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VARIA – ETHICS IN SCIENCE
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Abstract
The main normative problem in the context of dual use is to determine the ethical responsibility of scientists especially in the
case of unintended, harmful, and criminal dual use of new technological applications of scientific results. This article starts
from an analysis of the concepts of responsibility and complicity, examining alternative options regarding the responsibility
of scientists. Within the context of the basic conflict between the freedom of science and the duty to avoid causing harm, two
positions are discussed: moral skepticism and the ethics of responsibility by Hans Jonas. According to these reflections, four
duties are suggested and evaluated: stopping research, systematically carrying out research for dual-use applications, inform-
ing public authorities, and not publishing results. In the conclusion it is argued that these duties should be considered as
imperfect duties in a Kantian sense and that the individual scientist should be discharged as much as possible from obliga-
tions which follow from them by the scientific community and institutions created for this purpose.

Key words: research ethics, dual use, responsibility, complicity.

Corresponding author: Hans-Jörg Ehni, Institut für Ethik und Geschichte der Medizin, Universität Tübingen, Germany, 
e-mail: hans-joerg.ehni@uni-tuebingen.de

INTRODUCTION

“Dual use” is a concept which is basically related to
the possibility to use goods or technologies for either
civilian or military purposes. This is especially relevant
in the context of export, where an international agree-
ment, “The Wassenaar Arrangement on Export
Controls for Conventional Arms and Dual-Use Goods
and Technologies” of May 12, 1996, has now been
signed by 40 nations. The European Union issued direc-
tive EC 1334/2000, which contains a list of dual-use
goods and technologies which should not be exported.
Very often it is just the intention of an actor which
determines whether something could be considered
a weapon or not. The phenomenon is obviously not new,
also in the context of science and technology, as such
legends as the use of mirrors invented by Archimedes to
burn ships show. But the existence of weapons of mass
destruction and the increase in international terrorism
contribute to a very critical situation.

The results of scientific research, especially if it con-
cerns fundamental natural processes, can have a wide
range of desirable and undesirable technological appli-
cations. It might be difficult, and only possible in the
long run, to decide which are desirable and which are
not. The “classical” dual-use case from the beginning of
the 20th century is the discovery of chain reactions and

the like in physics and its dual use for atomic bombs and
nuclear energy. In the beginning of the 21th century, the
technology which raises the most concern is the genetic
construction and reconstruction of pathogenic organ-
isms and viruses by biotechnological means. The most
discussed recent cases have been the description of
a procedure to increase the pathogenic character of
mousepox, which could be used for smallpox as well, the
synthesis of a polio genome, and the reconstruction of
the virus which caused the fatal Spanish flu in 1918 [9,
10]. What raises special concern is that bioweapons are
much cheaper to construct with these technologies and
that, once the necessary procedures are published, they
are available via the internet. While the dual use of tech-
nologies, scientific results, and goods which are well
known requires juridical regulation on the national and
international level, the possible dual use of new tech-
nologies and new scientific results creates ethical prob-
lems for the scientist and the scientific community, espe-
cially with regard to how to define the responsibility to
prevent such dual use. As a first step towards such a def-
inition, the concept of dual use has to be further ana-
lyzed to show where these problems are most acute.

In principle, the concept of dual use can be related
to several different pairs of oppositions. The following
are relevant in this context: intended or unintended,
beneficial or harmful, and legal or criminal. Basic



research can of course be carried out without having any
application in mind. A researcher may also try to devel-
op a certain application for a technology, discover a sec-
ond possibility for a future use, and also follow up on
this possibility. From this point it would be considered
“intended dual use”. Even if the research was dedicated
to achieve a certain purpose and to develop a certain
technology, this technology may be used by others for
purposes other than those originally intended.
Depending on the technology and on the newly intend-
ed purpose, this can be beneficial or harmful, in some
cases extremely harmful, as for instance in the case of
the use of nuclear energy and the construction of
nuclear weapons. However, even harmful technologies
might be used by states for legal purposes, such as wars
justified by international law, which at least for some
scientists may not create specific ethical problems.
Therefore, the further distinction of legal or criminal
has to be introduced. Applications can be legal or crim-
inal, such as doping in sports or possible terrorist attacks
with modified pathogenic organisms. The latter is the
kind of dual use that calls for strict juridical regulation.
From the perspective of the scientist and the scientific
community, all these types of dual use generate differ-
ent normative problems, but also the last case is the
most difficult to solve.

