (BfR). In a first step
it is time based in order to examine temporal developments and shifts. To this end the data
are compacted into larger natural periods (quarters, years). In the case of a process of this
kind it should be borne in mind that the mere selection of time periods can have a major im-
pact on the evaluation result and its graphic depiction. In more recent research on reporting
courses, efforts have, therefore, been made to avoid arbitrary periodisation steps (for in-
stance annual limits) and to develop theoretically based phase breakdowns which avoid this
problem (cf. on this subject in particular Kolb 2005). In the case of this analysis of reporting
on nanotechnology, a breakdown based on fixed reporting phases - as undertaken for in-
stance by Kolk (2005) and Burkhardt (2006) using the example of coverage of environmental
damage from street traffic and leaded petrol, and media scandals - was not found to be very
helpful largely for two reasons:

(1) Firstly, the analytical object “nanotechnology” is not strictly speaking a clearly demarcated
topic but far more an object for which many individual topics can be identified, for instance:
fundamental research in the field of nanotechnology, nanotechnology in the application
medicine and health or nanobiotechnology. In this context the topic based on Eichhorn
(1996) is understood as a hierarchically structured knowledge concept which applies a label
to a group of events, actions and interpretations (cf. Matthes 2007: 144).

(2) Secondly, the communication object “nanotechnology” and individual topics from that field
during the period under review (01/2000—12/2007) were not particularly problematic or con-
flict-ridden. Hence no peak phases could be observed which, besides the ideal courses of
public conflicts or problem-solving processes, could contribute to a phase determination.

For these reasons and to ensure transparency and understanding of the analysis, the
evaluation work in this report is mainly done on the annual level. The course-related answer-
ing of the research questions (see Chapter 1.1) is supplemented by detailed considerations
on the level of the nine publications examined.

The goal of a further analytical step in this work is to identify issue-specific frames in the me-
dia coverage of nanotechnology. As described in Chapter 1.2, a frame can be understood as
a coherent horizon of understanding — as a consistent attitude towards a topic. The compo-
nent model proposed by Kohring and Matthes (2002; cf. Matthes/Kohring 2004; 2008; Mat
thes 2007 and Dahinden 2006) constitutes the foundation of empirical recording. Media
frames are designed as above-chance patterns of individual components that occur in sev-
eral texts like problem definition, impartial assessment, causal attribution of responsibility and
solutions and are then empirically analysed. This is based on the assumption that the previ-
ously theoretically defined frame elements recorded in the individual variables (cf. Engleman
1993) are grouped characteristically and can be identified with the help of the statistical clus-
ter analysis method.

Cluster analysis is one of the multivariate methods of explorative data analysis. The goal is to
identify “hidden” groups of cases (articles) in the data whereby the cases within the group
should, if possible, be similar or homogeneous and the individual groups should, if at all pos-
sible, differ or be heterogeneous (cf. Janssen/Laatz 2007: 487 ff).The two-step cluster analy-
sis method was used to identify the frames in the coverage of nanotechnology which can be
seen as a combination of the methods of hierarchical cluster analysis and cluster centre
analysis (K-means).® It offers several advantages which advocate its use (cf. ibid.: 491):

® Hierarchical cluster analysis, which uses the Elbow criterion to determine the number of clusters, was not used in this analysis
because the data set with 1696 cases exceeded by far the number of processable cases. For the use of cluster centre analy-
sis, which is only suitable for metric variables, the scale of the majority of variables is too low.
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Category and metric variables can be used at the same time.

The procedure is capable of determining the optimum number of clusters.
Large data files can be processed.

Ouitlier cases can be separated.

The clusters are determined in a two-step cluster analysis: in the pre-cluster phase the cases
are processed sequentially and sub-clusters are formed with similar cases. Only in the ensu-
ing cluster level are the sub-clusters merged into the actual end clusters using agglomerative
hierarchical cluster analysis. For a detailed description of the statistical method, reference is
made at this point to Backhaus et al. (2006: 490-555) and Janssen and Laatz (2007: 487—
512). One of the strengths of two-step cluster analysis is that a cluster number is either stipu-
lated or the automatic determining of the optimum cluster number can be selected. In the
evaluation undertaken here, automatic determination of the cluster number was selected as
a specific number did not emerge from the expected frames of nanotechnology either from
the descriptive basic evaluation or from the theoretical analyses. The quality of cluster appli-
cation was tested using discriminance analysis in addition to the small t-test (test of the mean
difference between two groups for significance). The goal of discriminance analysis is to de-
termine or forecast the group affiliation of elements (articles in the case of this analysis) from
the values of one or more independent (explanatory) variables. It can, therefore, be de-
scribed as a confirmatory method. As discriminance analysis - like all multivariate methods is
a complicated mathematical procedure - no details explanations are given and reference is
made instead to Janssen and Laatz (2007: 513-530).

Finally, attention should be drawn to the fact that the majority of multivariate analytical meth-
ods (discriminance analysis, too) are dependent on a metric scale of the variables to be ex-
amined which is only reached in this study by some of the variables. In particular for the key
variables for the analysis of issue-specific framing — e.g. “main actor”, “main topic”, “mention
of opportunity”, “mention of risk” or “ responsible actor” - - are nominally scaled. Dummy
variables were formed to enable them nevertheless to be included in the above-mentioned
methods, i.e. binary variables which only assume the values 0 and 1 and can thus be used
like interval-scaled variables (cf. Raithel 2006: 159).For the preparation of cluster analysis
and the following methods those variable expressions of the individual frame elements,
which show a frequency of more than 5%, were transformed into binary coded dummy vari-
ables with the expressions 0 “x does not occur” and 1 “x does occur” (cf. on this procedure

Backhaus et al. as well 2006: 265-272).”

7 Comparisons with this method for the preparation of the empirical determination of media frames with the help of cluster
analysis, also Matthes 2007: then Fréhlich/Scherer/Scheufele 2007 and Kohring/Matthes 2002.
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3 Word field analysis — “nano” in the media

3.1 Analytical path

The subject manner of this analysis is nationwide coverage of nanotechnology during the
period from the beginning of 2000 to the end of 2007. To establish the population the first
step involved sourcing all articles (= analytical unit) in the Frankfurter Allgemeine Zeitung,
the Suddeutsche Zeitung, tageszeitung®, the Frankfurter Rundschau, Die Welt, the Financial
Times Deutschland, Die Zeit, Der Spiegel and Focus in which the search term “nano” oc-
curred using the media database Genios. The search identified a total of 6450 articles for the
above period which were obtained using the procedure outlined in the Chapter 2.3.

The non-relevant articles were then removed from the body of texts in order to guarantee
that only nationwide coverage was analysed. The following were excluded from the analysis:

a) Publishing house and special supplements as they were mostly non-editorial articles
which are not distributed in a uniform manner on the nationwide level;

b) Event tips;

c) Articles in the local section of various publications which were not distributed nationwide.

The adjusted body of texts finally encompassed 5125 articles. They are distributed to the
following publications as indicated below:

Table 5: Distribution of the selected articles on nanotechnology to the publications

Frequency |Percent
Frankfurter Aligemeine Zeitung 1628 31.8
Siddeutsche Zeitung 705 13.8
Tageszeitung 208 41
Frankfurter Rundschau 425 8.3
Die Welt 987 19.3
Financial Times Deutschland 615 12.0
Die Zeit 267 5.2
Der Spiegel 150 2.9
Focus 140 2.7
Total 5125 100.0

As, however, the declared goal of this study is to make statements on articles whose main
topic is nanotechnology in general or a specific application, only those articles which dedi-
cate at least 50% of their content to the topic and/or make important statements on this topic
were analysed. Strictly speaking, they make up population (as this is a full survey) for analy-
sis. The identification of the analytical units was done using the decision tree described in
Chapter 2.4.

The first criterion was the scale of the relevant statements. The inclusion criterion for full
analysis — 50% of the article must be dedicated to the topic nanotechnology — was met by
1110 articles (21.7%) (Table 6).

8 Hereinafter referred to as taz.
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Table 6: Proportion of article dedicated to the topic nanotechnology

Frequency | Percent
No link to nanotechnology® 1627 31.7
up to 25 % of the articles 1996 38.9
up to 50 % of the articles 392 7.6
up to 75 % of the articles 348 6.8
up to 100 % of the articles 762 14.9
Total 5125 100.0

?In articles for which “no link to nanotechnology” was coded, the term “nano*” is used independently of nanotech-
nology, e.g. in the metaphorical sense for unimaginably small objects or incredible speeds, pure weight details
(in the field of sport doping) or product designations which cannot be attributed to nanotechnology (e.g. iPod
nano).

For all articles with a link to the topic nanotechnology (n = 2388), but which devote less than
half of their volume to this subject, the contents were examined for relevance®. A further 586
articles could be classified as relevant for the full analysis. Overall, 1696 articles were identi-
fied for full analysis which focused on nanotechnology.

Fig. 4: Analytical path of the articles by year
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° The relevance for this topic is determined via recordability of the main actors, opportunities and/or risks. As soon as state-
ments are made in an article about the opportunities or risks of nanotechnology which can be attributed to a spokesperson, it
is deemed to be relevant per definition irrespective of the pure text volume which deals with the topic examined here.
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*9)

All other 3429 articles in which “nano*” was clearly used as a partial word or this topic was
not particularly important, were not fully excluded from analysis but examined in a word field
analysis for their importance and how the term was used™. Table 7 shows the distribution of
the selected analytical path for all 9 publications examined.

Table 7: Distribution of the analytical pathway for all 9 publications (as %)

Q;‘fh'y“ca' FAZ |sz taz FR Welt |FTD  |Zeit  |Spiegel | Focus 5

Word field 660 | 762| 832| 729| 616| 524| 768| 687| 686 66.9

analysis

Egt':oenxam" 340 | 238 16.8 | 271 384 | 476| 232| 313| 314 33.1

Total 100 100 100 100 100 100 100 100 | 100 100
n=1628 | n=705 | n=208 | n=425 | n=987 | n=615| n=267 | n=150 | n=140 | N=5125

3.2 Word field analysis: “Nano” - a fashionable word at the beginning of the 21 cen-
tury

Via this analytical path 3429 out of the 5125 nationwide articles were examined in which the
partial word “nano*” is used but in which the topic nanotechnology does not assume a central
role. Over the entire study period this applies to approximately two-thirds (66.9%) of all arti-
cles on average per newspaper/magazine. The exceptions here are the tageszeitung (taz)
with a total of 83.2% (n = 208) and the Financial Times Deutschland, which have the most
balanced coverage on average across all years with 52.4% word field analysis compared to
47.6% full analysis (n = 615) distributed over both analytical paths.

The core of the word field analysis is examination of the context of use of the partial word
“nano™”: 47.4% of the articles use the partial word with no direct or identifiable link to
nanotechnology. 51.4%, by contrast, have a direct link. These numbers prompted the ques-

tion about what “nano*” refers to in individual cases.

Table 8: Context of use of “nano*” (n= 3429; as %)"'

Context: in what context is the partial word No link to Direct link to | Not clearly >
“nano*” used? nanotechnol- |nanotechnol- |identifiable
ogy ogy

Speed (real) 5.7 0.2 2.6 2.8
(Unimaginable) speed 3.8 0.3 - 2.0
Weight (real) 19.1 0.1 - 9.1
(Unimaginable) lightness 0.6 - - 0.3
Size/length (real) 24.6 7.9 33.3 16.1
(Unimaginable) size 71 6.0 - 6.4
Power (real) 0.1 - - -
(Unimaginably low) power - 0.2 - 0.1
Nanotechnology as a course of study/field of 0.6 46.8 5.1 24.4
research
“The nanotechnology” 1.4 24.9 7.7 13.5
Company name 4.4 3.6 12.8 41
Product names 11.5 0.3 2.6 5.6
Nanotechnology products 0.5 7.3 17.9 4.2
Mention of individuals 12.6 1.7 - 6.9
Other 8.1 0.8 17.9 4.5
St 100.0 100.0 100.0 100.0

n=1627 n=1763 n=39 | N=8429

' Annex B.1 contains a small selection of articles which merely underwent word field analysis.
"' The context of use by year is not presented here as no significant differences were identified.
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Articles with no link to nanotechnology are mainly to be found in the sports (14.4%) and po-
litical sections (politics/domestic + politics/foreign: 12%) in addition to the knowledge/science
section (25.7%, n=1627). In these articles “nano*” is primarily used as a real indication of
length (24.6%) (“this cylindrical construct which is only a few nanometres thick is the an-
tenna”; Frankfurter Allgemeine Zeitung, 14.11.2007) and a weight unit (19,1%) (“with 1,320
nanogram per millilitre urine the value was far higher than the limit value”; Frankfurter Allge-
meine Zeitung, 03.08.2007) or as part of a product name (11,5%) (“iPod nano: Snow White
lies in a plastic coffin”; Focus, 24.09.2007). References to individuals (12.6%) — the most
prominent example here is Fatos Nano, Albanian Prime Minister (“Prime Minister Meta re-
signs because of dispute about nano”; Frankfurter Rundschau, 30.01.2002; “Nano strength-
ened through elections”; Frankfurter Allgemeine Zeitung, 17.10.2003) — led to increased
identification of articles with no association with nanotechnology.

What is also noticeable is that the partial word “nano*” is used not only in conjunction with
real phenomena but also in a metaphorical sense, for instance as an actual speed or uni-
maginable speed, real size or unimaginable size along the lines of tiny (Fig. 5). As shown by
the proportion of metaphorical use (11.5%) of “nano”, this partial word is increasingly being
used in media jargon as a popular form for trivialisation or putting in perspective or as a
modern sounding synonym for “tiny”.

Fig. 5: Examples for the use of the partial word “nano*” in the real and figurative sense

Speed (real): “Travel time (...) is reduced to an incredible 16 nanoseconds” (taz, 25.07.06, p. 20)

Unimaginable speed/exaggeration: “You're sitting in the cinema. All of a sudden it appears out of the dark at the
back and within a few nanoseconds grows into an eerie roar.” (taz, 31.01.2006, p. 20)

Size/length (real): “The shortest waves used today are just under 200 nanometres long.” (Die Zeit, 16/05)

(Unimaginably small) size/exaggeration: “If 54,000 new full time jobs are recorded compared with the same
month last year, then that is a nano-sized miracle.” (Spiegel, 32/2006, p. 23)

Articles that have a direct link to nanotechnology but do not focus on this mainly refer to
nanotechnology as a course of study or field of research (46.8%, n=1763) (what is popular is
the triad bio, nano, info) when listing important technologies of the 21 century (“nano, bio,
info: these are, in short, the disciplines in which we are investing.”; Frankfurter Rundschau,
21.11.06) as well as making quite general references to “the nanotechnology”. Consideration
of the context of use provided further insight into use of this term'. In line with the reference
to study courses and nanotechnology as a field of research, the scientific perspective is
dominant (41.6%, n=1763), followed by the economic perspective. Another important context
for coverage is the political one (research policy) with 15.1 %.

As the partial word “nano*” is used in many different contexts in German nationwide cover-
age and leads to the coinage of new terms, these were frequently recorded in an open man-
ner. Figure 6 gives selected results of the word field analysis:

2" The corresponding question in the codebook was: “In what context is nanotechnology mentioned?” (V15_2b)
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Fig. 6: Examples of new words in the material analysed

Nanoage Zeit, 1.1.2006 Nanocity
Nanogate FTD, 6.2.2007 Nanodiet
nanosquare Welt, 6.6.2006 Nanoaquarium
Nanograins FAZ, 20.2.2006 Nanohype
Nanomatic FAZ, 10.7.2006 Nanosculptures
nanometre-fine Spiegel, 17.2.2007 Nanonemesis
Nanopigments FTD, 7.2.2007 Nanobots
Nanopolis FAZ, 30.3.2007 nanoscale
nanoporous FTD, 24.7.2006 Nanotie
Nanosolar FTD, 19.2.2007 Nanopolis
Nanotechnology logis- FAZ, 11.7.2006 Nanosecond culture
tics Internet boom Nanowire
Nanovan

Welt, 8.9.2006
Welt, 1.4.2006
FAZ, 13.3.2007
Spiegel, 17.7.2006
FR, 14.10.2006
taz, 21.5.2001
Spiegel, 1.1.2001
FTD, 11.11.2005
FTD, 11.11.2005
FAZ, 30.3.2007
SZ, 29.6.2000
Welt, 22.6.2007
FAZ, 24.01.2006
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4 Analysis of nationwide coverage of nhanotechnology

The results of the study are presented below in line with the research questions and the lo-
gics of the content analysis presented in Chapter 1.1. Besides a general description of the
database (4.1), the results are presented on the topic structure and discussion processes
(4.2) and on the analysis on the spokesperson level (4.3). In Chapters 4.4 and 4.5 the oppor-
tunity-risk debate and argumentation structures are presented as demands and instructions.
In a detailed consideration of the processing of the nanotechnology content (4.6), an over-
view is given on the conveying of information on nanotechnology (4.6.1). Furthermore, re-
sults of the language analysis (4.6.2) and image analysis (4.6.3) are presented. The frames
and issue-specific media frames (4.7) identified for coverage of nanotechnology are then
presented for the overall analysis.

4.1 Description of the database

All the articles, in which the main theme is nanotechnology or a specific application of
nanotechnology, were included in the full analysis. This led to an analytical body of 1696
articles (cf. Chapter 3.1 on selection).

4.1.1 Scale of coverage

The scale or intensity of coverage was measured in this study using the number of published
articles and the scale of the individual articles. The Frankfurter Allgemeine Zeitung was found
to have highest number of articles (m=69, SD= 17.5"%) overall (n=553) and across all years in
the study period. Particularly in 2000 (89 articles), 2001 (91 articles) and 2002 (87 articles) it
differs considerably from the other daily newspapers and published almost twice as many
articles as the publication in second place, Die Welt (2000: n=42; 2001: n=46; 2002: n=53).
Only in 2005 was the Frankfurter Allgemeine Zeitung (n=45) overtaken by the Financial
Times Deutschland (n=84) which achieved its coverage peak that year. In terms of coverage
frequency over the entire study period, the next in line was FAZ followed by Die Welt with
379 articles (m=47.7; SD= 7.2) the Financial Times Deutschland with 293 articles (m=36.6;
SD= 25.2), the Sidddeutsche Zeitung with 168 articles (m=21; SD= 5.3) and the Frankfurter
Rundschau with 115 articles (m=14.3; SD= 6.8) in eight years. The taz differs considerably
from the other nationwide newspapers analysed with only 35 published articles (m=4.37;
SD= 1.5), which were very evenly distributed over the years 2005-2007. Figure 7 shows the
course of coverage intensity during the study period.

This means that the German daily press can be roughly broken down into two groups based
on the scale of coverage of the topic: two newspapers (FAZ and Die Welt) dominate public
communication on this topic; three others (FR, SZ, taz) report rarely up to moderately fre-
quently but regularly on nanotechnology. Up to 2003 the Financial Times Deutschland be-
longed to this last group and since then to the trio of newspapers that devotes the most at-
tention to this topic.

'3 M = Mean; SD = Standard deviation
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Fig. 7: Coverage intensity in the news media 2000-2007
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Of the weekly publications Die Zeit has the highest coverage intensity (n=62; m=7.75; SD=
3.2). Only 47 (m=5.8; SD= 3.1) and 44 (m=5.5; SD= 1.8) articles were published in the Der
Der Spiegel and Focus, respectively over the eight years. However, if one links the number
of articles to publication frequency (6 issues per week for daily newspapers compared to one
issue per week for magazines and weekly magazines), then Die Zeit (n=62) comes just be-
hind the Frankfurter Allgemeine Zeitung (n=92) and Die Welt (n=63). On this basis Der
Spiegel and Focus are comparable with the Financial Times.

If one looks at the course of coverage of nanotechnology overall, then two relative peaks can
be identified in 2001 (n=233) and 2004 (n=248). After 2004, however, coverage frequency
steadily declined to 170 articles in 2007.

When it comes to the scale of coverage of nanotechnology measured in newspaper pages,
the Frankfurter Allgemeine Zeitung with a total of 86.25 newspaper pages (2001-2007) and
141 A4 pages (in 2000) again differs markedly from the other publications (Table 9 gives a
comparison).'

" The scale of the articles was measured on the basis of the available analytical material in this study. Whereas in the case of
the Frankfurter Allgemeine Zeitung from 2001 to 2007, the Siiddeutsche Zeitung, the Frankfurter Rundschau, Die Welt and
the Financial Times copies of the full, original newspaper pages were available, which could be compared with one another,
recourse had to be made for the Frankfurter Allgemeine Zeitung from 2000, for the tageszeitung and for Die Zeit to A4 print-
outs of the articles available on DVD and in the online archives. Measurement of the scale of coverage in the A4-format news
magazines Der Spiegel and Focus, was done on the basis of copies of the original format. For this reason three different
ways of measuring scale were needed (for the exact methodology see V10_1, V10_2 and V10_3 in the codebook, Annex C)
which could only then be compared in a second step.
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Fig. 8: Coverage intensity in the weekly publications 2000-2007
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Table 9: Size of the articles as published pages (2000-2007)
Unit used to measure size Publication Scale in
pages
Copies of newspaper pages Frankfurter Allgemeine Zeitung (2001—-2007) 86.25
Slddeutsche Zeitung 33.38
Frankfurter Rundschau 26.31
Die Welt 70.87
Financial Times Deutschland 74.58
A4 printouts Frankfurter Allgemeine Zeitung (2000) 141
Tageszeitung 26
Die Zeit 57.75
Copies of magazine pages Der Spiegel 68.5
Focus 63.5

In approximately 75% of all cases the articles on nanotechnology range in size from small to
very small (m=1.99; SD=0.91)"°, i.e. only in the rarest of cases do they exceed 12% and 6%
of a newspaper page in daily newspapers; even in the case of Focus and Der Spiegel they
are rarely larger than half a magazine page and are relatively small down to very small (Ta-
bles 10 and 11 give an overview of the distribution of article size by year and publication). A
comparison of mean values shows that the most extensive articles were published in 2000

(m=238; SD=1.1).

'S The relative size of the articles was recorded using a 5-level scale (1 = very small up to 5 = very big)
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4.1.2 Form of coverage

Across all publications and the entire study period, the various topic areas of nanotechnology
are mainly presented in the journalistic form of news (31.9%) and reports (60.8%). In 2006
42.3% of the articles are even presented in the comparatively most dense and shortest form
of coverage — news. Opinion-oriented forms like commentaries, columns, main articles or
interviews are rarely used (6.9%). Only in 2000 the year in which the debate was launched
on the social implications of nanotechnology by Bill Joy's essay “Why the future doesn't need
us” in the FAZ of 6 June 2000'® did this increase to a substantial 16.5% (= 33 articles) — and
in the Frankfurter Allgemeine Zeitung in the same year to 14.6% of all articles (n=89).

4.1.3 Positioning

Across all the years articles on nanotechnology — a comparatively young technology — are
mainly placed in the knowledge-science section (58.5%, n=1696). Other important sections
are business/finance (14.2%, n=1696) and the feature/arts section (11.6%, n=1696). The fact
that the press still finds it comparatively difficult to position topics to do with nanotechnology
is illustrated by the unusually high proportion (11.9%, n=1696) of “other” sections (cf. Table
12). These are pages which deal with related topics under collective headings like for in-
stance “information technology”, “consumer electronics” (Financial Times Deutschland) or
“‘media” (Suddeutsche Zeitung).

Consideration of the various individual publications shows that both Siddeutsche Zeitung,
Die Welt and also Die Zeit and Der Spiegel mainly anchor their coverage of nanotechnology
in the knowledge/science section. The Financial Times Deutschland — a newspaper with a
clear economic focus — largely adopts this classification as well. FAZ occupies a special posi-
tion when it came to the positioning of this topic. Over the entire study period 29.3% of all
articles (n=553) are positioned in its Feuilleton (feature/arts section). In 2002 the proportion
of articles in the Feuilleton was 40.2% (n=87), and in 2003 the Feuilleton was even home to
the largest proportion of overall FAZ coverage (49.2%, n=61).""

'® For more details on this subject please go to Chapter 4.2.2.

' In the FAZ Feuilleton natural science topics are the subject of essays, commentaries, reports several times a week, and this
includes nanotechnology. Since 2000 Frank Schirrmacher, co-publisher of FAZ has removed scientific topics from the pure
science pages and placed them in the Feuilleton in order to cover the philosophical and cultural aspects of modern research,
too. Hence articles are written not only by philosophers and ethicists but also by science fiction authors and natural scientists.
The essay by the US computer scientist, Bill Joy “Why the future doesn't need us” of 6 June 2000 led to a whole series of fol-
low-up articles. In his essay, Joy develops an apocalyptic scenario in which self-replicating nanorobots destroy the entire bio-
sphere. In an interview with Thomas Gauly, Frank Schirrmacher explains the shift in the FAZ Feuilleton from a section for re-
views to a section for debate as follows: “This has to do with the fact that biology and everything associated with it is penetrat-
ing and redefining culture. That is a topic for the Feuilleton, for the business section and of course for the political section.
However the topic fundamental research is presented in the Feuilleton because it has a social dimension. Aside from that, it
is certainly not wrong to subscribe at least to a minimum degree to Goethe's educational ideal of universal knowledge” (Gauly
2001).



Table 10: Size of article by news medium (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel | Focus >
Very small 23 31.5 28.6 35.7 35.4 38.6 16.1 46.8 54.5 31.5
Small 57.7 48.2 60 40.9 45.9 29.7 62.9 12.8 13.6 46
Average 13.4 18.5 11.4 11.3 14.5 20.5 19.4 29.8 18.2 16
Big 3.4 1.2 - 8.7 4 9.2 1.6 6.4 4.5 4.7
Very big 2.5 0.6 - 3.5 0.3 2 - 4.3 9.1 1.9
Total 100 100 100 100 100 100 100 100 100 100
n=553 n=168 n=35 n=115 n=379 n=293 n=62 n=47 n=44 | N=1696
Table 11: Article size by year of publication (as %)
Article size 2000 2001 2002 2003 2004 2005 2006 2007 >
Very small 21.5 27.9 34.9 29.6 35.1 29.2 40.9 31.8 31.5
Small 42 50.2 47.4 51.3 44 44.9 42.3 45.9 46
Average 21.5 12.9 14.4 14.6 18.1 19.9 11.6 14.7 16
Big 7 6 1.4 4 2.4 5.1 5.1 71 4.7
Very big 8 3 1.9 0.5 0.4 0.9 - 0,6 1.9
Total 100 100 100 100 100 100 100 1.0 100
n=200 n=233 n=215 n=199 n=248 n=216 n=215 n=170 | N=1696




Table 12a: Positioning by hews medium (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel Focus >
Not identifiable 0.7 - 114 0.9 0.5 1 - - 2.3 0.9
Title page 0.5 0.6 2.9 0.9 2.4 0.3 - - 0.9
Politics/domestic 1.8 0.6 2.9 - 0.8 1 1.6 - - 1.1
Politics/foreign 0.4 - - 1.7 0.5 0.3 4.8 2.1 2.3 0.7
Economics/finances 15 14.3 171 20.9 14.8 10.6 14.5 6.4 11.4 14.2
Feature/arts section 29.3 4.8 11.4 4.3 2.4 1.4 3.2 - 4.5 11.6
Knowledge/science 46.5 65.5 34.3 45.2 69.4 70 67.7 70.2 40.9 58.5
Sport - 0.6 - - 0.5 - - - - 0.2
Other/other section 5.8 13.7 20 26.1 8.7 15.4 8.1 21.3 38.6 11.9
Total 100 100 100 100 100 100 100 100 100 100
n=553 n=168 n=35 n=115 n=379 n=293 n=62 n=47 n=44 N=1696
Table 12b: Positioning over time (as %)
2000 2001 2002 2003 2004 2005 2006 2007 >

Not identifiable 0.5 0.4 - - 0.4 0.9 2.3 2.9 0.9
Title page 2.5 1.7 0.9 1 0.4 0.5 0.5 - 0.9
Politics/domestic 1 2.1 - 0.5 3.6 0.9 - - 1.1
Politics/foreign 1 0.4 0.5 - 0.4 0.9 1.4 1.2 0.7
Economics/finance 10.5 12 12.1 10.6 17.3 12 22.8 15.9 14.2
Feature/arts section 15.5 9.4 18.1 16.1 9.3 7.9 8.8 7.6 11.6
Knowledge/science 57.5 61.4 58.1 62.3 55.6 69.9 47.4 55.3 58.5
Sport - - - 0.5 0.4 - - 0.6 0.2
Other/other section 11.5 12.4 10.2 9 12.5 6.9 16.7 16.5 11.9
Total 100 100 100 100 100 100 100 100 100
n=200 n=233 n=215 n=199 n=248 n=216 n=215 n=170 N=1696
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Between 2000 and 2007 nanotechnology only managed to reach the front page 16 times.
Table 13 gives an overview of the headlines

Table 13: Nanotechnology on the front page

Date Publication Headline

06.06.2000 FAZ Why the future doesn't need us

05.07.2000 Welt Bill Joy: New technologies jeopardise mankind
11.08.2000 Welt New invention could revolutionise chip electronics
24.08.2000 FAZ Brain researcher Singer against artificial intelligence
24.11.2000 Welt Mini-U-boat is to explore the human body
25.11.2000 taz Together we can reach the 50,000

02.05.2001 Welt Breakthrough for computer chips

09.05.2001 Welt New margarine said to reduce cholesterol
08.08.2001 FAZ The code in the coating

09.04.2002 Welt Beat thirst by sweating

19.09.2003 Welt Peres: Nanotechnology means prosperity and a future
09.12.2003 FR Playing with atoms

18.06.2004 FTD Gearing up for leisure and fun

30.07.2004 FAZ Stricter legislation demanded for nanoparticles
27.04.2005 FTD Infineon’s loss shocks brokers

05.07.2006 SZ The Sidelight

In line with the sections the other articles are placed inside. Statements on individual num-
bers of pages — and by extension statements on the prominence of the articles — are not very
informative as the individual publications differ in terms of page size and sequence of internal
sections. Furthermore, some of them separate page numbers for each section.

In addition to the size of the articles and their positioning, visualisation can be used as an
indicator of the importance attributed to nanotechnology in the coverage. In around 28.4% of
the articles illustrations are used to visualise the topic. Chapter 4.6.3 contains an overview of
the results of the image analysis.

4.1.4 Outcome composition

Judging by the external form, nanotechnology coverage, which can be described in the wider
sense as science coverage, is mainly the work of the journalists themselves. Across all pub-
lications and the entire analytical period, 83.4% of all articles could be identified by name or
by editorial board. Only 8.7% are clearly wire news. Only the taz (20%, n=35), the Frankfurter
Rundschau (15.7%, n=115) and Die Welt (19.3%, n=379) make more frequent use of wire
news. By contrast, the Frankfurter Allgemeine Zeitung has the highest proportion of its own
articles (93.1%, n=553).
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4.2 Topic structure and discussion processes

4.2.1 Focus of coverage

As already mentioned in Chapter 2.5.5, nanotechnology cannot be viewed in the strictest
sense as a topic but merely as a subject of coverage for which various topic areas and topics
can be identified. Besides “fundamental research” (34.1%, N= 1696), the most important top-
ics over the entire study period are the application “information and communication technolo-
gies” (14.2%), “not consumer-related applications” (11.0%)'®, general “overviews”'® of
nanotechnology (8.2%) and the application “health care” (7.4%). Table 14 gives an overview
of the overall distribution of coverage to the main topic complexes. These complexes were
established by compiling a large number of individual topics which are the basis for the con-
tent analysis.

Table 14: Overview of the main topics covered

Frequency | Percent

Fundamental research 579 34.1
Application: health care 126 7.4
Consumer-related applications®’ 69 41
Application: information and communication technologies 241 14.2
Not consumer-related applications 186 11
Debates about nanotechnology in general and ethical 62 3.7
aspects

Nanobiotechnology 75 4.4
Politics 69 41
Economy 122 7.2
Overview of nanotechnology 139 8.2
Other 28 1.7
Total 1696 100

If one looks at the content of the topics covered most, then in the field of “fundamental re-
search” most of the articles are on structure formation and nanostructures (85.8%, n=579).
For the application “information and communication technologies”, miniaturisation (32.8%,
n=241), electronic components (29%) and data carriers with nanostructures (24.1%) are the
main topics whereas surface coating and finishing (12.4%, n=186), the production of solar
cells/photovoltaic cells (9.1%), catalysis/catalysers (8.1%) and energy stores (7.5%) are the
dominant themes in coverage of not consumer-related applications of nanotechnology. For
the application health care, the sub-topics tumour/cancer treatment (23%, n=126), treatment
(15.9%) and diagnosis/early detection of other diseases (20.6%) and drug delivery develop-
ments (7.9%) are particularly important.

What is noticeable is that in around 60% of all articles only one topic/application of
nanotechnology is discussed. Topics from the applications healthcare and information and
communication technologies are only supplemented in 15% and 14.5% of the cases (n=241)
with comments on fundamental research. The presentation of the main topic consumer-
related applications is combined in 11.6% of the cases (n=69%) with the sub-topic not con-
sumer-related applications which seems to indicate a general focus on applications in these
articles.

'® The not consumer-related areas include the applications “surface coating” (2.7 %, n=1696), “armaments, aerospace”
(2.1 %), “energy management” (2.8 %), “construction” (0.6%), and “chemical industry” (2.8 %)

'® They include all articles aiming to give an overview of the broad spectrum of nanotechnology — definition of terms, applica-
tions, possible opportunities and/or risks

® The consumer-related applications include the following applications: automotive industry (1.5 %), textile industry (1.6 %),
cosmetics industry (0.4 %) and food industry and agriculture (0.5 %).
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In line with the positioning of the majority of the articles in the knowledge/science and busi-
ness/finance sections, the dominant perspectives covered are scientific (65.5 %, n=1696)
and economic (21.6 %). Whereas articles on fundamental research and on the application
healthcare are almost all written (94.5 %, n=579 and 95.2 %, n=126) from the scientific per-
spective, the economic perspective plays an important role in articles on the application in-
formation and communication technologies (39 %, n=251), not consumer-related (22 %,
n=186) and consumer-related applications (60.9 %, n=69). Social (25.8%), cultural (24.2 %)
and ethical-moral perspectives (21 %) were only identified in the topic complex - debates
about nanotechnology in general and ethical-moral aspects (n=62) (cf. Table 15).

Table 15: Coverage perspective of the topics (as %)

Fundamen- |Application: |Consumer- |Application: Not consumer- | Debates about
tal research |Healthcare |related Information related appli- |nanotechnol-
applications |and communi- |cations ogy in general
cation techno- and ethical
logies aspects
Not decidable 0.5 0.8 - - - -
Political perspective 0.2 0.8 - 0.8 0.5 3.2
Social perspective 0.7 1.6 11.6 2.1 5.4 25.8
Cultural perspective 0.7 - 2.9 0.4 1.1 24.2
Legal perspective 0.3 - 1.4 0.4 - -
Economic 2.2 16 60.9 39 22 :
perspective
Ethical-moral 0.7 : : 0.4 0.5 21
perspective
Scientific
perspective 94.5 95.2 20.3 56.8 61.8 25.8
Military perspective 0.2 - 2.9 - 8.6 -
Other - - - - - -
Total 100 100 100 100 100 100
n=579 n=126 n=69 n=241 n=186 n=62

In most cases coverage focuses on current events (91.7 %) mainly in Germany (34.6% of
cases). Furthermore, the USA is another geographical focus of reported events (26.5%) (cf.
Table 16).



Table 16: Main topic and coverage region (as %)

Fundamental| Application: | Consumer- |Application: |Not con- Debates Nanobio- Politics Economy |Overall
research Healthcare |related Information | sumer- about technology distribution
applications |and commu- | related nanotech-
nication applications |nology in
technologies general (...)

Not identifiable 3.8 6.3 11.6 18.7 5.4 38.7 8 4.3 13.1 10.1
Australia 0.2 1.6 - - 1.1 - - - 0.4
China 0.9 - - - 0.5 - - - - 0.4
Germany 27.6 34.9 58 22.4 36 16.1 18.7 63.8 58.2 34.6
France 0.9 - - 0.4 0.5 1.6 - - - 0.5
Israel 0.5 1.6 - - 0.5 - 2.7 - 1.6 0.6
Japan 5 0.8 - 2.5 2.7 - 1.3 - 25 2.7
Netherlands 0.7 - 1.4 0.8 1.6 - 6.7 - - 0.9
Switzerland 1 1.6 1.4 1.2 - - 1.3 - - 0.8
South Korea 0.2 - - 0.4 - - - - - 0.1
UK/England 2.2 - 1.4 2.1 3.2 4.8 4 0.8 1.9
USA 35.8 37.3 14.5 32 26.3 21 29.3 2.9 9.8 26.5
EU/EC - - - - 0.5 - - - 0.8 0.2
Several countries (including Germany) 11.2 11.1 7.2 12 14.5 16.1 20 14.5 9.8 13.3
Several countries (excluding Germany) 6.7 3.2 1.4 4.6 2.7 - 8 - 1.6 41
Europe - - - - 0.5 1.6 - 10.1 1.6 0.7
North America 0.3 - - - 1.1 - - - - 0.2
Asia 0.7 - - 0.8 - - - - - 0.4
Other 2.2 1.6 2.9 2.1 2.7 - - 4.3 - 1.8
Total 100 100 100 100 100 100 100 100 100 100
n=579 n=126 n=69 n=241 n=186 n=62 n=75 n=69 n=122 N=1696
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4.2.2 Time-based analysis

The annual comparison revealed minor differences in the content variance of the topics. The
topic fundamental research was predominant in coverage over the entire study period. How-
ever, in 2006 (22.8 %) and 2007 (27.6 %) this topic clearly lost its dominant position. Parallel
to this the applications healthcare (2005: 10.2 %; 2007: 11.2 %), information and communi-
cation technologies (2005: 14.4 %; 2006: 15.8 %), economy (2004: 10.1 %; 2006: 13.5 %)
and more particularly not consumer-related applications (2006: 15.3 %; 2007: 17.6 %) took
on importance as topics covered. Figure 9 shows the coverage course for the main topics.

Fig. 9: Main topics of coverage of nanotechnology
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2000 is an exception: with 15.5 % the topic debates about nanotechnology in general and
ethical aspects is in second place behind fundamental research (33.5 %) in the ranking of the
topics covered most. In the following years this topic area almost disappeared completely
from the media agenda. Hence it seems appropriate to undertake a detailed examination of
the discussion process in the course of which coverage is briefly outlined (cf. Fig. 10).
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Fig. 10: Time course of the topic “Debates about nanotechnology”
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The “Bill Joy debate”

The high level of coverage summed up under debates about nanotechnology in general and
ethical aspects was triggered in 2000 by the publication of an essay by the US computer
scientist Bill Joy - “Why the future doesn't need us” in the Feuilleton of the Frankfurter Allge-
meine Zeitung dated 6 June (No. 130, p. 49). This is an abbreviated version of the article
“Why the future doesn't need us” already published in March in the high tech journal “Wired”.
In it, Joy points out the serious consequences of important key technologies of the 21 cen-
tury — genetic engineering, nanotechnology, robotics. In particular he focuses on the risks. In
this context he makes comparisons with 20" century weapons of mass destruction in order to
highlight the threat to mankind. What Joy finds particularly worrying in this context is the risk
of misuse of technologies by terrorists. Furthermore, the author sees a threat if the artefacts
created by man were to develop a will of their own. Key terms and images in his argumenta-
tion — particularly with reference to nanotechnology — involve a comparison with DDT-
resistant malaria mosquitoes, Goethe's sorcerer’s apprentice, Pandora's box, nanorobots
and so-called assemblers. Given the uncertainty and limited knowledge about ongoing tech-
nical developments and their far-reaching potential, Joy calls for a research moratorium i.e.
renunciation of the development and use of these techniques.

