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Ownership of Scientific and Technological Ideas and Data

It has often been asserted that science is a public good: meaning that scientific work does not fit into the globally dominant market economy.  In the new knowledge economy, however, we are increasingly seeing the penetration of the market right down to the molecular level, right down to the stuff of scientific enquiry.  Thus it is possible to patent genes, genetically modified plants, animals and so forth.  In this process, there has developed.  Taking a fairly wide definition of ownership, we can see three main sets of issues arising from the implementation of this knowledge/information market: control of knowledge; privacy; and patterns of ownership.

By control of knowledge, I refer to the question of who has the right to speak in the name of the science.  Since the mid-nineteenth century this has been a fairly simple question to answer: only professionally trained scientists and doctors can speak for science and medicine in turn.  Only they had access to the resources that were needed in order to speak authoratively about a given subject – they had the journals, the libraries, the professional experience.  Within the new information economy this is not the case.  For example, many patient groups now are being formed on the Internet.  These groups often know more about a rare condition (for example, renal cell carcinoma) than a local doctor does – they can share information twenty four hours a day, and can bring together patients from all over the world.  This flattening out of knowledge hierarchies can be a very powerful social force.  It carries along with it, though, the need to educate the enfranchised public about critical readership of the web.  There are many websites which look official and authoritative but in fact only push the hobby-horse of a particular individual.  We have through our schools and universities good training in reading and criticizing print media; but we have little expertise as a culture in dealing with highly distributed information sources.

Privacy concerns are a significant dimension of science and technology policy in the new economy.  It is now technically possible to generate and search very large databases, and to use these to integrate data from a whole series of domains.  As this happens, the potentialities for data abuse are increasing exponentially.  Much has been written, for example, about data mining of the Icelandic population.  After much public debate, citizens of Iceland agreed to sell medical and genealogy records of its 275,000 citizens to a private medical research company.  There were two central reasons for choosing Iceland: it has a population that has a relatively restricted gene pool; and it has excellent medical records dating back some thousand years.   While the science may prove useful (the question is open); it certainly opens the specter of genetic screening of prospective employees by a given company.   It is extremely difficult to keep records private over the new information infrastructure – many third party companies, for example, compile together data from a variety of different agencies in order to generate a new, marketable form of knowledge.  There is no point in trying to adhere to the old canons of privacy; however open public debate and education about the possibilities of the new infrastructure are essential.

Thirdly, we will look at patterns of ownership of information/knowledge.  Science has frequently been analysed as a ‘public good’.  According to this line of argument, it is in the interests of the state to fund technoscientific research since there will be a payoff for society as a whole in terms of infrastructural development.   With the increasing privatization of knowledge (as we turn into a knowledge-based economy), it is unclear to what extent the vaunted openness of the scientific community will last.  Many refer back to a ‘golden age’ when universities were separate from industry in a way that they are not today.  While a lot of this talk is highly exagerated (science has always been an eminently practical pursuit) it remains the case that we are in the process of building new understandings of scientific knowledge.

A key question internationally has been that of who owns what knowledge. This is coming out in fields like biodiversity prospecting, where international agreements are in place to reimburse 'locals' for bringing in biologically active plants and so forth.  However, the ownership patterns of knowledge of this sort are very difficult to adjudicate in Western terms.   For example, consider a Mexican herbalist selling a biologically active plant in a market in Tijuana.  He owns the plant, but is not the source of knowledge about biologically active plants.  This knowledge does not go back to a single discoverer (as is needed in many Western courts of law adjudicating matters of ownership of intellectual propoerty) but to a tradition held, often, by the women of a collectivity.  The herbalist may well not be able to trace back the chain of ownsership that goes back to the original harvesintg of the specific he or she is selling.  Similarly, Australian aborigines or the Native Americans had very different concepts of land ownership from the white settlers; leading to complex negotations that continue today about the protection of natural resources.  We need anthropological/sociological studies of local knowledge (to the extent to which this is being mined by scientists) again in order to help design just frameworks and studies of issues of data ownership in different countries.  There is a danger when we talk of the explosion of information in the new knowledge economy that we forget the role of traditional knowledge in the development of sustainable policies for a region.  Thus research has shown that management of some parks in the Himalayas has relied on models brought in from the outside and taught to villagers through the distribution of television programs – while at the same time ignoring centuries of local ecological knowledge because it is practice based, and has its own intricate weaving of knowledge about the environment, religious belief and mythological expression and cannot be easily conjured into a form that can be held on a computer.  