However, it is not the normative evaluation of dual
use in such acts and their contexts (actors, victims, ide-
ologies, etc.) which creates any specific problems in
itself. A terrorist attack in which people are killed will
be considered murder, and if a new technology was
abused to carry out this action, this adds nothing to this
basic qualification. Of course, the sophisticated applica-
tion of a technology in a crime or the high degree of cru-
elty which is needed to apply a certain technology for
such a purpose will qualify a crime as especially mali-
cious and detestable, but this is related to the kind of
technology which is used and precisely how it is used.
The simple fact that a new technology or scientific
knowledge is applied for a criminal purpose for which it
was not originally conceived is not an ethical problem in
itself. Also, national and international regulation in
reaction to potentially harmful and dangerous research
results, their application, or dissemination does not cre-
ate an ethical problem in itself, as it is a legitimate aim
to protect citizens from harmful technologies in an
international context.

The ethical problem is the specific responsibility of
the scientist who created these results and of science as
a social institution. Here the freedom of science con-
flicts with other values. There is no basic difference
between direct involvement of research dedicated to
the development of a dual-use application and direct
involvement in any other action. Consequently, this
kind of responsibility will not be the main concern in
this context. Analyzing the responsibility of the individ-
ual scientist and of the scientific community becomes
more difficult if dual use is unintended, harmful, and
criminal.

RESPONSIBILITY IN DUAL USE

Responsibility is often analyzed as a predicate with
four variables: Who is responsible for what to whom and
why? Or more formally: “X is responsible for Y to
W because of Z”, where X is the actor, Y the object of
that action, W the person or institution which has
a claim on that responsibility, and Z is defined by the
relevant moral duties in the respective context.
Additionally, prospective responsibility is distinguished
from retrospective responsibility. Prospective responsi-
bility can be illustrated by the responsibility to care for
somebody founded on a duty resulting from the role the
responsible person has, e.g. the responsibility parents
have for their children. In the case of harmful unintend-
ed dual use it is crucial to define the duties of the scien-
tist and of the scientific community from which the
prospective responsibility of both result. Retrospective
responsibility is that which is related to imputation, e.g.
for the result of an action which is imputed to the actor
who contributed actively to this action or who could
have prevented it. Both forms of responsibility are inter-
connected: because somebody has had a certain
prospective responsibility, he can be held responsible
for a certain action. The question here is not how far
a scientist is responsible for the intended effects of his
action, but how far he is responsible for the foreseen
effects of his research, for their prevention and also for
the effort to predict certain effects. The answer will
depend on how the prospective responsibility related to
the duties corresponding to the role of the scientist and
the scientific community will be defined in the given
case [3].

THE FREEDOM OF SCIENCE, 
MORAL SKEPTICISM, AND RESPONSIBILITY

But is a scientist really responsible in this case? Does
not the freedom of science allow someone to carry out
research however undesirable its results may be, and is
it not the task of legislation and the executive powers of
the state to control its application? In unintended,
harmful, and criminal dual use, the scientist could be
considered not to have any responsibility regarding the
application of the results of his research. As the free-
dom of science and research are considered important
values in our societies, an unclear, indirect responsibili-
ty might not provide sufficient arguments for a limita-
tion of this freedom. On the other hand, a scientist
could still believe himself to have far-reaching prospec-
tive and retrospective responsibility for such an applica-
tion, even if he only provided the necessary basic knowl-
edge. A scientist could very well feel guilty because of
foreseeable effects of dual-use applications and for his
omission to prevent harmful effects. There is a basic
conflict between the freedom of the researcher and the
duty to prevent harm which is difficult to solve because
it is unclear what the contribution to the relevant action
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is and to what degree this is controllable. As we are only
responsible for something we can control, the point is to
what degree the scientific community and the individual
scientist can be considered to be able to control such
effects. For both options, i.e. a high degree of responsi-
bility and no responsibility, further arguments can be
provided.