Whereas an interview with Bill Joy about the risks of nanotechnology, which had already ap-
peared on 23 March in Die Zeit (No. 13) entitled “democratisation of evil” did not prompt any
major media reaction, the printing of the article in the FAZ unleashed a major debate which
has since been called the Bill Joy debate. In this debate the Frankfurter Allgemeine Zeitung -
with16 of the 31 articles published on this subject in 2000 (equivalent to 51.6%) - is the opin-
ion leader. Furthermore, albeit on a far lesser scale, Die Welt (16.1%) and the Frankfurter
Rundschau (9.7%) contributed to the debate. The fact that the social or cultural dimensions
are accentuated in the debate about the benefits and above all risks of nanotechnology is
confirmed by its positioning in the Feuilleton (64.5% of 31 articles).
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In July and September 2000 the focus in the Frankfurter Allgemeine Zeitung was on discus-
sion articles and responses to Bill Joy's theories amongst others by Ray Kurzweil (17.6.,
05.07., 04.12.2000), a leading intellectual force in the field of artificial intelligence, the physi-
cist and computer scientist Ralph C.. Merkle “Swords into nanoarms” (11.09.2000), Nathan
Myhrvold “A weapon doesn't turn us into killer”,(12.09.2000) and Wolfgang Heckl “The bene-
fits of the tiniest particles for our life” (01.11.2000). They put things in perspective and
stresses the opportunities offered by this technology — sometimes as utopian expectations of
healing. In addition, there are also articles which recommend a critical stance on new re-
search developments in the field of nanotechnology, for instance John Rennie “Intelligence,
Beast” (19.09.2000). Die Welt also took up the Bill Joy debate — albeit on a lower scale — with
discussion contributions from various angles. They began with a guest article by Michael
Mersch (08.06.2000) entitled “Help, the robots are coming!” in which he polemically refuted
Bill Joy's theories as “unimaginative science fiction clichés” and “conventional moral plati-
tudes”. This was followed on 05.07.2000 by the article “Bill Joy: New technologies threaten
mankind” in which Joy's theories are set out and an article by Amory Lovins (08.07.2000),
“The four risks to mankind”) which supports them. Jirgen Schremp's article “Bill Joy is an
apocalyptist, | by contrast am a realist” (17.07.2000) adopts a more realistic attitude towards
nanotechnology which is comprehensively presented in a positive manner in another article
(11.09.2000).

Although it is not until Chapter 4.4 that a risk—benefit assessment of nanotechnology in gen-
eral and visual applications in particular is given, detailed consideration of the first phase of
the Bill Joy debate, which can restricted in terms of time to between June 2000 and Decem-
ber 2000, should conclude here with a presentation of the risk-opportunity assessment within
the social debate (see Fig. 11). Overall, it can described as risk-oriented. Twelve of the 31
articles, which were attributed to the debate, only mention the risks of nanotechnology. They
are specified first and foremost as ethical-moral (15 mentions), military (13 mentions) and
public/social risks (8 mentions). In addition general/non-further specified scientific and indi-
vidual risks are discussed.

Coverage by the two publications (FAZ, Die Welt) with the highest media participation in the
debate can be described as more or less balanced (cf. Table 17).

Table 17: Risk-opportunity focus in the Bill Joy debate (2000)

Frankfurter |Frankfurter |Die Welt |Overall

Allgemeine |Rundschau coverage

Zeitung
Neutral - - 20 6.5
Opportunity-oriented - - 20 3.2
Opportunities outweigh risks 23.5 - 20 16.1
Balanced (opportunities and risks) 29.4 66.7 - 22.6
Risks outweigh opportunities 11.8 - - 12.9
Risk-oriented 35.3 33.3 40 38.7

100 100 100 100

Vel n=17 n=3 n=5 N=31
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Fig. 11: Opportunity and risk orientation in the Bill Joy debate
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Social debates and critical examinations of the ethical-moral aspects of nanotechnology
could only be found in an isolated manner — on a scale of between 3 % (2001/2003) and
1.2 % (2007)*" — in coverage of nanotechnology in the following years. Only in the months
November and December of 2002 (23.11.2002-24.12.2002) is there another, albeit moder-
ate, increase in coverage of this topic. This mainly involves the book “The Prey” by Michael
Crichton, a horror scenario of tiny man-eating cells and self-assembling nanorobots (Stid-
deutsche Zeitung, 27.11.2002; Frankfurter Allgemeine Zeitung 29.11.2002; Focus,
02.12.2002; Financial Times Deutschland 13.12.2002). Another topic is the risk of transhu-
manism in the “Triumph of a naturalistic philosophy?” (Frankfurter Rundschau, 24.12.2002).
Overall these contributions are rather risk-oriented.

Politics

Another topic which can be attributed special social relevance is politics (4.1 %, n1696).
Whereas legal and business politicies (5.8% respectively (n=69) play a relatively minor role,
the focus is on educational policy and research support (together 79.7 %). The relative maxi-
mum value of coverage observed in 2004 — particularly in the first half of the year (9.7 %,
n=248) can be explained by research support initiatives like for instance the new “German
Future Offensive Nanotechnology”.

Fundamental research

As the topic fundamental research is of immense importance for coverage of nanotechnol-
ogy, it is also examined below from the angle of the specific course of discussion. Overall the
Frankfurter Allgemeine Zeitung (46.5%, n=553) closely followed by the Sdddeutsche Zeitung
(40.5%, n=168) place the greatest emphasis on this topic in their coverage. Although the

' This finding is also confirmed by Gopfert (2001: 76) for the scientific coverage by selected German daily newspapers: “Inde-
pendently of the timing of examination, ethics in science and technology development, scientific research, public understand-
ing of science technologies and other topics of reflection on the sciences are only present on the fringes on a scale of ap-
proximately 2%”.
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course of discussion is, as a whole, far more intense than for the other topics, 2001 can be
described as a busy phase. In the months March (11 articles), June (18), September (14)
and November (13), there were more than ten articles on research in the nanofield. In parti-
cular the Frankfurter Allgemeine Zeitung (61.5 %, n=91), the Sidddeutsche Zeitung (70.6 %,
n=17) and the Frankfurter Rundschau (50%, n=20) manifest an elevated level of media acti-
vity. The main focus is on research on nanowires and nanotubes that can be used in
nanotransistors and logic gates (roughly 45 of the 102 articles). Overall, the coverage can be
described as “development and progress”. Typical formulations used are, for instance, scien-
tists have developed a method which (...) or scientists have made major progress (...). Cor-
respondingly, the coverage of fundamental research in the field of nanotechnology is again
consistently opportunity-oriented in 78.4 % (n=102) or neutral in 17.6 % of the cases in 2004.

Table 18: Risk-opportunity orientation of coverage of fundamental research (2004)

Frankfurter |Sid- Frankfurter |Financial Overall
Allgemeine |deutsche Rundschau |Times Dtld. |coverage
Zeitung Zeitung
Neutral 16.1 33.3 20 7.1 17.6
Opportunity-oriented 82.1 66.7 70 85.7 78.4
Opportunities outweigh risks - - 10 71 2.9
Balanced (opportunities and risks) 1.8 - - - 1
Total 100 100 100 100 100
n=56 n=12 n=10 n=14 N=1696

The Magic Nano case

Coverage of the intoxication cases linked to two bathroom sprays of the company Kleinmann
GmbH — “Magic Nano bathroom and WC surface sealing agent” and “Magic Nano glass and
ceramic surface sealing agent”, which was important for the Federal Institute for Risk As-
sessment, only attracted very little attention in the print media examined (11 articles) (cf. Ta-
ble 19).

Table 19: Coverage of the Magic Nano case (March-June 2006)

Date Publication Headline

30.03.2006 | Frankfurter Rundschau "Magic-Nano" bathroom product triggers intoxications

30.03.2006 | tageszeitung Bathroom cleaning agents recalled

01.04.2006 | Suddeutsche Zeitung Dangerous bathroom cleaning

01.04.2006 |tageszeitungen Bathroom sprays: 44 intoxication cases

06.04.2006 | Frankfurter Rundschau Number of intoxication cases caused by bathroom spray in-
creases

13.04.2006 | Siddeutsche Zeitung Fine dust in blood

15.04.2006 | Frankfurter Rundschau Coming soon

24.05.2006 | Frankfurter Aligemeine Ztg. | Toxic dwarves

01.06.2006 | Frankfurter Allgemeine Ztg. | No nano in this spray

02.06.2006 | Stiddeutsche Zeitung Normal cleaning agent

02.06.2006 | tageszeitung Consumers misled

In order to assess whether the Magic Nano case had an impact on coverage of nanotechnol-
ogy, the scale of coverage was considered first. An increase in coverage intensity (fre-
quency) was indeed observed but given the topics and the description of article contents, this
could not be attributed to the Magic Nano case. In a second step the content of coverage on
the basis of the topics discussed and a general assessment of the subject nanotechnology
were examined. To this end, three comparable time phases were defined: 1) 3 months
(01.01.2006—29.03.2006) prior to the first media reports of intoxication cases caused by
Magic Nano on 30.06.2006, 2) the phase of coverage of the Magic Nano case (30.03.2006—
30.6.2006) and finally 3) the phase after the Magic Nano case (01.07.2006 — 30.10.2006).
No major shifts in the topics was observed during the coverage phases. Table 19 shows the
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topic structure within the three phases. Fig. 12 gives a comparative assessment of

nanotechnology in the different time phases.

Table 20: A comparison of the topic structure during the three coverage phases of the Magic Nano case

Phase | Phase Il Phase Il >

(01.01.2006- |(30.03.2006- |(01.07.2006-

29.03.2006) |30.06.2006) |30.10.2006)
Fundamental research or nanotechnology 20 15.5 23.5 20.1
in general
Application: Health care 8.9 8.6 1.2 5.4
Consumer-related applications 2.2 5.2 4.9 4.3
Application: Information and communica- 20 13.8 17.3 16.8
tion technologies
Not consumer-related applications 13.3 17.2 13.6 14.7
Nanobiotechnology 8.9 6.9 4.9 6.5
Politics 2.2 1.7 6.2 3.8
Economy 15.6 17.2 14.8 15.8
Other 4.4 8.6 1.2 4.3
Overview of nanotechnology 4.4 5.2 12.3 8.2

100 100 100 100

Ui n=45 N=58 n=81 | N=184

Fig. 12: Evaluation of nanotechnology in the three coverage phases of the Magic Nano case
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4.2.3 Comparison of the various publications

Almost all the newspapers and magazines examined dedicate most articles to the topic fun-
damental research, the only exception being Focus. It pays the most attention to the applica-
tion healthcare. However, the weighting of and, by extension, the importance attributed to
other nanotechnology topics varies considerably in some cases. The newspapers Frankfurter
Allgemeine Zeitung and Sdddeutsche Zeitung are very similar in terms of content. Both focus
their coverage heavily on news and reports from the field of fundamental research (FAZ:
46.5 %, n=553; SZ: 40.5%, n=168), followed by the application information and communica-
tion technologies (FAZ: 10.5%; SZ: 15.5%) as the second most important, and not con-
sumer-related applications (FAZ: 8.9%; SZ: 10.7%) as the third most important topic. Gen-
eral overview articles about nanotechnology account for 6.1% (FAZ) and 6.5% (SZ) of cover-
age in these print media. The two publications only differ in the fifth place of the ranking of
main topics: the Frankfurter Allgemeine Zeitung centres its debates about nanotechnology on
general and ethical aspects (5.8%) and the Sdddeutsche Zeitung on the economy (6.0%).
Overall this ranking — with the exception of the fifth ranking — correlates with the overall dis-
tribution over all media.

There was also common ground in the focus adopted by the Financial Times Germany and
Die Welt. Their coverage mostly concentrates on fundamental research (FTD; 26.3%, n=293;
Welt: 27.2 %, n=379), the application information and communication technologies (FTD;
18.8%; Welt: 16.4%) and not consumer-related applications (FTD; 12.6%; Welt: 12.1%). The
economy comes next in both publications with approximately 10% of coverage. The fifth
most important topic in Die Welt is the application healthcare (8.7%) and in the case of the
Financial Times Deutschland general articles about nanotechnology.

Coverage in the Frankfurter Rundschau, the taz and Die Zeit deviates from the previously
outlined distribution of topics and focus of daily newspapers and from the overall distribution.
Table 21 presents an overview.

Table 21: Five most important topics in the tageszeitung, Frankfurter Rundschau and Die Zeit (2000-2007)

Tageszeitung Frankfurter Rundschau Die Zeit Total

% Ranking % Ranking % Ranking % Ranking
Fundamental research 25.7 1 25.2 1] 274 1 34.1 1
on nanotechnology in
general
Application: Health care 11.4 3 7.8 5 6.5 3 7.4 5
Consumer-related 2.9 7 4.8 4.1
applications
Application: Information 8.6 4 18.3 2 4.8 14.2 2
and communication
technologies
Not consumer-related 14.3 2 9.6 4 4.8 11 3
applications
Debates about 8.6 4 6.1 3.2 3.7
nanotechnology in
general and ethical
aspects
Nanobiotechnology 5.7 0.9 6.5 3 4.4
Politics 5.7 5.2 6.5 3 4.1
Economy - 4.3 6.5 3 7.2
Other 8.6 4 4.3 1.6 1.7
Overview of nanotech- 8.6 4 11.3 3| 274 1 8.2 4
nology
Total 100 100 100 100
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In its minimal coverage (35 articles in 8 years), the taz places the emphasis on not con-
sumer-related applications (14.3%, ranking 2). The Frankfurter Rundschau concentrates,
alongside the Financial Times Deutschland, very much on the application information and
communication technologies (18.3%, n=115)%. Two main topics can be identified in cover-
age in Die Zeit. “fundamental research” (27.4%, n=62) and “overview of technology” (27.4%).

The two news magazines Der Spiegel (ranking 3, 12.8%, n=47) and Focus (ranking 1,
18.2%, n=44) place the greatest emphasis on the application healthcare. This can be inter-
preted as a greater orientation towards human interest and service topics than in the daily
newspapers. Particularly for Focus this orientation towards ‘news to use’ is characteristic for
its journalistic profile.

In conjunction with the topic structure of coverage of nanotechnology, it is interesting to look
at which actors shape the debates or events in the individual areas, how they position them-
selves and how they evaluate nanotechnology. The following section presents results for
these aspects before taking a detailed look in Chapter 4.4 at the assessment of the opportu-
nity and risk aspects of nanotechnology in general and of special applications in particular.
Chapter 4.5 then analyses the demands made and actions recommended in the media.

4.3 Analysis on the spokesperson level

The assessment of content depends not least on the interpretation and evaluation of the
topic by the main actors. To qualify as a main actor, an individual or cooperative stakeholder
has to express him/herself in direct speech or through the presentation of the gist of his/her
statements. A journalist can also qualify as the main actor of a written contribution if he
makes a clearly evaluative statement about nanotechnology. Besides individual and corpo-
rate actors, diffuse collectives (e.g. “the critics”, “we”) are also covered by this category. In
contrast, actors who were only mentioned but did not say anything themselves are not
deemed to be main actors. In this survey up to three main actors per article could be taken

into account.

According to this operational definition 14.4% of the articles (n=1696) can be described as
purely descriptive. In these articles no actor voices his/her opinion directly or indirectly. Most
of the articles (47.4%) have one main actor, i.e. the focus of the article is on one individual
actor or group which expresses its opinion on nanotechnology or its position on this topic is
outlined. There are relatively few cases of two or three main actors (25% and 13.2% respec-
tively) voicing their opinions in one article. Table 22 gives the overall distribution of spokes-
persons. As up to three main actors could be recorded and examined for each article, the
total value deviates from the number of articles analysed.

Overall, the attitudes and statements of scientific actors (46.6%, n=2154) and economic ac-
tors (19.6%) - aside from the journalists (17.5%) - dominate coverage of nanotechnology.
This is plausible against the backdrop of the evaluations of the main topics, the dominant
perspective of coverage and the positioning of the articles. The media discourse is hence
“‘dominated” by the scientists engaged in research and development activities in the field of
nanotechnology and actors who market or hope to market nanotechnology applications.
Scarcely any actors who are critical of the technology are found in the publications exam-

ined. In this study they are classed in the categories “social groups” and “public figures”.2®

2 One reason may be that Hessen, the main circulation area of the Frankfurter Rundschau, is an excellent location for informa-
tion and communication technologies. With around 90,000 employees, sales revenues of €32 billion (2006) and 10,000 com-
panies, this sector - the strongest by far in Hessen - enjoys a leading position in Germany and Europe. Furthermore, almost
one-fifth of all German nanotechnology companies have their registered office in Hessen.

% Table 25 in Annex A indicates which actors are included in the upper categories scientific actor, economic actor and public
figures.
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Table 22: Main actors in the coverage of nanotechnology (multiple responses: three mentions per article

were possible)

Answers
Percent

Political actors 31 1.4
Political institutions 85 3.9
Central bodies, institutions, associations 64 3
Scientific institutions, research groups, scien- 1003 46.6
tists

Economic actors 422 19.6
Public figures 106 4.9
Social groups, group designations 27 1.3
Journalists 377 17.5
Foundations, science support 17 0.8
Other actors 22 1
Total 2154 100

If a person or institution from science and research is mentioned as the first main actor, then
in 31.2% of cases there is a second actor (Il) who, in the majority of cases, comes from the
field of science. There is a parallel picture in the case of economic actors who in 12.2% of
cases are joined by a further actor (ll) from the economy. In most cases “public figures”
(47.4%, n=57) and “social groups” (50%, n=14) occur most frequently in conjunction with a
second or third actor. In the first case they are further public figures or actors from science, in
the second case mainly central institutions. Table 23 shows by way of example for the men-
tion of actors | and I, the actors who occurred together in one article. What should be noted
here is that the occurrence of several actors in an article cannot be interpreted as an indica-
tion of a conflict or contradictory views: 95.8% of all spokespersons’ statements on
nanotechnology (n=2154) are not contradicted. It was far more the case that several actors
support an argument or an attitude towards the topic.

If one looks at the entire analytical period, the discussion dynamic examined in Chapter 4.2
is reflected in the structure of actors (cf. Tables 14-16); scientific institutions, research groups
and scientists dominate coverage over the entire study period (2000—2007). In 2000 — espe-
cially during the Bill Joy debate (cf. section 4.2.2) — public figures play an important role in
coverage with a share of 18% and even overtake economic actors (13.9%). In 2004, in con-
trast, political actors and “political institutions” with 2.6% and 10.6% respectively shape the
media agenda, particularly about questions of educational policy and research support. Eco-
nomic actors take on greater importance with shares in 2006 of 29.5% and 2007 of 23.6%.
This can be taken as a sign of the growing economic use of nanotechnology products and
increasing economic activities by companies in this segment (cf. Table 24a).**

In the coverage in the newspapers and magazines examined, no significant differences are
observed in the composition of the actors’ structure. That is why no detailed description is
given here. Table 24b gives an overview.

2 The percentages presented in this section refer to the total number of main actors (n=2154).



Table 23: Joint occurrence of actors (mentions | and Il) (as %)

Not Political Political Central Scientific | Economic | Public Social Journalist | Foundations, | Other
applicable | actors institutions | institutions, | institutions | actors figures groups science actors
etc. etc. etc. support
Not applicable 100 70 61 59 68.8 65.4 52.6 50 72.5 10 91.7
Political actors - - - 2.6 0.1 0.7 - - 0.5 10 -
Political institutions - - 6.8 7.7 1.2 - - - - 10 -
Central bodies, institutions, ) ) ) 5.1 0.4 24 ) 143 0.9 10 )
associations
Scientific institutions, research
groups, scientists - 20 15.3 7.7 12.5 9.8 15.8 71 11.8 20 8.3
Economic actors - - 6.8 12.8 4.6 12.2 1.8 7.1 4.7 30 -
Public figures - - 3.4 26 0.7 0.7 12.3 - 4.7 - -
Social groups, group designa- ) ) ) ) )
tions 5 3.4 0.5 0.3 1.8 71
Journalists - 5 3.4 - 10.8 7.3 14 14.3 3.3 - -
Foundation, science support ) . ; 26 0.1 0.3 - - 0.5 - -
Other actors - - - - 0.3 1 1.8 - 0.9 10 -
Total 100 100 100 100 100 100 100 100 100 100 100
n=244 n=20 n=59 n=39 n=744 n=286 n=57 n=14 n=211 n=10 n=12




Table 24 a: Distribution of main actors over time (as %)

2000 2001 2002 2003 2004 2005 2006 2007 >
Political actors 0.7 1.9 0.4 1.8 2.6 0.4 1.9 1.4 1.4
Political institutions 1.9 29 1.9 21 10.6 4.5 3.1 3.8 3.9
Central bodies, institutions, associations 1.9 3.2 0.7 3.9 2.3 2.4 5.4 4.2 3
Scientific institutions, research groups, 45.7 51 47.2 51.9 35 53.3 45 44.3 46.6
scientists
Economic actors 13.9 16.6 19.9 14.7 22.8 171 29.5 23.6 19.6
Public figures 18 5.2 71 4.2 1.9 1.6 - 0.5 4.9
Social groups, group designations, 1.1 0.6 1.1 2.1 1 1.6 0.4 24 1.3
Journalists 15 16.2 21 16.8 21.9 17.1 13.6 17.9 17.5
Foundations, science support 0.7 0.6 - 1.8 1.3 0.8 - 0.9 0.8
Other actors 1.1 1.6 0.7 0.7 0.6 1.2 1.2 0.9 1
Total 100 100 100 100 100 100 100 100 100

n=267 n=308 n=267 n=285 n=311 n=246 n=258 n=212 N=2154




Table 24 b: Distribution of main actors within coverage in the publications examined (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel Focus

Political actors 2.3 1.4 - 0.6 1.3 0.8 21 1.6 - 1.4
Political institutions 3.1 55 11.5 6.1 4.6 29 3.1 - 1.6 3.9
Central bodies, institutions, associa- 1.8 41 3.8 3.9 3.1 4 41 - 1.6 3
tions
Scientific institutions, research groups, 50.4 47.3 44.2 36.7 42.7 49.9 46.4 52.4 37.1 46.6
scientists
Economic actors 15 23.2 7.7 18.3 25.8 20.6 16.5 12.7 29 19.6
Public figures 6.6 3.6 7.7 5 3.1 1.9 9.3 12.7 6.5 4.9
Social groups, group designations, 1.2 0.5 5.8 1.7 1.3 0.8 2.1 - 1.6 1.3
Journalists 18.2 12.3 17.3 22.8 16.7 17.4 15.5 17.5 22.6 17.5
Foundations, science support 0.5 0.5 - 1.7 1.1 0.8 1 1.6 - 0.8
Other actors 0.9 1.8 1.9 3.3 0.2 0.8 - 1.6 - 1
Total 100 100 100 100 100 100 100 100 100 100

n=653 n=220 n=52 n=180 n=454 n=373 n=97 n=63 n=62 N=2154
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After first clarifying which actors shape coverage of nanotechnology overall and over the
course of time, the question was raised in the second step about which topics they comment
on and how they assess nanotechnology in general. The following comments refer first and
foremost — unless stated otherwise — to the first actor mentioned (n=1452). Coverage of top-
ics from science and research — in particular nanotechnology developments which are not
yet used in industrial production — is dominated by scientific institutions, research groups and
individual scientists. They mainly serve as the experts of choice for topics from the field of
fundamental research (80 % of the spokespersons’ contributions on the topic, n=579), nano-
biotechnology (75.4 %, n=75) and the application healthcare (73.8 %, n=126). In the case of
topics that permit economic applications at the present time and are, therefore, closely linked
to companies’ activities, the actors from science and the economy share the field: actors’
statements on not consumer-related applications can be attributed in 52.2 % of the cases to
scientific (n=186) and in 26.4 % of cases to economic actors. Economic actors have the high-
est spokesperson share particularly for topics from consumer-related applications (48.1 %)
(compared to 30.8 % for economic actors, n=69) and from the application information and
communication technologies (44 %, n=241).

Aside from topics from science and research or the economic use and application of
nanotechnology, other actors shape the media agenda: on politics — in particular research
policy — representatives of political institutions commented in 55.2 % of cases (n=69). The
social debate about nanotechnology in general and ethical-moral aspects of nanotechnology
is, by contrast, shaped in 58.6 % (n=62) of cases by “public figures”. In general in articles on
nanotechnology (n=139), journalists are the dominant actors with a share of 39.3 %. The
choice of topic is, therefore decisive for the question about which actors commented. Overall
there is a highly significant association which can be described as moderate (Cramer’s V¥ =
.363, p < .001) between the topic and the main actor in the article. This remains unchanged
when examining each of the years (Table 26 provides an overview of which actors com-
mented on which topics).

Almost all the actors who shape coverage of nanotechnology rate it as rather positive or very
positive (total 70.4 %, n=1452) (Cramer’s V = .240, p< .001). Nanotechnology is rated as
very positive particularly by political actors (40 %, n=20) and institutions (52.5 %, n=59), jour-
nalists (45 %, n=211) and science support foundations (50 %, n=10) in the examined com-
ments and paraphrases (see Table 27).

Scientific actors evaluate nanotechnology in a slightly less differentiated manner. Nonethe-
less, in 71.5 % (n=744) of the cases they give it a very/rather positive rating. In 25.5 % of
cases scientists do not make any assessment of nanotechnology at all and only 1 % of their
ratings are rather/very negative. Almost the same picture is observed in the assessment by
economic actors. Only “public figures” have a critical attitude towards nanotechnology.
22.8 % of them rate it as rather and 17.5 % as very negative (n=57). This negative attitude is
set against a considerable proportion of spokesperson's comments in which nanotechnology
is seen as rather (14 %) and very positive (17.5 %). This means that overall there is a bal-
anced assessment of technology even in this group of actors.

% Cramer's V is a measure of the strength of the association between two or more nominally scaled variables when (at least)
one of the two variables has more than two variants. The range is between 0 und 1; an association of 0.6 is deemed to be
strong.



Table 26: Which actors expressed an opinion on which topics? (as %)

Basic Application: | Consumer- | Application: | Not con- Debates Nanobio- | Politics Economy | Other Overview >
research |Healthcare |related appli- | information | sumer- about technol- of
cations and commu- | related nanotech- ogy nanotech
nication applications | nology in nology
technology general and
ethical
aspects

Political actors 0.5 - - - - 3.4 - 11.9 2.7 - 4.5 1.4
Political institu- 1.4 - 1.9 0.9 0.6 1.7 - 55.2 4.4 4.5 4.5 4.1
tions
Central bodies, 0.7 0.8 - 3.2 1.1 1.7 - 7.5 8.8 18.2 4.5 2.6
institutions, asso-
ciations
Scientific institu- 80.8 73.8 30.8 39 52.2 13.8 75.4 13.4 2.7 18.2 25 51.2
tions, research
groups, scientists
Economic actors 4.1 5.7 48.1 44 26.4 - 6.2 6 62.8 9.1 10.7 19.7
Public figures 0.5 0.8 - 0.9 2.2 58.6 4.6 - - 9.1 8 3.9
Social groups, 0.7 - - 0.5 1.1 3.4 - - 1.8 13.6 0.9 1
group designa-
tions,
Journalists 11.1 18 19.2 11 13.5 13.8 12.3 1.5 13.3 27.3 39.3 14.6
Foundations, 0.2 0.8 - - 1.7 - - 3 2.7 - - 0.7
science support
Other actors 0.2 - - 0.5 1.1 3.4 1.5 1.5 0.9 - 2.7 0.8
Total 100 100 100 100 100 100 100 100 100 100 100 100

n=443 n=122 n=52 n=218 n=178 n=58 n=65 n=67 n=113 n=22 n=112 | N=1452




Table 27: How did actors rate nanotechnology? (as %)

Political Political Central Scientific Economic Public Social Journalists | Founda- Other >
actors institutions | bodies, institutions, |actors figures groups, tions, sci- actors
institutions, |research group ence sup-
associa- groups, designa- port
tions scientists tions
No rating 10 10.2 7.7 25.5 24.5 8.8 21.4 8.5 40 16.7 20.9
Very positive 40 52.5 38.5 39.8 39.9 17.5 21.4 45 50 41.7 40.1
Rather positive 40 23.7 25.6 31.7 31.8 14 28.6 31.3 10 16.7 30.3
So/so - 6.8 10.3 2 3.1 19.3 214 10.9 - 8.3 4.8
Rather negative 10 6.8 15.4 0.7 0.7 22.8 71 3.3 - 16.7 2.9
Very negative - - 2.6 0.3 - 17.5 - 0.9 - - 1
Total 100 100 100 100 100 100 100 100 100 100 100
n=20 n=59 n=39 n=744 n=286 n=57 n=14 n=211 n=10 n=12 N=1452
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Fig. 13 shows the rating by the dominant actors in the coverage of nanotechnology.

Fig. 13: Rating of nanotechnology by dominant actors
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If one also looks at the ratings over the course of time (cf. Table 28) it is clear that they
shifted again in 2006 and 2007 in favour of nanotechnology. 42.7 % (n=199) and 45.5 %
(n=154) of the ratings are very positive (compared to 2000): 35.3 %, n=170) and 1 % and
0 % are very negative (compared to 2000: 3.5 %). Hence, they are higher than the average
ratings over the entire study period.

In the comparison of the various publications, taz and Die Zeit are the two publications which
still allow critical voices to be heard the most frequently. But there is no trend towards nega-
tive coverage in these publications either, rather the contrary is the case (for a detailed over-
view, see Table 29).

Finally, this raises the question whether the general rating of nanotechnology is linked to the
reference topic of the respective actor (cf. Table 30). Actors who voice their opinions on the
debate about general and ethical aspects of nanotechnology, rate nanotechnology as rather
or very negative in 21.4 % and 17.2 % of the cases, respectively (n=58). The only other area
in which a cluster of negative assessments of this kind can still be identified is “other” topics
(n=22) with 18.2 % and 13.6 %. This encompasses in particular articles on the “Magic Nano”
case (intoxication cases and product recalls) (n=7) and articles on the topics health and
safety at work (n=1) and consumer protection (n=3).
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Based on these figures the image of nanotechnology in the print media examined during the
period 2000-2007 is largely and unreservedly positive (in only 3.9 % of cases is a rather/very
negative judgement handed down). In more than 95 % of the cases the estimation of the
main actor is not contradicted. Hence, there are no signs of a controversial discussion or
even a negative view of the topic in the news media.

In 35.9 % of the cases (article with actor, n=1452) the estimation of the main actor is pre-
sented as the conclusion to that article. It could very well be that this final judgement is what
readers will remember. Hence, it is worth noting that in 80.6 % of the cases this assessment
is very/rather positive (Cramer’s V =.205, p< .001).

Besides the general rating of the topic by various actors, it is also interesting to know more
about what this is based on. What opportunities and risks are associated with nanotechnol-
ogy in general and with individual applications by the various actors? Which actors are
deemed responsible for these opportunities and risks and how likely is their occurrence
deemed to be? The following chapter answers these questions first in conjunction with the
discussion of opportunities (Chapter 4.1.1) and then for the risk discussion (Chapter 4.4.2).
Chapter 4.4.3 draws these considerations together.

Table 28: Rating of nanotechnology (actor I) over the course of time (as %)

2000 2001 2002 2003 2004 2005 2006 2007 >
No rating 23.5 19.4 21.8 24.7 25.1 16.8 11.6 25.3 20.9
Very positive 35.3 39.8 36.3 34.6 45.2 41 42.7 45.5 40.1
Rather positive 27.6 32.7 34.1 31.9 21.6 35.8 34.2 24 30.3
So-so 6.5 5.1 5.6 4.4 3 3.5 7 3.2 4.8
Rather negative 3.5 3.1 1.1 2.2 4.5 2.9 3.5 1.9 2.9
Very negative 3.5 - 1.1 2.2 0.5 0 1 - 1
St 100 100 100 100 100 100 100 100 100

n=170 | n=196 | n=179 | n=182 | n=199 | n=173 | n=199 | n=154 | N=1452

Table 29: Rating of nanotechnology (actor I) by news media (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel | Focus >
No assessment 23 20.3 19.4 20.4 22.8 14.6 16.7 28.9 22 20.9
Very positive 32.7 48.6 29 38.9 44 .4 45.7 31.5 39.5 48.8 40.1
Rather positive 37 20.9 25.8 25 27.8 31.2 35.2 21.1 22 30.3
So-so 3.9 6.1 12.9 8.3 2.5 5.3 9.3 7.9 2.4 4.8
Rather negative 2.4 3.4 12.9 3.7 2.2 2.4 5.6 - 4.9 2.9
Very negative 1.1 0.7 - 3.7 0.3 0.8 1.9 2.6 - 1
Total 100 100 100 100 100 100 100 100 100 100

n=465 | n=148 n=31 | n=108 | n=320 | n=247 n=54 n=38 | n=41 | N=1452




Table 30: Rating of nanotechnology by main topic in the article (as %)

Funda- Application: | Consumer- | Application: | Not con- Debates Nanobio- | Politics Economy | Other Overview >
mental Healthcare |related information | sumer- about technology of
research applications| and com- | related nanotech- nanotech-
munication | applica- nology in nology
technolo- |tions general and
gies ethical
aspects
No rating 271 17.2 30.8 22 20.2 6.9 20 16.4 16.8 27.3 6.3 20.8
Very positive 36.8 50 48.1 33.5 44.9 3.4 49.2 56.7 48.7 31.8 41.1 40.1
Rather positive 28.9 32 21.2 43.6 29.8 20.7 23.1 19.4 274 4.5 37.5 30.3
So-so 4.7 0.8 - 0.5 3.9 27.6 4.6 3 5.3 4.5 10.7 4.8
Rather negative 2.3 - - 0.5 1.1 241 3.1 4.5 1.8 18.2 3.6 2.9
Very negative 0.2 - - - - 17.2 - - - 13.6 0.9 1
Total 100 100 100 100 100 100 100 100 100 100 100 100
n=434 n=122 n=52 n=218 n=178 n=58 n=65 n=67 n=113 n=22 n=112 N=1450
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4.4 Opportunities and risks of nanotechnology as depicted in the media

4.41

Assessment of the opportunities of nanotechnology

In line with the generally positive rating of nanotechnology by the various main actors,
84.7 % of all cases of coverage focus on the opportunities of nanotechnology (n=1696) —
27.5 % even mention several different benefits. Only 259 articles do not mention any benefit
(15.3 %) (cf. Table 31).

Table 31: Number of benefits mentioned per article

Frequency | Percent
No mention of benefit 259 15.3
Mention of one benefit 970 57.2
Mention of two benefits 295 17.4
Mention of three benefits 172 10.1
Total 1696 100

In 2000 and 2006 the proportion of articles that did not mention any benefits, 19.5 % (n=200)
and 21.4 % (n=215) was far higher than the mean (cf. Table 32). Nevertheless, coverage in
2000 can be described as very benefit-oriented as three benefits were mentioned in 14.5 %
and two benefits were mentioned in 18 % of the articles. In 200 articles a total of 255 benefits
are identified (m=1.27). The fewest opportunities (226 in 215 articles) — but still roughly one
per article (m=1.05) — are mentioned in 2007 in coverage of nanotechnology.

Table 32: Number of benefits mentioned per article over time (as %)

2000 |2001 |2002 |2003 |2004 |2005 |2006 |2007 5

None 195 | 112 | 149 141]| 149 13| 214 135 15.3
i 48| 627 | 595| 543| 565| 611| 572 574 57.2
2 18 | 14.6 14| 196 | 194 | 176 | 163 | 206 17.4
3 145 116 116 12.1 93 83 51 88 10.1
Totl 700 | 100 | 100 | 100| 100 | 00| 100 | 100 100

n=200 | n=233 | n=215 | n=199 | n=248 | n=216 | n=215 | n=170 | N=1696
Number of benefits o55 | 295 | 263| 258 | 305| 262| 226| =212 2076
mentioned
Average (m) 127 | 126 | 122| 129| 122| 121| 105| 124 100

Minor differences can be identified between the publications (see Table 33). With on average
1.48 benefits mentioned per article Die Zeit is far higher than the average (m=1.22) and,
therefore, presents nanotechnology in an extremely positive manner. The Siddeutsche Zei-
tung is the publication with the fewest mentions of benefits, on average 1.08.

Table 33: Number of benefits mentioned per article in the publications examined (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel |Focus >

None 19.2 19.6 22.9 12.2 12.4 9.9 16.1 17 9.1 15.3
1 55.2 58.9 51.4 52.2 63.6 57.7 41.9 53.2 61.4 57.2
2 16.5 14.3 11.4 22.6 16.4 21.8 19.4 17 9.1 17.4
3 9.2 7.1 14.3 13 7.7 10.6 22.6 12.8 20.5 10.1
Total 100 100 100 100 100 100 100 100 100 100

n=553| n=168 n=35| n=115| n=379| n=293 n=62 n=47 n=44| N=1696
Number of
benefits 640 183 41 157 452 390 92 59 62 2076
mentioned
Average (m) 1.15 1.08 1.17 1.36 1.19 1.33 1.48 1.25 1.4 1.22

As up to three benefits could be mentioned per article, a total of 2076 mentions were identi-
fied. The main opportunities of nanotechnology are seen in the economy (36.8%, n=2076),
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science (26.5%) and medicine (20.6%) (see Table 34). All positive comments about progress
in knowledge through nanoresearch were recorded as “scientific benefit” which refers to a
self-benefit from scientific research that is not described in any more detail.

Table 34: Distribution of benefits I-lll

Frequency |Percent
Diffuse benefit 37 1.8
Medical benefit 427 20.6
Scientific benefit 550 26.5
Economic benefit 763 36.8
Legal benefit 4 0.2
Individual benefit 61 2.9
Military benefit 55 2.6
Public/social benefit 99 4.8
Ecological benefit 66 3.2
Other benefits 14 0.7
Total 2076 100,0

Fig. 14: The relative weight of the three most important types of benefit over time
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These three central potential benefits of nanotechnology are also predominant in the consid-
eration over time (cf. Fig. 14). Between 2000 and 2002 coverage of nanotechnology is domi-
nated by the depiction and naming of scientific opportunities and it peaks in 2002 with 35 %
(n=263). After that opportunities became less and less important in the scientific area — in
2007 only 17 % (n=212) — whereas assessments highlighting the benefits of nanotechnology
in the economic and medical areas grow in importance. 2004 can, therefore, be described as
the year of the mentions of the economic opportunities and benefits (45.6 %, n=305). The
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medical benefit is particularly to the fore in 2003 with a share of 26 % (n=258) and in 2005
with 23.3 % (n=262).

A comparison of the main focus in the publications reveals (cf. Table 35) that only the Frank-
furter Allgemeine Zeitung places the greatest emphasis on the scientific benefit (35.5 %,
n=640) whereas the Siddeutsche Zeitung (37.7 %, n=183), the Frankfurter Rundschau
(36.3 %, n=157) and Die Welt (38.1 %, n=452) stress in the majority of cases the economic
potential of nanotechnology. In its presentation of benefits (41.3 %, n=390), The Financial
Times Deutschland concentrates very much on the economic aspect which corresponds to
its overall journalistic orientation (cf. Chapter 2.3). The taz (31.7 %, n=41), Der Spiegel
(32.2 %, n=59) and Focus (32.3 %, n=62) place the medical benefit aspect centre stage of
their coverage. This can be explained particularly in the case of Der Spiegel and Focus by
their concentration on human interest and service topics.

Table 35: Presentation of benefits by publication (as %)

FAZ Sz taz FR Welt FTD Zeit | Spiegel | Focus >
Diffuse benefit 2.3 3.8 2.4 1.3 0.7 1 5.4 1.8
Medical benefit 17.2 16.4 | 31.7 17.8 21 223 | 27.2 32.2 32.3 20.6
Scientific benefit 35.5 24 | 171 27.4 24.8 19.7 13 30.5 16.1 26.5
Economic benefit 34.8 37.7 | 29.3 36.3 38.1 413 | 41.3 22 29 36.8
Legal benefit 0.2 - 2.4 - 0.4 - - - - 0.2
Individual benefit 2.2 2.7 2.4 3.2 3.5 3.6 2.2 1.7 4.8 2.9
Military benefit 1.7 2.7 | 12.2 2.5 2.9 2.1 3.3 6.8 3.2 2.6
Public/social benefit 3.6 5.5 2,4 8.3 4.2 4.9 3.3 5.1 12.9 4.8
Ecological benefit 2 5.5 - 3.2 4 41 3.3 - 1.6 3.2
Other benefits 0.5 1.6 - - 0.4 1 1.1 1.7 - 0.7
Total 100 100 | 100 100 100 100 | 100 100 100 100

n=640 | n=183 | n=41 | n=157 | n=452 | n=390 | n=92 n=59 | n=62 | N=2076

Besides the general benefit dimension, concrete mentions of benefits were also recorded.
In the case of economic benefits (n=763) they are primarily:

new materials (38.1 %)

important sales revenue potential (17.5 %)
miniaturisation (16.2 %)

new jobs (3.8 %)

Articles which discuss a benefit in the scientific area (n=550) do not offer any further details
of that benefit in 29.8 % of the cases. This can be interpreted as a sign that the scientific de-
velopment/scientific progress presented in the article is even described as beneficial for so-
ciety when presented in a general context. In addition “new materials” (33.6 %) constitute an
important benefit for science. Other concrete opportunities of nanotechnology, which could
be considered as both scientific and economic benefits, are identified in miniaturisation in the
computer field (184 net mentions, corresponds to 11.5 %, n=1601), “improving performance
in the computer field” (135 mentions, corresponds to 8.4 %) and the development of “high
performance data storage media” (42 mentions, corresponds to 2.6 %).

