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Abstract
Scientific research in developing countries has always suffered from a lack of access to information in scientific journals because subscriptions are expensive, resulting in very poor provision for the majority of research institutions in the developing world. Open Access can resolve this, by providing developed-world research at no cost. It also resolves the other major problem for developing countries, which is to disseminate the results of their own scientific efforts effectively to the developed world. It provides the visibility and concomitant increase in impact that scientists all want for their work. Open access can be achieved by publication in Open Access journals, of which there are currently around 3500, or by the development of institutional collections of published outputs which are made openly available over the Web. 
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The problems of developing world research 

Research activity, and access to the results of that activity, has always been construed as a global endeavour – a human struggle to create better lives for us all. And yet this is not the reality. In the real world research is a fragmented, piecemeal activity. Centres of excellence will always, by their very nature, be distributed and elite, and they should be beacons that help to guide and illuminate the work of others. But the vast bulk of scientific and technological research is executed outside these centres, in groups and organisations scattered across the globe, experiencing huge inequities between them in terms of resourcing and enabling. 

The biggest inequity of all is exemplified by the so-called ‘10/90 gap’ (Ramsay, 2001). This refers to the fact that 90% of the research effort on health-related problems goes on the 10% of diseases prevalent in developed countries, while the remaining 90% of health problems are borne by the developing world and receive only 10% of the research attention.  More research – and better research – is needed to mitigate this. 

It is not just health research that suffers, of course. Right across scientific and technological disciplines the story is the same – researchers in developing countries experience huge difficulties. Resourcing in terms of laboratory space and equipment, and in terms of recurrent research budgets for consumables and personnel, is a perennial issue. But there is another problematic element of the research process that has always acted as a brake on research progress in the developing world. It is the process of communicating with fellow researchers in the developed world – those whose new techniques or approaches might be key to unlocking the solutions to the research questions their colleagues in the developing world face. Research progress does not occur in isolation: it happens by building upon the foundations laid by previous advances – as Newton put it, ‘standing on the shoulders of giants’. For developing world research it is in the communication of those advances that the major fault line lies. But the solution is at hand, delivered by the World Wide Web. All that is needed now is the adoption of some simple new practices by the world’s scientists and technologists.

Research communication

The traditional model for communicating research has been to publish findings in the form of journal articles or books. In the age of print-on-paper, indeed, this was the only way to ensure that findings could be accessed and the scholarly record curated and preserved. The earliest scientific journals, first published almost simultaneously in London and Paris in 1665, were the Philosophical Transactions of the Royal Society and the Journal des Scavans. In ensuing centuries, the number of journals grew steadily – and then rather faster in the latter half of the twentieth century – to give the present total, which is around 24,000 journals publishing approximately 1.6 million articles each year (Research Information Network, 2008).  The vast majority of these operate on the traditional model of charging customers for subscriptions: that is, the publishers’ business model is based on access-restriction (a ‘toll-access’ model). 

Universities and research institute libraries pay for subscriptions to the journals that their users require, or at least that is the idea. In practice, this has not worked well over the last few decades for two main reasons. First, the basic price of these subscriptions is high, particularly so in science and technology. Annual subscriptions to journals in the arts and humanities can usually be purchased for a few tens or hundreds of US dollars. In the sciences, journal subscription prices are an order of magnitude greater: an annual subscription to one of the most prestigious chemistry journals, Tetrahedron, for example, currently costs a whisker under USD 18,000
. 