The scientist could be considered to have no respon-
sibility at all for the application of the results of his
research work in dual use. A possible foundation for this
position could be general skepticism directed against
the relevance of ethical principles to science. For
instance, the German sociologist Niklas Luhmann con-
sidered science to be a self-organizing social system
which follows a binary code, with the options true or
false. Moral reflections can have no influence in the
quest for truth. Luhmann believes that the autopoiesis
of knowledge, as he calls the generation of knowledge in
the self-organizing social system of science, cannot be
controlled by research ethics and by the interdiction of
certain types of research. The social system of science
will produce any truth in the long run, no matter how
undesirable knowing this truth might be. Of course,
other social systems, such as the juridical system, could
apply their own binary codes, such as legal or illegal, to
science and research. But Luhmann thinks that the
effectiveness of prohibiting research and the publication
of results is very low. Distinctions like beneficence or
maleficence run across to the basic code of science, i.e.
true or false. Even if there is agreement that in some
cases ignorance would be better, this can hardly be
achieved by prohibitions, because they are too easy to
break and can be too easily avoided in an international
context. For Luhmann, science is confronted with two
impositions: to consider the quest for truth as risky and
to assume responsibility if the true knowledge generat-
ed by scientific research triggers causal chains. Both
impositions are inconsistent with truth as the positive
ideal of science [6]. While at least the sociologist might
accept that there is a problem, as there are important
risks, he offers no solution and also confirms that there
can be none. A social institution would be needed to
decide what would be right or wrong in the quest for sci-
entific truth. But such an institution, in his opinion, is
impossible because there cannot be an institution repre-
senting the whole society within society itself. This rais-
es important questions in the context of dual use: Can
the production of knowledge which is considered dan-
gerous because of dual-use applications be controlled?
Can the dissemination of this knowledge be controlled?
And how can an institution which controls dual use be
conceived and what can the role of science in such an
institution be? Skeptics like Luhmann provide no posi-
tive answers to these questions, but they show that there
will be no easy solution.

Surprisingly, Hans Jonas, one of the most widely
read philosophers in the ethics of science in Germany
and still influential in the international bioethics com-
munity, shares some of the basic assumptions of

Luhmann’s moral skepticism: It will be extremely diffi-
cult or even impossible to ban a certain type of research
completely because of the global dimension of scientific
research. And it is also hardly possible to keep scientif-
ic results secret [5]. But Jonas offers a different analysis
of the basic situation of science. Scientific freedom
which includes the claim to be free of restrictions can
only be justified by the contemplative character of sci-
ence, without any involvement in the sphere of actions.
However, Jonas shows that this contemplative character
is lost in most scientific disciplines apart from mathe-
matics and cosmology. The reason for this is the insepa-
rable unity which links modern science with technology.
Technological demands, interests, and input in the form
of results of applications direct scientific endeavor in
which technological instruments are themselves indis-
pensable tools for further progress, for example in mea-
surement. Science is no longer pure theory and there-
fore scientists and the scientific community are account-
able for the consequences of their research. From these
possible consequences of potentially apocalyptical, glob-
al dimension results a very high degree of responsibility
for scientists. In the long run it is also extremely difficult
to distinguish legitimate use from misuse of technolo-
gies and scientific results, which is directly relevant in
the case of dual use. In his main work, “The Imperative
of Responsibility”, Jonas therefore, as a reaction to this
situation, formulates an ethics of responsibility. The
internal dynamics and immense power of modern sci-
ence require an increased awareness of individual and
social responsibility, which is expressed by Jonas in
a modification of Kant’s categorical imperative: “Act so
that the effects of your action are compatible with the
permanence of genuine human life” [4]. This imperative
demands foresight and precaution from each scientist
and the scientific community. It is clear from his above
skepticism that this responsibility cannot be borne alone
by individual scientists, and that it also cannot be guar-
anteed by political or social institutions alone, which
according to Jonas are difficult to conceive and are only
in their early beginnings. Part of this responsibility cer-
tainly has to be assumed by institutions created by the
scientific community itself and by their recommenda-
tions, as in the case of the ethics of research involving
human subjects. Jonas also offers an example of con-
crete measures: a moratorium on a certain type of
research. While these are all general recommendations
based on his conception of responsibility, he offers no
detailed analysis of the responsibility of the scientist or
the scientific community which could provide a model
for prospective responsibility and the related duties in
the case of unintended, harmful, and criminal dual use. 