For the medical area (n=427) four special aspects of benefits are dominant:

Medical treatment (37.4 %)
Cancer treatment (21.3 %)
Medical diagnostics (17.3 %)
New medicinal products (7.4 %)

An overview of concrete mentions of benefits is given in Table 38 in Annex A.
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As far as the likelihood of a benefit is concerned, 20.2 % of the cases (n=2076) discuss an
existing benefit (cf. Table 36). This share increases particularly in the second half of the
study period. Hence in 2006 current opportunities are presented in 32.3 % (n=226) and in
2007 in 24.5 % (n=212) of the cases. Opportunities, whose occurrence is deemed to be very
likely and rather likely, are mentioned in a further 39.1 % and 28.8 % of the articles whereby
above all the proportion of opportunities rated as “very likely” is very high in the second half
of the study period (2000: 48.2 %, n=255; 2001: 44.4. %, n=295) (cf. Table 36). Only 1.3 %
of the benefits mentioned are described as relatively unlikely. A similar distribution of the as-
sessment of likelihood is observed in all the publications examined aside from the taz which
describes “rather likely” opportunities in 46.3 % (n=41) of cases. At least 50 % of the cases
report a very likely or already existing benefit (cf. Table 37).

Finally, this raises the question about the depicted causes for potential or already existing
benefits. In this context a rough distinction can be made between “internal” attributions to
concrete individuals and “external” attributions to circumstances, situations or objects. The
evaluation clearly shows that the public media depiction of a benefit of nanotechnology is
dominated by external attributions. In the majority of cases the benefit is not attributed to
personal actors but rather “the nanotechnology” (48.2 %, n=1877) itself seems to be respon-
sible for its benefits. Only then do we see scientific (36.5 %) and economic actors (13.6 %)
being mentioned as the people responsible for the opportunities mentioned. In particular in
2000 (60.8 %, n=227) and in 2007 (58.7 %, n=201) “the nanotechnology” itself is named as
the responsible agent. By contrast, scientific actors play a particularly important role as the
people behind the benefits of nanotechnology (42.5 %, n=263) in 2003 (43 %, n=235) and in
2005 (43.8 %, n=210) (cf. Table 41).

In all the publications “The nanotechnology” comes first in the attribution of responsibility for
potential and concrete benefits (cf. Table 40). The highest importance is attributed to it in the
taz (72.2 %, n=36), Die Zeit (62 %, n=71) and Focus (56.9 %, n=58). The Frankfurter Allge-
meine Zeitung (41.5 %, n=583) and Der Spiegel (50 %, n=50) also attribute major impor-
tance to actors and scientific institutions. With a share of around 17 %, economic actors play
a role in the Siddeutsche Zeitung, the Frankfurter Rundschau, Die Welt and the Financial
Times Deutschland.

The attributions of responsibility are undertaken by the journalists themselves in 34.6 % of
cases (n=1877). In 47.3 % of their attributions of responsibility they name scientific actors
(n=838). In 17.7 % actors attribute responsibility to themselves. Firstly, they pay tribute to a
colleague and secondly they stress their own achievements (39.3 %, n=333). In particular
they present “the nanotechnology” as the source of the benefit (55.8 %). Economic actors
name “the nanotechnology” in as many as 63.3 % of their attributions of responsibility
(n=142) for benefits.

The time-based consideration reveals that journalists claim power over the definition of attri-
butions of responsibility with 72.3 % (n=173) of the mentions in 2002. By way of comparison
in 2000 the proportion was 47.3 % (n=184) and in 2007 it was 37.7 % (n-159) (cf. Table 41).
Scientific actors mainly appear in 2000 (29.3 %) and 2007 (30.2 %) as authors of attributions
of responsibility. Towards the end of the study period economic players take on more impor-
tance (2006: 15.3 %; 2007: 18.9 %). There is a special situation in 2000. Here “public fig-
ures” (for explanations on content reference is made here to the Bill Joy debate) assume
greater relevance with a share of 14.1 % in all attributions of responsibility. The same picture
emerggs in the Frankfurter Allgemeine Zeitung (4.4 %, n=413) and in Die Zeit (9.4 %,
n=53).

2 For an overview of authors of attributions of responsibility in the various publications see Table 39 in Annex A.
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Table 36: Expectation of the occurrence of the benefit by year (n=2076; as %)
2000 2001 2002 2003 2004 2005 2006 |2007 >
No mention 6.7 10.8 11.8 13.2 11.8 11.5 6.6 11.8 10.6
Unlikely 0.8 - - - - 0.4 0.9 - 0.2
Rather unlikely - 1.7 0.8 0.4 1.6 1.1 1.8 0.9 1.1
Rather likely 25.9 27.1 31.6 29.5 26.6 34 29.6 26.4 28.8
Very unlikely 48.2 44.4 39.2 411 37 35.9 28.8 36.3 39.1
An existing benefit 18.4 15.9 16.7 15.9 23 17.2 32.3 24.5 20.2
Total 100 100 100 100 100 100 100 100 100
n=255 | n=295 | n=263 | n=258 | n=305 | n=262 | n=226 | n=212 | N=2076
Table 37: Likelihood of the occurrence of a benefit by print media (n=2076; as %)
FAZ Sz taz FR Welt FTD Zeit Spiegel |Focus >
No mention 12.8 7.7 9.8 7 9.1 11.3 141 10.2 8.1 10.6
Unlikely 0.2 - 2.4 - - 0.3 1.1 1.7 - 0.2
Rather unlikely 0.3 3.3 - 1.3 0.4 1.5 2.2 1.7 1.6 1.1
Rather likely 26.3 30.6 46.3 28 27.7 33.8 21.7 22 33.9 28.8
Very unlikely 39.1 41 29.3 46.5 40.9 35.1 32.6 47.5 35.5 39.1
An existing benefit 21.4 17.5 12.2 17.2 21.9 17.9 28.3 16.9 21 20.2
Total 100 100 100 100 100 100 100 100 100 100
n=640 | n=183 | n=41 | n=157 | n=452 | n=390 | n=92 n=59 | n=62 | N=2076
Table 40: Attribution of responsibility for the opportunities of nanotechnology by print media (as %)
FAZ Sz taz FR Welt FTD Zeit Spiegel | Focus >
Federal government 0.2 0.6 - - 0.2 0.3 - - - 0.2
Political institutions 0.2 - 1.3 - - - - - 0.2
Central bodies/insti- 0.3 - 2.8 0.7 - 0.3 - - - 0.3
tutions and associa-
tions
Scientific actors/ 415 358 | 222 25.3 38.1 33.9 26.8 50 29.3 36.5
groups/institutions
Economic actors 9.9 17.3 2.8 16 17.4 16.1 11.3 4 8.6 13.6
Public figures 1.2 - - - - - - 0.1
Science journalists - - - 0.7 - - - - - 0.1
Journalists 0.2 - - - - - - - - 0.1
Foundation/ 0.3 - - - - - - - - 0.1
science support
Other actors 0.3 0.6 - 0.7 - 2.1 - - 5.2 0.7
“The nanotechnology” 47 439 | 722 55.3 44.3 47.3 62 46 56.9 48.2
(object)
External circum- - 0.6 - - - - - - - 0.1
stances/situation
Total 100 100 100 100 100 100 100 100 100 100
n=583| n=173| n=36] n=150| n=420| n=336] n=71 n=50] n=58| N=1877
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Table 41: Attribution of responsibility for the opportunities of nanotechnology over time (n=1877, as %)

2000 | 2001 2002 |2003 |[2004 |2005 |2006 |2007 >
Federal government - - - - 0.7 0.5 0.5 - 0.2
Political institutions 0.4 - 0.4 0.4 - - - - 0.2
Central bodies/institutions and - - 0.4 - 0.7 - 0.5 0.5 0.3
associations
Scientific ac- 30.8 37 42.5 43 27.4 43.8 38.6 30.8 36.5
tors/groups/institutions
Economic actors 7.5 13 16.7 8.9 17.5 12.4 22.9 9 13.6
Public figures - - - 0.9 - - - 0.1
Science journalists 0.4 - - - - - - - 0.1
Journalists - - 0.4 - - - - - 0.1
Foundation/science support - - - - - 1 - - 0.1
Other actors - 0.7 1.3 - 1.4 0.5 1 0.7
“The nanotechnology” (object) 60.8 49.3 38.2 46.8 52.3 41.9 36.2 58.7 48.2
External circumstances/situation - - - - - - 0.5 - 0.1
100 100 100 100 100 100 100 100 100
Total n=227 | n=276 | n=23 | n=23 | n=28 | n=21 n=21 | n=201 [N=187
3 5 5 0 0 7

4.4.2 Risk assessment of nanotechnology

In contrast to the extensive discussion of opportunities in the coverage in the publications
examined, the discussion of risks is less extensive. Only in 13.9 % of the articles examined
(n=1696) is there any discussion of the risks associated with nanotechnology. In total two or
three risks are only mentioned in 3.3 % and 1.5 % of all articles.

Table 42: Number of mentions of risk

Frequency | Percent
No mention of risk 1461 86.1
Mention of one risk 153 9
Mention of two risks 56 3.3
Mention of three risks 26 1.5
Total 1696 100

The most mentions of risks occurred in 2000 (in total 74). Nanotechnology risks are dis-
cussed in 22.5 % of all articles (n=200). Coverage in 2002 and 2005 can, in contrast, be de-
scribed as the least critical. Only 26 (n=215, m=0.12) and 29 (n=216, m=0.13) mentions of
risks were counted (cf. Table 43).

Table 43: Mentions of risk over time (as %)

2000 2001 2002 2003 2004 2005 2006 2007 >
No mention of risk 77.5 88.4 91.2 86.4 85.1 89.4 82.8 88.2 86.1
1 12 6 6 8.5 8.9 7.9 14.9 8.2 9
2 6.5 3.9 2.3 2.5 4.4 2.8 2.3 1.2 3.3
3 4 1.7 0.5 2.5 1.6 - - 2.4 1.5
Total 100 100 100 100 100 100 100 100 100

n=200 | n=233 | n=215| n=199 | n=248 | n=216 | n=215| n=170 | N=1696
Number of risks 74 44 26 42 56 29 42 30 343
mentioned
Mean (m) 0.37 0.18 0.12 0.21 0.22 0.13 0.19 0.17 0.2

A comparison of the newspapers and magazines examined reveals (cf. Table 44) that in the
taz (19 mentions of risks in 35 articles, m=0.54) and in Die Zeit (32 mentions in 62 articles,
m=0.51) there is above-average mention of the risks of nanotechnology. The least attention
is paid to risks in the coverage in Die Welt (46 mentions in 379 articles, m=0.12), the Finan-
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cial Times (45 mentions in 293 articles, m=0.15) and the Stiddeutsche Zeitung (27 mentions
in 168 articles, m=0.16). The Frankfurter Allgemeine Zeitung, which sets the tone of cover-
age of nanotechnology, is in the lower range with 121 mentions of risks in 153 articles.

(m=0.21).

Table 44: Number of mentions of risk by publication (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel |Focus >

E‘gkme”t'on of 863 | 86.9 60 | 817 91| 89.1| 645 809 | 886 86.1
1 78| 107 | 314 13 6.3 6.8 | 242 8.5 6.8 9
2 3.8 18 29 17 2.1 3.8 6.5 10.6 23 33
3 22 0.6 57 35 05 0.3 48 - 23 15
Total 100 100 100 100 100 100 100 100 100 100

n=553 | n=168 | n=35 | n=115 | n=379 | n=293 | n=62 n=47 | n=44 | N=1696
Number of
risks men- 121 27 19 31 46 45 32 14 8 343
tioned
Average (m) 021| 016| 054| 026| 012| 015]| 051 029 | 0.8 0.2

Even although up to three risks could be recorded per article, only 343 mentions of risks
were identified in the 1696 articles analysed. In terms of content there is a focus on “health”
risks (28.9 %, n=343). Other important risks are “ethical-moral” (13.1 %) and “public/social”
ones (11.4 %) which cover the social discussion and acceptance of nanotechnology. Military
risks (share of 18.1 % in all mentions) are also mentioned comparatively frequently. They are
also the dominant types of risk over time (2000 up to 2007) (see Fig. 15).

Fig. 15: The relative weighting of the four most important types of risk over time
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Fig. 15 shows that health risks become increasingly important over time. In 2000 they ac-
count for only 5.4 % (n=74) of all mentions of risk whereas in 2006 (n=42) they account for
more than half of all mentions of risks (59.5 %). Ethical-moral (2000: 20.3 % (n=74); 2001:
29.5 % (n=44)) and public-social risks (2000: 16.2 % (n=74); 2002: 26.9 % (n=26)) are, by
contrast mainly discussed during the first half of the study period. In 2001 and 2002 mentions
of risks with a military reference are dominant with a share of 36.4 % (n=44) and 34.6 %
(n=26).

The individual publications also differ in respect of their main focus. For instance in Focus
(50 %, n=8), the taz (47.4 %, n=19) and the Financial Times Deutschland (40 %, n=45), the
emphasis is mainly on risks in the health sector. Die Zeit (18.8 %, n=32) and Der Spiegel
(28.6 %, n=47) which mention “ethical-moral” risks, and the Frankfurter Rundschau (32.3 %,
n=31) which mentions “public/social” risks focus first and foremost on the social risks of
nanotechnology. Military risks are discussed most in Die Welt with a proportion of 28.3 %. In
the coverage by the Frankfurter Allgemeine Zeitung all three types of risks are discussed
more or less to the same degree.

Besides the general risk dimension concrete mentions of risk®® were recorded in order to be
able to describe the individual categories in more detail. In the health field (n=99) the poten-
tial disadvantages of nanotechnology are mainly:

¢ intake of nanoparticles through the skin and lungs (56.5 %),
e fine dust (16.1 %) and
e possible damage to genetic information (5.5 %).

Besides “transcending” human beings (other key words: posthumanism, transhumanism)
(23.8 %) other ethical-moral and public/social risks (n=84) mentioned refer to potential harm
through artificial intelligence (13.1 %) and self-assemblers (30.9 %), the creation of artificial
organisms (7.1 %) and the possibility of a “nano-divide”. The military risks mentioned most
frequently in the coverage are:

e nanorobots (54.8 %),
e misuse of technology (30.6 %) and
¢ the possibility of knowledge-driven mass destruction.

The general probability of the above risks (n=343) is deemed to be rather likely in 38.5 % of
the cases and as very likely in a further 21.6 %. However, only in 3.5 % of the cases are con-
crete risks — i.e. manifest damage — discussed (cf. Table 45). Between 2004 and 2006 this
share is 5.4 % (2004, n=56) and 7.1 % (2006, n=42)*°. Particularly in 2000 the proportion of
risks deemed to be “very likely” is high (41.9 %). Risks that can generally be described as
utopian, whose occurrence is rather or very unlikely, are discussed in a total of 18.4 % of
cases. Their proportion is very high in 2000 (a total of 31.9 %).

A comparable distribution of the assessment of probability is found in all newspapers and
magazines examined. Topicality-fixated print media report- if at all — in the majority of cases
about technical risks which they classify as rather or very unlikely (cf. Table 46). One excep-
tion here is Focus that also reports on very unlikely cases of damage. However, the percent-
ages must be treated with caution because of the low number of cases (n=8).

% Table 47 in Annex A provides an overview of the concrete mentions of risks.
® |n this context reference should be made once again to the coverage of the Magic Nano case which may explain the high
proportion of risks that have already occurred.
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Table 45: Likelihood of risks over time (n=343; as %)

2000 2001 2002 2003 2004 2005 2006 2007 >

No assessment 6.8 31.8 15.4 16.7 21.4 17.2 21.4 20 18.1
Unlikely 5.4 11.4 3.8 11.9 8.9 6.9 7.1 3.3 7.6
Rather unlikely 9.5 20.5 19.2 7.1 5.4 10.3 9.5 10 10.8
Rather likely 33.8 27.3 38.5 40.5 33.9 41.4 50 5,3 38.5
Very likely 41.9 9.1 23.1 21.4 25 17.2 4.8 10 21.6
Risk already occurred 2.7 - - 2.4 5.4 6.9 7.1 3.3 3.5
Total 100 100 100 100 100 100 100 100 100

n=74 n=44 n=26 n=42 n=56 n=29 n=42 n=30 | N=343

Table 46: Likelihood of risks by print medium (n=343; as %)

FAZ SZ taz FR Welt FTD |Zeit Spiegel | Focus >
No assessment 20.7 11.1 26.3 12.9 174 | 22.2 15.6 7.1 12.5 18.1
Unlikely 6.6 7.4 10.5 9.7 13 2.2 3.1 14.3 12.5 7.6
Rather unlikely 10.7 111 - 12.9 10.9 8.9 18.8 - 25 10.8
Rather likely 40.5 48.1 26.3 51.6 23.9 | 422 | 344 35.7 37.5 38.5
Very likely 20.7 18.5 36.8 6.5 28.3 20 25 35.7 - 21.6
Risk already occurred 0.8 3.7 - 6.5 6.5 4.4 3.1 71 12.5 3.5
Total 100 100 100 100 100 100 100 100 100 100

n=121 n=27 | n=19 n=31 n=46 | n=45 | n=32 n=14 n=8 | N=343

Here again the attribution of responsibility for potential damage (cf. Table 48) is interesting. It
is worth noting that regarding the scale of damage, diffuse external attributions are dominant.
In 86.6 % of all cases (n=298) “the nanotechnology” is held responsible for any risks that
occur, not nameable actors. In 2001 this proportion is 97.1 % and in 2007 even as high as
100 %. Actively involved actors from the economic sector, scientists or scientific institutions
scarcely play any role at all with a share of just 6.4 % and 4 % respectively. The sole excep-
tion is coverage from 2006. In 25.6 % of all cases economic actors are held responsible for
risks that have occurred whereby once again the Magic Nano case (03/2006—06/2006) can
perhaps explain this. In the coverage of the individual publications a similar distribution can
be observed.

The attributions of responsibility are undertaken in 33.1 % of cases (n=284) by “public fig-
ures” and in a further 27.5 % of cases by “scientific actors/institutions” (cf. Table 49). Journal-
ists are another group with major influence when it comes to causal stories about risk poten-
tial. They crop up in 18 % of cases as the authors of attributions of responsibility. The time-
based consideration reveals that in 2000 — the year of the Bill Joy debate discussed in Chap-
ter 4.2.2 - public figures shape the risk discussions: 77.4 % of all attributions of responsibility
(n=74) are undertaken by this group. By contrast, scientific actors take on more importance
in the second half of the study period. In 2006 scientists undertook 44.4 % and in 2007 40 %
of all attributions of responsibility.

A comparison of the publications reveals the following differences: whereas in the coverage
by the taz (42.9 %, n=19) and the Frankfurter Allgemeine Zeitung (42.7 %, n=121) public
figures mainly occur as the spokespersons, it was mainly actors from science who appear in
the Financial Times Deutschland (45.2 %, n=45) and the journalists themselves in the case
of the Frankfurter Rundschau (36.7 %, n=31).
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Table 48: Actor responsible for the risk over time (as %)

2000 2001 2002 |2003 |2004 |2005 |2006 |2007 >

Other political actors - - - - 1.9 - - - 0.3
Political institutions - - - - - 8 - - 0.7
Central body/institutions - - - 2.9 - - 2.6 - 0.7
Scientific actors 5.1 - 12.5 2.9 5.7 8 - - 4
Economic actors 10.2 - - 2.9 1.9 4 25.6 - 6.4
Other actors 3.4 2.9 - - - - - - 1
“The nanotechnology” 79.7 971 875 | 914 | 90.6 80| 71.8 100 86.6
(object)
External circum- 1.7 - - - - - - - 0.3
stances/situation
Total 100 100 100 100 100 100 100 100 100

n=59 n=35 | n=24 | n=35 | n=53 n=25 | n=39 n=28 N=298

Table 49: Actor responsible for the risk by print medium (as %)

FAZ SZ taz FR Welt |FTD |Zeit Spiegel |Focus >
Other political actors - - - - - - 4.5 - - 0.3
Political institutions 1 - - - - 2.4 - - 1 0.7
Central body/institutions 1 - 5.6 - - - - - 1 0.7
Scientific actors 6.8 - - - - 71 - 20 6.8 4
Economic actors 3.9 | 19.2 5.6 6.5 5 2.4 18.2 - 3.9 6.4
Other actors - - 5.6 - 2.5 - 4.5 - - 1
“The nanotechnology” 87.4 | 80.8 | 83.3| 90.3 | 925 | 88.1 72.7 80 87.4 86.6
(object)
External circum- - - - 3.2 - - - - - 0.3
stances/situation
Total 100 100 100 100 100 100 100 100 100 100

n=103 | n=26 | n=18 | n=31 | n=40 | n=42 | n=22 n=10 | n=103 | N=298

4.4.3 General tenor of coverage of nanotechnology

Consideration of the evaluations of opportunities and risks by individual actors is presented
below. Overall a highly differentiated discussion of opportunities can be observed in the cov-
erage of nanotechnology: 74.5 % of all articles (n=1696) only report on the potential or real
benefits of the technology. By contrast, the discussion of risk is almost marginal. The risks
alone of nanotechnology are only discussed in 3.7 % of the articles. Some articles (10.3 %)
discuss both the opportunities and risks — but to varying degrees. A further 11.6 % can be
described as neutral — they do not contain any evaluations of opportunities or risks.

Table 50 gives an overview of the distribution of the assessments of opportunities and risks
(between 0 and 3 mentions were possible) in the overall coverage. The percentages given
refer to the number of articles (n=1696).
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Table 50: Assessment of opportunities and risks in the coverage of nanotechnology (as %)

Mention of benefit |0 1 2 3 Total
Mention of risk
0 11.6 53.7 15 5.8 86.1
1 2.6 2.6 1.4 25 9
2 0.8 0.6 0.7 1.2 3.3
3 0.3 0.3 0.3 0.6 1.5
Total 15,3 57,2 17,4 10,1 100
n=259 n=970 n=295 n=172 | N=1696

As, however, even in those cases in which both opportunities and risks are discussed, there
is not always a balance, a distinction can be made in addition to pure risk or opportunity-
oriented articles between rather opportunity-oriented (i.e. more mentions of opportunities
than risks) and rather risk-oriented (i.e. more mentions of risks than opportunities) and bal-
anced articles which pay equal attention to opportunities and risks. Table 51 shows how the
examined articles are distributed over these categories.

Table 51: Opportunity-risk orientation in coverage of nanotechnology

Frequency |Percent
Neutral 197 11.6
Opportunity-oriented 1264 74.5
Opportunities outweigh risks 86 5.1
Balanced (opportunities and risks) 67 4
Risks outweigh opportunities 20 1.2
Risk-oriented 62 3.7
Total 1696 100

Although the coverage over all the years in the study period can mainly be described as op-
portunity-oriented (in 2001 and 2002 79.4 % and 79.5 % of all articles are purely opportunity-
oriented), relevant shifts can be identified in the time-based comparison (see Fig. 16). In
2000 (n=200) the share of purely risk-oriented (7 %) and rather risk-oriented (3.5 %) articles
is far higher than average. In 2006 as well we observe a weak discussion of risks: 6 % of all
articles in that year (n=215) are risk-oriented. Overall, it cannot be said that there is no ex-
tensive risk debate or anything coming close to negative coverage of nanotechnology in any
of the years.
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In the comparison of the publications studied the coverage of the Financial Times Deutsch-
land (86.3 % opportunity-oriented/rather opportunity-oriented and 2.4 % risk-oriented/rather
risk-oriented, n=293) of Focus (86.4 % opportunity-oriented/rather opportunity-oriented and
4.5 % risk-oriented, n=44) and of Die Welt (84.7 % opportunity-oriented/rather opportunity-
oriented and 3.4 % risk-oriented/rather risk-oriented, n=379) can be most clearly described
as “pro-nanotechnology”. Although all newspapers and news magazines mainly discuss the
opportunities, the taz with a proportion of 14.3 % (n=35), Die Zeit with 12.9 % and the Frank-
furter Rundschau with 10.4 % are particularly noticeable with rather or purely risk-oriented
articles. The highest percentage of balanced articles, which focus equally on opportunities
and risks, is found in the taz (14.3 %, n=35). In contrast, the Siddeutsche Zeitung (16.7 %,
n=168) and the Frankfurter Allgemeine Zeitung most frequently adopt a neutral form of re-
porting in the overall comparison (cf. Table 52). Fig 17 presents by way of example the op-
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portunity/risk orientation in the coverage of the Frankfurter Allgemeine Zeitung, which also
holds for the distribution in the Siddeutsche Zeitung, and the taz, the Financial Times
Deutschland, whose distribution is comparable with Die Welt and Die Zeit.

Fig. 17: Opportunity- risk orientation in the coverage of selected publications
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Furthermore, this raises the question about how to assess the opportunities and risks in the
main topic areas (cf. Table 53).

Table 53: Assessment of the opportunities and risks of selected topics covered (n=1696, as %)

Main topic Neutral |Opportu- |Opportunities |Balanced Risks out- Risk- n

nity outweigh risks |(opportunities |weigh oppor- |oriented

oriented and risks) tunities
Fundamental research 20.2 72.7 2.6 1.9 0.7 1.9 579
Application: - 92.9 7.1 - - - 126
Healthcare
Consumer-related appli- 29 87 4.3 5.8 - - 69
cations
Application: information 5 92.9 0.8 0.4 0.8 - 241
and communication
technologies
Not consumer-related 4.8 87.6 2.2 1.1 0.5 3.8 186
applications
Debates about 3.2 6.5 12.9 22.6 14.5 40.3 62

nanotechnology and
ethical aspects

Nanobiotechnology 10.7 86.7 1.3 - - 1.3 75
Politics 31.9 52.2 5.8 5.8 - 4.3 69
Economy 13.1 721 5.7 4.1 1.6 3.3 122
Other 71 42.9 3.6 14.3 3.6 28.6 28
Overview of nanotech- 5 53.2 23 15.8 0.7 2.2 139
nology

Total 11.6 74.5 5.1 4 1.2 3.7 |n=1696

Coverage of the application healthcare/medicine is purely opportunity-oriented in all publica-
tions examined (n=126). 92.9 % are opportunity-oriented as against only 7.1 % which are
rather opportunity-oriented articles. The coverage of the application information and commu-
nication technologies (n=241) is also similarly positive. Once again 92.9 % of the articles are
purely opportunity-oriented as against only 1.2 % which focus on the risks of nanotechnol-
ogy. At 20.2 % the proportion of neutral articles is highest in the case of fundamental re-
search (n=579). In 72.7 % of the cases here the coverage can be described as purely oppor-
tunity-oriented as against 2.6 % of the articles on this topic that are rather or purely opportu-
nity-oriented. A very different picture emerges in the coverage of the “debate about
nanotechnology in general and ethical aspects” (n=62) which is mainly shaped by the Bill Joy
debate (cf. Chapter 4.2.2). In more than half the cases discussion of this topic largely con-
centrates on risks (14.5 % rather risk-oriented and 40.3 % purely risk-oriented). Furthermore,
a comparatively high proportion (22.6 %) reports in an equal manner about opportunities and
risks whereas only 18.4 % of the articles highlight the opportunities. Coverage of the “Magic
Nano” case is similar; for a detailed examination please refer to Chapter 4.2.2. Overall, a
weak association between main topic and assessment can be observed (Cramers V=.31;
p<.001). This means that as long as there is discussion of applications and fundamental re-
search, the articles are positive.

Fig. 18 shows the opportunity-risk orientation of the three most important topic areas on the
subject of nanotechnology — fundamental research, the applications healthcare and informa-
tion and communication technologies — and on “debates about nanotechnology in general
and ethical aspects”.
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Fig. 18: Opportunity-risk orientation in the coverage of selected main topics
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4.5 Arguments used by the actors concerning the opportunities and risks of
nanotechnology

In conjunction with analysis of the actor level, in particular consideration of risk-opportunity
assessments and the attribution of responsibility by individual actors, the question is raised
about the way in which they present their arguments concerning nanotechnology and how
they assess the technical development.

As in the case of opportunities and risks, up to three demands were coded. Only in 7.8 % of
all articles could demands — 199 in total — be identified. Demands are mainly advanced when

risks are discussed (Cramer’s V=.58, p< .001) (cf. Table 54).

Table 54: Demands in conjunction with the opportunity-risk orientation of an article

Neutral Opportunity- |Opportunities |Balanced Risks out- Risk- >
oriented outweigh risks|(opportunities |weigh oppor- |oriented
and risks) tunities
None 98.5 98.2 57 49.3 25 67.7 92.2
Demand 1.5 1.8 43 50.7 75 32.3 7.8
Total 100 100 100 100 100 100 100
n=197 n=1264 n=86 n=67 n=20 n=20 | N=1696

Cramer’s V=.58, p< .001

One in two articles that depict the opportunities and risks to an equal same degree (n=67)
also contain demands. This proportion increases in articles that are rather risk-oriented
(n=20) to as much as 75 %. Overall, the majority of articles, in which actors express de-
mands, only contain one (in 63.6 % of the 132 articles with demands). Two (21.9 %) or even
three (14.3 %) demands in an article are, in contrast, found less frequently comparatively
speaking. Tables 55 and 56 show how the articles with demands are spread over the individ-
ual years and publications.

In 2000 (n=200) and 2006 (n=215), the years in which the most risk assessments were also
undertaken, the highest number of articles is found (11 % and 9.8 % respectively) in which
demands are made. A comparison of the various newspapers and magazines shows that the
taz with 17.1 % and Die Zeit with 19.4 % publish articles with demands the most frequently.
Demands are made in 51.8 % of the cases (n=199), the foremost being “risk regulation®*” (cf.
Table 57). If one includes amongst demands concerning the handling of nanotechnology,
demands which calls both for the “regulation of the risk and the promotion of the benefit “
(6 %), “ethical standards” (4.5 %) and “improved information or a better dialogue” (11.1 %),
then this proportion increases to 73.4 %. Promotion of the benefit is called for, by contrast, in
only 11.6 % of the demands.

Table 55: Demands about nanotechnology over time (as %)

2000 2001 2002 2003 2004 2005 2006 2007 >
No demand 89 95.3 95.8 91.5 91.1 92.6 90.2 91.8 92.2
1 5.5 2.6 3.3 6 4 5.6 7.4 5.9 5
2 3.5 1.7 0.9 1 2.8 0.5 2.3 0.6 1.7
3 2 0.4 - 1.5 2 1.4 - 1.8 1.1
S 100 100 100 100 100 100 100 100 100
n=200 | n=233 | n=215 | n=199 | n=248 | n=216 | n=215 | n=170 | N=1696

% The regulation of a risk is primarily understood to be the containment of a risk (risk reduction, risk minimisation); this could
also encompass regulation in the true meaning of the word for example by political circles (e.g. legislation).
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Table 56: Demands about nanotechnology in the individual news media (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel |Focus >
No demand 91.5 91.1 82.9 87 96.6 92.8 80.6 97.9 | 955 92.2
1 4.5 6.5 11.4 7 2.4 6.1 11.3 2.1 2.3 5
2 2 1.8 2.9 4.3 0.8 1 3.2 - 2.3 1.7
3 2 0.6 2.9 1.7 0.3 - 4.8 - - 1.1
Total 100 100 100 100 100 100 100 100 100 100
n=553 | n=168 n=35 | n=115 | n=379 | n=293 n=62 n=47 | n=44 | N=1696

Table 57: Demands concerning the handling of nanotechnology

Frequency |Percent
Regulation of the risk 103 51.8
Promotion of the benefit 23 11.6
Both regulation of the risk and promotion of 12 6
the benefit
Research/studies 25 12.6
Ethical standards 9 4.5
Improved information/dialogue 22 11.1
Other demand 5 2.5
Total 199 100

In 30.6 % of the cases demands are made by scientific actors and institutions. Other impor-
tant actors, who make demands in the print media examined, are “political actors” (14.8 %)*'
in addition to “public figures” (20.6 %). The following overview shows which demands con-
cerning the handling of nanotechnology are made by the various groups.

Table 58: Which actors formulate which demands?

Group of actors Demand Frequency |Percent
Scientific actors Regulation of the risk 29 50.8
Promotion of the benefit 6 10.5
Both regulation of the risk and promo- 5 8.7
tion of the benefit
Research/studies 8 14.4
Ethical standards 2 3.5
Improved information/dialogue 7 12.2
Total 57 100
Public figures Regulation of the risk 26 66.7
Promotion of the benefit 1 2.5
Both regulation of the risk and promo- 3 7.6
tion of the benefit
Research/studies -
Ethical standards 5 12.8
Improved information/dialogue 3 7.6
Other demand 1 2.5
Total 39 100
Political actors Regulation of the risk 8 28.5
Promotion of the benefit 7 25
Both regulation of the risk and promo- 3 10.7
tion of the benefit
Research/studies 7 25
Ethical standards - -
Improved information/dialogue 3 10.7
Total 28 100

If one compares the individual years in the study period, this shows that public figures are the
authors of demands especially in 2000 (64.9 %, n=37) and 2002 (54.5 %, n=11). In contrast,

" In this context a distinction can be made between the federal government (2.4%), other political actors (8.4%) and political
institutions (4.7%).
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political actors voice their demands more in the media-driven debate about nanotechnology
(43.6 %, n=39). In 2006 (45.5 %, n=22) and 2007 (42.1 %, n=19) demands by public figures
and scientific institutions are predominant.®

The above demands (n=199) are directed at a specific target group in 54.7 % of the cases
(this corresponds to 109 mentions of target groups). The authors direct their demands first
and foremost at scientific actors (61.5 %, n=109), economic actors (15.6 %) and persons and
institutions from the field of politics (13.7 %).

Besides demands it was also recorded whether the individual authors formulate concrete
instructions on how these demands could be met. In 89.45 % of the cases, a demand is
linked to a concrete instruction. Overall 178 recommended actions were identified. Table 60
gives the breakdown.

Table 60: Instructions on handling nanotechnology

Instruction N Percent

Health and safety at work measures 5 2.8
Toxicological assessment (test methods, classification, limit values) 3 1.7
Safety research 6 3.4
Moratorium or renunciation of the development and use of nanotechnology 17 9.6
(Internationally) standardised test methods 5 2.8
Mandatory product labelling 5 2.8
International codes of conduct 10 5.6
Appointment of independent research bodies on risk assessment 2 1.1
Setting up of a central information office 1 0.6
Creation of a legal framework 9 5.1
Call for nanoethics 7 3.9
Product recall/removing possibly harmful products from the market 1 0.6
Risk research 35 19.7
Fair participation 1 0.6
Other instructions on risks (regulation) 17 9.6
Innovation research 7 3.9
Public research support 3 1.7
Fundamental research 7 3.9
Technical democracy 1 0.6
Improving scientists' ability to communicate 7 3.9
Other instructions about opportunities (support) 10 5.6
Nanodiscussion platform 3 1.7
Social debate/setting up of citizen's fora 14 7.9
Other not clearly classifiable instructions 2 1.1
Total 178 100

The initiation of additional risk research (19.7 %, n=178) can be highlighted as the most fre-
qguent recommendation concerning opportunities to regulate the risks of nanotechnology. The
recommendation of a moratorium is mentioned 17 times in the media in the course of the
seven years. In addition, the recommendation to launch a broad social dialogue with the par-
ticipation of the public at large also plays a role.

Besides the assessments of opportunities and risks, attributions of responsibility and de-
mands were investigated which formulate forecasts® concerning the future opportunities and
development of nanotechnology. Forecasts were identified in only 25.8 % of all articles
(n=507). In 89.9 % of the cases they describe a positive development. Only 5.3 % present a
pessimistic view of the future. The main actors who appear as forecasters are scientists
(34.9 %, n=475), journalists (21.9 %) and economic actors (18.5 %). They are followed by

% Table 59 in Annex A provides details of which actors appear as the authors of demands in individual publications.
% Here, o0, up to three forecasts per article were recorded in order to reflect the situation that each of the three main actors
could make forecasts about the future opportunities of nanotechnology.
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actors from the political arena (10.8 %). Figure 19 shows how the above-mentioned groups
of actors publicly voice their opinions about the future of nanotechnology.

Fig. 19: Forecasts of the opportunities and risks of hanotechnology

Scientific actors Journalist

Economic actors Political actors

(-]
= n“\“m & %\\\\

) Good forecast
@ Poor forecast
2 Not classifiable
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The time-based analysis shows that although coverage in all years can be seen as positive,
there is a particularly high number of very positive forecasts in 2005 (93.7 %, n=48) and
there is not one single negative estimation of the future. Low proportions of pessimistic fore-
casts were mainly recorded at the beginning of the study period in 2000 (7.7 %, n=78) and
2002 (14.2 %, n=56) (cf. Table 61). These can be linked to the Bill Joy debate (2000) and
coverage of “The Prey” by Michael Crichton (2002).

In the comparison of the various publications, negative estimations of the future are pub-
lished the most frequently in the taz (27.3 %, n=11). In the Frankfurter Rundschau, in con-
trast, the actors frequently express positive forecasts on an above-average scale (95.1 %,
n=41) (cf. Table 62).

Table 61: Forecasts about the development of nanotechnology over time (as %)

2000 2001 2002 2003 2004 2005 2006 2007

Good forecast 85.9 93.2 82.1 91.7 89.9 93.8 91.5 92.7
Poor forecast 7.7 3.4 14.3 6.3 5.8 - 3.2 1.8
Not classifiable 6.4 3.4 3.6 2.1 4.3 6.3 5.3 5.5

100 100 100 100 100 100 100 100

Total (N=507) n=78 | n=59| n=56| n=48 | n=69 | n=48| n=94| n=55

Table 62: Forecast of the development of nanotechnology in the print media (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel | Focus
Good forecast 91.4 83.3 63.6 95.1 94.9 89.4 80 91.3 94.1
Poor forecast 3.1 13 27.3 2.4 3 4.8 10 4.3 -
Not classifiable 5.5 3.7 9.1 2.4 2 5.8 10 4.3 5.9
100 100 100 100 100 100 100 100 100
Total (N=507) n=128 | n=54 | n=11| n=41| n=99 | n=104 | n=30| n=23| n=17

4.6 Processing and conveying the topic

The previous chapters contain an extensive analysis of the characteristics of coverage of the
topic nanotechnology — i.e. the what? We now turn our attention to the how? of coverage.
How is the complex area of nanotechnology, which is not socially accessible or perceivable
for most people, processed and conveyed in the media? Here we are particularly interested
in the identifiable classification of the reported events or incidents concerning nanotechnol-
ogy and their stylistic interpretation (4.6.1), the figures of speech (4.6.2) and, last but not
least, the visualisation of the subject matter (4.6.3).

4.6.1 Stylistic analysis

The first entry point into an article, besides the images which may attract the reader’s atten-
tion, is the headline. Frequently, headlines are scanned by readers in order to quickly obtain
an overview of topical subjects. In 72.2 % of all analysed articles (n=1696) which deal with
nanotechnology as the main topic, this subject cannot be identified on the basis of the head-
line (cf. Table 63). Only 27.8 % of the articles reveal this link in the headline whereby the
subject matter is only explicitly assessed in just under half (46.5 %) of these cases (n=471).
When explicit evaluations of this kind are made in headlines, only roughly one in seven is
negative. This means that only 1.8 % of the analysed articles mention nanotechnology in the
headline in a recognisably negative manner.
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Table 63: Clear link and explicit assessments of nanotechnology in the article headline

Frequency | Percent

No link to nanotechnology 1225 72.2
Positive assessment of 189 11.1
nanotechnology

Neutral 252 14.9
Negative assessment of 30 1.8
nanotechnology

Total 1696 100

It can be concluded that the virtual reader, who only pays attention to the headlines of an
article, would have to gain a potentially positive impression of this technology. The coverage
in 2004 provides the best preconditions for this with a share of 13.3 % of positive assess-
ments within all headlines. This corresponds to a share of 44.5 % of headlines with a dis-
cernible link. By contrast in 2006 most of the article headlines — calculated as a percentage -
have negative evaluations (3.7 %, n=215) (cf. Table 64, Annex A). These minor fluctuations
on an overall low level would probably be below the perception threshold of a normal reader.
In the comparison of the publications the taz (n=35) with a proportion of 30.1 % and Die Welt
(n=379) with 37.1 % evaluative headings are the most prominent. Furthermore, the most
positive (50.8 %, n=114) article headlines are found in Die Welt and the most negative
(28.8 %, n=13) in the taz (cf. Table 65, Annex A).