Second, prices not only started high but have risen very quickly over the last three decades. Figure 1 shows the level of spending on journals and books by US research libraries over two decades. Note that the number of journal subscriptions has remained generally constant over most of that period but the cost has risen hugely compared to the Consumer Price Index (the CPI, which is also plotted on the chart). The CPI rose by 78% over the period, whereas the cost of journal subscriptions rose by four times that amount. In fact, extending this period of analysis to the last thirty years, journal prices have risen by over 6 times the US inflation rate and over two-and-one-half times the rate of increase of US healthcare. 
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Figure 1:  Spending on books and journals in US research institution libraries

Source: Association of Research Libraries

Of course, this has had an effect. Libraries, unable to secure increased budgets sufficient to cover these increased costs, have cut back on the number of journals to which they subscribe. As a result, publishers have raised prices to maintain their revenue levels and libraries have responded by cutting further. This downward spiral is the so-called ‘serials crisis’ that has hit libraries across the whole world over two or three decades. For a time it looked as though it would continue on a self-destructive path ad infinitum. But then came a serendipitous event – the World Wide Web was born, and suddenly a new future was possible.

Third, copyright – a concept originally introduced to protect creators from having their work plagiarised and exploited by others – has become a tool used by publishers to protect their own interests, against the interests of the authors and creators of scientific works. Thus we arrived at a situation where researchers find themselves being charged a fee to use research articles in course packs for students and having to go through the (sometimes prolonged) permissions procedures of publishers to re-use their own data, such as charts and diagrams, in other publications they author.  The issue of how far copyright regulation should be applied within the academy is a topic for extensive discussion at the moment because there is no doubt that in some circumstances at least it is hampering scholarship (Swan, 2008).


The situation that the Web can now correct is one where even the richest university libraries cannot buy access to all the journals their patrons need. Even Harvard’s library struggles to afford the publications that Harvard scholars ask to have on the shelves. In the developing world, the situation is, frankly, dire. A World Health Organization survey carried out in the year 2000 found that researchers in developing countries rank access to subscription-based journals as one of their most pressing problems. To put this in context, the same survey found that in countries where the per capita income is less than USD1000 per annum 56% of research institutions had no current subscriptions to international journals, nor had for the previous 5 years. 


The WHO has tried to address this problem by developing donor access programmes with some of the larger scientific publishers. The two that are longest-established are the HINARI (Health InterNetwork Access to Research Initiative) and AGORA (Access to Global online Research in Agriculture), both with take-up in 108 countries at present. 

Under the HINARI programme 5000 journals are distributed free or at low cost to research institutions; the AGORA programme distributes 1275 journals. In countries with a per capita GDP of less than 1000 USD journals are distributed free at publishers’ discretion.  In countries with a per capita GDP of 1000-3000 USD the price is 1000 USD per annum. While these initiatives are undoubtedly helpful to the institutions that can benefit, there are reservations abut their overall benefit: the tight limitations on GDP mean that many emerging nations are excluded, as are countries where publishers already have sales offices. Thus Brazil, India, China and Indonesia do not qualify for these programmes.

The solution: Open Access

Open Access is the free online availability of peer-reviewed research articles. It has only been made possible b the World Wide Web, since there is no sustainable model for distributing articles free to anyone who wants them in print. Nonetheless, now that the Web is here, scientists can make sure their work is freely available to anyone who can benefit from using it. This means other scientists in the field, wherever they might be, alongside researchers who may work on related or even unrelated topics but who may find a use for the material, plus independent researchers and the lay public where there is an interest in the outputs. 

There are benefits to the users of such material, of course: they can access and use it without having to find the money for a journal subscription or to pay for the article individually.  But there are also huge benefits to the author(s) of Open Access articles and their institutions. The benefits lie in the greatly enhanced visibility that Open Access gives the work and the extra impact that the work can gain as a result.
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Figure 2: Increase in citation impact for open Access articles compared to toll-access articles

Figure 2 shows the additional impact, in the form of citations, that Open Access articles can earn compared to those that remain behind a toll (subscription) barrier (Brody & Harnad, 2004).  Citations were compared for articles within the same issue of the same journal – some had been made Open Access by being placed in an institutional repository and others had not and therefore remained accessible only through a subscription. The levels of increase of citations vary from discipline to discipline but in all disciplines studied there is an effect. For a scientist intent upon giving his or her work the widest possible dissemination and gaining as much recognition for it as possible, Open Access is the way to go. The visibility comes from having Open Access vehicles – Open Access journals and institutional research repositories (see below) – indexed by Google, Google Scholar and other web search engines. The recognition and impact come from the fact that these search engines point right at the scientist’s full-text articles on the potential readers’ desktops. There is no frustration at locating and article and coming up against a subscription barrier or being required to pay $30 to download the article from the publisher’s website.  