DUTIES AND COMPLICITY

The general duty of the scientist and the scientific
community in this case is not to contribute to this type
of dual use, as far as this is controllable, and to help to
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prevent it. This results not only from the duty to prevent
harm, but also from the scientific competence to sup-
port or foresee such dual-use applications with scientif-
ic knowledge. Without the contribution of scientists it
will not be possible to predict and regulate dual use.
Some more concrete and possible duties which might
fall under this general duty and which need further dis-
cussion have already been mentioned above, and others
can be easily added. The first two duties are related to
limitations of research, while 3 and 4 require a certain
handling of results: 
1) do not carry out a certain type of research;
2) systematically anticipate dual-use applications in

order to warn of dangers generated by them;
3) inform public authorities about such dangers;
4) do not disseminate results publicly, but keep danger-

ous scientific knowledge secret.
The scope of these duties and the degree of the

related prospective responsibility is difficult to deter-
mine from a general point of view. However, an analysis
of the retrospective responsibility in a concrete case will
contribute to further clarification. A helpful instrument
in such an analysis is the concept of complicity, which is
used in other bioethical debates [2]. 

The concept of complicity is used to distinguish dif-
ferent degrees of contribution to the success of an
action. These degrees correspond to decreasing involve-
ment in the action: “direct causality”, “indirect causali-
ty”, “causality by normative evaluation”, and “expres-
sive dissonance”. In particular, this means that an actor,
K, contributes to an action in the following ways: 
1) K contributes consciously to the success of an

immoral action h (direct causality);
2) K causes or encourages another actor to h (indirect

causality);
3) K encourages third parties to a more tolerant atti-

tude to h (causality by normative evaluation);
4) K disagrees with the moral condemnation of

h (expressive dissonance). 
All types of complicity generate a corresponding

degree of retrospective responsibility. How could they
be applied in a concrete case of unintended, harmful,
and criminal dual use? As an example, let us assume
a scientist has carried out basic research on the modifi-
cation of cells. As a possible application of his new dis-
coveries, he postulates a technology to increase the
pathogenic character of a certain kind of bacteria. He
publishes a scientific article about his research, includ-
ing a detailed description of the technological applica-
tion, and some months later there is an assault, obvious-
ly based on his findings. This might be an unrealistic sce-
nario as the awareness of such possible dangers is
already increased, but this does not necessarily have to
be the case in the future, so even if the example is unre-
alistic at the moment, it is not impossible that something
comparable might happen. 

In such a case, the scientist might possibly feel
responsible, and even guilty. Is this justified in relation
to the different degrees of complicity? Expressive disso-

nance (4) and causality by normative evaluation (3) can
be excluded in this case, although they might be relevant
in other dual-use contexts, for instance if a medical doc-
tor generally describes the advantages of a certain ther-
apy and possible other uses in a way that encourages
doping in sports. Direct causality (1) can also be exclud-
ed, as by definition the scientist did not contribute con-
sciously to the unintended dual use. What remains is
indirect causality (2). Did the scientist in our case cause
or encourage another actor to carry out an assault?
Clearly this was not the case, as the scientist was not
involved in the planning or in the proceedings of the
action. But there might be a lower degree of indirect
causality in the present case to which the scientist has
contributed. He did not cause another actor to act, but
he created one of the necessary preconditions to this
action. The scientist did not give a stone to somebody
and tell him: “If you throw this stone in that window,
I will make you a rich man”, but he may have left a pile
of stones somewhere or described how stones could be
made. He did not encourage the actor to act, but he
described how such an action could be carried out. The
scientist not tell anyone, “It would be a good thing to
throw a stone through this window”, but he stated: “This
is a stone which can be found in this place and it could
be thrown through windows”. How should we evaluate
the degree of responsibility which would result from
comparable statements? In certain contexts it would be
morally neutral, but if people are around who are
searching for stones to throw through windows and the
scientist should have known that, it may be considered
negligent behavior with a low degree of indirect causal-
ity and, therefore, a certain corresponding moral
responsibility, probably without legal consequences, but
perhaps not in the juridical system of the U.S., which
tends to generous compensation for damages of all
sorts. Whether the scientist feels guilty or not in the pre-
sent case may be a question of character and moral sen-
sibility, but it could hardly be said that it is totally unjus-
tified. 