Fig. 20: Examples of headlines with a link to nanotechnology

¢ “Bonanza for nanotech companies” (Die Welt, 03.08.2006)

o “With nanoparticles directly to the cancer cell” (taz, 23.03.2007)
“Nanomotor: tiny but powerful” (Financial Times Deutschland,
14.03.2006)

¢ “Nanotechnology: the smallest particles — the biggest prospects” (Die
Welt,17.03.2007)

e “Nanotechnology becomes innovation leader” (Financial Times
Deutschland, 11.01.2007)

For nanotechnology

e “Axle for nanocar” (Frankfurter Allgemeine Zeitung, 26.03.2007)
Neutral ¢ “Insect eye from the nanolab”(Frankfurter Allgemeine Zeitung, 08.05.2006)
e “Nanotools from the tip” (Financial Times Deutschland, 12.09.2006)

“Risky nanoparticles” (taz, 14.10.2006)
“Invasion of nanoparticles” (Frankfurter Aligemeine Zeitung, 12.01.2007)
e “US agency imposes limits on nanotechnology products” (Financial Times
Deutschland, 24.11.2006)
“Hungry nanobots”(Frankfurter Allgemeine Zeitung, 29.11.2002)
e “Experts worried about nanotechnology” (Frankfurter Rundschau,
27.11.2007)
e “Useful nanoparticles can damage cells” (Die Welt, 22.02.2005)

Against nanotechnology

Furthermore, clear classification of the processes described and scientific results is of major
importance when it comes to shaping the opinions of readers. Only when the article contents
could also be assigned to the subject matter area, nanotechnology, by a lay person did they
take on informative and evaluative importance for the topic. This condition is met for example
by articles that directly mention “nanotechnology”. Overall, this classification is considerably
more difficult in 17.3 % of the 1696 articles and hence is scarcely identifiable by the non-
expert reader. Vice versa this also means that in more than four-fifths of cases the article
contents can clearly be classified under nanotechnology. In this context, there is no discerni-
ble indication of a link with any initial familiarisation with the subject matter that may be nec-
essary by editorial boards or individual journalists. This identifiability varies considerably. In
2001 (n=233) 85.4 % of the article contents can be clearly classified but in 2002 (n=215) only
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77.7 %. The same applies for instance between 2005 (n= 216, 83.8 % identifiable) and 2006
(n=215, 76.7 % identifiable).

If we look at the identifiability of a link to the subject matter in association with the main topic
of the article, then articles which focus on the “debate about nanotechnology in general and
ethical aspects” (93.5 %, n=62) or questions of “research policy” (98.6 %, n=69) are found to
very clearly stress the link to nanotechnology. This classification is slightly more difficult for
the application health care (22.2 % of the articles are not clearly classifiable), information and
communication technologies (23.2 %, n=241) and not consumer-related applications
(25.8 %, n=186) (see Table 66).

Table 66: Identifiability of a link to nanotechnology for the selected topic areas (as %)

Funda- Applica- | Con- Applica- |Not con- |Debates | Politics Overview | Total
mental tion: sumer- tion: sumer- about of
research |health related informa- |related nanotech- nanotech-
care applica- |[tionand |applica- |nology in nology
tions commu- |tion general
nication and
technolo- ethical
gies aspects
No 21.1 22.2 13 23.2 25.8 6.5 1.4 0.7 17.3
Yes 78.9 77.8 87 76.8 74.2 93.5 98.6 99.3 82.7
Total 100 100 100 100 100 100 100 100 100
n=579 n=126 n=69 n=241 n=186 n=62 n=69 n=139 | N=1696

In the comparison of the news media the clearest classification for the reader is undertaken
by the Financial Times Deutschland: 87.7 % (n=293) of the articles explicitly link the contents
to nanotechnology. This proportion is far lower for Der Spiegel (78.7 %, n=47) and Focus
(77.3 %, n=44).

In the majority of courses, the journalistic style of the individual articles corresponds to what
is expected. More than 90 % of the articles appear as news or reports. Consequently, the
journalistic style is descriptive and factual in 90.8 % of the cases (n=1696) (cf. Table 67).

Table 67: Journalistic style in the various forms of coverage

News Report |[Commen- |Interview |Portrait |Essay | Total™

tary/column/

editorial
Descriptive/factual 98 92.6 30.2 60.5 72.7 42.9 90.8
Interpretative/ 2 7.4 69.8 39.5 27.3 57.1 9.2
evaluative/opinionoriented
Total 100 100 100 100 100 100 100

n=541 n=1031 n=63 n=38 n=11 n=7 N=1696

Cramer’s V=.48, p<.001

If one compares the individual coverage years, then 2000 (n=200) has an above average
number of articles (14.5 %) with an interpretative or evaluative style. This can be attributed
first and foremost to the Bill Joy debate in the FAZ. Within the news media examined cover-
age by the taz (22.9 %, n=35) and Die Zeit (25.8 %, n=62) can be described as interpretative
and opinion-oriented to an above average degree (cf. Table 68).

In terms of time orientation 91.7 % of all articles (n=1696) refer to the present-day as is to be
expected from daily newspapers and topical news magazines. Only 3.3 % focus on events
from the past whereas 4.2 % concentrate on the near and 0.8 % on the distant future.

3 The category “other” (n=5) was not included in this table for technical reasons.
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Table 68: Coverage style in the various publications (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel | Focus >

Descriptive/ 91.7 89.3 771 88.7 94.7 91.1 74.2 89.4 90.9 90.8
factual
Interpretative/ 8.3 10.7 22.9 11.3 5.3 8.9 25.8 10.6 9.1 9.2
evaluative/
opinion-oriented
Total 100 100 100 100 100 100 100 100 100 100

n=553| n=168 n=35| n=115| n=379| n=293 n=62 n=47 n=44 | N=1696

Besides journalistic style and time orientation, the use of technical terms can also be se-
lected as a descriptive characteristic for the type of coverage. 90.1 % of all articles use tech-
nical terms requiring an explanation. 6.7 % even use more than three.* In 46.4 % of cases
(n=1465) they are explained at least in part. This shows that technical terms are always ex-
plained when major recourse is made to technical jargon (Cramer’s V=.65, p<.001) (see Ta-
ble 69). In particular articles on fundamental research make extensive use of technical terms
(approximately 970 in 579 articles).

Table 69: Explanation of the technical terms used

Use of technical terms Total
None 1 2 3 >3
Are not used 100 5.6 3.6 1.6 13.6
Yes, are explained (at least in part) 29.2 49 74 93.9 40.2
No, are not explained 65.2 47.5 24.4 6.1 46.2
Total 100 100 100 100 100 100
n=168 | n=786 | n=535 | n=123 | n=114 | N=1696

Cramer’s V=.65, p<.001

In the comparison of the individual newspapers and magazines technical terms from the
technical world are used most frequently in the coverage by Die Zeit (m= 2.1; a total of 132 in
62 articles) and Die Welt (m=1.77; 673 in 379).

Besides the use of technical terms comparisons, metaphors as well as positive or negative
adjectives can be described as language strategies for depiction. The following section pre-
sents the results of the language analysis of the subject nanotechnology.

4.6.2 Language analysis

In order to enable readers to better understand the new technology, several rhetorical de-
vices are used. Comparisons with external reference objects, especially with other technolo-
gies like genetic engineering or technological products like asbestos, are designed to permit
a fundamental classification and assessment of nanotechnology. Comparisons of this kind
were, however, only identified in 4.4 % of all articles. Overall 105 comparisons of this kind
were counted®. The objects used for comparison are:

e genetic engineering (25.7 %, 27 mentions),
e asbestos (19 %, 20 mentions),

® nuclear age or nuclear power ( 17.1 %, 17 mentions),
e Internet (7.6 %, 8 mentions),

¢ thalidomide scandal (4.7 %, 4 mentions),

e BSE (1.9 %, 2 mentions) and

e DDT (1.9 %, 2 mentions).

For an overview see list “Glossary of technical terms” (Annex C).

% Three comparisons could be coded per article.
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Further comparisons are recorded in an open form. Figure 21 lists all other comparisons
which were only identified once.

Fig. 21: Nanotechnology is a.../is like...

Information technology, biscuit industry, constructivistic programme of the creation of a world, lasers, microsys-
tems technology, perpetual motion, the plague, scholarly efforts, black magic, science fiction, sports competi-
tions, Star Trek, Chernobyl, biological weapons, computers, garden hose (nanotubes), industrial revolution, snow
flake, transistor, tuberculosis

Table 70 gives the distribution of the individual comparisons over the various years of cover-
age. Comparisons with asbestos only began in 2003 with an average mention of four per
year. 2006 — the coverage year in which the magic nano case is located — reveals a small
cluster of comparisons with asbestos, DDT and tuberculosis.

Table 70: Objects of comparison with hanotechnology over time (frequency)37

2000 | 2001 2002 | 2003 | 2004 | 2005 | 2006 | 2007 >

Genetic engineering 6 1 1 5 5 5 1 3 27
Asbestos - - - 4 4 4 5 3 20
Thalidomide scandal - - - 1 2 - 1 4
DDT 1 - - - - - 1 - 2
Nuclear age/nuclear 5 2 - 2 5 1 - 2 17
power

Internet - 2 1 - 4 - 1 - 8
Other comparison 4 2 7 - 5 4 27
Total 16 7 9 12 25 12 11 13 105

The most comparisons are used in coverage in the taz. Out of 35 articles on nanotechnology
there are 5 articles with a total of nine comparisons (see Table 71). If one looks, by contrast,
at the frequency of certain comparisons, this reveals that far more frequent use is made of
comparisons with genetic engineering in the Frankfurter Allgemeine Zeitung (13 out of 27
mentions were found in the FAZ) and in the Financial Times Deutschland of comparisons
with asbestos (7 out of 20 mentions).

Table 71: Objects of comparison with hanotechnology in the individual publications (frequencies)38

FAZ |SZ taz FR Welt |FTD |Zeit |Spiegel |Focus >

Genetic engineering 13 1 3 2 3 3 2 0 0 27
Asbestos 3 2 2 3 0 7 0 1 2 20
Thalidomide scandal 1 0 1 0 0 1 1 0 0 4
DDT 1 0 1 0 0 0 0 0 0 2
Nuclear age/nuclear 7 1 1 2 2 2 1 1 0 17
power

Internet 1 0 1 0 1 2 0 3 0 8
Other comparison 10 4 0 0 7 1 2 3 0 27
Total 36 8 9 7 13 16 6 8 2 105

Besides these somewhat global comparisons with other technologies, figures of speech like
comparisons, metaphors or images are mainly used to explain nanotechnological dimen-
sions, processes and methods, and to qualify the future importance attributed to nanotech-
nology in the overall technological spectrum (cf. Fig. 22). In the analysed coverage a total of
612 explanatory and qualifying comparisons, metaphors, images and analogies were identi-
fied in 24.5 % of all cases (corresponds to 415 articles). They endeavour above all to explain
to the reader the — in the truest sense of the word - unfathomable size dimension “nano”
(35.9 %) Furthermore, definitions are given of the foreign word “nanotechnology” itself in or-

5 Multiple mentions (3) were possible.
% Multiple mentions (3) were possible
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der to facilitate more direct understanding of technology and science. In most cases the jour-
nalists draw on a direct translation of the word nano “dwarf” (11.4 %). Moreover, certain at-
tributes, comparisons or images aim to qualify the fundamental position of nanotechnology
within all technologies by working for instance with a key metaphor or the term revolution
(24.3 %).

Fig. 22: Examples of metaphors and images in conjunction with nanotechnology

Upper category Examples Frequency
Size comparison “One thousand times smaller than a body cell” 6
“A million times thinner than a human hair” (size 90
comparison with the thickness of a hair)
“If one compares the size of a hanoparticle with 15
a football, this corresponds to the ratio between
the ball and the earth”
. - - 3
“One nanometre is the millionth part of a millime-
tre. This corresponds to the size ratio between a
hot air balloon and earth”
Mathematical sizes: nanoparticle — no bigger 101
than 107
Size-related description “Nanos = Ancient Greek for dwarf” 24
“Dwarf science” 5
“Kingdom of dwarves” 16
“World of the microcosm” 2
Qualification of “Key technology” 40
technology “Future technology” 29
“Cross-sectional technology” 12
Comparisons to revolu- “The fabric the future is made of” 1
tion/innovation and future viability “Third industrial revolution” 12
“Revolution” 25

The above-mentioned figures of speech - comparisons and images — can indeed be under-
stood as neutral or positive. A small share of the identified images (3.9 %, n=612) does, how-
ever, refer to the risks of nanotechnology. They are: horror scenario (1.6 %), Pandora's box
(1 %, corresponds to 6 mentions), dust (0.3 %) and the designation risk technology.*

The time-based analysis shows that the figures of speech listed are used the most at the
beginning of the study period (2000: 104 out of 612). Their use steadily declines: in 2007
there are not even half as many (51) as in 2000. In relation to the total number of articles
published in the individual magazines and newspapers, no noticeable concentration of one or
more publications on a specific figure of speech is observed (Table 72 in Annex A contains
the breakdown).

Besides comparisons, metaphors, images and analogies, adjectives are also used to charac-
terise nanotechnology.® Whereas positive adjectives are consciously used to an identifiable
degree in 21.3 % of the articles, this only happens with negative adjectives in 4 % of the
cases (total 102 mentions).

% Table 73 in Annex A gives an overview of all images.
0 Annex B, section b.3 contains a few articles that use figures of speech.
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Table 74: Positive and negative adjectives for nanotechnology

N Percent N Percent
Cheaper 62 11.1 Other 36 35.3
Faster 54 9.7 Dangerous 29 28.4
Scratch-resistant 47 8.4 Artificial 15 14.7
Intelligent 44 7.9 Poisonous/ 13 12.7
More efficient 40 7.2 toxic
Lighter 32 5.7 Risky 7 6.9
More robust 32 5.7 Scary 2 2
Self-cleaning 30 5.4 Total 102 100
Higher perform- 24 4.3
ance/stronger
More effective 7 1.2
More environmentally 6 1.1
compatible
Self-disinfecting 1 0.2
Magical 1 0.2
Other 177 31.7
Total 557 100

The 177 words described in the table as “other” were openly recorded in a separate variable.
Here, further adjectives were identified which are frequently linked to nanotechnology,
nanoparticles or products made possible by them: dirt-repellent (4), promising, flexible (3),
fine (3), ultra-hard (2), resistant (2) and future-centric (2).

Other negative adjectives were also openly recorded in a separate variable. In their case
only (health) impairing (4 mentions), radical (3), threatening (2) and uncontrollable (2) oc-
curred in more than one case.

4.6.3 Image analysis*’

Besides the language underscoring and visualisation of nanotechnology, images may also
be used to render visible a technology which operates in the range of the invisible. This hap-
pens in 28.4 % of all articles (n=1696). For the individual articles we found between one and
21 images.* The majority, however, contains only one image. Table 75 indicates how many
diagrams and images are contained in articles which use visualisation of this kind (n=481).

When it comes to the use of illustrations and images, a major difference is observed, as ex-
pected, between the types of media included: news magazines use more visualisation in
their articles than daily and weekly newspapers. Whereas in the daily newspapers one or
more figures were only identified in one in four articles (26.1 %, n=1605), this proportion is
68.2 % (n=91) in magazines. Furthermore, magazine articles have far more images per arti-
cle with an average 2.5 diagrams than newspapers per article (m=1.13). In the comparison of
newspapers the Financial Times Deutschland (in 35.8 % of articles, n=293) and Die Welt
(25.6 %, n=379) make the most frequent use of images to depict nanotechnology.

4

It should be pointed out here that the basis for the individual evaluations presented here (figure, image, topic and visualisa-
tion) differs even if it refers to the same situation. This is due to the quality of the respective analytical material. In the archive
of the Financial Times Deutschland figures are depicted as white boxes which means that the topic of the image could in
some cases be ascertained from the image caption but no indication could be given of the actual image content. The situation
is similar in the case of the archive printouts of FAZ from 2000, the taz and Die Zeit.

“2 21 images for Der Spiegel article “/mmersion in the nanocosm” which was longer than 5 pages
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Table 75: Number of images/illustrations used per article (n=481)

Frequency | Percent
1 419 87.1
2 29 6
3 21 4.4
4 4 0.8
5 2 0.4
6 1 0.2
7 2 0.4
10 1 0.2
15 1 0.2
21 1 0.2
Total 481 100

“Fundamental research” was determined as the subject of the images in 38.5 % of cases
(566 images). It is followed by not consumer-related applications (12 %) and images which
relate to the “application information and communication technologies” (11.1 %).

The most popular image contents are microscope images (42.5 % of the 534 images) which
endeavour to render the nanorange of 10°m visible. Besides that, people (24.3 %) from the
sciences or the economy as well as technical devices (12.5 %) and everyday objects (6.2 %)
are the preferred objects of visualisation. The above-mentioned image topics are presented
in the following way:

Table 76: Overview of the most important visualisation forms of selected image topics

Image topic Visualisation Frequency |Percent
Fundamental research Microscope images 127 58.3
People 30 13.7
Not consumer-related Microscope images 15 22.1
applications Technical devices 14 20.6
Everyday objects 13 19.1
People 11 16.2
Application information and com- |Microscope images 26 41.3
munication technologies People 19 30.2
Technical devices 12 19.5

Whereas the Frankfurter Allgemeine Zeitung uses microscope images for visualisation in
61.1 % of cases (126 images in the FAZ), people are the main focus of images in Der
Spiegel (31.6 %, n=57), Focus (37 %, n=46) and Die Welt (30.9 %, n=110). In the compari-
son of the individual coverage year no noticeable priorities or shifts can be observed*.

4.7 Framing “nano”: Generic and issue-specific framing

4.7.1 Generic framing

Generic media frames are formal-stylistic media frames which are used independently of the
respective topic in order to give a specific “face” to the media text which is recognisable by
the recipient. In the overview of several of the individual studies a few frames appear that
can claim to have a certain degree of “universality” as they can be identified again and again
independently of one another in a majority of studies on various media topics. They include
conflict framing (each problem always has two antagonistic sides), human interest framing
(abstract and general problems are illustrated using individual cases), morality framing (the
subject of coverage has a moral dimension), economic framing (there is a concentration on

“ Examples of images from the analysis of the publications are given in Annex B, B.5.
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economic consequences, profits and losses) and attribution of responsibility framing (in con-
junction with conflict-ridden topics an attribution of responsibility is undertaken). In order to
identify whether, and, if so which of these established frames was adopted in the coverage of
nanotechnology, this study drew on the most advanced methods for recording media frames.
Using a set of variables developed by Semetko and Valkenburg (2000), which at the same
time is designed as a questionnaire consisting of 20 yes-no questions** on the text, the five
above-mentioned generic frames were operationalised using several individual items. After
that sum indices were formed on the basis of the item complex identified by Semetko and
Valkenburg (2000: 100) which represented one frame per content. In order to be able to talk
about a frame, there had to be at least two items in the sum index concerned. Table 77 pre-
sents the results of this two-phase method.

Table 77: Sum indices™® for the identification of generic frames:

Frame designation
attribution of | human conflict morality economic
responsibility | interest
Frame not present 88.3 93.9 97.3 99 90.7
Frame present 11.7 6.1 2.7 1 9.3
Total 100 100 100 100 100
N=1696 N=1696 N=1696 N=1696 N=1696

As can be seen from Table 77, conflict framing and morality framing are only used on a lim-
ited scale in the coverage of nanotechnology. The conflict frame can only be attributed to
2.7 % of all articles and the morality frame to 1 %. For the determination of the morality
frame, questions were asked about, for example, moralising terms or statements and refer-
ences to God or religious attitudes.

The conflict frame is observed for the very first time in 2000, the same year as the Bill Joy
debate, with a share in coverage of 8 % (n=200). The taz (8.6 %, n=35) and Die Zeit (8.1 %,
n=62) use this framing the most frequently in the comparison of the media examined.

In 2000 — the year in which the subject “debates about nanotechnology in general and ethical
aspects” was on the media agenda - the morality frame is used most with a share of 3 %
(n=200) in coverage in the time-based comparison. In the individual publications morality
framing is used the most frequently in Focus (4.5 %, n=44).

With a proportion of 6.1 % of overall coverage, the human interest frame is scarcely more
important. One exception is the time-based comparison. In 2000 (n=200) 17 % of all articles
could be assigned to this frame. In particular articles on the topic “debates about nanotech-
nology in general and ethical aspects” (n=31) were processed in 41.9 % of cases in this form.
In the comparison of individual publications this frame can be observed in particular in the
coverage of Die Zeit (17.7 %, n=62) and Der Spiegel (17 %, n=47).

Economic framing does not yet seem to an established form for framing nanotechnology. It is
only used in 9.3 % of all articles. This frame is — even if only marginally — observed more
frequently in the second half of the study period (2004—2007). In 2004, the coverage year in
which the topic nanotechnology and “the economy” had a proportion of 10 %, it even reached
a share of 14.1 % (n=248). What should be noted at this point is that the frame-related items
focus first and foremost on financial gains or losses and economic consequences. It is, there-
fore, to be expected that this frame will grow in importance in coverage as a consequence of
the increase in ready-to-market applications and products as well as the economic activities
of companies in the field of nanotechnology.

* The formulation of the items is based on a meta-analysis by the authors of the available framing literature.
“* For the purposes of operationalisation four items were used for the attribution of responsibility frame, five for the human
interest frame, four for the conflict and economic frames and three items for the morality frame.
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Table 78: Proportion of the economic frame in coverage over time

2000 |2001 |2002 |2003 |2004 [2005 [2006 [2007 5
Number 189 218 202 184 213 191 188 153 | 1538
None % of year 945 | 936 94 | 925 | 859 | 884 874 90 90.7
Economic Number 11 15 13 15 35 25 27 17 158
frame % of year 55 6.4 6 75 141 6| 126 10 93
Number 200 233 215 199 248 216 215 170 | 1696
Uzl % of year 100 100 100 100 100 100 100 100 100

The attribution of responsibility frame, with a coverage share of 11.7 % can be described as
the most important frame. It was mainly used in 2000 (16.5 %, n=200). The topic “debate
about nanotechnology in general and ethical aspects” (58.1 %, n=31) is largely presented in
this form. Another main focus is coverage in 2006 (14.4 %, 215) where, for instance, the
“Magic Nano” case (37.5 %, n=8) is partly processed in this way.

Overall the individual frames are not used in a clearly distinctive manner or are used as a
combination within an article. For instance the morality frame is used in 52.9 % of cases
(n=17) in conjunction with the conflict frame and the human interest frames in 44.7 %
(n=103) of cases together with the attribution of responsibility frame. Furthermore, not one of
the five frames examined could be identified in 78.7 % of all articles (n=1696).

What these results reveal is that coverage of nanotechnology at the present time is only simi-
lar in part to the frames that we are familiar with for other topics. This can be taken as an
indicator for a social view of nanotechnology which is still emerging and as yet undecided.
Established frames like the morality, human interest and conflict frame are found in particular
in articles about the topic “debates about nanotechnology in general and ethical aspects”
(n=62) in which technology is the subject of a public dispute and hence in just over 3.7 % of
the texts. An increase in social discussion could also lead to an increase in these frames.
Also the economic frame may grow in importance with the increase in the application orienta-
tion and the number of ready-to-market products. As nanotechnology is still currently seen as
an emerging technology — both in respect of its maturity and familiarity with it within the popu-
lation*® — coverage mainly involves progress and development in the field of research. Hence
at the present time the coverage can be described as scientific-technological-descriptive.

4.7.2 Issue-specific framing

Identification of the frames

Besides issue-specific frames, a component model (cf. Chapter 1.2; 2.5.5) — consisting of
four frame elements (problem definition, attribution of cause, recommended action and moral
assessment) which were each operationalised through several variables — was used to ex-
amine the specific frames that can describe coverage of nanotechnology. The frame element
— problem definition — is operationalised using the variables “main actor” and “main topic” in
the article. This is based on the assumption that an actor places a subject on the media
agenda and determines which aspect of nanotechnology is discussed. For the operationali-
sation of the second frame element — the attribution of cause or causal interpretation — use is
made of the variables “actor responsible for the benefit” and “actor responsible for the risk”.
The third frame element “recommended action” is operationalised through the coded “de-
mands” about handling nanotechnology and the “forecasts” of future developments. Finally,
the variable “assessment of nanotechnology” encompasses the fourth frame element

A telephone survey of 1000 people (September-October 2007) on behalf of BfR revealed that around 50% of the respon-
dents did not know anything or anything concrete about the terms nanotechnology or nanomaterials. The other 50% had at
least some idea and could further specify the terms (cf. Zimmer/Hertel/Bol 2008: 14).
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“(moral) evaluation”. In the two-step cluster analysis only those variables are considered
which have a frequency of more than 5 % and, by extension, relative importance for the me-
dia discussion. Table 79 depicts the operationalisation of the main elements including the
variables taken into account.

A two-step cluster analysis*’ (cf. Chapter 2.5.5) was used to determine which variables occur
in an above-chance manner in the same article. The above-chance frequency of these char-
acteristics in articles is interpreted as a typical frame. The analysis identified five typical clus-
ters of this kind to which the designations given in the first row are attributed in order to char-
acterise their content. The last two rows in Table 80 show in how many articles in the investi-
gated texts they occurred. In this context each articles only clearly assigned one frame. This
(relative) proportion gives an impression of the weight of a frame in the public media discus-
sion of nanotechnology.

Table 79: Operationalisation of the frame elements

Frame Variables Variables used in the analysis *
elements
Main actor Scientist/scientific institutions
Economic actor
Journalist
Main topic Fundamental research

Application medicine/health care
Application information and communi-
Problem definition cation technologies

Economy

Overview of nanotechnology
Evaluation of benefit Medical benefit

Scientific benefit
Economic benefit

Evaluation of damage Health risk

Responsibility for benefit Scientist/scientific institutions
Causal interpretation/ Economic actor
Attribution of cause The nanotechnology

Responsibility for risk The nanotechnology
Attribution of solution/ Ec?rrgc?gsdt Eggil':ille?grgéa:ftk
Recommended action .

Negative forecast

Moral evaluation Evaluation of nanotechnology Positive acceptance/evaluation

Negative acceptance/evaluation
2 Only those variables were included in the cluster analysis which have a frequency (valid percentage) of more than 5 %.

In order to examine the content quality of the five-cluster solution, F values, which can serve
as the yardstick for homogeneity within the individual clusters and t values, which can serve
as the yardstick for heterogeneity between the clusters, were calculated (cf. Backhaus 2003:
533-535). Secondly, discriminance analysis was undertaken with a view to forecasting the
affiliation of individual articles to the clusters. Overall 91.2 % of cases could be clearly as-
signed to the previously determined clusters. This is seen as an acceptable value for its ac-
curacy (cf. Table 81).

Besides the statistical calculation, the cluster solution was also tested in a selection of ten
articles which were assigned to each of the individual clusters. This was how content plausi-
bility was confirmed.

" The log likelihood measurement, Bayesian information criterion (BIC), was used as the distance measurement for the auto-
matic determination of the number of clusters.
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Table 80: Clusters of coverage of nanotechnology

Forms included in the analysis®  [Cluster | Cluster Il Cluster llI Cluster IV Cluster V
“Research “Progress in  [“Economic “Medical “Risk-
and devel- the field of use” benefit” opportunity
opment” information % discussion”
% and commu- (% %
nication
technologies”
%
Main actor
Scientist/scientific institutions 71.5 33.2 3.2 58.7 27.3
Economic actor 2.4 8.6 73.9 4.9 9.3
Journalist - 29.4 71 20.3 16.7
Main topic
Fundamental research 70.7 18.5 3.2 4.2 18.5
Application medicine - - - 83.2 3.2
Application information and - 32,5 34.6 - 2.3
communication technologies
Economy - - 39.3 0.7 5.1
Overview of nanotechnology - 21 0.4 - 22.2
Evaluation of benefit
Medical benefit 7.9 4.7 3.9 95.8 21.8
Scientific benefit 45.2 24.5 6.4 3.5 7.4
Economic benefit 11.1 46.5 73.2 - 22.7
Evaluation of damage
Health risks | - - - ] - ] 36.1
Actor responsible for benefit
Scientist 51.5 24.3 3.2 60.1 9.3
Economic actor 0.3 0.7 62.9 1.4 4.6
The nanotechnology 14.6 57.9 22.5 29.4 44.4
Actor responsible for risk
The nanotechnology - 6.5 1.8 1.4 65.7
Demands
Regulation of risk 0.2 - 0.4 50
Forecast
Positive forecast 11.3 36.9 27.9 24.5 26.9
Negative forecast - - - - 7.9
Evaluation of nanotechnology
Positive acceptance/evaluation 54.4 741 66.1 76.2 31.9
Negative acceptance/evaluation - - 0.7 - 57.9
N (=1696) 629 428 280 143 216
% (=100) 37.1 25.2 16.5 8.4 12.7

#The variables in bold are interpreted as relevant for the respective cluster along the lines of an ideal type.
Please note: the percentages given are column percentages. In cluster 1 “research and development” the persons and institu-
tions from science are, consequently, the main actors in 71.5% of the articles.
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Table 81: Classification result of discriminance analysis concerning validation of the cluster solution

Number of the Predicted group affiliation
two-step cluster Cluster 1 |Cluster2 |[Cluster3 |Cluster4 |[Cluster5 |Total
Number | Cluster 1 629 0 0 0 0 629
Cluster 2 49 376 3 0 0 428
Cluster 3 3 34 243 0 0 280
Cluster 4 11 12 1 119 0 143
Cluster 5 14 10 6 7 179 216
% Cluster 1 100 - - - - 100
Cluster 2 11.4 87.9 0.7 100
Cluster 3 1.1 12.1 86.8 - 100
Cluster 4 7.7 8.4 0.7 83.2 - 100
Cluster 5 6.5 4.6 2.8 3.2 82.9 100

A91.2 % of the grouped cases were correctly classified.

Content characterisation of the five frames

The first cluster or frame, which has a proportion of 37.1 % in overall coverage and is, there-
fore, the most important is described here as ‘“research and development” (n=629). In the
articles that can be assigned to this frame, the main focus of coverage is “fundamental re-
search” whereby scientists are the main actors in 71.5 % of these articles. A further 20.5 %
of articles do without a main actor. Mentions of benefits, which occur less frequently in this
frame than in others (23.2 % of the articles with no mention), describe the scientific findings
obtained as the main benefit of nanoresearch. In particular actors from science are deemed
responsible for this benefit. Risks (0.7 %, n=629) and demands (0.6 %) concerning the han-
dling of nanotechnology are almost non-existent in this frame. The main actors of this frame
evaluate nanotechnology in 68.4 % of cases as very or rather positive. In the other 31.6 % of
cases they do not give any evaluation. Overall in this frame the coverage is science-oriented;
it only highlights the progress character of research and does not undertake any or scarcely
any social contextualisation of nanotechnology which goes beyond that. This type of cover-
age can also be found in early coverage of genetic engineering (Ham-
pel/Ruhrmann/Kohring/Gérke 1998). Annex B.5.1 contains the articles which are deemed to
be typical for this frame.

One quarter (25.2 %, a total of 428 articles) of the examined coverage focus on the “applica-
tion information and communication technologies” from the scientific angle which is why the
corresponding frame is called “progress in the field information and communication technolo-
gies”. The main actors here who appear on a significant scale are journalists who evaluate
nanotechnology and people from science. Mentions of benefits refer both to the scientific and
economic benefits of nanotechnology. “The” nanotechnology is deemed to be responsible for
these benefits in more than half of all cases (57.9 %). Risks (7.5 %) and demands (3.3 %) do
not play a significant role in this frame either. The evaluation of nanotechnology by the main
actors is positive. 87.5 % of the statements by actors (n=362) describe nanotechnology as
very positive (48.6 %) or rather positive (38.9 %). In 36.9 % of the articles in this frame fore-
casts are also made which are 100 % positive. The illustrations in Annex B.5.2 show the arti-
cle examples selected to illustrate this frame.

The third cluster (16.5 %, total 280 articles) is very similar to the frame “progress in informa-
tion and communication technologies’. This third frame examines the topic albeit from an
economic angle. Hereinafter this frame is called “economic use”. The main actors in 73.9 %
of these articles are economic actors. The benefits of nanotechnology are seen in economic
improvements (73.3 %, n=280) like new jobs or sales revenue potentials. Various actors
(62.9 %) as well as nanotechnology itself (22.5 %) are deemed responsible for this. Similar to
the case for frames one and two, there are scarcely any mentions of risks (4.3 % - they are
seen above all in the economic area) or demands (1.4 %). General evaluations of nanotech-
nology and estimates of its future prospects, if undertaken at all, are almost all 100 % posi-
tive (cf. illustration in Annex B.5.3).
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The fourth and most consistent frame (8.4 %, a total of 143 articles) can be characterised
most accurately as “medical benefit”. In 83.2 % of all articles which could be assigned to this
frame, the “health care” application is the focus of coverage. Hence, the main actors are pri-
marily scientists or scientific institutions. All articles also mention one benefit of nanotechnol-
ogy which is described in 98.5 % of cases as a medical opportunity. These positive pros-
pects are attributed to the actions of scientific actors (60.1 %) and to the potential of
nanotechnology itself (29.4 %). The risks of nanotechnology (1.4 %) and demands (0 %) are
not relevant in this frame either. Overall, the coverage in this frame is very positive: 84.5 % of
the actors’ general evaluations are very or rather positive (in the other cases the actors do
not make any evaluation). Furthermore, the forecasts are positive in 24.5 % of cases. For
examples of articles assigned to this frame see the illustrations in Annex B.5.4.

The fifth and last frame (12.7 %, a total of 216 articles) differs markedly from the four previ-
ous ones. In this frame almost all the articles are located in the topic area “debates about
nanotechnology in general and ethical aspects” (51 out of 62 articles). It also contains arti-
cles in which the “Magic Nano” case is discussed. Another important topic in this frame en-
compasses overview articles on the opportunities and risks of nanotechnology (22.5 %). The
main groups that comment in this frame are scientific actors (27.3 %), public figures (18.5 %)
and journalists (16.7 %). In contrast to the above-mentioned frames, benefits (69.4 %) and
risks (85.6 %) on nanotechnology are depicted in this frame whereby the risks outweigh the
benefits. Almost all the articles that mention risks are in this frame which is called the “risk-
opportunity debate for that exact reason. Half of the articles, which frame nanotechnology in
this way, include demands for risk regulation. In the context of the general risk orientation of
the articles, the evaluation of nanotechnology is also rather negative in 57.9 % of cases. Fur-
thermore, negative forecasts are made in 7.9 % of cases. Examples for articles which use
this frame are given in Annex B.5.5.

The issue-specific frames over the course of time

What is discussed below is the question whether the presence of the five frames of
nanotechnology coverage presented above change over the course of the study period, and
if so, how (cf. Table 82).

Table 82: Distribution of the five issue-specific frames during the study period (as %)

2000 2001 2002 2003 2004 2005 2006 2007 >

Frame 1 38 42.5 42.8 42.7 30.2 421 28.8 28.8 37.1
Frame 2 27 29.6 24.2 21.6 26.2 22.2 21.9 29.4 25.2
Frame 3 10.5 11.6 16.7 12.1 21.8 12.5 26 20.6 16.5
Frame 4 6 6 7.9 11.6 7.7 12.5 6 10.6 8.4
Frame 5 18.5 10.3 8.4 12.1 14.1 10.6 17.2 10.6 12.7
et 100 100 100 100 100 100 100 100 100

n=200 | n=233 | n=215 | n=199 | n=248 | n=216 | n=215 | n=170 | N=1696

The “Research and development”frame that influences overall coverage is particularly highly
represented in the individual study years, too. After all, most of the activities in the field of the
current development of nanotechnology are in the field of research. This frame is dominant
particularly from 2001 to 2003 with a share of 42.5 % (2001, n=233) and 42.7 % (2003,
n=199). This share falls towards the end of the study period (2006, n=215 /2007, n=170) to
28.8 %.

The “progress in information and communication technologies”frame is relatively evenly dis-
tributed over all coverage years whereby it has the greatest weight in coverage in 2007
(n=170) with 29.4 %. The constant importance of this frame can be attributed to the enor-
mous, publicly visible activities in the field of the computer industry and chip production which
points to competition between competing research groups.
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Between 2000 and 2005 the “economic use” frame - although with far less intensity — shows
a similar course to the coverage curve of the previous frame with, however, a time shift com-
pared to the coverage curve of the “research and development”frame. This can be explained
by the fact that breakthroughs in science and research always trigger discussion about appli-
cations and economic importance. Towards the end of the study period and increasing ma-
turity of the technology, this frame seems to stabilise with on average 23 % in 2006 (n=215,
26 %) and 2007 (n=170, 20.6 %).

The presence of the “medical benefit” frame runs partially counter to the coverage curve of
the two previous frames. In phases of declining coverage in the other two frames, the frame
that focuses on the application healthcare and medical benefits records a slight increase
(20083: 11.6 %; 2005: 12.5 %; 2007: 10.6 %). In the same way this frame is less important in
the peak periods of the other frames. In 2001 its share in coverage is only 6 % and in 2004
7.7 %.

The course of coverage within the frame “risk-opportunity debate” can be described as un-
stable compared to the individual coverage years. The two peaks in the presence of this
frame — in 2000 (n=200) with a proportion of 18.5 % and 2006 (n=215) with 17.2 % — can
again be attributed to the Bill Joy debate and in part to the “Magic Nano” case. Figure 23
visualises this time-based consideration of the coverage curve of the five frames.

Fig. 23: Coverage curve of the five issue-specific frames (2000—-2007)
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Issue-specific frames in the individual publications
Differences can also be observed in the comparison of the daily newspapers and magazines
examined (cf. Table 83).

Table 83: Distribution of frames in coverage by the individual publications (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel |Focus >

Frame 1 46.1 38.7 25.7 27 34.6 30.4 30.6 42.6 22.7 37.1
Frame 2 23.1 19 25.7 32.2 25.6 29.4 22.6 19.1 36.4 25.2
Frame 3 12.5 22.6 2.9 14.8 21.1 20.8 8.1 6.4 13.6 16.5
Frame 4 6.5 6 8.6 8.7 10.6 8.9 6.5 14.9 15.9 8.4
Frame 5 11.8 13.7 37.1 17.4 8.2 10.6 32.3 17 11.4 12.7
Total 100 100 100 100 100 100 100 100 100 100

n=553 | n=168 n=35 | n=115 | n=379 | n=293 n=62 n=47 n=44 | N=1696

Out of the daily newspapers the Frankfurter Allgemeine Zeitung with a coverage share of
46.1% and the news magazine Der Spiegel with 42.6% place the greatest emphasis on the
‘research and development”frame. In these articles which do indeed correspond to the tradi-
tional idea of acceptance-oriented communication and popularisation of knowledge (without
this necessarily being the journalist’s intention), progress in the field of fundamental research
is the main focus.

By contrast, the “progress in information and communication technologies” is paid the great-
est attention in the coverage of the Frankfurter Rundschau (32.2%, n=115) and Focus
(36.4%, n=44). The economic frame or the “economic use” of nanotechnology frame is pre-
sent in around one in five articles in the Siddeutsche Zeitung (22.6%), Die Welt (21.1%) and
the Financial Times Deutschland (20.8%).

The human and special interest orientation in the two news magazines Focus and Der
Spiegel is reflected in the relatively high proportion of articles which are attributed to the
“‘medical benefit” frame compared to the other publications. Die Zeit (32.3%) and the taz
(37.1%) attract attention above all because they account for around one-third of all reports in
the “risk-opportunity debate” frame. Fig. 24 gives the distribution of media frames in
nanotechnology coverage in the individual publications.
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Fig. 24: Distribution of the media frames in nanotechnology coverage in the individual publications
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5 Summary

In our content analysis of “Risk Perception of Nanotechnology in German News Coverage*
we examined 1696 articles from seven national dailies and weeklies (Financial Times
Deutschland, Frankfurter Allgemeine Zeitung, Frankfurter Rundschau, Siddeutsche Zeitung,
taz, Die Welt, Die Zeit) and the two newsmagazines Focus and Der Spiegel published be-
tween 2000 and 2007. The results can be summarised as follows:

e On average, 212 articles on nanotechnology were published per year. The peak value —
248 articles — was reached in 2004. In this respect, the FAZ differs significantly from the
rest of the media examined. It published 553 articles in total (on average, 69 per year),
about 1/3 of our sample. Within the period of our study, there were no major changes in
the scale or intensity of media coverage of nanotechnology. After the peak in 2004, there
was a slight drop in media attention. These figures can be compared to those of the cov-
erage of genetic engineering: between 1973 and 1985 when genetic engineering was an
emerging technology, much like nanotechnology is today. During that period the FAZ pub-
lished on average 24 articles per year. It is interesting to note that in the first year of both
study periods: in 1973 and in 2000 there was a call for a moratorium at an early stage in
the development of these technologies.

e The predominant form of journalistic presentation is the report. Hence the prevailing tone
is factual and descriptive. Articles on nanotechnology are mostly positioned in the science
section of the publications (58.5 %); other relevant sections are business and finance
(14.2 %) and the feature/arts section (11.6 %). The FAZ is slightly different: almost one-
third of the articles were published in its Feuilleton (feature/arts section). This can be in-
terpreted as an indicator for the publication’s specific take on nanotechnology that also re-
flects social and cultural effects. Over the last eight years, nanotechnology only made
front page news in one percent of all cases.