Sharing Data

The form of scientific work which has been most studied by sociologists of science is that which leads from the laboratory to the scientific paper by means of the creation of ever more abstract and manipulable forms of data, which Latour has dubbed ‘immutable mobiles’ (Latour, 1987).  In this process, there is no need to hold onto data after it has been enshrined in a scientific paper: the paper forms the ‘archive’ of scientific knowledge (frequently adopting names redolent of this storage ambition, such as the  Archives for Meteorology, Geophysics and Bioclimatology).  The scientific paper, which is the end result of science, contains an argument about an hypothesis (which is proved or disproved) and a set of supporting data which is, saving a controversy, taken on faith by the scientific community.  The archive of scientific papers can then be indexed both in terms of arguments made and information stored.  

However, over the past twenty years we have seen in a number of new and of formerly canonical sciences a partial disarticulation of these two features of scientific work.  Increasingly, the database itself (the information stored) is seen as an end in itself.  The ideal database should according to most practitioners be theory neutral, but should serve as a common basis for a number of scientific disciplines to progress.  Thus one might cite the human genome initiative and other molecular biological projects as archetypical of a new kind of science in which the database is an end in itself.  The human genome databank will in theory be used to construct arguments about genetic causation of disease, about migration patterns of early humans, about the evolutionary history of our species; but the process of producing causation is distinct from the process of ‘mapping’ the genome – the communities, techniques and aims are separate.  

This disarticulation, which operates in the context of producing a working archive of knowledge, is not in itself new.  To limit ourselves arbitrarily to the past two hundred years, a significant percentage of scientific work has been involved with creating such an archive.  Napoleon’s trip to Egypt included a boatload of geologists, surveyors and natural historians, and reflected a close connection between the ends of empire and the collection of scientific knowledge.  Thus also Smith’s geological survey of Britain or Cook’s travels to Australia. Richard’s (1996) The Imperial Archive presents some wonderful analysis of the imperial drive to archive information in order to exercise control (a theme familiar of course to readers of Latour).  The working archive is a management tool.  What is new and interesting is that the working archive is expanding in scale and scope.  As Michel Serres (1990) points out we are now as a species taking on the role of managing the planet as a whole – its ecosystems and energy flows.  We now see nature as essentially only possible through human mediation.  We are building working archives from the submicroscopic level of genes up through the diversity of viral and bacterial species to large scale floral and faunal communities and the mapping of atmospheric patterns and the health of the ozone layer.  There is an articulation here between information and theory, but the stronger connection is between information and action – with competing models based on the same data producing policy recommendations.  In this new and expanded process of scientific archiving, data must be reusable by scientists.  It is not possible to simply enshrine one’s results in a paper, the scientist must lodge her data in a database which can be easily manipulated by other scientists. 


In the relatively new science of biodiversity, this data collection drive is achieving its apogee.  There are programs afoot to map all floral and faunal species on the face of the earth.  In principle, each of these maps should contain economic information about how groups of animals or plants fend for themselves in the web of life (http://curator.org/WebOfLife/weboflife.htm) and genetic information (about how they reproduce).  In order to truly understand biodiversity, the maps should not only extend out in space but back in time (so that we can predict how a given factor – like a 3 degree increase in world temperature – might effect species distribution).  Very large scale databases are being developed for a diverse array of animal and plant groups and the SPECIES 2000 programme of IUBS, CODATA and IUMS has proposed might eventually be merged into a single vast database of all the worlds organisms.  NASA’s Mission to Earth program is trying to “‘document the physical, chemical, and biological processes responsible for the evolution of Earth on all time scales’” The UK Systematics Forum publication The Web of Life (Forum, 1998: 25) and  quotes E.O. Wilson invocation: “ ‘Now it is time to expand laterally to get on with the great Linnaean enterprise and finish mapping the biosphere’”  and speaks of the need to: “discover and describe the Earth’s species, to complete the framework of classification around which biology is organized, and to use information technology to make this knowledge available around the world’”.  These panoptical dreams weave together work from the very small scale molecular biological to the large-scale geological and temporally from the attempt to represent the present to a description of the history of all life on earth.   They constitute a relatively direct continuation of the drive for the imperial archive, where the notional imperial archive sought to catalog completely the far-flung social and political empire in order to better govern it, biodiversity panopticons seek to catalog completely the natural empire, for much the same reason. Although they work as oligopticons – covering only a thin slice of species and environments - they are created to be, and are manipulated as if they were, panopticons.