There are two main ways to make work Open Access. One is to publish articles in Open Access journals and the other is to deposit articles in Open Access research repositories.

Open Access journals

Open Access journals are free to use online. There are over 3500 Open Access journals currently in publication and an up-to-date listing is maintained by the library of the University of Lund in Sweden
.  To enable free access Open Access journals must cover the cost of managing the peer review process without levying subscription charges. Some of them charge an article-processing fee (APC) at the front end; that is from authors. In practice, it is usually the author’s research funder who pays this. More than half of the total number of Open Access journals do not charge such a fee, however: they cover their costs by other means – sponsorship, advertising or by having an editorial team that works voluntarily to produce the journal. Some produce print versions and sell subscriptions to those while offering the online version free.  However the costs are covered, the principle of free-to-use online is maintained.

There are some particular Open Access journal initiatives that have been created to help the developing world’s researchers disseminate their articles effectively to the rest of the globe. One is Bioline International
, a service sponsored by the University of Toronto in Canada. This has a collection of around 60 journals publishing mainly work by Latin American scientists.  The other is Scielo (Scientific Electronic Library Online)
, which has a collection of around 200 journals, also from Latin America.  Both services have seen greatly increasing levels of usage. Figure 3 shows the usage of Bioline International over the time it has been in existence. Accesses of both abstracts and the full-texts of articles have increased rapidly of late, but the popularity of the full-texts – and around 3.5 million were downloaded in 2007 – shows what demand there really is for scientific articles if they can be made available without cost. 
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Figure 3: Usage of Bioline International. The y-axis gives the number of downloads of articles or abstracts

The same sort of pattern has been seen for Scielo (Figure 4) where downloads of articles from the 200 journals in the collection have numbered up to 10 million per month in 2008.  
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Figure 4. Use of Scielo. The y-axis gives the number of article downloads

Open Access repositories

These are repositories – electronic collections of articles – normally established by research institutions (universities and research institutes) to collect together, disseminate and preserve the research outputs of the institution.  They are usually set up and maintained by the institution’s library. The important thing is that Open Access repositories are interoperable. This means that they adhere to a global standard in the way they structure and expose their content, so that all repositories can be indexed by web search engines such as Google and Google Scholar, forming in effect a free database of worldwide research. 

Articles are deposited by authors when they are ready for publication, once all the corrections and modifications recommended by the reviewers have been incorporated. This is the author’s ‘final version’. Most publishers permit this practice, though some require an embargo period before the article may be opened up to the world. This is to protect the publisher’s revenue gained from selling subscriptions. Publisher policies can be checked for each journal by consulting the SHERPA RoMEO
 service or the EPrints RoMEO
 database. 

Embargoes hinder scientific progress, but there is a way to work with embargoes whilst not compromising the principle of Open Access, which is that research outputs become available free immediately they are ready for publication. This is achieved by the author depositing the final version of his/her article in the repository when it is ready to submit in final form to the publisher but at this stage to use a facility in the repository software that ‘hides’ the full-text of the article for the period of the required embargo. At the end of the embargo period, the full-text is opened. The main types of repository software automate this process so that the author does not have to remember to go back at the end of the embargo period and ‘open’ up the full-text. Meanwhile, during the embargo period, the software does expose the metadata openly: the metadata include the author names, title and abstract of the article, the journal that is publishing it and keywords (if provided by the author). So, during this period, potential readers can at least find the article because Google and other web search engines are indexing it. Then they can make use of another facility in the software – the ‘e-print request button’. This sends an automatic email to the author asking for a copy of the article to be emailed. Most authors are delighted to comply because this request signals interest in their article and the promise of future impact.