¢ In the majority of cases (82.7%), nanotechnology is discussed in depth. This means that
the reader, too, can easily associate all the situations, facts and events with “nanotech-
nology”. In more than a quarter of the articles analysed, the reference to nanotechnology
is already identifiable in the headline. If nanotechnology is evaluated in the headline, then
this evaluation is generally positive.

e The coverage of nanotechnology focuses in 1/3 of all cases on the results and work in the
field of fundamental research. Therefore, coverage of nanotechnology is still largely purely
scientific reporting. Another quarter of the articles concentrate on the applications of the
new technology, especially in the field of “information and communication technologies”
(14.2 %) and other, predominantly not consumer-related applications (11.7 %). Over the
entire study period, coverage is dominated by “fundamental research”. In the last two
years (2006 and 2007) this subject seems to have become less important; this may indi-
cate a shift in the topic structure in future. The year 2000 is the exception. Triggered by
the FAZ feuilleton the “Bill Joy Debate” attracted greater attention. However, the “Magic
Nano” case, which hit the headlines in March 2006, did not have any impact either on the
type or scale of coverage of nanotechnology or on the general evaluation of opportunities
and risks.

e We distinguish between the overarching thematic perspective of an article and the choice
of individual topics. What is meant is the general perspective used to discuss the diversity
of individual articles. Again, our analysis yielded unambiguous results. In 2/3 of all the ar-
ticles examined, nanotechnology is primarily seen as a field of scientific research. Another
quarter of articles consider nanotechnology to be a relevant economic factor. Political and
military perspectives are rarely adopted, and in only a few cases are critical ethical or so-
cial views expounded.
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e In the news media, predominantly scientists (46.6 %) and economic actors (19.6 %)
comment on nanotechnology. Another 17.5 % of comments are by journalists themselves.
Therefore, published opinion is largely dominated by these three groups of actors. In the
context of the “Bill Joy Debate”, comments by “public figures” (i.e. representatives of as-
sociations, churches, trades unions etc.) are also widely published. Particularly in 2004,
political actors made more appearances in debates on educational policy and science
support.

e Almost all relevant main actors evaluate nanotechnology as “rather positive” or very posi-
tive (70.4 %; n=1452). “Political actors” and “journalists” tend to see nanotechnology as
very positive. A more critical stance is adopted by “public figures”: 22.8 % of all cases rate
nanotechnology as rather negative and a further 17.5 % as very negative (n=57).

e The science coverage of nanotechnology in the narrower sense — particularly of
nanotechnology developments that have not yet translated into applications in industrial
production — is dominated by scientific institutions, research groups and individual re-
searchers. Topics that cover concrete industrial applications which are, therefore, linked
to company activities are dominated by economic players and scientists. Ethical and
socio-cultural points of debate are, however, predominantly discussed by representatives
of social and other interest groups. The probability of statements by social actors is thus
highly dependent on the topic structure of the coverage. In this respect, the media agenda
during the study period (2000—2007) clearly favours representatives from the fields of sci-
ence and the economy.

e So far, coverage has focussed almost exclusively on the opportunities and potential of
nanotechnology. Three major types of potential benefits are discussed: “economic”
(36.8 % of all mentions), “scientific” (26.5 %) and “medical” (20.6 %). Scientific and eco-
nomic actors concentrate on the opportunities whereas individual researchers and scien-
tific institutions stress the “scientific” benefits, and economic actors accentuate the “eco-
nomic” benefits. “Public figures” paint a completely different picture. If they are given an
opportunity to voice their opinions — which was rarely the case — they do not mention any
benefits in one-third of their comments but do explicitly mention risks in another third,

LTS

mainly addressing “military”, “ethical-moral” and social risks.

e Demands are made first and foremost in combination with risk attributions — this is the
case in only 7.8 % of all articles. Around about three-quarters of all claims refer to risk
regulation, i.e. the minimization or reduction of potential damages. Demands are mainly
advanced by scientific actors (30.6 %). 20.6 % of all demands can be attributed to “public
figures” and a further 14.8 % to “political actors”. 89.4% of the demands made were gen-
erally accompanied by a specific recommended action. The most important recommenda-
tion with regard to handling the risks of nanotechnology procedures and products is the
“initiation of additional risk research’ (19.7 %, n=178).

e The marked research focus in the nanotechnology coverage means that the vast majority
of articles (90.1%) use technical terms in need of an explanation. To familiarise a lay au-
dience with the basic concepts of nanotechnology, a small proportion of the articles (4 %)
employ comparisons with other technologies (genetic engineering, nuclear power) or
technological products (e. g. asbestos). Metaphors, figures of speech and other rhetorical
devices are also used to explain nanotechnology itself and to illustrate its general rele-
vance. The imagery used primarily refers to “size”, “general qualifications of nanotechnol-
ogy”, “size-based designations” as well as references to innovative processes and the po-
tential inherent in nanotechnology. These rhetorical devices are generally positive; a small
proportion use negative associations: “Pandora’s box” (1 %) and “horror scenarios”
(1.6 %), for instance. Furthermore, 21.3 % of all articles use adjectives that directly impute
positive attributes to nanotechnology; only in 4 % of the articles are negatively connotated

adjectives used.
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e The central assumption is that the media reduce the complex, diverse phenomenon
nanotechnology to a few orientational frames that are found in many individual texts. This
assumption was confirmed. Based on the five frames determined in cluster analysis, the
analysed articles (N=1696) can be classified as follows: (1) The most important frame is
called “Research and development” here. It focuses on the mainly uncritical, descriptive
presentation of events and procedures in the field of fundamental research. Here,
nanotechnology is an important research field from which important findings can be ex-
pected. As a result, the positive evaluation of nanotechnology is associated with the mere
scientific knowledge gained; the power of definition remains with the individual research-
ers. This frame applies to more than one-third of all articles (37%). Two other frames, with
a very similar structure, are called “progress in the field of information and communication
technologies” (25.2 %) and “economic benefit” (16.5 %). Both frames look considerably
beyond mere nanotechnology and focus on specific applications in the field of information
and communication technologies or on as yet unspecified economic uses. Both these
frames suggest a positive evaluation of nanotechnology by emphasising the opportunities
for economic growth and prosperity. In this frame entrepreneurs and managers appear as
the “movers and shakers”. They single-handedly dominate the public discussion and claim
to be the actors responsible for the economic benefits associated with nanotechnology.
Another frame focuses on the application medicine and is very much benefit-oriented. It
is, therefore, called “medical benefit”. This frame was identified in around 8 % of the ana-
lysed articles. In this context, nanotechnology appears to offer great opportunities for im-
proving medical care and the health of all citizens. The “power of definition” is in the
hands of scientists and researchers whose evaluations are extremely positive. Only one
out of five frames identified points out that opinions could differ on the subject of
nanotechnology. This frame is called the “risk-opportunity debate”. It applies to 12 % of all
articles and deals with nanotechnology as a whole instead of addressing specific applica-
tions and research fields. According to this frame, the inherent risks are all flatly attributed
to “nanotechnology” as such, and not to individual actors. The main criticism is not di-
rected at abstract social risks but at potential concrete dangers for the health of citizens.
In this context the demand is advanced for legal regulation in the form of laws and bans.

Outlook

When we finally endeavour to assess the current public perception of nanotechnology, an-
other formerly emerging technology, modern biotechnology, could at least provide some cri-
teria for comparison. Between the early 1970s and the early 1980s, no wide public debate
about biotechnology was launched. Media coverage of this technology focused on aspects of
technological and social progress. Nevertheless, potential risks were reported right from the
outset (cf. Hampel/Ruhrmann/Kohring/Gérke 1998; Hampel/Pfenning/Kohring/ Gérke/Ruhr-
mann 2001). This changed when the first (West-)German test-tube babies were born in the
mid-1980s. Politicians continued to introduce new research programmes and they also
launched several initiatives to prepare for the legal regulation of biotechnology and its impact
assessment. A parliamentary commission (Enquete-Kommission), propelled by divergent
party interests, conducted a debate on biotechnology that attracted considerable attention in
the media. From the mid-1980s until the adoption of the first German law on genetic engi-
neering, a conflict-laden public debate about modern biotechnology took place in the news
media. Many influential collective actors participated in this debate, e. g. churches, trade un-
ions and numerous social movements. As no acute biotechnological damages materialised
and the first noteworthy economic successes appeared, media coverage from the 1990s on-
wards focused primarily on the biotechnological benefits. The birth of the cloned sheep Dolly
in 1997 did, however, trigger another lively ethical debate. All in all, German coverage of bio-
technology by national newspapers can be described as both critical and opportunity-
oriented (cf. Gérke/Kohring/Ruhrmann 2000; Kohring/Matthes 2002).
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Viewed from that angle, nanotechnology can be described as being in the first phase, the
progress phase. This phase is still largely oriented towards technological progress and as yet
there has been no public debate. At the same time, nanotechnology, unlike biotechnology in
the Germany of the 1990s, does not evoke any cultural associations with the National Social-
ists and their ideology of biological selection, the Frankensteinian problem of scientific hubris
as interference with the natural divine order or, simply, the general system of values con-
nected with the Christian idea of divine creation. If it is true that nanotechnology lacks “these
characteristics”, then it will not become the subject of critical public debate as long as no
large-scale acute damage occurs. “Nano Magic” — the most prominent case of damage in the
media coverage between 2000 and 2007 — did not lead to any major swing in the tone of
reporting because of its limited impact and because nanotechnology was exonerated of any
blame. The incriminated product did not have anything to do with nanotechnology except in
name. We will have to wait and see whether a possible future case of damage or the mere
reporting of risks could trigger a critical public debate and dent the prevailing, eminently posi-
tive general view of nanotechnology. At all events, one frame that was critical of nanotech-
nology was able to assert itself in the German press. Even if this frame is not at all dominant
at the moment, it could recruit new contributors and articles in response to concrete events.
In any case it seems advisable to continue monitoring the media coverage and media take
on nanotechnology in the future. The news-based “issue attention cycle” will not be com-
pleted for some time; in fact it has only just started to develop.
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7 Annex A: Tables

Table 25a: Scientific actors

Scientific actors Number
Natural scientists 64
(Social) scientists 5
Institut fiir Nanotechnologie, Karlsruhe 4
Leibniz-Institut flir Neue Materialien (INM) 10
Fraunhofer Verbund Nanotechnologie 9
Max-Planck-Institute 50
Royal Society 10
Nano2Life (European Network of Excellence for Nanotech- 4
nology)

MIT Institute for Technology, Cambridge (Massachusetts) 27
(Group) Harald Fuchs, Mlnster 5
(Group) Roland Wiesendanger, Hamburg 3
(Group) Hermann Gaub, Munich 10
(Group) Wolfgang Heckl, Munich (LMU, Chair for Nanobio- 7
technology)

Cees Dekker, Dutch physicist (Delfter Institut, NL) 10
Gerd Binnig/Heinrich Rohrer (Inventor of the scanning tunnel- 6
ling microscope)

Gunter Oberddrster (nanoexperts/practitioners of environ- 7
mental medicine)

Robert Feynman 92
Physicians/doctors 179
Other scientific institutions/ 12
research groups/scientists
Table 25b: Economic actors

Economic actors Number
Actors on the employer’s side 1
Actors on the employee’s side 1
Company representatives from the pharmaceutical industry 1
Company representatives from the textile industry 7
Company representatives from the construction industry 6
Company representatives from the chemical industry 25
Company representatives from the automotive industry 9
Company representatives from the information and commu- 79
nication industry

Company representatives from the cosmetics industry 2
Company representatives from the food industry (including 4
agriculture)

Company representatives from other industrial sectors 6
520 1
BASF 11
Beiersdorf 1
Henckel 4
Nestlé 1
IBM 38
Industry, commerce 2
Other economic actors 61
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Table 25c: Public figures

Public figures Number
Public figures (authors, actors, moderators etc.) 12
Eric Drexler (publicist) 13
Michael Crichton (author) 12
Ray Kurzweil (author) 21
Bill Joy (publicist) 45

Table 38: Concrete mentions of benefits (multiple answers: 3 mentions per article were possible)

N Percent
Major sales revenue potential 135 8.4
New jobs 29 1.8
Environmental detoxification 13 0.8
Climate protection 4 0.2
Sustainability effects 3 0.2
Improved efficiency in energy conversion 30 1.9
Reduction of energy consumption 12 0.7
Solving of energy problems 36 2.2
New materials 564 35.2
Medical diagnostics 78 4.9
Medical therapy 169 10.6
Cancer therapy 91 5.7
New medicines 34 2.1
High performance data storage media 42 2.6
Miniaturisation in computers 184 11.5
Improved performance in computers 135 8.4
Individual safety 16 1.0
Superhuman powers 7 0.4
Protection against environmental impact 19 1.2
Total 1601 100

Table 39: Author of the attribution of responsibility by publication (as %)

FAZ Sz taz FR Welt FTD Zeit |Spiegel |Focus
Federal Government 0.2 0.6 - - 0.2 0.3 - - -
Political institutions 0.2 - - 1.3 - - - - -
Central body/Institutions 0.3 - 2.8 0.7 - 0.3 - - -
and associations
Scientific actors/Groups/ 41.5 35.8 22.2 25.3 38.1 339 | 26.8 50.0 29.3
Institutions
Economic actors 9.9 17.3 2.8 16.0 17.4 16.1 11.3 4.0 8.6
Public figures - 1.2 - - - - -
Science journalists - - - 0.7 - - - - -
Journalists 0.2 - - - - - - - -
Foundations/Science 0.3 - - - - - - - -
support
Other actors 0.3 0.6 - 0.7 - 2.1 - - 5.2
"Nanotechnology” 47.0 43.9 72.2 55.3 44.3 47.3 62 46 56.9
(object)
External circumstances/ - 0.6 - - - - - - -
Situation
Total 100 100 100 100 100 100 100 100 100

n=583 n=173 n=36 | n=150 | n=420 | n=336 | n=71 n=50 n=58
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Table 47: Concrete mention of risks (Multiple answers: 3 mentions per article were possible)
Frequency |Percent

Health risk from fine dust 16 5.6

Absorption of nanoparticles through the 56 20.7

skin/lungs

Damage to genetic information 5 1.9

Occupational diseases 1 0.4

Nanopatrticles in the water cycle 1 0.4

Absorption of nanoparticles by plants 1 0.4

Destruction of the biosphere 5 1.9

Other environmentally damaging effects 5 1.9

Artificial intelligence 11 41

Transcending the human/post- 20 7.4

humanism/trans-humanism

Nano-divide 1 0.4

Nanorobots/microrobots (Crichton, Prey) 34 12.6

Self-assemblers/replicators 26 9.6

Grey goo 12 4.4

Creation of artificial organisms 6 2.2

Technology abuse 19 7.0

Science-based mass destruction 6 2.2

Other 45 16.7

Total 270 100
Table 52: Comparison of the opportunity-risk orientation between the news media (as %)

Assessment FAZ SZ taz FR Welt FTD Zeit Spiegel |Focus >
Neutral 15.7 16.7 11.4 3.5 9.8 8.5 8.1 10.6 4.5 11.6
Opportunity- 70.5 70.2 48.6 78.3 81.3 80.5 56.5 70.2 | 84.1 74.5
oriented

Opportunities 4.2 5.4 11.4 5.2 3.4 5.8 12.9 10.6 2.3 5.1
outweigh risks

Balanced (oppor- 4.9 4.2 14.3 2.6 21 2.7 9.7 21 4.5 4.0
tunities and risks)

Risks outweigh 1.3 0.6 2.9 1.7 0.8 1.0 4.8 - - 1.2
opportunities

Risk-oriented 3.4 3.0 11.4 8.7 2.6 1.4 8.1 6.4 4.5 3.7
Total 100 100 100 100 100 100 100 100 100 100

n=553 | n=168 | n=385 | n=115 | n=379 | n=293 | n=62 n=47 | n=44 | N=1696
Table 59: Authors of the demands in the various publications (as %; N=189)
FAZ [sz |tz |FR |welt [FTD |Zeit |Spiegel |Focus

Federal Government - | 105 - 4.3 - - - - -
(Other)

Political actors 54| 105 11.1 26.1 - 8.7 - - 50.0
Political institutions 9.5 - - - 5.6 - 5.0 - -
Central body/institutions and 95| 158 11.1 | s8] 130 100 | 500
associations

Scientific ac- 29.7 | 421 -| 348| 389 | 26.1| 300 - -
tors/groups/institutes

Economic actors 4.1 - - 4.3 5.6 21.7 | 10.0 | 100.0 -
Public figures 243 | 15.8 11.1 13.0 | 38.9 43| 30.0 - -
Environmental associations 4.1 - 11.1 - - - - - -
Social groups 5.4 - 33.3 8.7 5.6 43| 10.0 - -
Science journalists 1.4 - - - - - - - -
Journalists 2.7 5.3 22.2 8.7 - 17.4 5.0 - -
Other actors 41 - - - - 4.3 - - -
Total (N=189) 74.0 | 19.0 9.0 | 23.0 18.0 | 23.0 | 20.0 1.0 2.0
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Table 64: Annual comparison of the assessment of hanotechnology in article headlines (as %)

2000 2001 2002 2003 2004 2005 2006 2007 >
No link to nanotech- 78.5 74.7 74.0 69.3 70.2 74.5 64.7 72.4 72.2
nology
Positive assessment 9.0 11.2 11.6 12.1 13.3 9.3 9.8 12.9
Neutral 11.5 13.7 13.5 171 14.9 13.4 21.9 12.4
Negative assess- 1.0 0.4 0.9 1.5 1.6 2.8 3.7 24
ment
Total 100 100 100 100 100 100 100 100 100
n=200 | n=233 | n=215| n=199 | n=248 | n=216 | n=215| n=170 | N=1696

Table 65: Assessment of nanotechnology within the article headings of the publications examined (as %)

FAZ SZ taz FR Welt FTD Zeit Spiegel | Focus >

No link to nanotech- 71.6 75.6 | 62.9 76.5 69.9 734 | 726 72.3 75 72.2
nology

Positive assessment 10.7 6.0 8.6 14.8 15.3 10.2 241 9.1

Neutral 16.5 149 | 20.0 7.8 13.5 14.7 25.5 11.4

Negative assess- 1.3 3.6 8.6 0.9 1.3 1.7 - 4.5

ment

Total 100 100 100 100 100 100 100 100 100 100

n=553 | n=168 | n=35 | n=115 | n=379 | n=293 | n=62 n=47 | n=44 | N=1696
Table 72: Use of images in the individual publications (frequencies)
FAZ |SzZ taz FR Welt [FTD |Zeit |Spiegel |Focus | >

Size comparisons 58 30 3 31 45 37 6 6 4| 220
Reference to materiality and its 9 1 0 2 2 0 0 0 14
potential

Formulations which illustrate 4 1 0 1 1 1 2 0 0 10
the relationship to nature

Size-related description 13 5 2 8 18 13 4 4 3 70
Reference to visibility or sen- 1 0 0 1 1 0 0 1 0 4
sory perceptibility

Reference to revolution, inno- 13 4 6 9 8 4 7 7 2 60
vation and future viability

Negative images or metaphors 8 2 0 3 2 1 1 2 0 19
Designations for nanotechnol- 26 10 1 13 18 13 5 2 1 89
ogy as a whole

Other descriptive terms 4 0 1 0 0 5 4 1 0 15
Other images 29 15 3 11 16 15 13 2 71 111
Total 165 68 16 77 111 91 42 25 17 | 612
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Table 73: Images used in conjunction with nanotechnology (n=612)

N %
Mathematical indications of size (nanoparticles — no larger than 100 x 107, 101 16.5
millionth of a millimetre)
One million times thinner than a human hair (comparison with the thick- 90 14.7
ness of a hair)
Key technology 40 6.5
Science Fiction 30 4.9
Future technology 29 4.7
Revolutionising/revolution 25 4.1
Nanos = Ancient Greek for dwarf 24 3.9
Kingdom of dwarves 16 2.6
Size comparison: the size of a nanoparticle is compared to a football, 15 2.5
corresponds to the ratio between (...)
Third industrial revolution 12 2.0
Cross-sectional technology 12 2.0
Hype word/hype technology 12 2.0
Horror scenario 10 1.6
Learning from nature 8 1.3
One thousand times smaller than a cell in the human body 6 1.0
World of the millionth of a millimetre 6 1.0
Pandora’s box 6 1.0
Basic technology of the twenty-first century 6 1.0
True to scale comparison: Moving a molecule with the tip of a microscope 5 0.8
is like wanting to (...) with the tip
Dwarf science 5 0.8
Technology of dwarves 4 0.7
The kingdom of atoms (molecules) 4 0.7
A nanometre is the millionth part of a millimetre; this corresponds to the 3 0.5
size relationship between a hot air balloon and (...)
Smallest of all worlds 3 0.5
Lilliput 3 0.5
Invisible partners 3 0.5
Bio(-), Nano(-), Info(-) 3 0.5
Scarcely imaginable small world 2 0.3
World of the microcosm 2 0.3
Dust 2 0.3
Risk technology 2 0.3
The stuff the future is made of 1 0.2
Tool box 1 0.2
Formulations which illustrate the relationship to nature 1 0.2
Overcoming dependency on nature and its forms/overcoming nature 1 0.2
Quantum world 1 0.2
Limit of visibility 1 0.2
Gold rush atmosphere 1 0.2
Nano, a future-centric word 1 0.2
Change in paradigms 1 0.2
Miracle 1 0.2
Golden age 1 0.2
Nanoists 1 0.2
Other images/metaphors 111 18.1
Total 612 100







8 Annex B: Examples of articles and illustrations

B 1: Examples of articles which could not be assessed as articles on nanotechnology because they did not mention it all or only mentioned it in
passing (I-1ll) examples of articles which use the partial word “nano*” without any link to nanotechnology

Example I: (...) “The shares of the nanotechnology company
Neosino increased by about 170% since the IPO at the
beginning of January.” (Die Welt, 27.01.2007, p. 19)

e

eteiligungsfirma Bavaria mit

Example II: ( ...) above all in bio- and nanotechnology (FAZ,
06.02.2006, p.4)

SPD setzt auf Nein zu Atomkraft

Wahlparteitag der baden-wiirttembergischen Sozialdemokraten

rso. STUTTGART, 5. Februar. Die ba- | gen Grundschule. AuBlerdem sprichi w.
den-wiirtiembergische SPD will mit lan- | sich deutlich gegen Gebiihren im Erstsiol:

Kursplus zum Borsendebiit

Frankfurt/Maln -Die Miinchener
Beteiligungsfirma Bavaria Indu-
striekapital hat am Donnerstag ein
Borsendebiit mit steigenden Kur-
sen gegeben. Die im Wachstums-
segment Entry Standard fir kleine
und mittelgroBe Unternehmen no-
tierten Bavaria-Papiere stiegen an
ihrem ersten Handelstag bis auf
29,87 Euro, ein Plus zum Ausgabe-
preis von 26 Euro von rund 15-Pro-
zent: Am Nachmittag wurden die
Bavaria-Papiere zu 29,40 Euro ge-
handelt. Damit konnte schon der
dritte- Bérsenneuling im Segment
Entry Standard in dies hr

Terr— anotechnologie-Unter-
nehmens Neosino sind seit der
- Erstnotiz Anfang Januar um rund

Multlmedxa und SMS-Dienstlei-
sters Convisual gewannen seither
rund 50 Prozent.

Bavaria hatte inklusive Mehrzu-
teilungsoption 575 000 Aktien in
einer Spanne von 22 bis 26 Euro
zur Zeichnung angeboten. Das
Emissionsvolumen bel4uft sich auf
bis zu rund 15 Mio. Euro. Bei voll-

standiger Plazierung befinden sich
nach dem Bérsengang
28,4 Prozent der Bavaria-Anteile

"im Streubesitz, rund zwei Drittel

verbleiben beim Management.

Mit den Einnahmen aus der Ak-
tienplazierung will die Gesell-
schaft den Kauf groBerer Betei-
ligungen stemmen. Bavaria iiber-
nimmt vor allem sanierungsbe-
diirftige Firmen, um sie rentabel zu
machen und einige Jahre spiter
gewinnbringend zu verkaufen. Die
2002 gegriindete Beteiligungsge-
sellschaft hat derzeit zehn Firmen
im Portfolio, darunter den Auto-
zulieferer Paulmann & Crone.und
den Kiichenhersteller Alma. Der
im Oktober gestartete Entry Stan-
dard konnte bis Ende 2005 bereits
20 Notierungen auf dem Kurszettel
verbuchen. Wegen der niedrigen
Transparenzanforderungen im
Vergleich zu Prime Standard und
General Standard und der oftmals
niedrigen Liquiditét der notierten
Aktien spricht die Deutsche Borse
mit dem auf dem Freiverkehr auf-
bauenden neuen Borsensegment
vor allem professionelle Anleger
an. rtr

despolitischen Themen und einem klaren
Nein aur Laulzeiverlingerung fir Alom-
kraftwerke im Landtagswahlkampl um
Stimmen werben, Die Spitzenkandidatin
Ute Vogt wandte sich am Samstag in Stutt-
gart on die EU-Dienstleistungsrichili-
nie in ihrer derzeitigen Form, sprach sich
daliir aus, [reiwillige Vereinbarungen tber
die Verkehrssprache aul deutschen Schul-
héilen zu trelfen. und forderte mehr Geld
fitr Bildung und Qualifizierung. . Wir wol-
len in Bildung investieren und da L
desheteiligungen und die Lande
veriiuben te Frau Vogl. Ministe
sident O 1 (CDU) nannte sie einen
WMini-Merz*, der nach der Bundestags-
walhl nicht begriflen habe. da die Biirger
radikale  wirtschaltsliberale  Reformen
nicht wollten. Die SPD sei die politische
Krall, die de ozialen Zusammenhalt*
organisiere. Die Parteilagsdelegierten ver-
abschicdeten am Swmag einstimmig das
Re LIL]U]]H\[‘RI!TMTI]]] mlt dem Titel
Mehr Gereg wird in An
T den Iritheren sozialden
hen Landesminister Spori eine . dmlugf
orientierte Wirtschaltspolitik™ sowie ein
stiirkerer Wissenstransler in die Wirtschall
gelordert - vor allemin der Bio- und Nano-
Lhnulnye 7ur Energiepclluk heibL es:

i es keine
gerung der Ldti[u.lu.n von Alom-
kmln\ukm peben” Eine Aussage zur
Kontingentiibertragung von Kraftwerkska-
puzitiiten gibl es nicht, Die Landesregie-
rung miichte die Laulzeit fir den Krafll-
werkshlock Neckarwestheim T iiber das
Talr 2000 hinaus verlangern. Die SPD hat-
te in der vergangenen Woche auch mil ei-
ner Unterschrillensammlung gegen den
~Ausstieg aus dem Alomausstieg” begon-
nen

Die SPD fordert in ihrem Wahlpro-
gramm auch die Einlithrung der sechsjiihn-

um aus. Die CDU-FDP-Koalition Tui
kilrzlich beschlossen. 500 Euro Studicns
bilhren pro Semester zu erheben. /i
‘Wahlkamplstrategie heilit es in der S0
dal die Partei daraufl setze. sowohl im
Wlinksbiirgerlichen Milieu A
Facharbeitermilieu™ Stimmen 2
nén. Mit ihrer eindeutigen Ablchnung von
Studiengebiihren hollt die SPDY aul «h
Stimmen von Wihlern in den Universial
stiidlen Tubingen, Freiburg oder ko
stanz, die zwischen SPD und Coinen
schwanken. Mit Kritik an der EULTYicns
leistungsrichtlinie und an den geplani-n
Entlassungen bei Daimler-Chrysler vall
die SPD Facharbeiter ansprechen. dic
der wirtschaltlichen Entwicklung vne <1
Globalisierung verunsichert sind

Von der Bundespolitik der SI"I» in o
groblen Koalition konne man angesichi
der gulen Umlragewerte der Bundeshan
lerin kaum profitieren. heilites in dei Lo
despartei. Deshalb gelle es. mil .l
themen einen Landtagswahlkampl= /v il
Ten.
N'nch der jlingsten Meinun

n

sty

rozent. Aul die Frage, wen die Bii
Baden-Wiirttemberg zum  Ministerpiis
denten wiihlen wiirden, nannten 39 '
zent den amtierenden Ministerp:
ten Oettinger und 33 Prozent dic SI'D-
zenkandidatin. Der geringe Vorspron:
Qeltlingers bei den Personlichkeilswert: i
[iihrt im SPD-Landesverband zur Al
me. daf sie ihren Stimmenanteil noch <100
gern kann. Die Delegierten feierien |
Vogt aufl dem Parleitag i ol Minnie o
mit tosendem Applaus — daliir hatte anch
die Parleilagsregie pesorgl. weil Minisio
priisident Oettinger vor einer Woche in 01/
fenburg nur mébBigen Beifall bekomien
hatle




Example IlI: Mere mention (taz, 25.01.2006, p. 18) Example IV: “Nano” as a reference to the size range The 45-minute

film rarely reaches the nanolevel of thoughts and values which Schéatz-
ing constantly seeks.” (Siddeutsche Zeitung, 19.05.2007)
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Unschlagbar selbstswher

e
Q36 K

Ein Filmportrit des Schriftstellers Frank Schitzing

Der Kélner Frank Schitzing, weltweit
‘gekaufter Schriftsteller von Oko- und
Koln-Krimis, so etwas wie Kolns Natio-
nalheiliger nach Adenauer und vor Po-
dolski, dieser Frank Schétzing also sagt
im Arte-Portrit iiber seine Heimat: ,Er-
staunlich, dass so viele hissliche Hauser
etwas Schones ergeben.” Und der Dom,
der bestehe doch nur , aus Stein und Tau-
benscheiBie”.

Wie zum Trotz lasst die Kolnenn An-
drea Kliiting den Autor zur attraktiven
Touristentour in der Rheinstadt aus-
schwirmen, Dom, Philharmonie, Hohen-
zollernbriicke. Viel schoner Stein und
TaubenscheiBe. Schitzing, und nurer, er-
zihlt dazu aus seinem Leben. Harmoni-
sches Elternhaus, Schulniete in Natur-
wissenschaften, die Anfinge als Werbe-
texter, der Durchbruch als Autor mit
dem maritimen Thriller Der Schwarm.
Das Intimste, was man im Film zu sehen
bekommt, ist die tiirkisfarbene E-Gitar-
re, auf der Schatzing seine, Musiker-
ambitionen auslebt. Auf die ,Nano-Ebe-
ne‘{der Gedanken und Werte zu stofien,
die Schéatzing stets sucht, gelingt dem
45-miniitigen Film selten.

Besonders ausfiihrlich erzidhlt Schit-
zing, was genau ihn zum Schwarm-Stoff

| motivierte und sich durch den Erfolg ge-

indert hat. Der Bestseller soll nun ver-
filmt werden — die Rechte liegen bei der
Schauspielerin Uma Thurman und dem
Produzenten Michael Souvignier, der
auch dieses Arte-Portrat produzierte -,
und Schétzing traut sich durchaus die Re-
gie zu. Er ist unschlagbar selbstsicher.
Das ist dokumentiert. In einer Monitor-
Ausgabe tauchte Schatzing zu Jahresbe-
ginn als Gew#hrsmann dafiir auf, dass
die Gletscher schmelzen. Klimaschutz ist
populér, Schiitzing fast populérer.
Einmal zeigt er sich bei geniisslicher
Speise in einem guten Restaurant. Sollen
die Leute denken, er sei ein ,,dekadentes
Arschloch®. Plagen einen wie ihn Zwei-
fel oder Angste? Tatsachlich doch? Dass
er die Welt durch seine Liebe zur Wissen-
schaft so sehr seziere, dass er sie nicht
mehr zu etwas Schénem zusammen-
setzen kénne, das fiirchte er. Anderer-
seits habe er erkannt (und meint das be-
stimmt nicht monetér): ,Man kann einen
Teil der Naivitit, die man braucht, um ge-
nieBen zu kénnen, wieder zuriickholen. “
Mit der Sicht auf K¢ln klappt's da schon
prima. Schatzmg sagt: ,, Koln ist vom Her-
zen schon.” Klar. SENTA KRASSER

Mein Leben — Frank Schatzmg, Arte,
Samstag, 17.30 Uhr. )



Example V: Use of the partial word “nano” to create a new product name iPod Nano (FAZ. 25.03.2?06, p. 18)

Kurze Meldungen

British Airways saniert Fonds

British Airways (BA) saniert den be->

triebsinternen Pensionsfonds. Um die ak-
tuelle Deckungsliicke zu beseitigen, stellt
Europas drittgroBte Fluglinie als einmali-
ge Zahlung 500 Millionen Pfund (720 Mil-
lionen Euro) bereit. Gleichzeitig soll das
Rentenalter fiir die BA-Belegschaft durch-
schnittlich um jeweils fiinf Jahre erhoht
werden, teilte Konzernchef Willie Walsh
in London mit. Fondsmanager nahmen
die Vorschlige mit Erleichterung auf, in
der Belegschaft ist der Sanierungsplan je-
doch hochst umstritten. Fiilhrende Ban-
ken hatten zuvor gewarnt, da3 das Pensi-
onsdefizit bedrohliche Ausmalle erreicht
hiitte. Die Deckungsliicke im Pensions-
fonds betrigt 1,4 Milliarden Pfund. (ufe.)

Lufthansa erhoht bei Fraport

Die Deutsche Lufthansa hat ihren An-
teil am Flughafenbetreiber Fraport in den
vergangenen Wochen auf 9,1 Prozent auf-
gestockt. ,Wir bewegen uns weiter in Rich-
tung zehn Prozent®, sagte eine Lufthansa-
Sprecherin am Freitag. Konzernchef Wolf-
gang Mayrhuber hatte am Vortag in einer
Analystenkonferenz die Erhohung des
Fraport-Anteils angesprochen. Die Flug-
gesellschaft war im vorigen Oktober beim
Betreiber ihres wichtigsten Flughafens ein-
gestiegen und, hatte im November die

Fiinf-Prozent-Schwelle iiberschritten.
Lufthansa strebt auch einen Sitz im Auf-
sichtsrat von Fraport an. (Reuters)

Toshiba gewinnt Patentklage

Der japanische Computerkonzern To-
shiba hat am Freitag eine Patentklage ge-
gen den stidkoreanischen Chiphersteller
Hynix gewonnen. Nach der Entscheidung
eines Tokioter Gerichts muB Hynix den
Verkauf von NAND-Speicherchips in Ja-
pan einstellen, teilte Toshiba mit. Hynix
kiindigte an, gegen das Urteil Berufung
einzulegen. Ein Hynix-Sprecher sagte,
das Urteil betreffe nur einen Teil seiner
NAND-Chipprodukte. Das japanische
Unternehmen hatte im Jahr 2004 Patent-
klage gegen Hynix eingereicht. Toshiba zu-
folge verstéBt Hynix bei NAND-Speicher-
chips gegen Patente des japanischen Un-
ternehmens. Hynix ist der weltweit zweit-
grofite Produzent von NAND-Speicher-
chips nach Samsung Electronics. Diesen
Halbleitern wird groBes Wachstumspoten-
tial vorausgesagt. Sie kommen vorwie-

gend in Digitalkameras und digijt -
sikabspielgeriten wie dem'}iPod Nano |

vom amerikanischen CompUTETKONZEr
Apple zum Einsatz. (Reuters)
Deutsche Wohnen trennt sich

Die Deutsche Wohnen AG hat die ver-
bliebene Verbindung mit der Deutsche-

Bank-Tochtergesellschaft DB Real Estate

gelost. Wie das Immobilienunternehmen

‘mitteilte, stimmte die auBerordentliche

Hauptversammlung der Deutsche Woh-
nen der Aufhebung des Beherrschungs-
vertrags mit der DB Real Estate Manage-
ment GmbH zu. Die tatséchliche Entflech-
tung bedarf noch der Zustimmung der
DB Real Estate Management GmbH. Die
Deutsche Bank beziehungsweise ihre

ANZEIGE
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Tochtergesellschaft ist zwar nicht an der
Deutsche Wohnen beteiligt, aber durch
den Beherrschungsvertrag bilanziell mit
dem Unternehmen verflochten. Der Be-
herrschungsvertrag war der DB Real
Estate zugestanden worden, nachdem

dort den Aktioniren der Deutsche Woh-
nen ein Andienungsrecht fiir ihre Aktien
eingerdumt worden war. (Dow Jones)

Siidleasing wichst

Mit einem Zuwachs im Neugeschiift
von fast 18 Prozent auf 2,75 Milliarden
Euro hat die Siidleasing GmbH das Jahr
2005 abgeschlossen. Besonders kréftig um
55 Prozent wuchs das Immobilienleasing
mit einem Neugeschift von 410 Millio-
nen Euro. Mit dem Kraftfahrzeuglea-
sing erzielte das Unternehmen 305 Mil-
lionen Euro Neugeschiift (plus 15 Pro-
zent), mit Mobilienleasing 2,03 Milliar-
den Euro (plus 13 Prozent). Besonders
wachstumsstark war bei der Tochterge-
sellschaft der LBBW das internationale
Geschiift mit einem Plus von 46 Prozent.
Starkster Markt ist Nordamerika, gefolgt
von Osterreich und Spanien. Vor Steuern
stieg das Ergebnis um 20 Prozent von 67
Millionen Euro. (sup.)

Beru zahlt Dividende

Fir das Rumpfgeschiftsjahr 2005
(April bis Dezember) will der Autozulie-
ferer Beru AG aus Ludwigsburg eine Divi-
dende von 83 Cent je Stiickaktie zahlen.
Das entspricht einer Ausschiittungsquote
von knapp 43 Prozent des Gewinns von
19,5 Millionen Euro. Im Jahr zuvor hatte
Beru einen Gewinn von 23.6 Millionen
Euro erzielt und eine Dividende von 1.10
Euro bezahlt. (sup.)



B 2: Examples of articles on the opportunity-risk debate about nanotechnology

B 2.1: Highlighting the opportunities

Nie wieder putzen

ubere Fenster dank Lotuseffekt: Auch dié Baustoffindustrie profitiert mittlerweile von den Erkenntnissen der Nanotechnologle

Von Tilman von Rohden
Dich

und schlechte Raumiuft bekimpfen. E.-.
klingt wie aus dem Mirchenland, was
die l'-l-mohechnulu,gll: leistet oder zumin.