The information collection effort that is being mounted worldwide is indeed heroic.  Databases from far flung government agencies, scientific expeditions, amateur collectors are being integrated more or less successfully into very large scale searchable databases.  Science and technology policy analysts have a significant contribution to make to the process of federating databases in order to create tools for planetary management. We can produce means to engage the complexity and historicity of data within the sciences so that social, political and organizational context is interwoven with statistics, classification systems and observational results in a generative fashion.  We need to historicize our data and its organization in order to create flexible databases that are as rich ontologically as the social and natural worlds they map and so which might really help us gain long term purchase on questions of planetary management.   

Even if we can name everything consistently, there are the problems of how to deal with old data and how to ensure that one’s data doesn’t rot away in some information silo (in Al Gore’s memorable phrase) for want of providing enough context.  The problem with much environmental data – is that the standard scientific model of doing a study doesn’t work well enough.  In the standard model, one collects data, publishes a paper or papers and then gradually loses the original dataset.  A current locally generated database, for example, might stay on one’s hard drive for a while then make it to a zip disk, then when zip technology is superseded it will probably become for all intents and purposes unreadable until one changes jobs or retires and throws away the disk.  There are a thousand variations of this story being repeated worldwide – more generally along the trajectory of notebooks to shelves to boxes to dumpsters.  


When it could be argued that precisely the role of scientific theory as produced in journals was to order information – to act as a form of memory bank – this loss of the original data was not too much of a problem.  The data was rolled into a theory which not only remembered all its own data (in the sense of accounting for it and rendering it freely reproducible) but potentially remembered data which had not yet been collected.  By this reading, what theory did was produce readings of the world that were ultimately data independent – if one wanted to descend into data at any point all one had to do was design an experiment to test the theory and the results would follow.  


However, two things render this reading of the data/theory relationship untenable.  First, it has been shown repeatedly in the science studies literature that scientific papers do not in general offer enough information to allow an experiment or procedure to be repeated.  This entails that in a field where old results are continually being reworked, there is a need to preserve the original data in as good a form as possible.  Secondly, in the biological sciences in general – and the environmental sciences in particular, the distributed database is becoming a new model form of scientific publication in its own right.  The Human Genome Initiative is resulting in the production of a very large collaborative database, for example.  In the environmental sciences, where the unit of time for observing changes can be anything from the day to the millennium, there is a great value in having long, continuous data sets. The problem of what data to retain in order to keep a data set live is a metadata problem; and as Ingersoll et al. note: “the quality of metadata is probably the single most important factor that determines the longevity of environmental data” (Ingersoll, Seastedt et al., 1997,310).

Science is an eminently bureaucratic practice deeply concerned with record-keeping, as Latour (1987) reminds us in Science in Action.   Disciplines do mixed jobs of keeping track of their own results over time – indeed a key finding of science studies has been that using ‘theory’ as a way of storing old, and accounting for potential data, can be highly problematic since replacement theories do not automatically account for all the data held in the outgoing one (the locus classicus is Kuhn, 1970).  The difficulties become apparent when you move beyond the arrangement and archiving of data within a given science to look at what happens in the efforts of a vast number of sciences (working from the scale of molecular biology on up to that of biogeography or even cosmology) to coordinate data between themselves within the field of biodiversity.  In practice, the sciences use many differing ‘filing systems’ and philosophies of archival practice.  There is no automatic update from one field to a cognate one, such that the latest classification system or dating system from the one spreads to the other.  Further it is often a judgment call whether one needs to adopt the latest geological timeline, say, when storing information about ecological communities over time; particularly if one’s paper or electronic database is structured in such a way that adopting the new system will be expensive and difficult.   Such decisions, however, have continuing effects on the interpretation and use of the resultant data stores.

There has been relatively little work dealing with the organizational, political and scientific layering of data structures.  It is clear, though, that the assignation of an attribute to the world of discourse or of materiality is shifting, post hoc.  Information infrastructures such as databases should be read both discursively and materially; they are a site of political and ethical as well as technical work (cf Bowker and Star, 1999, Chapter 1); and that there can be no a priori attribution of a given question to the technical or the political realms. 