Open Access policies

Because of the importance of Open Access and its significance in enhancing the effectiveness of scientific progress, research funders, governments and university leaders are now introducing policies to guarantee that the work they fund or oversee is made Open Access. The evidence shows that policies by themselves, however helpful they may be in raising awareness of the issues and problems of scholarly communication, do not deliver Open Access properly.  Policies must be mandatory: busy researchers, given an option of making their work Open Access but not required to do it, will not bother, despite understanding that it has the promise of bringing their greater visibility and impact. There are other calls on their time and other things take priority.

Determined research funders and managers, then, are introducing mandatory policies that require authors to comply. In these cases, the requirement cannot, for obvious reasons, be that an author publishes in an Open Access journal.  There may be costs involved that the author cannot meet, or s/he may not find an Open Access journal that is appropriate to their needs. Requirements therefore hinge upon the use of repositories. Funders and university leaders are therefore beginning to require their grant-holders or employees to deposit copies of their articles, published in the journal that they choose, in their institutional repository or similar Open Access location. Over the last two or three years, such mandatory policies have emanated from universities around the world and from big research funders such as the National Institutes of Health in the US, six of the seven research councils in the UK, the European Research Council, the Australian Research Council and Medical Research Council, the Canadian Institutes of Health and the Canadian Research Council, and many other research funders. The growing list of policies can be found in the Registry of Open Access Material Archiving Policies service maintained by the EPrints service at the University of Southampton
.

In an article on scientific publishing and sustainable development written in 2007, Kirsop, Arunachalam and Chan (2007) produced a list of five ‘sustainable development indicators’ against which systems of scientific communication should be assessed. The authors describe these five indicators as follows: 

· Relevance: the relevance of individual articles to specific research projects depends on a number of factors including discipline, timeliness and quality and is determined by the researcher's own needs and experience. The volume of material available directly affects the ability of researchers to access relevant material
· Accessibility and ease of use
· Affordability 

· Usage: the extent to which a service is used is a clear indication of its potential impact on sustainable development. If the service is appropriate, easy to use and cost free, then benefits will follow
· Capacity building and permanence: the increased availability of research publications necessarily strengthens the research and educational capacity of developing countries, it follows that any limitations on the selection of material available and barriers to access lead to reduced scientific progress and continuing dependence. In general, it is the international user-driven solutions to knowledge access problems that are most likely to strengthen research capacity and, as the new procedures for exchange of research information are incorporated into researchers' working practices, equality of access to essential information will be achieved
Kirsop, Arunachalam and Chan compared the traditional system of communication – publishing in subscription-based journals – with Open Access and concluded that Open Access was by far the most efficacious system for enabling the true global communication of science.  The outcome for an Open Access scientific world will be, at last, a truly global scientific endeavour, where scientific information moves in all directions, north-south, south-north and south -south, as well as the north-north pattern that has characterised the bulk of science communications so far. Then we will see science in the developing world shift up a gear, new collaborations and interactions, and a real shift in the progress of science, to the betterment of all societies.
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ž“Assimilation of scientific and technological information is an essential precondition for progress in developing countries.”       


UNESCO, 1982








Health is a “prerequisite for security, economic growth, and sustainable futures”  


David Nabarro, WHO








“If I have seen further, it is by standing on the shoulders of giants.”


Isaac Newton, 1676





ž”An [Indian] researcher is often unaware of the latest trends in science because hardly 10 percent of our libraries get the top journals.”                                     A.S.Paintal, former Director General                                    Indian Council for Medical Research








ž”Health workers in the developing world are being “starved of the information that is the lifeblood of effective healthcare.”             


Neil Pakenham-Walsh, Coordinator                                     Global Healthcare Information Network
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