.

dukteund Materialien nutzen. Dievemn-

derten Eigenschaften sorgen fir Langle-

bigkeit, Bequemlichkeit oder vielfdltige-
R und vﬂbesﬁerlu Anwmdumgxn

ti.lrbl-ruklurcn Vo
meter. Ein Nanomeler ist ein Milliardstel
Meter. Zaun Vergl in menschliches
Haar ist 50 000 mal dicker, Aufl diescr
Mikroebene verbalten sich Materialien
anders alsliblich. Wie diese Prozesse phy-
sikalisch zu exldfiren sind, ist noch nicht
endgiltig erforscht. Aber das Verstind-
wlogie gme‘li
tfen. Beispielswelse B8l
cnsterglas bei demy nur mit Hilfe von®
Sonnmucht und Regenwasser die Schei-
uber gehnlwn ‘werden.

b 1tlu(l1rm-:mullnrgm
digpAdpariikeln, die auf dor Aull

Licht organische Stoffe wie Staub, Fell
oder Drecle Zudem zerflicBen Wasser-
tropfenam Titandioxid zu einem hauch-
diinnen Film, der den zersetzten Dreck
mit sich fortreiBt. Der Lotuseffekt kann'
natiirlich auch bir Fensterprofile ge-'
nutzt werden - oder flir Wintergirien,
Balkonbrilstungen, Dachaiegel, Larnpsn-
hirme oder Fliesen im Bad,

r Anwendungsmoglichkeiten i.:l. dy

Nanoserukturen sollen eine besonders ugula Haftung zuwischen Fliesen und Untergrund bewirken, verspricht etwa dmflngus
sa AG, die einen speriellen Fliesenk) entwickelt hat. Abgeschaut wurde dar Prinzip von den Geckos. Foto: Degussa

solcher Fliesenboden schon nach Finf
Stunden begehbor. Ob der Begriff WNa-
no* hier gerechtfertigt int, ist Ansichtsso-
che, denn selche Kleber enthalten keine ke
Nanopartikel. Doch bildet das in Wasser
aufgeliste Pulver withrend der Aushir-
tung edne feine Koistallisation in der Grti-
e von zehn bis 100 Nanometer aus.
Auch bel Farben und Locken kommt
Nanotechnologic zum Einsatz. So ver-
vhchten spezielle Innenfarben Gerfiche
- oder Schadstotfe in der Raumluft. Orga-
nische Verbindungen wie das gefihrli-
che Pentachlorphenol (PCP), das friher
in Holzschutzmit teln vorkam, oder Form-
aldehyd werden chemisch zersetzt, ,In
cinem Wohncontalner wurde die Farbe
getestel. Nach einer einzigen Naeht mit

der Forbe unterschritt die Menge an

er vielleicht speklakuldrste Fo
For! mﬂlduhyd den gemlz.lu:lwn Grenz-

schritt wiren nanchasierte Farben und
Lacke, die Energie lielern, dhnlich den
onnwkullek!.orm Wobel l‘..ac:l:e ,‘J"

er Umumuu F‘rhmgen- [

ferg. Andere Innenforben bel-*mpfen '
zi, Bakterien und Algen. Selbst Antlibio-
la-resistente Krankenhnuskeime wer-

oM prn(l\u.er:-n
nnten. Im ﬂbngeu I'mdLr. Sonnenkol-
lektoren derzeit viel Aufmerksambeit.
Eg gibt erste Versuche, den Wirkungs-
@rad dar Kollektoren mit Nanotechnoln-
ie drustisch zu erhBhen, vonzehn anf et-
a 50 Prozent. ,Der Weg von der Theorie
gar Praxis dilrfte etwa genau so schwie-
Iy sein '.Hl: bei der Kernlwwn , meint
Paul ’
] {:altf:m\ia Wernn es It!:.ppl i
die Industriegeselischatten ihve Energie-
obleme miglicherweise geltist,

Verlegen lhr Ka 1y

no-Kleber deuthr.-llc \"urtalle Diese Pro-
dukte stellen nur geringe Anforderungen
an den Untergrund und haften im Ver-
glelch zu konventionellen Klebemn beson-
ders stark, Zudem kinnen die verlegten
Fliesen selbst nach 30 Minuten noch neu
positioniert werden. Andererseits ist ein -

uBentarben setzen dogegen auf de
otuseffelet. ,Schmutzpartikel kiinnen
nicht anbaften und werden van den ab-
perlenden Regentroplen einfach mitge-

s Dm?assnduhlelhl I:rucken AI
ei-
newichtige thr.nsgnmlngoemzogen
wirbi ein deutscher Farbenhersteller.

(Stddeutsche Zeitung, 16.08.2006)
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Mit Elan arbeiten Wissen-
schaftler daran, Nanoteil-
chen fiir die Medizin zu
nutzen. [hre neuesten
Ergebnisse prisentierten
Forscher jetzt auf der
Nanomed 2006 in Berlin.

VON ANNETTE BOLZ

st auf dem Raumschiff Voyager
jemand krank, injiziert der
Doktor kurzerhand Nanoparti-
kel. Und schwupps! ist das
Crewmitglied wieder gesund und
kann weiterhin unbekannte Welten
entdecken. Was in der Science-
Fiction-Serie Startrek prima funk-
tioniert, ist in der Realitit noch
nicht méglich. Doch Wissenschaft-
ler forschen zurzeit mit groBem
Elan daran, Nanoteilchen fiir medi-
zmlsche Zwenke einzusetzen. Die

rieren k“ nnen.
er Fortschritt
nur langsam vumn wie der Nano-
medizinkongress vergangene Wo-
che in Betlin zeigte. Exrst wenige Na-
no-Produkte sind bislang auf dem
Markt, wie zum Beispiel das Kalzi-
umphos; a[ Priiparai Nanitactive

Jit do]
Henkel, das sms;hle ampilse
schiitzen soll oder AdNano, &
Zlnkox:d qulsmn von Degu

fan n. ungen im Nano-
bLI’E:JCh werden zurzeit noch im La-
bor getestet: entweder an Zellkultu-
ren oder an Ratten.

Zu den wenigen Nanopartikeln,
die bereits am Menschen erprobt
werden, gehdren Eisenoxid-Mole-
kiile. Andreas Jordan, Leiter der Ar-
bc']thmppe hmmedlzmlsche Na-

e A

RN

Auf Patrouille: Kleinste Nanomaschinen konnten eines Tages durch die BlutgefiRe gleiten und sie von schadlichen Ablagerungen befreien

Winzige Arzthelferchen

keine Nebenwirkungen. Deshalb  bis sie auf einen Rezeptor treffen,
kann man die Prozedur so oft wie-  Ein pulsierendes Magnet
derholen, wie es nétig ist*, sagt Jor-  die Kiigelchen anschl

8 Qs enf\;mlllkm Toxikologe an der University of
Asst uH:n hnu]n Die l’.n I neln  Edinburgh.
fRend auf dem menschlichen ZahnschiNlz Spiitestens seit der Feinstaubde-

dan. Ob die von ihm so getaufte und nieder hopsen und kiénnen Ka i-  batte ist bekannt, was kleinste Teil-
»MagForce Nanocancer regelrecht an Tir  hen S:adium z«uft LA en chenim menschlichen Organismus
Therapy"  tatsiichlich | TR, der Zelle an*, -agl Hol* [mu auch  anrichtenkdnnen: Gelangen Nano-
Aiahahan Bevarnmaon | e e ol A T Lo L ST BT T BT S VR R I ar e T e TE Rt he

Mit dem Alter wird
das Sexualleben besser

Minner iiber 50 haben ein erfiillteres
Sexualleben als 30- oder 40-jihrige.
Das geht aus einer Studie hervor, die
nun im britischen Urologen-Fachjour-
nal ,BJU-International® erschienen
ist. Forscher aus Norwegen und den
USA hatten fiir die Untersuchung 1185
Ménner zwischen 20 und 79 Jahren
zu ihrem Sexualleben befragt. Obwohl
mit dem Alter die Sexualfunktion der
Minner abnimmt, nimmt die sexuelle
Zufriedenheit zu, fasst Co-Autorin
Sophie Fossa vom Rikshospitalet-Ra-
diumhospitalet Trust in Oslo die
Ergebnisse zusammen. DPA

Flugzeuge mit

Noppen fliegen besser
An herkémmlichen, glatten Flugzeug-
fliigeln strémt die Luft mit rund 300
Metern pro Sekunde vorbei. Kleine
zylindrische Noppen an der
Flugzeughaut kinnen die Bildung von
Turbulenzen spiirbar beeinflussen.
Das entdeckte Jens Fransson vom
Kéniglichen Institut fiir Technologie
in Stockholm und sein Team nun in
Windkanalversuchen: Die Strukturen
verbessern das Strdmungsverhalten
der Luft deutlich. Wegen des geringe-
ren Wi ds konnte so T

gespart werden. [hre Tests beschrei-
ben die Forscher im Fachblatt ,Physi-
cal Review Letters”. WsA

Zu viel Morphium
im Mohnbrétchen

Zurzeit kiinnte der Verzehr von Spei-
sen mit Mohn zu {iberraschenden
Nebenwirkungen fiihren. Davor warnt
das Bundesinstitut fiir Risikobewer-
tung (BfR). Die schwarzen Mohnsa-
men sind normalerweise unbedenk-
lich, obwohl sie vom Schlafmohn
stammen, jener Pflanze, aus deren
Milch und Kapseln Opium gewonnen

121
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Winzige Arzthelferchen

canRUAN LGS YU LegUsoa;
die unter anderem Sonnencremes
zugesetzt wird. Die meisten medi-
zinischen Entwicklungen im Nano-
bereich werden zurzeit noch im La-
bor getestet: entweder an Zellkultu-
ren oder an Ratten.

Zu den wenigen Nanopartikeln,
die bereits am Menschen erprobt
werden, gehoren Eisenoxid-Mole-
kiile. Andre: n, Leiter der Ar-
beitsgruppe biomedizinische Na-
notechnologie der Berliner Charité
und Geschiiftsfithrer der Magforce

keine Nebenwirkungen. Deshalb
kann man die Prozedur so oft wie-
derholen, wie es nétig ist*, sagt Jor-
dan. Ob die von ihm so getaufte
»~MagForce Nanocancer
Therapy” tatséichlich
die hohen Erwartungen
erfiillt, muss abgewar-

bis sie auf einen Rezeptor treffen,
Ein pulsierendes Magnetfeld 13
die Kiigelchen anschlieBend ffauf
und nieder hopsen: ,.S|
regelrecht an die ']
der Zelle an*, sagt Ho[
mann. So ge]angt die
Fihre samt ihrer ange-

€me, die aus kleinsten Apal -
dem me
und kinnen Karieslcher im frii-
hen Stadium auffiillen. An solchep

a on der saarlindi-
schen Umversuélsk]lmk in Hom-

im Mohnbrotchen

Zurzeit kénnte der Verzehr von Spei-
sen mit Mohn zu iiberraschenden
Nebenwirkungen fithren. Davor warnt
das Bundesinstitut fiir Risikobewer-
tung (BfR). Die schwarzen Mohnsa-
men sind normalerweise unbedenk-
lich, obwohl sie vom Schlafmohn
jener Pflanze, aus deren
Milch und Kapseln Opium gewonnen
wird. Aktuelle Analysen zeigen jedoch,

Toxikologe an der University of

stens seit der Feinstaubdé
e ist bekannt, was kleinste Teil-
en im menschlichen Organismus
richten kdnnen: Gel, Nano-
ilchen in die Lunge, kinnen sie zu
a, Krebs und Herz-Kreislauf-

Nanotechnologies AG, will mit die-  tet werden. Anwendung Nano hiingten Last in den burg. Seine Nano-Kris- Erkrankungen fiih, dass der Morphingehalt im Speise-
sen magnetisierbaren Partikeln die Ebenso spekulativ ist artikel konnten die [\ Kérper, nach 24 Stun- talle bestehen aus Flu- N . legen < <

Krel ‘g i lutioni die Heilk 'pvnn Nano- ﬂetlkunde revolutio- den hat sie die Geneab-  or-Apatitund geben das Die meisten Nanomaterlahen Eﬁ‘jr mohiniin der.\lerga‘mgenhen stafk
Dazu injiziert er die winzigen Fi- partikeln bei der Gen-\ nieren. Denn sie sind [/ geliefert. Der Vorteil:  schmelzschiitzende medizinischen den i Ge- wisi; Dle Um“lfe' g]a‘_"h[
senoxid-Kiigelchen direkt in den therapie. Anstatt Viren N vielseitiger als her- Fluor dauerhaft ab. Entwicklungen brauch den gleichen Si- das BfR, seien Schlampereien bei der
Tumer, anschlieBend setzt er den  zu benutzen, um hei- i sich nicht nurzielgenau ,Jetzt checken wir die B! cherhei i Gewi des : Kapseln oder
Patienten einem starken Magnet- lendes Erbgut in eine leiten, sie sind auch be- mechanischen Fihig-  im Nanobereich gen wie andere Medi- Milchsaft wiirden zuvor nicht sauber
feld aus. Dadurch beginnen dieMe-  Zelle einzuschleusen, rechenbarer als Viren. keiten des Materials werden noch im zinprodukte auch. Da- s i & Zilesi kB
tallkérnchen zu zappeln, das wie-  versuchen Forscher, Ei- \| Das Verfahren hat die sagt Harzig Yo samen; fEEAnL: Luceny, LN Ee

derum erzeugt Wirme: Die Tempe-

ratur in den Krehszellen stmgt auf

bis zu

%o verlockend die
verheifungen der Na-

ist noch nicht hinrei-
chend erforscht. Das.

senoxid-Teilchen  als
Genfihre einzusemen

Forschungsgruppe be-
reits am Kmegc]enk-
$ Am le-

or getestet

nomedi

vid_Rickerby von der
orschungsstelle  der

Européischen Kommis-

der Morphingehalt auch daven ab,
wann und wo die Pflanze geerntet

betrifft suwahidle in klingen, so

sion in Ispra, Italien,

worden sei. Wer zu viel des morphin-

Heinrich Hofman:
er Ecole Pulytechm—

enorm, dass sie durch eine an-

schlieBende Chemotherapie oder

eine konventionelle Bestrahlung

sehr lelch! z,erslcnwerden kﬁnn ep
testt

ah- npetic Iron Oxide Nanoparticles) wicklungsfreiheit.
ren hel Eierstockkrebs nnd Karzi- taufte. Ob diese Regularien wirklich aus-
nomen am Gebidrmutterhals sowie Mithilfe eines statischen Magnet- Nanapamkol kénnen sogar ins yeichen, muss weitere Forschung

bei Sarkomen und bei Tumoren der
Prostata. Geplantist eine Studie mit
Brustkrebspatientinnen. ,Es gibt

felds kénnen die winzigen Male-
kille auf der Zelloberfliche nach
links und rechts geschubst werden,

cnmtckelten Japa
vor einem Jahr eine Anti-Karies-

Gehirn gelangen und so das zen-
trale Nervensystem itberschwem-

en”, sagt Ken Donaldson, Nang

wenig ist {iber die Risiken der Parti-  findet, die Sicherheitsvorkehrun- : B o
que in Lausanne testet sich die  NachieileN_kelbekannt, Was passiert, wennder  gen relc)uen nach heuugem Wis- hathI]_gen Muhn:;l s knnnn_a :
perade 70 Nanometer Manche der Nanoparti- N érper die | abbaw ich miisse & unter g
‘groBe Partikel, die er kel transportieren nicht eine Balance I hen Si- tem unter flachem Atem
SPION (Superparamag- sonderlich effizient, ein cherhe:’lsanforderungen und Ent- und Kreislaufproblemen leiden, so

BfR-Prisident Andreas Hensel. Magli-
cherweise wird man aber auch nur
schon ruhig und zufrieden. F1D

KONTAKT: wissenschaft@ftd de

ten des Nanokosmos verborgen.
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B 2.3: Example of an article highlighting the risks

Neue Konventionen fiir
nanotechnologische Waf-
fen fordert Riistungsexper-
te Jiirgen Altmann im
FTD-Interview. Heute pri-
sentiert er in Berlin seine
Bestandsaufnahme.

VON NIELS BOEING

icht nur Autohersteller

und Mediziner sind be-
geistert von den Maglich-
ke]ten der Nanmechnolo-

MaBstab. ,Der Hype um einen Na«
no-Krieg hat weltweit schon ange-
fangen®, warnt Jiirgen Altmann,
hysiker und Rustungskontml]e

Heute legt anrige die erste
Bestandsaufnahme zum Thema
vor. Der Titel seines Buches: ,Mili-
tary Nanotechnology: Potential
Applications and Preventive Arms
Control®, finanziert von der Deut-
schen Stiftung Friedensforschung.
Vor allem in den USA werde be-
reits gepriift, ob Nanotechnologien
in zukiinftigen Waffensystemen
eingesetzt werden kinnten, sagt
Altmann. ,Zu den mehr als 20 An-
wendungsfeldern  zdhlen neue
Werkstoffe fiir zerstorerischere Ge-
schosse, leichtere Kampfjets, Mani-
pulationen an den Kérpern von Sol-
daten oder neuartige Biowaffen."
In den 80er Jahren begann Alt-
mann, nach Sensoren zu suchen,
die vertragswidrige Bewegungen
von Panzern und Flugzeugen nach-
weisen kinnen - als erster ziviler
Forscher iiberhaupt. ,Ich wollte
nicht nur vor schlimmen Walfen

warnen, sondern auch einen kon-
struktiven Beitrag leisten.”

Als er vor sechs Jahren eine Stu-
die zu militdrischen Anwendungen
der Mikrosystemtechnik begann,
stiel er auf die néchste Stufe der
technischen Miniaturisierung: die
Nanotechnik. Sie nutzt Strukturen,
die kleiner als 100 millionstel Milli-
meter sind.

Ein Beispiel fiir die Verbesserung
konventioneller  Waffensystemg
durch Nanotechnik sieht Altman
in unbemannten, autonomen
Kampfjets. Ohne Pilotensysteme
und dank leichterer und hirterer
Nanowerkstoffe kénnten sie viel
kleiner gebaut werden. Tempera-
turbestindige Nanomaterialien er-

miiglichen Triebwerke mit hohe-
rem Wirkungsgrad, die die Minijets
schneller und wendiger machen.
Nanoelektronik in Geschossen und
Flugkérpern konnte dazu fiihren,
dass sie otz geringer GriBe die-
selbe Zerstorungswukung entfal-
ten wie 1hrr: komventlonel!en Ge-

Zellen sieht Phy51ker Altmann
grofle Gefahren. So sei es lingst
nicht mehr Science-Fiction, Ver,

e argeschnei-
derte Erreger zu nehmen. Bereits
jetzt halten es Biologen fiir denk-
bar, dass kinstliche Bakterien so

Financial Times Deutschland, 20.02.2006, S. 28
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liirgen Altmann beschiftigt sich
seit 20 Jahren mit militarischer Na-
notechnologie. Der 57-Jahrige leitet
das Projekt ,Neue nichttddliche
Waffen" an der Uni Dortmund und
ist Mitherausgeber der Zeitschrift
JScience and Global Security”.

instformat

Orper eines Opfers Zellvorgan
wie die Proteinfaltung verindern -
mit tddlichen Folgen.

Die Nanotechnik wnrd die

hergeste]lt haben®, sagt Altmann.
I enn Genmalenal konne sich jeder

IS’
militdrische
tungen bereits gezielt an solchen
Nano-B-Waffen arbeiten, kann er
zwar nicht nachweisen. Aber ange-
sichts der Tatsache, dass gut zehn
Prozent der Ausgaben der DARPA,
der Forschungsagentur des US-Ver-

Furschungsemnch-

teidigungsministeriums, als ge-
heim eingestuft sind, ,kiinnte man
vermuten, dass auch an derartigen
Waffen gefmscht wird, mindestens,

FTD-#antage; broken Arts/Davide Guglieimos FTD/ Thomas Lehae

nter den acht Empfehlung]

ie er in seinem Buch ausspricht, is
deshalb auch die Forderung, die
Konventionen iiber B- und C-Waf-
fen der neuen Entwicklung anzu-
passen. ,Mikroskopische Systeme,
die in den Kdrper eindringen kdin-
nen und teilweise oder ganz kiinst-
ich hergestellt sind, sollen in di
affen-Konvention einbezogén

ngskonfe-
renz der B-Waffen-Konvention wird
im Dezember 2006 in Genf stattfin-

Delegatiunen fiir
rschliige stark machen. ,Es
wichtig, dass die internationale
Gemeinschaft jetzt iiber die Gefah-
ren redet. Dann bleibt noch Zei, et-
was dagegen tun zu kénnen", sagt
Altmann. Schon in fiinf Jahren
dnnte es zu spit sein.




B 3: Example of an article on language analysis

‘Nano-Origami
Falttechnik mit Erbmolekiilen

An Petit-Point-Stickerei oder filigrane
Hiikelarbeiten erinnern diese drei Objek-
te. die aus einem Labor des California In-
stitute of Technology in Pasadena stam-
men. Das ,,Garn“, aus dem der Smiley, die
Umrisse des_g ikanischen Kontinents
sgwie=das durchbrochene Sechs
zeugt wurden, mi3t allerdings nur ein Tau®
sendstel der Dicke des menschlichen
Haares und besteht aus der Erbsubstanz,
r Desoxyribonukleinsiure. Aus dies
Gruifths: i i i jekte
winzig klein. So hat der Smiley einen
Durchmesser von weniger als hundert Na-
nometern. Der MaBstab der Karte Ameri-
kas betrigt etwa 1:200 Billionen. Dank ei-
nes Verfahrens, das Paul Rothemund ent-
wickelt hat, lassen sich die fadenformigen
Molekiile der Erbsubstanz zu zweidimen-
sionalen Gebilden von beliebiger Gestalt
verarbeiten. Dazu fiillt der Forscher zu-
niichst einen Rahmen mit langen, in Ein-
zelstrange aufgetrennten DNS-Molekii-
len, die er darin midanderformig verlegt.
In einem zweiten Schritt fiigt er viele kur-
ze Oligonukleotide hinzu, die wie Heft-
klammern wirken. Sie verbinden sich an
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om einzelnen Atom bis zu einer Griifi

Jiingste Errungenschaften aus der Nanowelt: Ein Smiley, eine Karte von Amerika und ein Sechseck.

bestimmten Stellen mit den Abschnitten
der langen DNS-Stringe und verweben
auf diese Weise das Erbgut zu einem stabi-
len Objekt (,Nature*, Bd. 440, S.297).
Fiir das abgebildete Hexagon hat Rothe-
mund eine weitere Stufe der Selbstorgani-
sation genutzt. Zunichst erzeugte er Drei-
ecke, die sich anschlieBend von selbst mit
Hilfe passender Kontaktpunkte zu Sechs-
ecken zusammenlagerten.

Die Erbsubstanz ist ein von Nanofor-
schern hochgeschitztes Baumaterial. Sie
ist zum einen extrem winzig, zum anderen
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konnen Einzelstringe mit komplementi-
ren Sequenzen nahezu beliebig miteinan-
der verbunden werden. Die Komplex
die Rothemunds winzige Konstrukte auf-
weisen. stellt einen Meilenstein des DNS-
Bauwesens dar. Da die einzelnen Verfah-
rensschritte weitgehend computergesteu-
ert verlaufen, konnen in kurzer Zeit
enorm viele Gebilde geschaffen werden.
Nach Ansicht des Forschers laBt sich sei-
ne Vorgehensweise sowohl auf groBere
als auch auf dreidimensionale Objekte
anwenden. Es sollte auch moglich sein.
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Fremdkorper in die DNS-Molekiile ein-
zuweben - etwa Partikeln von Farbs-

toffen. Halbleiter oder Ankniipfpunkte
fiir Proteine -, wodurch man den Objek-
ten gezielt bestimmte Eigenschaften ver-
leihen kann.

Was derzeit noch eher

konnte sich

fiir Schri

gewissert en von unten
nach oben. Nanomaterialien herstellen
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(FAZ, 22.03.2006, S. N1)

(Stddeutsche Zeitung, 16.08.2006, S. 49



B 4: Example of an article on image analysis |
2/

Baukolonnen im Schnapsglas

(Financial Times Deutschland, 30.11.2006, S. 29)
(Spiegel 17/2006, S.137)

NANOTECHNIK

Kleinster Motorwagen

xakt 169 Atome geniigen, um ein

Auto mit Motor herzustellen — aller-
dings ist es nicht fiir menschliche Pas-
sagiere geeignet. James Tour und sein
Team von der Rice-Universitit in Hous-
ton, Texas, konstruierten das vier mil-
lionstel Millimeter kleine Gefdhrt aus
fiinf aneinandergereihten Ringstruk-
turen, an deren erstem und letztem
Ring die Achsen in Form frei drehbarer

RO SHIRA| £

Motorisiertes Nanoauto (Modell)

Kohlenstoffverbindungen angebracht
sind. Seit kurzem ist das Nanoauto
auch mit einem Motor ausgestattet:
einem molekularen Schaufelrad, das
sich dreht, sobald es durch einen ultra-
violetten Lichtimpuls angeregt wird.



|B 4: Example of an article on image analysis Il

‘Nano-Origami

Falttechnik mit Erbmolekiilen

An Petit-Point-Stickerei oder filigrane
Hiikelarbeiten erinnern diese drei Objek-
te. die aus einem Labor des California In-
stitute of Technology in Pasadena stam-
men. Das ,Garn®, aus dem der Smiley, die
Umrisse des amerikanischen Kontinents
sowie das durchbrochene Sechseck er-
zeugl wurden, miBt allerdings nur ein Tau-
sendstel der Dicke des menschlichen
Haares und besteht aus der Erbsubstanz,
der Desoxyribonukleinsiure. Aus diesem
Grund sind die drei abgebildeten Objekte
winzig klein. So hat der Smiley einen
Durchmesser von weniger als hundert Na-
nometern. Der MaBstab der Karte Ameri-
kas betrigt etwa 1:200 Billionen. Dank ei-
nes Verfahrens, das Paul Rothemund ent-
wickelt hat. lassen sich die fadenférmigen
Molekiile der Erbsubstanz zu zweidimen-
sionalen Gebilden von beliebiger Gestalt
verarbeiten. Dazu fiillt der Forscher zu-
niichst einen Rahmen mit langen, in Ein-
zelstridnge  aufgetrennten  DNS-Molekii-
len, die er darin méanderformig verlegt.
In einem zweiten Schritt fiigt er viele kur-
ze Oligonukleotide hinzu, die wie Heft-
klammern wirken. Sie verbinden sich an

Jiingste Errungenschaften aus der Nanowelt: Ein Smiley, eine Karte von Amerika und ein Sechseck.

bestimmten Stellen mit den Abschnitten
der langen DNS-Stringe und verweben
auf diese Weise das Erbgut zu einem stabi-
len Objekt (,Nature“. Bd. 440, S.297).
Fiir das abgebildete Hexagon hat Rothe-
mund eine weitere Stufe der Selbstorgani-
sation genutzt. Zunéchst erzeugte er Drei-
ecke, die sich anschlieBend von selbst mit
Hilfe passender Kontaktpunkte zu Sechs-
ecken zusammenlagerten.

Die Erbsubstanz ist ein von Nanofor-
schern hochgeschiitztes Baumaterial. Sie
ist zum einen extrem winzig, zum anderen

konnen Einzelstringe mit komplementi-
ren Sequenzen nahezu beliebig miteinan-
der verbunden werden. Die Komplexitiit,
die Rothemunds winzige Konstrukte auf-
weisen, stellt einen Meilenstein des DNS-
Bauwesens dar. Da die einzelnen Verfah-
rensschritte weitgehend computergesteu-
ert verlaufen, konnen in kurzer Zeit
enorm viele Gebilde geschaffen werden.
Nach Ansicht des Forschers 1dBt sich sei-
ne Vorgehensweise sowohl auf groBere
als auch auf dreidimensionale Objekte
anwenden. Es sollte auch moglich sein.

FFolos Nature

Fremdkorper in die DNS-Molekiile ein-
zuweben - etwa Partikeln von Farbs-
toffen, Halbleiter oder Ankniipfpunkte
fiir Proteine —, wodurch man den Objek-
ten gezielt bestimmte Eigenschaften ver-
leihen kann. Was derzeit noch eher
nach Spielerei aussieht, kénnte sich
dann als dullerst niitzlich erweisen, ent- |
spricht es doch dem sogenannten bot- |
tom-up-approach, mit dem sich Schritt
fiir Schritt, gewissermaBen von unten
nach oben. Nanomaterialien herstellen
lassen. UTA BILOW

(FAZ, 22.03.2006, S. N1)



B 5: Example of an article - framing

B 5.1: Frame ‘Research and development”

Kein Nano im Spray
Laste Treibgas die Vergiftungen aus?

Nanropartikeln waren definitiv nicht dic
Ursache fiir die schweren Gesundheits-
schiden, die kitrzlich mchr als hendert
Personen in der Schweiz und in Deutsch-
fand nach der Benutzung von Versicge-
lungs-Sprays der Marke ,,Magic Nano“ er-
litten hatten. Das ist das Ergebnis von che-
mischen Analysen, die das Bundesasnt filr
‘Ristkobewertung {BfR) in Berlin in Auf-
trag gegeben hat. Danach haben die bei-
den mil Treibgas arbeitenden Sprays of-

fenkundig gar keine Partikeln enthalten, |

ISTF,

dic kleiner als hundert Nanometer waren.
was mittlerweile auch der Hersteller von
»Magic Nano* Zugepchen hat. Inwieweit
andere Bestandleile die Symptome — von
Atemnot bis hin zu Lungenddemen - aus-
pelast haben, ist laut BIR noch nicht voll-
stindig  geklirt  (siche FAZ.  vom
24, Mai). Fest stiinde, daf dic in ~Magic
Nano" enthaltene Fliissigkeit mehrere
Jahre bereits als Pumpspray vertrichen
wurde, ohne dafl es zu gesundheitiichen
Beeintrichtigungen gekommen war., So-
mit erhitrie sich der Verdacht, duf} die Ver-
giftungen durch das Einatmen der mikro-
meteigroien Aerosole des Treibgases her-
vorperufen wurden, F.AZ

(Frankfurter Allgemeine Zeitung, 01.06.2006, S.38)

MR



B 5.2: Frame ,Fortschritt im Bereich luK’

7 4/7/ MK Die Nano-Klapperschlange

Wissenschaftler konstruieren Maschinen aus einzelnen Molekiilen / Von Markus Breidenich

MUNCHEN, im August. Aufgewachsen
ist Hermaan Gaub im Schwibischen. Dort,
in der Nahc von Biberach, hatten scinc El-
tern cine Reparatupwerkstatt fiir Landma-
schinen. Und dor hat ihn wobl schon friih
jene Faszination ergriffen, dic bis heule sei-
nen Alitag bestimmt: Jedenfalls haben
mich dic Traktoren, Motoren und Werkzeu-
e begeistert, die in der Werkstatt herum-
standen*®, sagt Gaub. Heute, mit 48 Jahren,
ist or Inhaber des Lehrstuhis fir Angewand-
te Physik der Ludwig-Maximitians-Univer-
sitdt in Minchen — und kann sich in seiner
Forschung ganz und gar scinen Maschinen
widmen.

Allerdings sind dic Werkzeuge und Ap-
parate, mit denen er sich nun beschaftigt,
um einiges kleiner als die Traktoren aus dex
elterlichen Werkstatt, Die Maschinen. an
denen Gaub arbeite, bestehen oft nur aus
cinem einzigen Molekiil. [m Keller des Phy-
sikgebiudes arbeiten die Wissenschaftier
scincs Instituts mit Werkzeugen, dercn Gri-
fle nur ein Millionstel eines Millimeters be-
triigt: einen sogenannten Nanometer. Die-
ser Lingenbezeichnung verdankt das For-
schungsfeld des Instituls seinen Namen: Na-
notechnologic. Der Begriff allein befiigelt
die Phantasie. Yon winzig kicinen U-Boo-
ten war die Rede, die in den Korper von Pa-
tienten eingespritzt wetden kbnnten, um
Jort an Crt und Stelle Krankheitsherde zu
reparieren. Von derartigen Auswiichsen
der Phanlasie will Gaub allerdings nichts
wissen: .,Das ist doch eher Science-fiction
als Science”, wiegelt er ab und bezeichnet
allzu groBe Versprechungen fir die Zu-
kunll als unserids. Allerdings miisse man
sehr wohl zwischen Science-fiction und Vi-
sionen unterscheiden, Denn Jetzlere habe
er schiieBlich doch. . Unsere Gesellschatt
wird von Maschinen bestimmt, Und immer
Kicinere Apparate werden das Zusammen-
leben verindern™, sagt er. ,Wir Wissen-
sehaltler machen darauf anfmerksarm, was
eines Tages sein wird,” Die Gesellschaft for-
dert et auf, sich bereits jetzt dartiber Gedan-
ken zu machen.

Die Ideen firr den Anfbau der winzigen
Apparate schaut Gaub eft von der Natur
ab; Welche MWaschinen benuizt  sie?”
Wenn er diese Frage beantworlel hat, dann
will er diese kleinen Instrumente nicht nur

nutzen, sondern sie auch nachbauen. Sein
Ziel ist es, eines Tages sogenannte Hybride
herzustelicn, Werkzeuge also, die einerseits
aus natarlichen, biologischen Teilen beste-
hen, zum anderen aber auch technische
Komponenten enthalten, zum Beispict
Halbleiter.

Ein besonders eindrucksvolles biclogi-
sches Werkzeug ist fir Gaub das Gift der
Kiapperschlange. Was in der Natur fiie je-
des Opfer des Reptils zu cinem tdlichen
Mechanismus wird, kann flir den Wissen-
schaftler zu einem hilfreichen Instrument
werden. Die einzelnen Molekille des Gifts
boliren Lischer in die AuBenhiille von biclo-
gischen Zellen, die sogenannte Membran,

und zerstiren sie dadurch. W haftler

Auch winzig kleine Sicherheitsgorie aus
Protein Molekillen und ReiBverschlilsse
aus DNA gehoren zur Ausstattung. So je-
denfalls veranschanticht Matthias Rief die
Objckte seiner Forschung. Der 35 Jahre
alte Professor untersucht an Gaubs Tnstitut
dic Zugfestigkeit nanometergroBier Protei-
ne, dic im Muskel unter anderem filr des-
sen Stabilitit sorgen. ,,Das Molekiil funktio-
niert wie ein kiciner Sicherheitsgurt, der
die Bestandteile des Muskels beim Strek-
ken zusammenhilt”, exkldrt Rief. Mit der
Spitze cines sogenannten Kraftmikroskeps
zieht der Forscher an einem Ende des Mole-
kiils, bis es unter dem EinfluB des Gewichts
seine Form andert. Rief untersucht diese
Formvartationen, im mehr tiber die Funkti-

versuchen pun, das Klapperschlangengift
als Schere zu benutzen, Dic Molekdle kinn-
ten dann Kreise und Linies aus der Mem-
bran herausschnsiden. Dadurch entstehe
cine Art Schablone, die beispiclsweise zum
Herstellen winzig Kleiner Schaitkreise auf
sinem Mikrochip verwendet werden lén-
ne.

Aber nicht nur Scheren hat dic Werk-
zeugkiste der Nanolechnolugen zu bielen.

L Grundlagenforschung

*, sugl Hermann Gaib, Whdlt s fring.”

des Proteins in der Biologie zu er-
fahren, Das Gewichl, mit dem gezogen
wird, ist dabei winzig klein. Es verhalt sich
2u dem einer Mixcke in etwa so wie das Ge-
wicht der Miicke zu dem eines Elefanten.
Mit der gleichen Methode untersucht
Rief auch die Erbsubstanz DNA. Er bela-
stet das Molekitl, das wir eine Wendeltrep-
pe geformt ist, bis die Stufen aufbrechen

‘und zwei getrennie Stringe ibrigbleiben.

Wenn die Kraft wieder weggenommcn

Foto Jan Roeder

(Frankfurter Allgemeine Zeitung, 28.11.2007)

wird, kann man die Geschwindigkeit mes-
sen, mit der sich die DNA wic ein Reifiver-
schluf wieder zusammensetzi", exkldrt er.
Die Erbsubstanz kit sich dabei nur wenig
Zeil—eine Eigenschalt, die fibr den Organis-
mus lebenswichtig ist. In dor Sekunde
schafft ¢s das Molekiil, rund 10 000 seiner
Stufen zu reparieren.

Dal die Physiker auch mit biologischen
Materialien arbeiten, ist fisr Gaub selbstver-
suindlich. Die Trenmung zwischen den tradi-
tionellen Disziplinen Physik, Chemie und
Biologie sei irn Studium notwendig, um ge-
wisse Standards zu definteren. ,Spiiter soll-
te das Interdisziplingre im Vordergrund ste-
hen*, sagt Gaub. Vor allem gehe es darum,
die K ikationsschwisrigkel der
einzelnen Disziplinen untereinander zu
iiberwinden, sagt der Forscher, withrend er
sich an den Tisch im sogenannten Cens-
Raum des Jnstituts setzt. Cens, das ist die
Abkilrzung fiir ,,Center for Nanoscience'',
gine Organisation, in der sich 1998 sechs
Forschergruppen der Ludwig-Maximilians-
Universitit zusammengeschlossen haben,
um gemeinsam Nanotechnologie zu betroi-
hen. Inzwischen arbeiten 300 Wissenschatt-
ler in der Organisation. ,Cens hat alter-
dings kein eigenes Gebaude®, betont Gaub.
Hs ist vielmehr ¢in lockerer Zusammen-
schiuf von Instituten verschiedener Fach-
richtungen mit dem Ziel, Forschung zu er-
leichtern und Wissenschaftsverwaltung zu
straffen. Wissenschaftler aus der ganzen
Welt heteilien sich an den Veranstaltun-
gen des Zentrums. Die Diagramme und
Formeln an der Tafel des Sitzungsraums
vermitteln cinen kleinen Bindrock von den
Diskussionen, die in solchen Seminaren
stattfinden. Und gelegentlich fiibren die
Forschungsarbeiten auch 2y einer Firmen-
griindung. In den Unternchmen versychen
dic Wissonschaftler, dic Mcthade det Ein-
zelmolekilexpesimente und der Proteinfor-
schung in der Wirlschafl »u vermarklen.
Ein Jahr Jang stelit die Universitit den
Griindern einen Raum rur Verfligung, so
dal sie auf den ersten Schritten die Ausslat-
g der Universitdt nutzen kimnen. Aber
der Unternchmerpeist steht fiir Gaub und
seine Mitarbeiter nicht im Vordergrund.
Neues eatdecken, das ist die Pflicht des
Physikers, sagt er, und: . Grundlagenlot-
schung hiilt uns jung.”




£\
Metallische Nanor
werden zu Halbleitern

Mit cinem starken Magnetfeld: lassen
sichrictallische Nanordhrchen aus Kohlen-
stoff in haibleilende Rohrchen und um-

. gekehrt verwandcin. Das haben Zwel ame-

rikanische Forschergruppen herausgefun-
‘den (,.Scionce®, Bd, 304, 8. 1129, S, 1132).
Richard Smaliéy von der Rice University In

Texas und scine Kollegen setzten cinwandi- -
ge halbleitende Kohlenstoffzylinder - also - |-

Réhrchen, die nur aus ciner Graphitlage be-
standen - einem ‘homogenen Magnetfeld
von ‘maximal 45 Tesla aus, Die Feldlinien

warcn dabei parallel zur Tingsachse der Zy-

linder gerichtet. Als.die Forscher die Feld-
stirke erhohten, wurde die fiir Halbleiter ty-
pische Bandbicke zwischen Leitungsband

und Valenzband kleiner, Dadurch zeigten .|

-die Nanordhrchen zunehmend metallisches

. Verhalten, Die Forscher unt Alexcy Bezrya-

din_von der Universily of illinois in Urba-
na-Campaign konzeatrierten sich dagegen
auf metaliische mehrwandige Nanordhr-
chen, Mit zunehmendem Magnetfeld' be-
gann sich eine Bandliicke auszabilden, und
die Metalle verwandelten sich in Halblei-
ter. Von einemn Schwellenwert an ver-
schwand- die Liicke wieder; und die Nano-
réhrchen wurden wieder metallisch. Pie Er-
pebnisse konnten die Anwendungen der
Gebhilde befltigeln. Bei der Herstellung der
filigranen zylindrischen Gebilde finden

_ sich nimlich stets beide Sorten von Nano-
rihrchen im Produktgemisch. FAZ. .

(Frankfurter Allgemeine Zeitung, 26.05.2004)

An kalten Wintertagen ist Autofahrers
Lehen hart, besonders dann, wenn dus
Fahrzeug unter der Laterne parken muss:
Rundum sind die Scheiben zugefroren,
die Avenspicgel crscheinen mate, wad
wenn dey Fabirer sich, des Eiskratzens
miide, in seinem Getihet nicederliisst. be-
schlagen die Scheiben auch noch von in-
nen, Der Grund: Trifft die warme Atem-
luft auf kalte Oberflichen, dann konden-
stert dort die Feuchtigkeit, so wic dic Lufi
eines schwtilen Sommerabends an cinem
trischgettifiten Weibweinglus, An kalten
Tapgen bleibt dic Wahi ewischen zwet
Ubeln: entweder dic Fenster éffnen oder
den Innenrawm des Automobils kingsam
crwiirmen.

Die  FraunhoferTechnologic-Estwick-
lengspruppe (TEG) in Swuttpurt bringt
nu cine dritte Variante ius Spici. Die new-
artige Techuik der Wissenschaltler wirm
direkt die Windschutzseheibe an - aller-
dinps nicht mit Heizdrihten aus teurem
Kapfer, sondern mit einem transparenten
Kunststoftlack aus cinem ganz besonde-
ren  Kohlensioff, sogenannten Carbon

Naney Tubes (CNT). Mit scinem Team

feilt Ivica Kolaric derzeit an cinem Ver-
bundmaterial, das in ¢in oder zwei Jahren
nicht nur Autoscheiben, sondern auch Ba-
dezimaerspicpet oder div Aulienspicpe!
von Kraftfahrzeupen beschlaglrei halien
soll. Erste Tests hat der neoarnge Ver-
bundwerkstoff erivkgreich bestanden.
Carbon Nano Tubes eignen sich bes-
tens  als flachiges  Widerstandsheizele-
went. demn der Kunststof(Tack setat elek-
trische Einergic 2o iiber 90 Prosent in Wiir-
e Wik, Veraontworliich dafior sind die be-
sondvren ¢lekirischen Eigenschalton und
dic hervoragende . Wirmeleittithigkeit
der ONTL Zuadem st der N Lack eine
echie Uliiwhenherzung, Verbindet  man
cine Slrotiguelle st der transpazenten
Sehichi so vertetten sich clektrische Boer-

Warmende Winzlinge mit Kraft

: Vielfaltige Einsatzméglichkeiten flr Carbon Nano Tubes

gic und Wirme gicichmiitip iiber dic pe-
samtc Fliche. Auch bei kleinen Macken,
zum Beispicl durch Steinschlag, bleibt dic
Heizung, anders als bei Heizdrihien, voll
funktionsfihig. Und es geniigt cine gerin-
ge Spannung: Ein 12-Vol-Bordnetz reicht
zur Stromversorgung vollig aus.