PERFECT AND IMPERFECT DUTIES

According to these reflections it is possible to
assume a low degree of responsibility of the scientist
involved in the present case of dual use resulting from
a variant of indirect causality. However, to have a low
degree of responsibility for a fatal outcome could still be
the foundation for strict duties. Which of the duties
mentioned above does the scientist have in the present
case? Should he have stopped his research before the
results which were used in the assault could be pro-
duced? Or did he even have the duty to systematically
continue his research in the new direction in order to
discover possible dangers and counter-measures?
A principle or maxim in the Kantian sense would be, for
instance, “Stop research if there is a danger of unin-
tended, harmful, criminal dual use”, on which such
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duties could be considered imperfect duties. The con-
trary “Never stop research...” would not be universally
applicable, as rational beings would not want the possi-
bility that they might be harmed by the respective
research, and this cannot be excluded. But the maxim
still corresponds to an imperfect duty. This means that it
is possible to think of it as a universal law, but it is not
desirable for rational beings. It is not a perfect duty
because a universal law according to which research
should never be stopped does not lead to a contradic-
tion which makes it unthinkable, and it is also not a per-
fect duty because it depends on contexts and further
practical judgments, like other imperfect duties accord-
ing to Kantian examples, for instance the duty to help.
On the other hand, continuing the respective research
to explore dangers and counter-measures, together with
informing public authorities, could contribute to the
prevention of fatal incidents of dual use. The same argu-
ments could be provided for the duty not to publish
results. 

CONCLUSION

I have tried to show that the involvement of a scien-
tist in a fatal case of unintended, harmful, and criminal
dual use can be considered complicity in the sense of
a weak indirect causality. From this results a retrospec-
tive responsibility and, possibly, the feeling of guilt,
which cannot be easily refuted. Furthermore, four basic
duties can be formulated to define the prospective
responsibility of scientists: 1) stopping research in some
cases, 2) systematically exploring dangers of dual use in
some cases, 3) informing public authorities about possi-
ble dangers resulting from research and the application
of its result, and 4) not publishing results and descrip-
tions of research results and possible dual-use applica-
tions.

All these duties can be considered imperfect duties,
and the precise obligations which result from them in
the context of concrete cases can be very difficult to
determine. Also, moral skepticism and the ethics of
responsibility share doubts on the effectiveness of mea-
sures taken by the individual researcher or scientist.
These doubts refer to both possible measures: banning
research and the publication of results. This difficult sit-
uation for the individual researcher can only be solved
by the scientific community and their institutions.
A heated debate has especially resulted from the
mousepox and polio studies around the problem
whether in that case the benefits of publication out-
weighed the risks. But who will be able to determine the
long-term risk of a fatal bioterrorist attack? In February
2003 a “Statement on Scientific Publication and
Security” was published by the “Journal Editors and
Authors Group” [1]. Concerned by a possible limitation
of the integrity of the scientific process, including ade-
quate publication of results, the statement acknowl-
edges that “on occasion an editor may conclude that the

potential harm of publication outweighs the potential
societal benefits” [1]. Of course the argument of public
security to limit civil freedom may be easily abused and
the censorship of scientific results is a severe problem
for academic freedom and freedom in our societies in
general. But Jonas’ imperative of responsibility, the dif-
ficulty to predict long-term effects, and the difficulty to
know the context of a publication can render the weight
of responsibility far too great for a single editor and
a single scientist. It is no solution to the “dual-use”
problem to transfer total responsibility to individuals in
these cases. Miller and Selgelid [7] discuss different
options of how to organize this responsibility in a long
recommendation on how to handle the dual-use dilem-
ma. These options range from the autonomy of the sin-
gle scientist to complete governmental control.
According to the moral requirements formulated above,
only a mixed authority which is constituted by the scien-
tific community together with governmental bodies, but
with the participation of scientists meeting their respon-
sibility so far as possible, can solve the problem.
Scientists should identify with the purposes of such insti-
tutions because these assume the greatest part of their
personal responsibility. Scientific knowledge and the
awareness of individual scientists are indispensable, but
not sufficient. As it would be ineffective if only applied
by individuals, it can only be the scientific community
which should arrange committees to fulfill the necessary
tasks resulting from the four duties above. Authorities
like the US National Research Council can and should
formulate lists of “experiments of concern”, as has been
done in the NRC “Report on Biotechnology in an Age
of Terrorism” [8]. Public authorities alone will not be
sufficiently competent and individual scientists will need
colleagues who are familiar with dual-use problems to
consult in cases where their responsibilities are hard to
define. But the wider context of the relevant research
and the necessary knowledge to meet the “imperfect
duties”, for instance possible security threats, can only
be provided by public authorities. As the reflections of
Miller and Selgelid [7] show, the task of organizing such
an authority is complex and difficult and cannot be dis-
cussed in the context of the present article. However,
the analysis of the possible retrospective responsibility
of the individual scientist and the corresponding duties
shows that it is necessary to create such authorities, not
at least to discharge scientists from a responsibility
which might be of low degree, but have far too heavy
a weight for individuals.
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