Practically, this means that it is a policy priority to pay attention to the work of building very large scale databases, or developing large-scale simulations.  It is no longer the case that knowledge held in a particular discipline is enough to carry out scientific work.  From the 1940s on (with the Manhattan project) one might say that large scale technoscience is inherently massively multidisciplinary.  However, scientists are not trained to share information across disciplinary divides.  And computer scientists cannot do the work of translating between disciplines.  Indeed, one of the major difficulties with developing new scientific infrastructures using computers is that the work that is interesting for the computer scientist is often very high-end: involving, say, the latest object-oriented programming and visualization techniques.  However, the work that is important for the scientist might be theoretically uninteresting for the computer scientist: for example, producing good ways of updating obsolete databases.  There are two sides to the solution here.  One the one hand, career paths must be developed which are more in tune with the needs of technoscience.  This has worked successfully with the training of a cadre of bioinformaticians with the human genome project at the University of Washington.  This cadre knows both molecular biology and computer science – and has a possible career path outside of the confines of the traditional disciplinary structure.  On the other hand, we need to put the maintenance of the information infrastructure high on the agenda.  Many scientists will go for grants to get the latest equipment; few will concern themselves with upgrading old databases.  Huge amounts of data are being lost this way – data about the effects of human activity on this planet which is essential if we are to build a workable future.  Just as software re-use has become the clarion call of the latest revolution oin programming techniques, so should data-re-use become a clarion call within technoscience.

International Technoscience

There has been much hope expressed that in the developing world, the new information infrastructure will provide the potential for a narrowing of the knowledge gaps between countries.  Thus an effective global digital library would allow third world researchers access to the latest journals.  Distributed computing environments (such as the GRID, being developed in the United States) would permit supercomputer grade access to computing to scientists throughout the world.  The example of the use of cell-phone technology to provide a jump in technology in countries without landlines has opened the possibility of great leaps being made into the information future.  As powerful as these visions are, they need to be tempered with some real concerns.  The first is that an information infrastructure like the Internet functions like a Greek democracy of old – everyone who has access may be an equal citizen, but those without access are left further and further out of the picture.  Further, access is never really equal – the fastest connections and computers (needed for running the latest software) tend to be concentrated in the first world.  This point is frequently forgotten by those who hail the end of the ‘digital divide’ – they forget that this divide is in itself a moving target.  Thirdly, governments in the developing world have indicated real doubts about the usefulness of opening their data resources out onto the Internet.  Just as in the nineteenth century, the laissez-faire economics of free trade was advocated by developed countries with most to gain (because they had organizations in place ready to take advantage of emerging possibilities) so in our age, the greatest advocates of the free and open exchange of information are developed countries with robust computing infrastructures.  Some in developing countries see this as a second wave of colonialism – the first pillaged material resources and the second will pillage information. All of these concerns can be met through the development of careful information policies. There is a continuing urgent need to develop such policies.

International electronic communication holds out the apparent promise of breaking down a first world/third world divide in science.  With develops like the remote manipulation of scientific equipment (see U Mich's UARC - upper atmospheric research collaboratory - project, where scientists on the internet can manipulate devices in the Arctic Circle without having to go there.  The possibility of attending international conferences virtually is also being held out.  And if universities succeed in wresting control over scientific publications from the huge publishing houses (a very open question) then easy/cheap access to the latest scientific articles becomes possible for  a researcher in outback Australia... .   At the same time, there are a number of forces working to reinforce the traditional center/periphery divide in science internationally.  Even with the move to open up access to scientific publications and equipment, there is no guarantee that the ‘invisible colleges’ - which operate informally and determine who gets invited to which conference and so forth – will change: indeed the evidence seems to be to the contrary.  Further, at the current state of technological development there is a signficant gap between information access in different regions of any given country, or different parts of the world.  Consider the analogy of the telephone.  In principle anyone can phone anywhere in the world; in practice some regions have more or less reliable phone services, which may or may not include access to digital resources over phone lines. 

We can go beyond the continuing digital divide, however, to consider the possibility of mounting very large scale scientific data collection efforts.  Such efforts are central to the social sciences, and to the sciences of ecology and biodiversity.  With the development of handheld computing devices, it is becoming possible for a semi-skilled scientific worker with a minimum of training to go into the field and bring back significant results.  Thus in  Costa Rica, the ongoing attempt to catalog botanical species richness is being carried out largely by ‘parataxonomists’ who are provided with enough skills in using interactive keys (which help in plant recognition) to carry out their work almost as effectively as a fully trained systematist.   Computer-assisted workers together with the deployment of remote sensing devices whose inputs can be treated automatically hold out the possibility of scaling up the processes of scientific research so that they are truly global in scale and scope.

See also:  http://dataaccess.ucsd.edu for an OECD working group report on sharing Scientific data