Mit bloBem Auge betrachiet, sicht rei-
nes ONT aus wic dunkles Mchl. Nintmi
man ein leistungsstarkes Mikroskop zu
Hilte, dana entpuppt sich das Pabver rasch
als fein verschlungene Knauel winziger
Kobileastolfrohrehen {(Cacbon Nano Tu-
bes, deren Durehmesser nur wenige milli-
onstel Meter betriigt, dic aber lcicht hun-

¢dertmal Enger werden kénnen. Fir den

leittdbipen Verbundweekstoff braucht os
nur einige  zehatel  Gewichisprozente
ONT-Mehl, das man mit einem Polymer-
granulat vermischt und wetterverarbeitet.
Dic Geometric cines cinzelnen CN'T-
Réhrchens crinnert an Maschendraht-
zaun, der zu ciner entsprechend winzigen
Réhre aufgewickelt wird, wobei an den
Ecken dor Maschen dic Kohlenstoff-
atome sitzen. Die Winzlinge sind echie
Multitalente, dic sich nicht nur als passge-
maue Heizung im Automobit, zur Erwir-
mung von Motorradgriffen oder als Fuli-
bodentieizung cignen. Auch die mechani-
schen Eigenschatten sind anBergewdhn -
lich. thee Zuglestigkeit dhertrifft dic von
Stabl wm das Zwanzigfache. Das erofinet
eine Vielzahl von Aowendungen, bui de-
nen Gewichtsersparnis bei gleichzeitig ho-
her mechanischer Belastung, im Vorder-
grund steht. Eine erste Seric von 30 (10

* Tennissehliigern wurde: bercils stall mit

Kohlefaser-Verbundwerkstolfen mit ci-
e kostenpiinstipen CNT-Komposit ver-
stirklt. Auch dic Ligenschalten von
Skicro, Goltschtipern oder Falwridern
Lasse n sicle davon ist wan bej der Franho-
fer-FEG diberzeugt, nut CN'EWerkstolten
weiter eplimicren. LILLRICH FINIDA

(Frankfurter Allgemeine Zeitung, 26.05.2004)

/



B 5.3: Frame ,Wirtschaftliche Nutzung”

ST PR

Intel feiert
Meilenstein

65-Nanometer-Chip schon 2005

SaANTA CLARA - 30, AUGUST - GPA* Intel ist ein
wichtiger Schritt in der Chipproduktion der
nichsten Generation gelungen. Der Kon-
zern stellte erstmals einen Speicherchip
{SRAM) mit mebr als einer hatben Milliar-
de Transistoren in der 65-Nanometer- Ferti-
pung her. Dabei wurden weitere technische
Details verbessert, mit denen Chips k@nfti-
#éh Anspriichen an Leistung und Stromver-
brauch gentigen sollen. Der SRAM-Chip sei
voll funktionstiichtig und habe eine Leis-
tung von 70 Megabit, teilte Intel mit.

[ra PC, mobile Computer und andere Ge-
rite immer kleiner werden, muss d'ie Leis-
tungssteigerung auch auf immer engerem
Raum Plaiz finden. So sollen die Schaltkrei-
se {Gates) der 65-Nanometer-Chips, in de-
nen die Transistoren an und eusgeschaltet
werden, so klein sein, dass hundert von ih-
nen in einem menschlichen Blutkdrper-
chen Platz finden kdnnten, Derzeit produ-
ziert Intelals erstes Unternehmen seine Pro-
zessoren in Massenfertigung mit 90-Nano-
meter-Technologie. Dabei sind die Struktu-
ren, die auf einem Chip aufgebracht wer-
den, statt wie @iblick 130 nur 90 Nanoiaeter
breit, Ein Manometer ist ein Milliazdsrel Me-
ter. Der Wechsel anf die 65-Nanometer-Fer-

tigung ist bereits fiir 2005 geplant.
(Frankfurter Rundschau, 31.08.2004)

3201, M&

Washingtan - Einen kompletien
clektronischen Schaltkreis haben
M-Forscher auf cinem einzelnen
Nanorcohrehen aus Kohlenstoff un-
tergebracht. Das Bauteil messe ein
Finflel des Durchmessers  eines
menschlichen Haares, schreiben
sic in der jlingsten Ausgabe von
LScience”. Der nur unter einem
Flektronenmikroskop  sichtbare
Schallkreis ist eine weilere Ent-
wicklungsstufe hin zu immer klei-
neren und schnelleren Bausleinen
kiinftiger Campuler

Zusammen mit Kollegen der
Tniversitat Florida in Gainesville
und der Columbia-Universitdt in
New York hatten die IBM-Exper-
en um Zhihong Chen winzige
Dradite so an ¢iner Nanorihre an-
gebracht. daf siv wie die Zihne
pines Kamms abstanden. An diese
wurden die Flemente des Schait-
kreises geklemmt. Der so konstra-

BM baut kompletten
Schaltkreis auf |

einem Nanorohrchen

jerte sogenannie Ring-Osxillatoy |

zigne sich fir Tests never Tech-
nologien  zur  Herstellung  von

Chips, so die Forscher Das neue :

Bauteil lich sich mit maximal 50

Megaherlz takien. Das sel zwar |
weniger als bej heutigen Silizium- !

Chips, aber fast einemillionmal

schneller als bet bisherigen Ver- !

suchen mit Nanorihren.

In der Chipbranche gilt seil vier
Jahrzehmten die von Intel-Mithe- |

gritnder Gurdon Moore gemachl
Vinhersage {,Muore’s Law), daf
sich die Zahl der Transisteven auf
einern Chip etwa alle 18 Monale

vordappelt - und damit auch dic |

Leistungsfabigkeit. Moore selbst
schittzt. dafl sein Gusetz his 2017
gliltig sein wird, Boreits jetzt stofit
elie konventionelie Chiptechnik an
Grenzen, unter anderem weil die
immer kamepakiere Bauweise Pro-

bleme mit zu grofer Hitze bereitot.
Die Chiphersteller suchen daber -
intensiv nach Alternativen zur 8i-

liziurm-Technologic. dpu

(Die Welt, 03.04.2006)



und Robotik die Innovationskraft der ,0id Econemy” betonen
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branche ebenfalls signifikant iber

fliefen.

4
Von DaNien WETZEL

bulsburg — Die Fihigkeit, Teilchen
von der GréBe eines Millionste] Mil-
limeter herzustellen, soll der Sacht-
leben Chemie in den kommenden
Jahren zweistellige Zuwachsraten
bescheren. ,,Wir wollen den Umsatz
mit Nanotechnik bis 2005 verdop-
peln®, sagte der Vorsitzende der Ce-
schiftsleitung, Woll-Dieter Grieb-
ler, vor der Hannover Messe im Ge-
sprich  mit  dieser  Zeitung:
+Nanotechnik war his vor kurzem
noch in der Inkubationsphase — jelzt
sind wir soweit, dass wir abheben
kinnen.” ]

Der Duisburger Konzern, der mit
seiner Muttergesellschaft Dynamit
Nobhel [ir das Chemiegeschift der
MC Technologies AG steht, stellt
aus titanhaltigen Schlacken Tilan-
dioxid her: Ein Pulver, das als weif-
firbendes Partikel wor allem in
Kunststoffer, Farben, Lacken und

men, die Partikel auf eine Gréfe von
drei bis [in{ Nanometer herunier zu
brechen. Ein Nanometer entspricht
cinem Milliardstel Meter ,Aus der
Sicht eines Nanoteilchens ist ein
Goliball so grol} wie die Erde”, be-
schreibt Griebler die Dimension.
Nangteilchen haben Fihigkeiten,
die eine ganze Generation neuer
Produktideen ermbglichen” Die
Nachirage der verarbeitenden In-
dustrie steige ,rapide.”

Werden Mikro~Partikel immer
weiter zerteilf, entstehen mit der
grifler werdenden Oberflichenener-
gie in der Tat geradezu wundersame
Eigenschaften: Sc¢ kinnen Feinst-
Partikel in Nano-Gréfle den fanf-
prozentigen Anteil UV-Strahlung
aus dem Sonnenlicht filtern. ,Ver-
kehraschilder verblassen, Kunst-
stoffe werden spriede - die ullravio-
lette Strahlung ist eine volkswirt-
schaftliche  Katastrophe®, sagt
Gricbler: Farben und Kunststoffe,

farht nicht nach® Sonnenschutz-
Creme mit einem Lichischutzfaktor
grofer als 25 ist erst duxch Zugabe
von nancfleinen Teilchen aus dem
Hause Sachtleben moglich gewor-
den. Autolacke belommen durch
den Hightech-Aufstrich einen neuen
»Flipflop-Effekt” genannten Metal-
lic-Look, der Kundenherzen héher
schlagen ldsst. ., Wir finden fast thg-
lich neue Anwendungsgebieie,

freut sich Sachtleben-Chef Griebler
Zudem sorgt dic Tatszche, dass
Nanopartikel nzeh UV-Bestrah-

lung s¢ genannte , Frele Radikale®
produzieren, fr einen hichst ,fo-
toaktiven Effekt”: Nanoteilchen
titen Bakterien. Das geschmacks-
neuwtrale weifle Pulver kann also
Wasser keolmifrel machen. Schon
denken Produktstrategen an eine
mit Nanofarbe bestrichene |, Keim-
killer-Tapete”, die allergie- und
pilzgeplagten Haushalten Erleich-
terung schaflen soll. Pharmakon-
zerne erforachen, ob sich Nanoteil-
chen gar in der Krebstherapie ein-
setzen lassen.

MG Technologies will Umsatz mit Nanotechnik verdoppeln

Konzerntochter Sachtleben Chemie wird Kompetenz-Zentrum - Mikrotechnik Schwerpunktthema in Hannover

Mit Hochdruck srbeitet Sachile-
ben mit der verarbeitenden Indus-
trie an den neuen Anwendungen.
Ein [ranzdsischer Autchauer hat
dabei entdeckt, dass sich in der
Herstellung von Auto-Katalysato-
ren teure Inhaltsstoffe wie Platin
vergleichsweise glnstig durch Na-
nopartikel aus Duisburg crsetzen
lassen: Die  Kostenersparnis,
schitzt Griebler, liegt im zweistel-
ligen Prozenthereich,

WWir  entwickeln uns  vom
Grundstoff-Lieferanten zum welt-
weiten Technologie-Partner®, be-
schreibt der Sachtleben-Chef die
Avswirkung auf sein Unterneh-
men. |, Das stabilisiert auch unser
herkémmliches  Geschill.* Im
Konzern wird die Nano-Kompe-
tenz der Duisburger hoch ge-
schitzt; Zusammen mit den eben-
falls nanckundigen Tochlern Che-

-metall und Ceramtec griindet MG |
Technologies ein , Kompetenzzen-
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Biowalfen auf der Spur

Forscher wollen die Nanotechnologie nutzen, um gefiitrliche Erreger nachzuweisen

Von Simone Tiedtke

in Detektor schldgt sofort Alarm,
wenn Anthrax oder andere ge-
fihrliche Erreger durch die Luft
schwirren. Das wiire ein beruhigen-
des Gefiihl. Aber leider gibt es bisher
kein derartiges Gerdit, Tawséichlich
kéinnen nur wenige Speziallabors be-
drohliche Biowaffen bestimmen. Die
Vertahren sind autwindig und teuer.
Das kdnnte sich aber dndern: Wis-
senschaftler haben ein Messverfah-
ren entwickelt, das ersunals paraltel
und damit schneller als bislang meh-
rere Molekiile identifizieren kann,
Die neue Methode nutzt die Nano-
technotogie und birgt die Maglich-
keit, in einer Stunde mehrere Hun-
dert Erreger zu identifizieren. ,Die
Marktreife wollen wir in zwei bis drei
Jahren errcichen®, sagt Gunnar
Brink, Geschiiftsfithrer des Unter-
nehmens Nanotype, das die Technik
entwickelt. Auch Biowaffen kinnten
damit besser identifiziert werden.
Nom Kongept her moglich”, kom-
mentiert  Harald Fuchs, wissen-
schaftlicher feiter des Centrums fiir
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Milzbrand (&sst sich schon erkennen -
andere Erveger hingegen noch nicht

spricht dem Gewicht eines kleinen
Aplels. Bisher lield sich die Kraft nur
an einzeinen Molekiilen messen. Bei
dem neuen Verfshren reiSen Balken-
waagen im Miniatur-Maflstab, unter-
gebracht auf einem Chip, gleichzeitig
an je zwei Molekiilen - bis sic sich

B T

Vielfdltige Anwendungen stehen da-
mit offen - grundsatzlich eignet sich
jede biologisch oder medizinisch re-
levante Molekiil-Verbindung. Medi-
kamente konnten schneller entwi-
ckelt und Individuell auf ¢as geneti-
sche Profif eines Patienten abge-
stimmt werden. Derzeit arbeiten die
Forscher an einern Produkt, das Erre-
ger schnell erkennt, um Infektionen
in Krankenhdusern vorzubeugen.

Géangige biochemische Analyse-
verfahren dauern mehrere Stunden
bis zu Tagen. So auch in Deutsch-
land, wo Milzbrand-Erreger mikro-
skopisch ader mit molekularbiologi-
schen Verfahren wie der Polyme-
rasekettenreaktion bestimmt wer-
den. Dabei erkennt ein , Marker* den
Erreger anhand seiner Erbgut-
abschnitte.

In den USA ist seil neuestem ein
Anthrax-Schnelitest auf demn Markt,
der in weniger als einer Stunde Ei-
gebnisse liefert. Aber nicht aur Zeit-
und Kostendruck verlangen nach
neuen Analysemethoden. Manche
Erreger lassen sich mit bekannten
Verfahren noch nicht bestimmen.

e eamcam g o v

(Financial Times Deutschland, 08.11.2001)



Scharfer Blick ins Hirn

Mit verbliffender Prazision kénnen Forscher am Paul Scherrer Institut in der Schweiz die BlutgefdfBe des
Gehirns réntgen. Die dreidimensionalen Bilder zeigen rot das Adergeflecht eines Maushirns.

Der mit einem Pfeil markierte Bereich wurde vergréBert (grin, blau).

Erreichbar ist derzeit eine Aufldsung im Mikrometerbereich, bald sollen noch schérfere Aufnahmen die
Nanowelt abbilden.

Biomediziner der Zircher Hochschulen sowie des Pharmakonzerns Novartis wollen mit solchen
Réntgenbildern kldren, ob etwa Durchblutungsstérungen die Alzheimer-Krankheit fordern. Mangeinde
Blutzufuhr kénnte die fatalen Ablagerungen im Hirn ausldsen. Auch die Entstehung der Osteoporose will
man mit solchen Bildern besser verstehen.

Die PSI-Forscher k&nnen nicht nur winzige Details sichtbar machen, sondern besonders kontrastreiche
Bilder erzeugen. Brustkrebsfotos sind meist schwammig, weil Tumor und gesundes Gewebe
Réntgenlicht gleich stark absorbieren. Durch beide Gewebe |lauft Réntgenlicht jedoch verschieden
schnell. Das lasst sich auswerten (Phasenkontrast) und ermdglicht scharfere Bilder. Die Kombination
von hoher Aufldsung und scharfem Kontrast wollen die Forscher flir kiinftige Superréntgenbilder
nutzen. An Geraten fir die medizinische Praxis wird schon gearbeitet.

Ldnder: Schweiz C4EXSI

(Die Zeit, 26/2006)



presden - Schmerzempfindliche
; Zithne sind weil verbreilet. Etwa
. 45 Prozent der Furopéer leiden un-
ter teils hefligen Schmerzattacken,
sobald Kaltes, HeiBes oder Siifies
die Zihne beriihrt. Bei ihnen ist
der Zahnhals durch zurlickwei-
chendes Zahnfleisch unzureichend
geschilizt, Winzige Dentinkandl-
chen liegen frei und leiten den
schmerzverursachenden Reiz di-
reki an die Zahnnerven. Einzige
Hilfe bisher: Durch spezielle Salze,
meist Kaliumnitrat, werden dic
Nervenrejzleifungen unlerbro-
chen, die Symptome gelindert,
Den Ursachen des Schmerzes
geht jetzt ein Material aus der Na-~

ndtéchriologie an die Wurzel, eine
Kombination aus Nano-Caleium-
pligsphat (Apatit) undProtein. Sie
veréthlisft die Dentinkanilchen
mit zahnidentschem Material.

Professor Ridigét™ Kniep- ‘vom:
MusPlanck-Institut” fiir Chemi--

sche Physik-fester Stoffe in Dres-
den. hatte untersucht, wie Zihne
wachsen und w:e sich dieser Pro-
zefl im Reagenzplas nachvellziehen
1aft, Das Ergebnis: Die Kompo-
nenten von Apatit - Caleium-,
Phosphat- und Fluorid-lonen -
diffundieren in wifriger Losung in
einen Gelatinepfropf. Ionen und
Gelatine verwachsen dabei zu
einem  vernetzien, unibsiichen
Composit aus 98 Prozent Apatit
und zwei Prozent Protein (Gelati-

ne}. Dieses gleicht dem Material,
aus dem Zahne hestehen.

Ahnlich sind auch Forscher von
E!f-"_;;_@l,i_‘_e_-,i;;l-.-I.._u_dwigsl'iatfen._vcnrgeganw
gen und haben die Ausgangsstoffe

cimeine Zahnpasta eingebracht, Sie

verwenden Jedoch susschlieflich
nanoskalige Apatitkristalle. Diese
bilder einen zusammenhéngenden
dumnen Fitm auf dem Zahn, der die
Fehlstellen des Zahnschmelzes
teilweise iiberdeckt. Diese Filinbil-
dung kommt durch das selbstiatige
und kontrollierte Aneinanderia-
gern (Selbstorganisation) von Na-
nopartikein zustande. Noch jedoch
befindet sich diese Reparaturméog-
lichkeit im Entwicklungsstadium.
Hier sind dic Compasit-Forscher
um Professor Eniep einige Schritte

weiter; Um die Erkenntnisse aus
der Grundlagentorschung in die
Anwendung zu Gbertragen, arbei-
teten die Unternehmen Henkel in
Diisseldorf und Sustech in Darm-
stgdt Ziisammen - letztere ist ein
Iaint Venture der TU Darmstadt,
von Professoren verschiedener
Universititen und Henkel.

Das Ergebnis ist das Material
JNanitactive®, das einen als ,Neo-
mineralisierung” bezeichneten
Prozel anstiiit. Hierbei reagieren
die Nanitactive-Teilchen mit den
im Speichel enthaltenen Calcium-
und Phosphatbausteinen und bil-
den auf der Zahnobertliche eine
Schicht, die der in der Natur ent-
spricht. Die neomineralisierte Ma-
terialschicht verhilt sich im Mund

inzige Partikel schiitzen vor Zahnschmerz

Innovation von Henkel und BASF - Nano-Partikeln schlieBen Locher im Schmelz - Markteinfiihrung geplant

wie kbrpereigenes Zahnmaterial
und unterliegt dem natiirlichen
Auf- und Abbau von Material an
der Zahnoberfliche, Das zeiger
zuch Untersuchungen der Dentin-
kanilchen mit dem Elektronenmi-
kroskop. Nach 20 Behandlunger
mit Nanitactive sind alle Dentin-
kanilchen geschlossen, Es entsteh
gine ein bis zwei Mikrometer dicke
Schicht aus zahndhnlichem Mate-
rial, die eng mit den Zihnen ver
bunden ist und die Dentinkanil
chen abdeckt. :

In klinischen Tests hat sich eim
neue Zahnecreme mit Nanitactivi
beraits bei der Behandlung sensiti.
ver Zihne bewihrt, In nichsie
Zeit wird sie auf den deutschm
Markt kommen.

(Die Welt, 28.10.2005)



B 5.5: Frame “Risk debate”

Mehr Vorsorge bei Nanotechnologie

Die Vereinten Nationen haben sich flr eine starkere Kontrolle der Nanotechnologie ausgesprochen, die in immer
mehr Bereichen von der Entwicklung neuer Medikamente bis zu Lebensmitteln eingesetzt wird. Die Politik mlsse
schnell handeln, um Vorteile und Risiken der neuen Technik besser einschétzen zu kérinen, hieB esin dem
UN-Umweltbericht. Die Nanotechnologie kénne auch Elekironik, Medizin und die Energieindustrie grundlegend
verandern, erklarte der Generaldirektor des UN-Umweitprogramms, der Brasilianer Achim Steiner. "Das ist eine
ph&nomenal wachsende Technik, aber wir missen wissen, was wir da in die Atmosphare entlassen’, sagte Steiner.
Er forderte weitere Forschungen, um mdgliche Gefahren abzuwehren, AP

taz Nr. 8187 vom 9.2.2007, Seite 18, 26 Agentur

(taz, 09.02.2007)
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IYic Entwicklong der Biotechnikbranche
in Deutschland ist eine Esfolgsstory. Uber
die Guentechnik, die tragende Saule der Bio-
technik. ist wegen des dunklen Kapitels in
der deutschen Geschichte des 20, Jahrhun-
derts zwar kaum gesprochen worden. Doch
in den letzlen Jahven ha sich Deutschland
in cinem bemerkenswerten Aufholprozeld
zu ginem international anerkannten Wis-
senschaftsstandort in der modernen Bio-
technologic catwickelt.

Aus cincr Studic der Wirtsehaftsprii-
fungspesellschall Brost & Young geht her-
var, daf sich dic Zahl der Biotech-Unter-
nehmen in Deutschland von 1997 bis 1999
von 173 auf 279 und der Umsaiz um 30 Pro-
zent auf 517 Milionen Euwre cchdht hat.
Analysten sagen ecin starkes Wachstem der
Biotechnikbranche auch fiir die néchsten

" Inhre voraus.

Bei den Unternchmen dicser Branche
handelt es sich sumeist um Dienstleister (i
‘Arzneimittelhersteller. Nur wenige Unler-
nchmen entwickeln selbst Medikamente,
Frast & Young beméngell: Viele der neu-
geschalfencn Unternelmen verfolgen die
Kommerzialisicrung nur cines Produkls
oder ciner singuliiren Technologie. Drumil
konnen sie weder Produktionsiehlschiipe
kampensicren, noch sind sic attzaktiv fiir
dic grofen polenticlien Partner, dic Life-
Seience-Kunzerne.™ Wegen des internatio-
nalen Konkurrenzdrucks wird es nach Mui-
nung der Wirlschaltspriffer kimftig ver-
mehrt Fusionen und Akquisitionen geben.

Mis Binrechnolomie st keine Wissen-

eine entscheidende Rolle spielt. Besonders
in der Phacma- wid der landwirtschaftli-
chen Forschung hat die moderne Biotech-
notogie seit ihrer Begriindung in den siebzi-
goer Jahren zu cinem starken Innovations-
schub gefilhrt,

Fiir die Weiterentwickiusg in der moder-
nen Biotechnik wiederum ist vor altemn die
Genomforschung verantwortlich, Mit der
Entschlissclung des menschlichen Genoms
haben sich Liir die Biotechnik neue Hori-
yonte geiffact. In der medizinischen For-

_schung kann dic Entschliisselung des Ge-

noms, subald die biologische Funkiion der
cinzelnen Gene und ihre Funktion in der
Zchie sowic dic biologischen Folgen ihrer
Beeinflussung durch Arzncimitie] verstan-
den ist, neuc Ansatzpunkte fiic die Entdek-
kung und Entwicklung neuer Medikamen-
te und Diagnosemethaden liefern, Vor al-
lem verspricht man sich von der Tintschlis-
sclung der menschlichen Genomscquenz
neue Therapieméglichkeiten bei Erb- und
Volkskrankheiten, Forscher sprechen von
maBgeschneiderten Medikamenten, dic kei-
ne MNehenwirkungen aufweisen  werden,
Ihre Bntwicklung wird jedoch noch Jahre
in Anspruch nehmen.

Der Einsatz des Gentechnik niment auch
in den anderen biotechnisch relevanten Be-
reichen wie Frafhrung, Landwirlschall
und Umselsehutz immes wester zu. In der
Laswdwirtschaft und Ernghrung verspricht
nan sich zum Beispiel dureh die Entschlis-
sclung von Totalsequenzen und Nutzpflan-

_zen cine Beschleunigune der Zichtung, 1n

(Frankfurter Allgemeine Zeitung, 29.08.2007)

§ Biotechnik — eine Branche mit Zukunft

Deutschland entwickelt sich zu einem international anerkannten Wissenschaftsstandort

von Medikamenten in der Bevolkerung in-
zwischen weitgchend akzeptiert wird, ist
dlic Akzeptanz filr transgene Pilanzen oder

gentechnisch verdnderie Lebensmitiel fast -

nicht gegeben. Angesichts dieser Vorbehal-
te plancn dic Bundeseegierung und dic
Wirtschaft nun cin Programm, in dem in ci-
nem Forschungszeitraum von drei Jabren
die Wechselwirkungen von genlechnisch
verinderten PHlanzen auf dic Umnwelt ge-
naw crforscht werden. Gleichzeitig soll cin
breiter Dialog mit der Offentlichkeit ange-
regt werden,

Auch Bedenken um die Sicherheit der
neven ‘lechniken werden geduBert. Viele
halten die drei Zukunftstechnotogien Gen-
technik, Nanotechnologic und Robotik vor
MiBhrauch nicht sicher, da diese Technolo-
gien vou einzetnen Menschen oder kieinen
Gruppen miBbrauchit werden kénnten. Sie
crfordern keine grofien Produktionsanla-
gen oder sellene Rohmaterialien, Wissen al-
lein genitgl, um sie zu nulzen, Vor allem
aber dic Biotechnik ist mehr als jede ande-
re Technik auf dic Akzeptanz der Beviilke-
rung angewiesen. Deshalb ist fiir die Bta-
blierung der Biotech-Industrie in Deutsch-
land nichu zuictzt cin hoberes MaB an Of-
fentlichkeilsarbeit notwendig, um nehr
Transparenz [iir dic Bevidkerung zu schal-
fen. Dic Forschungsministerin Geelgard
Bulmahn hat zu dicsem Zweek das Jabr
2001 zum LJahr der Febenswissenschalten™
crklirt. Im Rahmen der Iniliative . Wissen-
schaft im Dialog®, die dic Bundesregicrung
pemeinsam mit den Wissenschaftsorganisa-

l



.Mit Nanopartikeln veredelt”

Die Technologie des Allerkleinsten drangt immer stirker in den Alltag / Von Christian Schwégerl

Dic Nanotechnologic hatte bislang den
. Ruf, ein Spezialthema von Science-fiction-
: Fans und Grundlagenforschern zu seinm,
Wer mit offenen Augen durch cine Fufigin-
gerzone peht, kann inzwischen einen ande-
reh Eindruck bekommen, Im Drogerie-
markt ist auf einem Fensterreiniger zu le-
sen: Die Nano-Protect-Formel sorgt fir
streifenfreicn Glanz.* Nanopartikel schiitz-
ten die Scheibe ,wie ein unsichtbarer
Schutzschild", Im Regal nebenan wird fiir
Sonnencreme mit spezieller , Nanoformel*
peworben,

Im Bekleidungshaus verteilt ein renom-
mierter Anzughersteller Stoffproben, die
der Kunde versuchsweise beschmuizen
soll, Der Stoff sei , it Nanopartikeln ver-
edelt” und schiitze so gegen Flecken, da dic-
sc sich mit Wasser abwaschen liefen, Bii-
geln reiche, ,um den Nanoschutz wieder
vollstindig 2u aktivieren'’. Eine Strafie wei-
ter bictet eine grofle Schuhkette cin Spray
als ,,Nano-Nisse-Blocker™ an,

Das Kiirzel ,,Nano" avanciert offenbar
zum Werbetrager. Zwar handeli es sich ur-
springlich nur um ein Lingenmal, das {ir
den mitlionsten Teil cines Millimeters steht.
Zugleich symbolisiert ,Nano® aber die
rasch wachsenden Fahigkeiten von Wissen-
schaftiern und Ingenicuren, Kicinststruktu-

ren Atom fiir Atom aufzubauen und ihre
besanders hohe Leitfihigkeit zu nutzen.
Der Anwendungsbereich der neuen Tech-
nolagie ist riesig, er reicht von der Ferti-
gung leistungsstirkerer Computerchips
iiber neuc Instrumente der Krebsdiagne-
stik bis zu schmutzresistenten oder cnergie-
erzeugenden Oberfliachen.

Ginzlich neu ist nun, dai grofic Unter-
nehmen die avantgardistischen Verfahren
bercits offensiv vermarkten. Vom Kiirzel
,Nano* auf den Verpackungen erhoffen
sich diese Firmen eine gesteigerte Neugier-
de der Kunden und einen Sympathiebonus
fiir Innovationskraft. Wie die Verbraucher
aufl das Zauberwort reagieren, wird auf-
merksam beabachtet. Die Technologic ist
ndmbich nicht unumstritten, zZumal auch
Umwellorganisationen  wie Qreenpeace
standig neue Mirkte suchen, Nachdem Ver-
branchern mit Erfolg Angst vor der Gen-
technik eingejagt wurde, kommt nun das
Warnen vor Gesundheitsschaden durch um-
herfliegende Nanopartikeln in Schwung.
Die Industrie betont, daf Nanopartikeln,
sobald sic einmal im Produkt verarbeitct
seien, sich micht von anderen Materialien
untsrschieden und daf) Herstellungsprozes-
se, bei denen kleinste Schwebsloffe entstin-
den, eben isoliert von der AuBenwelt zu ge-
schehen hitten. Dach die Kombination aus

neucr Technologic und vagem, unsichtba-
rem Risiko konnte die Nanotechnologic
dennoch in Verruf bringen. Soll, wie es Sze-
narien des Bundesforschungsmimsteriums
besagen, die Nanotechnologie in Zukunft
in fast allen Produktionsverfahren zum Ein-
satz kommen, ist der Ruf der Technologic
fiir die Wirtschaft duBerst wichtig. Das Feld
ist unbestelit: Noch wissen Umiragen zufol-
ge nur fiinfzig Prozent der Deutschen iiber-
haupt etwas mit dem Kiirzel , Nanc® anzu-
fangen, nur finfzehn Prozent wisscn, was
genau sich dahinter verbirgt.Die Protagani-
slen der Nanotechnologie zeigen sich sensi-
bel ftir gesellschaftliche Sorgen. Zum eincn
schreiben die Firmen Sicherheit grofl und
lassen dic neuen Produkte ausgicbig testen.
Das Bundesforschungsministerium bereitet
derzeil ein eigenes Forschungsprogramm
zur gesundheitlichen Wirkung von Nano-
partikeln vor. Zum anderen wird der mogli-
che Nutzen ncuer Verfahren fiir die Um-
well hervorgehoben: Nanobehandelie Fen-
sierscheiben und Nanotech-Anziige mib-
ten seltencr gercinigt werden, was Wasser
spare. Nanatechrologic werde helfen, den
Energieverbrauch von Computern und so-
gar von Automobilen drastisch zu reduzie-
ren, sagen Firmenvertreter.

Doch dic gesellschaftliche Diskussion
iiber die Gentechnik zeigt, dafll selbst um-

weltfreundliche Problemlosungen, wie dic
Sanierung verseuchter Flachen durch gen-
technisch veranderte Baume, in Verruf
kommen, nur weil sic unter die Rubrik
.Gen* failen. Das Kiirze! ,Nano" habe
eine Eigendynamik, sagt Axcl Lenzer von
der Firma Philips Semiconductors, es miis-
se verhindert werden, daf} dic Bedeutung
in Richung Gentechnik umschlage. Peter
Kiicher, Leiter das neuen Fraunhofer-Zen-
trums fiir nanoelektronische Technologien
in Dresden, rit zu offensivern Argumentic-
ren: Es sei doch besser, den atomaren Be-
reich zu beherrschen und auszunutzen, als
ihm wie bisher ausgeliefert zu sein.

In GroBbritannien wird bereits hilzig
iiber die Nanotechnologie debatiiert. Da-
hei wird nun auch mit neven Formen gesell-
schaftlicher Technologicbewertung experi-
mentiert. Eine erstaunliche Alliane, dic das
Verteidigungsministerium und auch Green-
peace umfaft, hat Mitte Mai eine LNano-
Jury* aus zwanzig unabhingigen Laicn ein-
berufen. Experten sollen dieser Jury Chan-
cen und Risiken vortragen, am Ende wird
eine umfassende Bewertung aus Sicht von
Normalbitrgern stehen. Zumindest die Jury-
mitglieder diirflen nach gelaner Arbeil mit
den Werbeslogans auf den neuen Fenster-
reinigern und Schuhsprays etwas anzufan-
ECh WissCL

(Frankfurter Allgemeine Zeitung, 06.06.2005)
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9 Annex C: Code book and lists
“Risk perception of the subject nanotechnology: analysis of media coverage”

Working definition nanotechnology

“Nano” (Ancient Greek for dwarf): In the scientific context nano describes a unit which corre-
sponds to a billionth part (10° = 0,000 000 001). Nanotechnology moves in a range of a bil-
lionth metre (10°° meter) which designates the area in which more and more quantum physics
effects play an important role. Nanotechnology describes and offers methods and/or proc-
esses which make possible the manipulation of these tiny components of nature. Hence,
nanotechnology cannot be reduced to one area or market; it is far more the case than it is
interdisciplinary. Almost all scientific faculties and research institutions as well as a large
number of sectors use nanotechnology.

General coding instructions

General comment: unless the coding instruction explicitly requires something else, only clear
article contents are coded, i.e. only what is explicitly mentioned and not what the coder may
have in terms of background knowledge about the situation or individual actors.

The subject matter of the investigation is an analysis of coverage of nanotechnology between
January 2000 and December 2007 with regard to agenda setting, media framing (issue- spe-
cific and generic) and theoretical discussion aspects. The examination focussed on the na-
tional dailies Frankfurter Allgemeine Zeitung, Slddeutsche Zeitung, Tageszeitung, Frank-
furter Rundschau and Die Welt, the news magazine Financial Times Germany, Focus and
Der Spiegel as well as Die Zeit, the most important German weekly newspaper.

Investigation unit

All newspaper articles in the above journals or newspapers were initially sourced via the
relevant online archives of the GBI media database (cut-off date 11 March) using the key
words nano* or combinations like “nanotechnology”, “nanotechniques”, “nanoscience”,
“nanomaterials”, and “nanoparticles” and selected after examination. All the articles for cod-
ing are available as texts.

Analytical unit/coding unit
The individual article is the analytical unit.

Coding condition

Within the article nanotechnology must play a key role in order for the content variables like
main topic, actors, opportunities or risks to be coded. In this context the deciding factor is not
that most of the lines are devoted to nanotechnology. However, there must be a correlation
between the number of lines, the importance of and the content presented on this topic.
Consequently, all articles with 50% nanotechnology content are to be fully coded. The mere
mention of nanotechnology — for instance within the framework of stock exchange reports, as
a course of study or future technology — is not sufficient for coding. In this case only the iden-
tifiers (including the word field analysis) are recorded.

If it is not explicitly mentioned, the subject nanotechnology must be identified through proc-
esses, new methods or innovative applications in conjunction with the size range “nano-
metre”. In this case the size range must be explicitly mentioned.
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Examples of an implicit link to nanotechnology

“The solid consists of many, alternating thin layers of barium and calcium chloride. The indi-
vidual layers are just a few millionths of a millimetre (nanometre thick). For the production of
these so-called heterostructures the researchers (...).” (FAZ, 10.01.2001, p. N1)

“The cause of this unusual electrical behaviour are so-called surface phenomena which only
occur in thin layered surfaces in the nanorange (...).“(FAZ, 10.01.2001, p. N1)

“In the race for faster and faster processors the transistors (...) must become smaller and
smaller so they can fit onto a circuit board — in the case of the next generation electricity will
only have to cover a distance of 45 nanometres. In order to be able to further reduce the
size, engineers must improve the isolation layer in the transistors (...) after more than ten
years research they have succeeded in replacing the silicon oxide used so far with a new
compound with superior material properties” (SZ, 30.01.2007, p. 16)

“The researchers around Pierre Petroff (...) have produced a tiny circuit board made of the
semi-conductive material gallium arsenide. So-called quantum points made of indium ar-
senide are embedded in it. These are nanosized collections of atoms in which charge carri-
ers can only assume discrete conditions. If the 200 nanometre thick board is irradiated with
short laser pulses, free electrons and positively charged holes are created in the gallium ar-
senide (...).“ (FAZ, 10.01.2001, p. N3)

“As once dreamt up by Hollywood and projected on the big screen, cancer medication is
soon to be directly transported via the blood stream to the sick cell by means of a submarine
measuring only one nanometre (10 metre) in size (...).“ (taz, 23.03.2007)

Rule of thumb: Inclusion of the article when at least 50% is devoted to the subject of nanotechnology and/or
content relevance (information on the main topic, actors, opportunities or risks)

Decision tree
Is this an article about nanotechnology and how in depth should my analysis of it be?

Procedure

1 The first step is to read the entire article in order to determine whether the above inclusion
criterion “nanotechnology is the main topic” actually applies. Identifiers are coded.

2 Coding of individual variables in the article can begin during the second reading. When
coding a few variables it is necessary to read the whole article or parts of it again (please
note the coding instructions). It may helpful to make notes whilst reading.

3 In cases of uncertainty the entire article should be read once more.



BfR-Wissenschaft 141

Fig. 25: Decision tree

Is the word “nanotechnology” used?
Are the applications, methods, events

described linked to nanotechnology? Is the size range “nanometre” men-
tioned? Are the applications, methods

_ | etc. described attributed to phenomena | ]
yes no *| in this size range?
yes no

A

Does the subject nanotechnology play
a central role within the article?

i.e. is 50 % or more of the article de-
voted to the aiihient?

Does the section on nanotechnology
have content relevance? i.e. is it possi-
ble to identify the main topic and actor

L »| or opportunities or risks?
yes no
yes | o
Full analysis of the article Abbreviated analysis of the article:
only formal details and word field
analysis.

Organisational details
All documents, information and updates on the media analysis “Risk perception of nanotech-
nology” are documented in the joint project file on the BSCW work platform.

e The individual working times and the status of coding are continuously recorded in a joint
excel file.

¢ Uninterrupted coding work should not exceed three hours as otherwise major concentra-
tion losses are to be expected.

e Discussion of individual codings or agreements amongst coders is desirable. The deci-
sions taken and the rules derived from them are to be documented in a transparent man-
ner for everyone.

e All rules and innovations agreed in the coding process must be documented on the joint
BSCW work platform.

e Additions to the topic, actor and image lists are undertaken continuously on the joint
BSCW work platform. Hence the first step when commencing work is to open the updated
lists.

e Care should be taken to ensure each coder codes articles from all years and all newspa-
pers/journals to avoid any systematic differences because of the choice of article.

e Coded articles are to be given a “consecutive number” and a coder abbreviation as the
identifiers, and are to be stored in the corresponding file for processed articles.

Please note

When coding attention should focus generally on the link to nanotechnology. All variables in this codebook only
refer to parts/sections of an article which deal with the subject nanotechnology and only then are they to be
coded. The goal of the content analysis is to present the picture of topics, presentation and assessment of
nanotechnology in the coverage by the print media. Other subjects are not of interest in terms of content!
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A. Formal characteristics

Var. No./

SPSS Abbrevia-
tion

Variable

Code

Form

Vi1

ID number of the
article

A

Coder

Johanna Kaminski
Silvia Leitel
Andreas Thieme
Moritz Raulfs

V3_1

Publication

Frankfurter Allgemeine Zeitung
Suddeutsche Zeitung
Tageszeitung

Frankfurter Rundschau

Die Welt

Financial Times Dtld.

Die Zeit

Der Spiegel

Focus

V3.2

Source/author of
the article

WN =N RWON=|RWN =

(G208

News agency (e.g. dpa, AFP, Reuters, ddp)
Editor/correspondent of the newspaper (own
contribution)

Mixed form (correspondent or editor, and
new agency)

Guest author (e.g. politician)

No details

Not decidable

V4

Day

1-31

1-31

V5_1

Month

1-12

January-December

V5 2

Issue

Issue number

V6

Year

2000-2007

V7

Impression after
reading

For
Neutral
Against

No link to nanotechnology

V8

Headline

string

Main title

V9

Headline
Evaluation

0

wnN =

No link to nanotechnology

Positive evaluation of nanotechnology
Neutral
Negative evaluation of nanotechnology

V10_1

Scale of the
article

up to 1/16 page

up to 2/16 = 1/8 page

up to 4/16 = 1/4 page

up to 5/16 = approx. 1/3 page
up to 8/16 = 1/2 page

up to 10/16= approx. 2/3 page
up to 12/16 = approx.3/4 page
up to 16/16 = 1 page

V10_2

Scale of the
article (relation)

CQOWoONOCOPWN=ONOODOPPWN =

—_

Ya text page

Y2 text page

% text page

1 text page

up to 1 Y2 text pages
up to 2 text pages

up to 2 1/2 text pages
up to 3 text pages

up to 4 text pages
more than 4 text pages
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A: Formal Characteristics

Var. No./
SPSS Abbreviation

Variable

Code

Form

V10_3

Scale of the article
(relation)

Ya page

Y2 page

1 page

2 pages

3 pages

4 pages

5 pages

More than 5 pages

Vi1

Section

SN OThWN =

— — —
N—=O0OWoOoNOOOTRAhWN—

Not identifiable

Title page
Politics/domestic
Politics/foreign
Economy/finances
Feature/arts section
Knowledge/science
Sport
Travel/transport
Advice

Local section
Weekly supplement
Opinion page

Other/other section

Vi2

Page

-
oW

_k
x

Not identifiable
Page

V13

Media form

News

Report
Comment/column/editorial
Interview

Readers’ letter

Portrait

Essay

Other

Vi4_1

Percent

AWON—_OONOOODRWOWN =

No reference to nanotechnology

up to 25 % of the article
up to 50 % of the article
up to 75 % of the article
up to 100 % of the article

14_2

Filter

- ©
—_ a0 0

Question not relevant
No

Yes

Filter question not asked
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Word field analysis of “ excluded* articles (an insignificant part of the article is dedicated to nanotechnol-
ogy)

Pease note: In the case of articles which meet the inclusion criterion (see p. 4), please ignore variables
V15_1to V15_3 and go to V16!

Var. No. / Variable Code Form
SPSS Abbreviation

V15_1 Link No link to nanotechnology
Direct/identifiable link to nanotechnology

Not clear

Vi5_2 Association Speed (real)
(Unimaginable) speed
Weight (real)
(Unimaginable) lightness
Size/length (real)
(Unimaginable) size= tiny
Power (real)
(Unimaginably low) power
Nanotechnology as a course of study/field of
research

10 |"The nanotechnology”

11 | Company name

12 | Product name

13 | Nanotechnology products
14 | Mention of an individual

OCQoONOOOPWN—=2ND—=2O

999 | Other
V15_2b Association Il 0 [No link to nanotechnology

Political association
Social association
Cultural association
Legal association
Economical association
Ethical-moral association
Scientific association
Military association
Ecological association
Sport

COWwoo~NOOCOPr,WLON =

—_

—_
—_

Other

99 |Not decidable
V15_3 Coinage 0 [No new terms

string | Open recording
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B: “Recipient angle”

Var. No. /
SPSS Abbreviation

Variable

Code

Form

V16_a

Recognisability

No

Yes
Not completely coded article

V16

Media style

Descriptive/factual

Interpretative/evaluative/opinion oriented

Not fully coded article

V17_1

Information
content

Very low
(Rather) low
Average
(Rather) high
Very high

Not fully coded article

V17_2

Technical terms
|

None

1
2
3
more than 3

Not fully coded article

V17_3

Technical terms
Il

Are not used

Yes, are (at least partially) explained
No, are not explained
Not fully coded article

V17 4

Background
information

'
©

No
Yes

Not decidable
Not fully coded article

V18_1

Comprehensibil-
ity I: Complexity

'
©

Very low

(Rather) low
Average

(Rather) high

Very high

Not fully coded article

V18_2

Comprehensibil-
ity 1l
Simplicity

'
©

Simple

Rather simple
Neither/nor

Rather complicated
Complicated

Not fully coded article

V18_3

Comprehensibil-
ity 11
Structure

'
©

Strictly structured
Structured

Rather unstructured
Not structured

Not fully coded article

Vi8_4

Comprehensibil-
ity IV: Brevity

'
©

Too short

Rather short
Neither/nor

Rather expansive
Too expansive

Not fully coded article

V19

Article focus
(time)

OCPAWUNLOAPRPWON—LOPWOUNROAOAPRWON—=OODRWN—=ON

'
©

Past

Present

Near future

“Distant” future

Not fully coded article

C: Image analysis:
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Only those images are taken into account which deal in some way or another with the subject
nanotechnology

Var. No. / Variable Code | Form
SPSS Abbreviation
V20 Number 00

1-x | State number

-99 | Not fully coded article

Vo1l 1-— Subject of image 1-x | See List of topics (List 1)

V21_3 -777 | Image content not depicted in analytical
- material

V22 11— Visualisation 0 | Image not depicted in analytical material
V22 3 . .
Microscope image
Size comparison
Technical devices
Everyday articles
Food

Cars

Individuals
Animals/nature

O~NO OGO~ OWN =

©

Cannot be classified

99 | Image content not identifiable because of
the quality of the analytical material

-777 | Image content not depicted in analytical
material
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D: Topic structure

Var. No. / Variable Code Expression
SPSS Abbreviation

V23 Localisation 0 | Not identifiable

Individual countries
Australia
China
Germany
France

Israel

Japan
Netherlands
Switzerland
South Korea
U.K./England
US.A

Alliances
EU/EC (European Community)
UN/United Nations

—_
—oCwoo~NOCOPRrWLWN =

—_
w N

Several countries

14 | Several countries involved (including Germany)
15 | Several countries involved (not including Ger-
many)

16 | Large regions

17 | Europe

18 | North America
19 | South America

20 | Asia
21 | Australia
-99 | Africa
22 | Not fully coded article
Other
V24 Main topic 1-x | See List of topics (List I)
-99 | Not fully coded article
V25 Sub-topic 0 | No sub-topic addressed
1-x | See List of topics (list I)
V26 Topic per- 0 | Not decidable
spective
1 | Political perspective
2 | Social perspective
3 | Cultural perspective
4 | Legal perspective
5 | Economic perspective
6 | Ethic-moral perspective
7 | Scientific perspective
8 | Military perspective
9 | Other
V27 Relevance 0 | Not identifiable
1 | Individual relevance
2 | Particular relevance
3 | Overall social relevance
4 | Universal/global relevance
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E: Actor level/level of spokesperson’s comment

Please note: For the following codes all details which refer to the same situation must be given the same
Roman numerals. Up to three (main) actors per article may be coded. The First main actor to be coded is
the most important actor in an article, not the actor mentioned first! The determining factor is the amount of
space or time accorded to the angle of that actor. If two actors are on a par, then the actor mentioned first

should be coded first.
The following variables make up a set:

First mention in text: Level 1

o Actor (I), prominence (l), contradiction (I), conclusion (1), link to topic (I), assessment
o Actor (Il), prominence (ll), contradiction (ll), conclusion (ll), link to topic (Il), assessment
e Actor (lll), prominence (lll), contradiction (lll), conclusion (ll1), link to topic (Ill), assessment

Var. No. / Variable Code Form
SPSS Abbreviation
Va8 _| Actor (I-111) 0 [No actor
Va8 _lli 1-x | See List of actors
-99 | Not fully coded article
V29 _| Prominence (I- III) 1 | Dominant, central
- 2 | Equal weighting
Vv29_llI 3 | On the fringes
-99 | Not fully coded article
V30_|I Contradiction 0 | Attitude not contradicted
V30_lII 1 | Attitude contradicted
2 | Not identifiable
-99 | Not fully coded article
V31_| Conclusion 0 | Attitude not presented at the end as conclusion
V31_lll 1 | Attitude presented at the end as conclusion
2 | Not identifiable
-99 |Not fully coded article
v32_| Link to the topic 1 —x |See List of topics
- (= sub-topic)
Vv32_lll -99 | Not fully coded article
V33_| Assessment 0 |No assessment
V33_llI 1 | Very positive
2 | Rather positive
3 [So-so
4 | Rather negative
5 | Very negative
-99 |Not fully coded article
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F: Opportunities/benefits and risk dimension

Please note: For the following codes all details which refer to the same situation must be given the same
Roman numerals. Up to three risks, opportunities, demands and forecasts and the related variables can be

recorded.

The following variables make up a set:
Mentioned first in the text:

o Benefit dimension (I), concrete benefit (1), expectation of occurrence of benefit (1), actor responsible for

the benefit (1), author of the attribution of responsibility (1)
o Risk dimension (1), concrete risk (l), expectation of occurrence of risk (I), actor responsible for the risk
(1), author of the attribution of responsibility (1)
o Demand (1), instruction (1), author of instruction (1), recipient of instruction (1)
o Forecast (I), author of forecast (I)

Mentioned second in the text: Level Il

= Benefit dimension (Il), concrete benefit (l1)...

If no statement is made in the article on one of the variables in the variable set, then this should be coded 0!

Var. No. /
SPSS Abbreviation

Variable

Code

Form

V34

Benefit dimension

(1= 11I)

o

0w ~NOCOPRrWN =

—_

© ©
© ©

Not mentioned/no benefit

Diffuse benefit (not futher specified)
Medical benefit
Scientific benefit
Economic benefit
Legal benefit
Political benefit
Individual benefit
Ethical-moral benefit
Military benefit
Public/social benefit
Ecological benefit

Other benefit
Not fully coded article
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Continuation F: Opportunities/risks and risk dimension

Var. No. / Variable Code |Form
SPSS Abbreviation

V35 | Concrete benefit 0 | Benefit not concretised
- (-1
V35_llI Economic
Major sales revenue potential
New jobs

N —

Ecological

Environmental detoxification

Climate protection

Sustainability effects

Improved efficiency in energy conversion

[o)JN&) I " @0)

Reducing energy consumption
Solving energy problems

©

9 | New materials

Medical

10 | Medical diagnosis

11 | Medical treatment

12 | Cancer treatment (special)
13 | New medicines

Technical

14 | Higher performance data storage media
15 | Miniaturisation in the computer segment
16 | Improved performance in the computer
segment

Military

17 | Individual safety

18 | Superhuman powers

19 | Protection against environmental impact

999 | Other

-99 | Not fully coded article
V36_| Expectation of 0 | No assessment
- the occurrence
V36_lll of a benefit (I - Unlikely

1)) Rather unlikely

1
2

3 | Rather likely

4 | Very likely

5 | Benefit already occurred
9 | Not fully coded article
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Continuation F: Opportunities/benefits and risk dimension

Var. No. /
SPSS Abbreviation

Variable

Code

Form

V37_|

Vv37_lll

Person responsible
for benefit (I — )

NO O~ WD =

—_
o ©

11
12
13
14

16
17

20

30

Not named

Persons

Federal government

Opposition

Other political actors

Political institutions

Ethics council/ethics committee

Central bodies/institutions and associations
Scientific actors/groups/institutions

Economic actors

Public figures

Environmental associations
Social groups

Church

Science journalists
Journalists
Foundations/science support
Other actors

“The nanotechnology® (object)
External circumstances/situation

Not fully coded article

V38_|

v3g_lll

Author of the attri-
bution of responsi-
bility

Not named

Persons

Federal government

Opposition

Other political actors

Political institutions

Ethics council/ethics committee

Central bodies/institutions and associations
Scientific actors/groups/institutions

Economic actors

Public figures

Environmental associations
Social groups

Church

Science journalists
Journalists
Foundations/science support
Other actors

Not fully coded article
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Continuation F: Opportunities/benefits and risk dimension

Var. No. /
SPSS Abbreviation

Variable

Code

Form

V39_|

V39_llI

Risk dimension (I -

1y

o

00V ~NOOOP~WN =

—_

99
-99

Not mentioned/no risk

Diffuse risk (not further specified)
Health risk
Scientific risk
Economic risk
Legal risk
Political risk
Individual risk
Ethical-moral risk
Military risk
Public/social risk
Ecological risk

Other risk
Not fully coded article

V40_|

V40_IIl

Concrete risk (I - 1II)

O wON =

(o]

O © 0o~

12

13

14
15
16
17
18

19
20
999
-99

Risk not specified

For Man

Health risk, fine dust

Absorption of nanoparticles through the skin/lungs
Damage to genetic information

Occupational diseases

Data abuse/unnoticed personal surveillance/discrimination

For the environment

Nanoparticles as a new class of non-biodegradable con-
taminants

Nanoparticles in the water cycle

Absorption of nanoparticles by plants

Destruction of the biosphere

Other environmentally damaging effects

Ethical/moral
Artificial intelligence
Transcending man/“posthumanism”/transhumanism

“Nano-divide“

Ficticious

Nanorobots/microrobots (Crichton’s “Prey")
Self-assemblers/replicators

Grey goo

Creation of artificial organisms

“Material convertors (Fiction:

Marcus Hammerschmitt’s “The Censor®)
Technology abuse

Knowledge-based mass destruction
Other

Not fully coded article
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Continuation F: Opportunities/benefits and risk dimension

Var. No./
SPSS Abbreviation

Variable

Code

Form

Vai_|

Va1_lll

Occurrence of a risk

(=)

o

No assessment

Unlikely

Rather unlikely
Rather likely

Very likely

Risk already occurred
Not fully coded article

va2_|

va2_lll

Actor responsible for
the risk (I - 11)

SO phrwWN =

NO O~ WN =

Not named

Persons

Federal government

Opposition

Other political actors

Political institutions

Ethics council/ethics committee

Central bodies/institutions and associations
Scientific actors/groups/institutions

Economic actors

Public figures

Environmental associations
Social groups

Church

Science journalists
Journalist
Foundations/science support
Other actors

“The nanotechnology” (object)
External circumstances/situation

Not fully coded article

V43_|

V43 Il

Author of the attribu-
tion of responsibility

Not named

Persons

Federal government

Opposition

Other political actors

Political institutions

Ethic council/ethics committee

Central bodies/institutions and associations
Scientific actors/groups/institutions

Economic actors

Public figures

Environmental associations
Social groups

Church

Science journalists
Journalist
Foundations/science support

Other actors

Not fully coded article
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Continuation F: Opportunities/benefits and risk dimension

Var. No. / Variable Code Form

SPSS Abbreviation

V44 | Demand (I-111) 0 | Not mentioned/no demand
V44l 1 | Risk regulation

2 | Promotion of the benefit
3 | Both regulation of risk and promotion of benefit

4 | Research/studies
5 | Ethical standards
6 | Improved information/dialogue

9 | Other demands
-99 | Not fully coded article

V45_| Instruction (I-111) 0 | No concretisation

V45 1l
1-x | See List of instructions

-99 | Not fully coded article
V46 _| Author of the 0 |Not named

- demand (I-111)
V46_llI Persons

1 |Federal government
2 | Opposition

3 | (Other) political actors
4 | Political institutions
5

6

7

Ethics council/ethics committee
Central bodies/institutions and associations
Scientific actors/groups/institutions

9 | Economic actors
10 |Public figures
11 | Environmental associations
12 | Social groups
13 | Church
14 | Science journalists
15 |Journalists
16 | Foundations/science support

17 | Other actors

-99 | Not fully coded article
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Continuation F: Opportunities/benefits and risk dimension

Var. No. / Variable Code Form
SPSS Abbreviation
V47 _| Recipient of the 0 |[Not named
- demand (I-Ill)
Va7 _lll Persons
1 | Federal government
2 | Opposition
3 | (Other) political actors
4 | Political institutions
5 | Ethics council/ethics committee
6 | Central bodies/institutions and associations
7 | Scientific actors/groups/institutions
9 | Economic actors
10 | Public figures
11 | Environmental associations
12 | Social groups
13 | Church
14 | Science journalists
15 | Journalists
16 | Foundations/science support
17 | Other actors
-99 | Not fully coded article
V48_| Forecast (I-l11) 0 | Not known/no forecast
Vv48_lll 1 | Good forecast
2 | Poor forecast
3 | Not assessable
-99 | Not fully coded article
V49 | Author of the 0 |Not named
- forecast (-
V49 1l Persons
1 | Federal government
2 | Opposition
3 | Other political actors
4 | Political institutions
5 | Ethics council/ethics committee
6 | Central bodies/institutions and associations
7 | Scientific actors/groups/institutions
9 | Economic actors
10 | Public figures
11 | Environmental associations

Social groups

Church

Science journalists
Journalists
Foundations/science support

Other actors

Not fully coded article
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G: Genetic framing

Various characteristics of reporting are examined here. Please read the corresponding instructions like a ques-
tionnaire. All questions are to be answered by YES or NO.

Coding: The questions are directed towards the entire content of the article/part of article which deals with
nanotechnology, also towards the comments of the spokespersons or indirect quotations. The passages which
lead to a yes coding should be clearly identifiable but need not dominate the entire article. It is not important
whether statements were made by the journalist themselves or other spokespersons.

Var. No. / Variable Code Form
SPSS Abbreviation
V50 Negativity 1| yes
0 | no
V51 Personalisation 1 1| yes
0| no
V52 Personalisation 2 1| yes
0 | no
V53 Personalisation 3 1| yes
0| no
V 54 Collectivity 1 | yes, the “sciences”
2 | yes, the "industry”/“economy”
3 | yes, the “politics”
4 | yes, other “collective actors*
0| no
-99 | Not fully coded article
V55 Emotionalisation 1 1| yes
0| no
V56 Emotionalisation 2 1| yes
0| no
V57 Conflict 1 1| yes
0 | no
V58 Conflict 2 1| yes
0| no
V59 Aspects 1| yes
0| no
V60 Conflict 3 1| yes
0| no
V61 Morals 1 1| yes
0| no
V62 Morals 2 1| yes
0 | no
V63 Morals 3 1| yes
0| no
V64 Finances 1 1| yes
0| no
V 65 Finances 2 1| yes
0| no
V66 Costs 1| yes
0| no
V67 Economic 1| yes
conseqguences 0| no
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H: Language level

Var. No. / Variable Code Form
SPSS Abbreviation
V69_| Comparisons 0 | No comparisons
V69_lll 1 | Genetic engineering
2 | Asbestos
3 | Thalidomide scandal
4 | DDT
5 | Nuclear age/nuclear power
6 | Internet
999 | Other
-99 | Not fully coded article
V70 Metaphors 0 | Are not used
1-x | See List of images
-99 | Not fully coded article
V71_| Negative 0 | Not used
- Adjectives Negative connotation
V71_ll 1 | Dangerous
2 | Poisonous/toxic
3 | Scary
4 | Artificial
5 | Risky
999 | Other
-99 | Not fully coded article
V721 Positive 0 | Not used
- Adjectives
v7a_lil 1 | Cheaper
2 | More efficient
3 | Intelligent
4 | Interactive
5 | Scratch-resistant
6 | Lighter
7 | More robust
7 | Faster
9
10 | Self-disinfecting
11 | Self-cleansing
12 | Environmentally friendly
13 | Indestructible
Magical
999
Other
-99
Not fully coded article
V73 New terms 0 | No new terms
String | Open recording
V74 Basissatz String
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List of actors
Brief overview of the list of actors

100 Political actors

200 Political institutions

300 Central bodies/institutions/associations

400 Scientific institutions/research groups/scientists
500 Economic actors

600 Public figures (authors, actors, moderators etc.)
700 Social groups/group designations

800 Journalists

900 Foundations/science support

999 Other actors

Coding instructions for extending lists

If actors crop up in the course of individual coding that are not covered by the actor catego-
ries presented in this list, then they are initially to be coded 999 “Other actors” and then en-
tered in the corresponding input field of the data mask (string= entry of the new actor).

Please note: the inclusion of new actors, topics, opportunities, risks, instructions and images
is to be handled extremely sparingly. The first step should always be to examine whether
they are covered by the existing categories!

Simplifying the search
The use of a search command can simplify orientation in this list and help to reach the de-
sired upper category more quickly.

100 Political actors

101 Red/Green Federal Government 2000-09/2005
102 Black/Red Federal Government 09/2005—2007
103 Representatives of the SPD

104 Representatives of the CDU/CSU
105 Representatives of B. 90/Greens
106 Representatives of the FDP

107 Representatives of the PDS

108 Representatives of the WASG
109 Red/Green representatives When two parties are touched on
110 Red/Red representatives
111 Red/Black representatives
112 Black/Yellow representatives
113 | The opposition Is only coded if there is a general tag of “the opposition”
114 Representatives of other parties
115 The “politics”/"The “politicians”
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200 Political Institutions

201 | Federal Ministry of Education and Research (BMBF)
202 | Federal Ministry of Economics and Technology

203 | Federal State Ministries of Research/Science etc.
204 | National Ethics Council/Ethics committee

205 | European Commission

206 | United Nations (UN)

219 | Other poalitical institutions

Note on the classification of political actors: if political actors occur as main actors i.e. they
talk about nanotechnology or their attitude is paraphrased by a journalist, then they are also
coded in the function in which they occur/express themselves. In the case of politi-
cal/politically motivated controversies on nanotechnology, the actors are always coded ac-
cording to their party affiliation, as in these cases they are to be seen as representatives of
the political stance of their party.

300 Central bodies/institutions/associations

301 | Economic research institutes, economics experts

302 | VDI Technologiezentrum GmbH

303 | Schweizer Riickversicherer Swiss Re

304 | Canadian Environmental Technology Centre

305 | USA Environmental Agency EPA

306 | Bundesanstalt fur Materialforschung und -prifung

307 | Bundesinstitut fir Risikobewertung (BfR)

308 |Oko-Test

309 | US-American “National Nanotechnology Initiative (NNI)*

310 | Consumer protection organisations/associations/offices

319 | Other central bodies/institutions/organisations

400 Scientific institutions/research groups/scientists
Research institutions

401 | (Natural) scientist

403 | (Social) scientist

405 | CeNTech (Centre for Nanotechnology, Munich)

406 | CeNS (Centre for NanoScience (LMU, Munich)

407 | Institut fir Nanotechnologie, Karlsruhe

408 | Leibniz-Institut fir Neue Materialien (INM)

409 | Forschungsnetzwerk ,NanoMat®

410 | Fraunhofer Verbund Nanotechnologie

411 | Max-Planck-Institute

412 | Netzwerk NanoBioNet

Research institutions mentioned by name outside Germany

420 | European Scientific Body (SCCNFP)

421 | Royal Society

422 | British Royal Academy

423 | Nano2Life (European Network of Excellence for Nanotechnology)

424 | Center for Nanoelectronic Systems in Information Technology (CNI), Jilich
425 | Foresight Nanotech Institute, Los Altos (CA)

426 | MIT Institute for Soldier Nanotechnology, Cambridge (Massachusetts)
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Continuation: 400 Scientific institutions/research groups/scientists
Research institutions in the table

Nanoresearchers andy/or their research groups mentioned by name

440 | (Group) Harald Fuchs, Mlnster

441 (Group) Roland Wiesendanger, Hamburg

442 | (Group) Dieter Bimberg, Berlin

443 | (Group) Christoph Brauchle, Munich

444 | (Group) Hermann Gaub, Munich

445 | (Group) Wolfgang Heckl, Munich (LMU, Chair for Nanobiotechnology)

446 | Cees Dekker, Dutch physicist (Delfter Institut, NL)

447 | Gerd Binnig/Heinrich Rohrer (inventor of the scanning tunnelling microscope)
448 | Gunter Oberdérster (nanoexperts/practitioners of environmental medicine)
449 | Richard Feynman

450 | Stanislaw Lem (scientific philosopher)

451
Other nanoexperts

460 | Doctors/physicians
461 Practitioners of environmental medicine/Environmental toxicologists
499 | Other scientific institutions/research groups/scientists

500 Economic actors

501 Actors on the employees’ side Unspecified: trade unions/trade union members,
employees/employee associations, works council
502 | Actors on the employers side Employer/employer’s president/association, Verein Deutscher

Ingenieure (VDI), Bundesverband der Industrie (BDI), Deutsche
Industrie und Handelskammer (DIHK)/Deutscher Industrie- und
Handelstag (DIHT)

Representatives of individual business sectors

510 Representative of the pharmaceutical industry

511 Representative of the textile industry

512 | Representative of the construction industry

513 Representative of the chemical industry

514 | Representative of the automotive industry

515 Representative of the information and communication industry
516 | Representative of the armaments and aerospace industry
517 | Representative of the cosmetics industry

518 | Representative of the food industry (including agriculture)

519 Representative of other industrial sectors

Companies/firms frequently mentioned by name which are active in the field of nanotechnology

530 BASF
531 Beiersdorf

532 | Henckel

533 | Kleinmann Brand: “Magic Nano“, “Magic Nano bath and WC surface seal-
ing agent®, “Magic Nano glass and ceramic surface sealing
agent”

534 | Nestlé

535 | IBM

Collective designations

550 | “The industry, “The” economy
599 Other economic actors

600 Public figures (authors, actors, moderators etc.)

601 Eric Drexler (publicist)
602 | Arthur C. Clarke (author)
603 | Michael Crichton (author)
604 | Ray Kurzweil (author)
605 | Bill Joy (publicist)

606 | ...
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700 Social representatives/social groups/group designations
701 | Greenpeace

702 | Umweltinstitut Munich e.V.

703 | BUND

704 | Nanojury (British citizens’ forum for the assessment of opportunities/risks of nanotechnology)
705 | The consumers

706 | Critics

707 | Advocates

708 | (Nano) experts

709 | The population

710 | Victims/people affected

711 | Church/representatives of the church

712 | Environmental protectionists/environmental associations
719 | Other
800 Journalist

801 Journalist/author of the article (none of the science journalists mentioned below)
802 | Niels Boeing

803 | Christoph Drésser

804 | Gero von Randow

805 | Max Rauner

806 | Ulrich Schnabel

807 | Volker Stollorz
900 Foundations/science support

901 VW-Stiftung

902 | Alexander-von-Humboldt-Stiftung

903 | DFG Deutsche Forschungsgemeinschaft

904 | Stifterverband fiir die Deutsche Wissenschaft

905 | Helmholtz-Gemeinschaft Deutscher Forschungszentren
906 | Wissensgemeinschaft Gottfried Wilhelm Leibnitz

907 | MPG Max-Planck-Gesellschaft

908 | FhG Fraunhofer-Gesellschaft

919 | Other foundations/science support

999 | Other actors (cannot be classified in any of the existing categories)
> Open recording in the category system
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List of topics

Short overview of the topic categories

100
200
300
400
500
600
700
800
900
1000
1100
1200
1300
1400
1500
1600
1700
1800
1900
2000
2100
2200
2300

Fundamental research/nanotechnology in general
Application: Health care (medicine, medical engineering, pharmaceutics)
Application: Automotive industry

Application: Information and communication technologies
Application: Surface coating

Application: Armaments, aerospace

Application: Energy management

Application: Textile industry

Application: Cosmetic industry

Application: Construction

Application: Chemical industry

Food industry/agriculture

Ethical aspects of nanotechnology in general
Nanobiotechnology

Politics

Economics

Sport

Art/Culture

Intoxication cases/product recalls

Debate about Bill Joy’s call for moratorium
Overview of nanotechnology

Consumer protection/product labelling

Health and safety at work

Coding instructions for extending the list

If topics crop up in the course of individual coding that are not covered by the (sub-)topics in
this list, then they are initially to be coded in the respective upper category (xx99) and then

entered in the data mask (string = indication of topic in word form).

Please note: the inclusion of new actors, topics, opportunities, risks, instructions and images
is to be handled extremely sparingly. The first step should always be to examine whether
they are covered by existing categories!

Simplifying the search
The use of a search command can simplify orientation in this list and help to reach the de-
sired upper category more quickly.

100 Fundamental research/nanotechnology in general

101 | Theoretical physics

102 | Toxicology

103 | Structure formation, nanostructures (measurements and analysis of nanostructures)
104 | Risk research

199 | Other topics in the field of fundamental research
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200 Application: Health care (medicine, medical engineering, pharmaceutics)

201 Heart attack diagnosis

202 | Diagnosis/early detection of (other) diseases

203 | Medical treatments

204 | (Special) tumour/cancer treatment

205 | Medicine/drug delivery

206 | Tissue structure/artificial tissue

207 | Neuroprosthetics/artificial organ functions (if neuroprosthetics is only dealt with in conjunction with
nanobiotechnology, it is to be coded as 1405)

208 | Gene ferries (for gene therapy)

209 | Biochip/Biosensor

210 | Medical toothpaste/dental hygiene

299 | Other topics in the application of healthcare

300 Application: Automotive industry

301 | Nanotechnology-based automotive components/sub-systems and materials

302 | Nano-based materials for propulsion and energy supply

303 | Coatings/multifunctional coatings

304 | Sensors (e.g. immobiliser, lighting, air pressure etc.)

305 | Car tyres/wear-resistant super grip tyres

399 | Other topics in the application automotive industry

400 Application: Information and communication technologies

401 Electronic components

402 | Miniaturisation

403 | Display

404 | Sensors

405 | Multifunctional devices

406 | Digitalised home electronics

407 | Warning and assistance systems

408 | Data carriers with nanostructures

409 | Data security

410 | Data processing on the molecular level (quantum computing)

499 | Other topics in the application information and communication technologies

500 Application: Surface coating

501 Surface functionalisation and finishing

502 | Protective coating

503 | Lotus effect (special)

599 | Other topics in the application surface coating

600 Application: Armaments, aerospace

601 Military platforms and carrier systems

602 Reconnaissance (e.g. small reconnaissance planes)

603 | Weapons and ammunition

604 | Persons: improving physical performance and resistance

605 | Camouflage paint

606 | Sensors (e.g. in battle dress)

607 | Robot soldier

608 | Exoskeletons

609 Utopias: battle dust, battle flies, intelligent dust

699 | Other topics in the application armaments, aerospace
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700 Application: Energy management

701 Solar cells/photovoltaics

702 | Solid fuels

703 | Energy stores: batteries/accumulators and super condensors
704 | Energy converters (e.g. fuel cells)

705 | Energy transport

706 | Lighting

707 | Energy efficiency

799 | Other topics in the application energy management

800 Application: Textile industry

801 Intelligent clothing

802 | Water and dirt-repellent clothing
803 | Firmness

804 | UV protection

899 | Other topics in application textile industry

900 Application: Cosmetics industry

901 | Sun cream

902 | Other cosmetics

903 |Nanocontainers (customised liposomes in water)
999 | Other topics in the application cosmetics industry

1000 Application: Construction

1001 | Building materials

1002 | Heat insulation/heat protection

1003 | Outside surfaces/facades (e.g. graffiti protection)/bricks (e.g. corrosion protection)
1004 | Windows

1005 | Indoor area

1099 | Other topics in the application construction

1100 Application: Chemical industry

1101 | Catalysis/catalysts

1102 | Filling materials

1103 | Pigments/coatings/lubricants

1104 | Micro and nanoreaction technology
1105 | Membranes and filters

1106 | Paints/printing inks/inks

1107 | Pesticides

1108 | Cleaning agents

1109 | Plastics

1199 | Other topics in the application chemical industry

1200 Application: Food industry/agriculture

1201 | Molecular cuisine/molecular gastronomy

1202 | Functional food (packaging of additives like vitamins etc. in nanocontainers, where the smallness
of the containers means that they can be absorbed better and in a more targeted way)

1203 | Dyes

1204 | Additives

1205 | Self assemblers (self-replicating food, key word: land of milk and honey)

1299 | Other topics in the application food industry/agriculture
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1300 Ethical aspects of nanotechnology in general
1301 | Nano-divide/fair distribution/fair participation
1302 | Precautionary principle
1303 | Risk ethics
1304 | Privacy/data protection
1305 | Medical-ethical problems
1306 | Military use of nanotechnology
1307 | Anthropological aspects (i.e. man-machine relationship, status of the “citizen cyborg”)
1308 | Moratorium (with no link to Bill Joy)
1399 | Other ethical aspects of nanotechnology
1400 Nanobiotechnology
1401 | Lotus effect (unless a link is established to industrial applications — otherwise surface coating
503)
1402 | Gecko adhesive band/nanoadhesive band
1403 | DNA sequencing
1404 | Targeted manipulation of cellular structures
1405 | Neuroprosthetics (only when neuroprosthetics is mentioned in conjunction with nanobiotechnol-
ogy — if this is mentioned in conjunction with medicine, medical engineering, pharmaceutics,
code as 206)
1406 | Cellular machines on a biobasis
1499 | Other forms of nanobiotechnology
1500 Political areas
1501 Legal policy/amendments to laws
1502 | Research promotion
1503 Education policy
1504 | Environmental policy
1505 Economic policy
1599 | Other political areas
1600 Economy
1601 | Economic situation (macroperspective)
1602 | Taxes
1603 | Subsidies
1604 | Stock exchange reports (e.g. stock exchange data/IPOs)
1605 | New companies
1606 | Company balance sheets and results
1607 | Company activities
1699 | Other economic topics
1700 Sport
1701 | Doping
1799 | Other sports topics
1800 Art/culture
1801 | Literature
1802 | Film
1803 | Media/journalism
1899 | Other topics in the field of art/culture
1900 Intoxication cases/product recalls
1901 | Kleinmann (“Magic Nano bathroom and WC surface sealing agent”, “Magic Nano glass and

ceramics surface sealing agent”)
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[1999 | Other intoxication cases/cases of product recalls

2000 Debate about Bill Joy's call for a moratorium

[2099 | Topics in conjunction with the debate

2100 Overview of nanotechnology

[2199 | Other

2200 Consumer protection/product labelling

[2299 | Other

2300 Health and safety at work

[2399 | Other
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List of instructions
Short overview of instructions

Concrete demands concerning the handling of nanotechnology or the opportunities and risks presented by
nanotechnology and its various applications can be understood as instructions.

100 Demands/instructions concerning risks (regulation)

200 Demands/instructions concerning opportunities (promotion)

300 Not clearly classifiable instructions: both regulation of risk and promotion of benefit
400 Demand/instruction to stop doing something

Coding instructions for extending the list

If concrete instructions crop up in the course of individual coding that are not covered by the
instructions presented in this list, then they are initially to be coded in the respective upper
category (199, 299, 399 or 499) as “Other” and then entered in the corresponding input field
of the data mask (string = entry of a new instruction). At the end of coding work each day all
new instructions (as well as topics, actors, opportunities, risks and images) are to be sent to
Anne Friedemann (anne.friedemann@uni-muenster.de) and André Donk (adonk@uni-
muenster).

In a short memo, all coders will be informed about the classification of the “new” or question-
able forms of an existing category or about the new category. New codes will then be as-
signed a fixed code which is to be used in further coding work.

Please note: the inclusion of new actors, topics, opportunities, instructions, risks and images
is to be handled extremely sparingly. The first step should always be to examine whether
they are covered by existing categories!

Simplifying the search
The use of a search command can simplify orientation in this list and help to reach the de-
sired upper category more quickly.

100 Demands/instructions concerning risks (regulation)

101 | Health and safety at work

102 | Toxicological assessment (test methods, classification, limit values)

103 | Safety research

104 | Moratorium or renunciation of the development and use of the nanotechnology

105 | (International) standardised test methods

106 | Mandatory product labelling

107 | Consumer protection

108 | International codes of conduct

109 | Appointment of independent research bodies on risk assessment

110 | Setting up of a central information office

111 | Creation of a legal framework

112 | Demand for “nanoethics”

113 | Product recall/possible withdrawal of harmful products from the market

114 | Limit values for nanoparticles (for instance how many grams of nanopatrticles per kg may be
contained in food?

115 | “Nanogeopolitics” (with an international early warning system under the aegis of the UN)
116 | Publication of all toxic effects of nanoparticles in a database

117 | Risk research

118 | Data protection/protection of privacy

119 | Fair participation

199 | Other instructions concerning risks (regulation)

200 Demands/instructions concerning opportunities (promotion)

201 Innovation research
202 | Public research support
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203 | Fundamental research

204 | Technical democracy

205 | Strong research ministry with clear responsibilities
206 | Improving communication skills of scientists

299 | Other instructions concerning opportunities (promotion)

300 Not clearly classifiable demands/instructions

301 | Accompanying research with a social science thrust (= increasing acceptance in society)
302 | Nano discussion platform

303 | Suitable training offers (labour market)

304 | Transparency in the testing of new nanomaterials

305 | Social debate/setting up of citizens’ fora

306 | International “codes of conduct®

307
399 | Other not clearly classifiable instructions

400 Demand/instruction to stop doing something

401 Premature generalisation of (study) findings
402 | Fear of technology

403 | Blind faith in technology

404
405
499 | Other instructions to stop doing something
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List of images

100 Images — size comparisons

200 Formulations/images which refer to materiality and its potential

300 Formulations which illustrate the relationship to nature

400 Images/metaphors: size-related description

500 Images/metaphors which refer to visibility or sensory perceptibility

600 Formulations/designations which refer to revolution, innovation and future viability
700 Negative images/metaphors

800 Designations for nanotechnology as “a whole”

900 Other descriptive designations

1000 Descriptive designations for individual applications

Coding instructions for extending the list

If distinctive, clear images occur in the course of individual coding that deviate markedly from
those in this list, then they are initially to be coded 999 “other” and entered in the correspond-
ing field of the data mask (string= entry of new image). At the end of coding work every day
all new images (as well as topics, actors, opportunities and risks) are to be sent to Anne
Friedemann (anne.friedemann@uni-muenster.de) and André Donk (adonk@uni-muenster).

In a short memo, all coders will be informed about the classification of the “new” or question-
able forms of an existing category or about the new category. New codes will then be allo-
cated a fixed code which is to be used in further coding work.

Simplifying the search
The use of a search command can simplify orientation in this list and help to reach the de-
sired upper category more quickly.

100 Images: size comparisons

101 “One thousand times smaller than a human cell”

102 | One million times thinner than a human hair (size comparison with the thickness of a
hair)/comparison: the diameter of a hair is roughly 50,000 nanometres

103 | Size comparison: “if you compare the size of a nanoparticle with a football, this corresponds to the
ratio of a ball to earth”

104 | True to scale comparison: moving a molecule with the tip of a microscope is like wanting to juggle a
golf ball with the tip of the Eiffel tour

105 | “One nanometre is the millionth part of a millimetre. This corresponds to the size ratio between a hot
air balloon and the earth.” (taz, 13.05.2006, p. 17)

106 Mathematical size details (hanoparticles — not larger than 100 times 10° millionth of a millimetre)

107

200 Formulations/images which refer to materiality and its potential

201 “The stuff the future is made of”

202 | “The power of the millionth”

203 “Third industrial revolution”

204 | “Playing with matter”

205 | “Aliving cell is a sack full of nanomachines”

206 Customised atoms

207 | Programmable matter

208 Tool boxes

209
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300 Formulations which illustrate the relationship to nature

301 |“Overcoming dependency on nature and its forms”/overcoming nature
302 |Learning from nature
303

400 Images/metaphors: size — related description

401 |"Nanos" = Ancient Greek for “dwarf”
402 |“Dwarf science”

403 |Kingdom of the dwarves

404 | Technology of the dwarves

405 |Journey to the centre of the atom

406 | The kingdom of atoms (and molecules)
407 | Scarcely imaginable small world

408 |Smallest of all worlds

409 |Liliput

410 | Quantum world

411 | World of the millionth of a millimetre
412 | World of the microcosm

413

500 Images/metaphors which refer to visibility or sensory perceptibility

501 |Limit of the visible
502 |Invisible partners
503

600 Formulations/designations which refer to revolution, innovation and future viability

601 Gold rush mood

602 [Nano “a future word”

603 | Paradigm change

604 | Revolutionising/revolution
605 | Science fiction

606 |Miracle

607 | Wonder world of tiny giants
608 |“Golden age”

609 |...

700 Negative Images/metaphors

701 Pandora's box
702 Horror scenarios
703 Dust

704 | Superhumans
705 Nanoists

706 Nanomites

707

800 Designations for nanotechnology as “a whole

801 Enabling technology

802 Fundamental technology of the 21 St century
803 | Cross-sectional technology

804 |Risk technology

805 |Key technology

806 Future technology

807 |...
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900 Other descriptive terms

901 Hype word/hype technology
902 “Bio(-), nano(-), info(-)“ [Triad which is used again and again in Die Zeif]

903

1000 Descriptive terms for individual applications

1001 | Molecular cuisine/molecular gastronomy
1002 | Functional food
1003 | Voodoo cuisine

Please note
999 Other images/metaphors
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