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ABSTRACT: We analyzed the  effect of providing “Open Access” (OA; free online access) to research articles on their “citation impact” (how often they are cited). Using a subset of the ISI CD-ROM database from 1992 – 2003, we compared, within each journal and year,  articles to which their authors had (OA) or had not (NOA) provided open access by self-archiving them on the web. The number of OA and NOA articles and their respective citation counts were calculated within biology, business, psychology and sociology journaks. The percentage of OA articles varied from 5-20% (mean and median,12%). The citation counts (OA-NOA/NOA) showed a consistent OA advantage (mean 96%, median 73%) for all four fields and 28 subspecialties tested, varying from 25% to over 250%. An OA impact advantage has already been reported in the physical sciences and engineering (physics, computer science), but there was uncertainty about whether the same thing happens in other disciplines. Our data now show that both the biological and the social sciences show the OA advantage, and are hence likewise losing substantial amounts of potential impact for the 80-95% of their articles that are not yet self-archived. These results confirm that a mandatory self-archiving policy on the part of research institutions and funders would greatly enhance the impact of research results in all disciplines. 
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Introduction

For over a decade now there has been a growing movement advocating free online access (“Open Access,” OA) to peer-reviewed journal articles (Okerson & O’Donnell 1995; Poynder 2004). More recently, research funders and research institutions in several countries have been proposing official policies to actively encourage or even require  their fundees and employees to self-archive their research output in order to make it freely accessible online to all potential users, rather than leave them accessible only to those who can afford the journals in which they happen to be published (PLoS 2000; BOAI 2001;  Berlin Declaration 2003; UK Select Committee 2004; NIH 2004; Wellcome Trust 2004; RCUK 2005; CERN 2005)

What makes OA so important is its potential effect on the visibility, usage and impact of research. The careers and funding of researchers depend on the uptake of their findings – as does the progress of research itself. Access being a necessary (though not a sufficient) precondition for impact, one would expect increasing access to increase impact on logical grounds alone.  But logic is not sufficient to persuade researchers to provide OA to their findings. Objective evidence is hence beginning to be systematically gathered on the effect of OA on the number of times an article is cited. Lawrence (2001) has reported that in Computer Science – the discipline that created the online medium – articles that are freely available online are cited three times as much as those that are not. This finding has since been extended to articles in the disciplines that have been systematically self-archiving almost as long as computer scientists: Physics and Mathematics (Youngen, 1998; Kurtz et al. 2004; Harnad et al. 2004). 

Doubts continue to be expressed, however,  that the OA citation advantage goes beyond the so-called ‘hard sciences’. We have accordingly launched an extensive cross-disciplinary study to test the generality of the OA advantage. We report here that across four very different disciplines (Biology, Business, Psychology and Sociology) we consistently find that OA increases citation counts between 25% and 250+%. Our data cover 1177 journals and 993166 articles over a twelve-year period (1992-2003). Even in the social sciences, where self-archiving is far less of a tradition, the effect of OA on citations is always positive.
Methodology 

We selected all the articles published in peer-reviewed journals covered by the CD-ROM version of the SCI and SSCI produced by Thomson Scientific, in the four chosen disciplines over the period 1992-2003. We then used the reference metadata to systematically determine how many of the articles had their full text openly accessible on the web.  This yielded the percentage of OA articles within each journal and year. To trawl for the OA versions of articles on the web, we used a robot that (1) takes the reference information for an article
, queries a number of search engines
, and when it finds a match, (2) applies an algorithm estimating whether it is indeed an OA full-text of that reference (rather than just another article that is citing it, or no full-text article at all), (3) counts the number of OA and NOA (NOA) articles for each journal and year,  

The next step was to obtain the number of citations of each OA and NOA article and calculate the OA/NOA citations ratios. The ratios are first calculated separately within each journal/year and then aggregated to obtain totals and averages by discipline, subfield, year and country (based on the address of the author(s) of the article; an article may have authors from more than one country). The robot counts the number of times OA and NOA articles are present in the references cited by any (citing) source item in SCI and SSCI
. 

With these data sets for each article selected (OA vs. NOA  and citations of OA vs. NOA articles), we can calculate the % of the OA citation-advantage over NOA. 
Results

We analyzed about one million articles in about 1000 journals.
 Table 1 shows the results by discipline and subfield
 between 1992 and 2003. The two main results are: (1) the percentage of OA articles ranges from 5% - 20% depending on discipline, specialty and year;  (2) in all four disciplines and all 28 subfields analyzed, the OA articles have a citation advantage  ranging from 25% - 250%.
Table 1

	Discipline
	Subfield
	Number of journals
	Number of articles 
	Number of OA articles
	Average

Percentage

 of OA

Articles*
	Average  OA/NOA

Percentage 

Advantage

	Biology
	Agriculture & Food Science
	121
	127822
	17714


	13%
	+27%

	
	Botany
	135
	149376
	22798
	14%
	+28%

	
	Dairy & Animal Science
	32
	32210
	4588
	12%
	+46%

	
	Ecology
	54
	51104
	11271
	21%
	+26%

	
	Entomology
	45
	33478
	3517
	12%
	+33%

	
	General Biology
	33
	110129
	11323
	18%
	+90%

	
	General Zoology
	47
	27714
	3958
	12%
	+16%

	
	Marine Biology & Hydrobiology
	71
	67639
	8841
	12%
	+12%

	
	Miscellaneous Biology
	28
	14532
	3250
	21%
	+46%

	
	Miscellaneous Zoology
	35
	19406
	3784
	17%
	+33%



	 Biology
	
	601
	633410
	91044 
	15%
	+36%

	Business
	Business
	35
	30768
	2353
	9%
	+76%

	Psychology 
	Psychoanalysis
	5
	3410
	99
	3%
	+358%

	
	Psychology, Mathematical
	6
	3807
	357
	11%
	+85%

	
	Psychology, Social
	28
	17513
	1027
	6%
	+74

	
	Psychology
	105
	76858
	3611
	6%
	+124%

	
	Psychology, Experimental
	43
	30406
	2952
	13%
	+73%

	
	Psychology, Applied
	35
	15903
	1039
	7%
	+124%

	
	Psychology, Biological
	4
	9502
	444
	5%
	+51%

	
	Psychology, Clinical
	55
	28755
	1330
	5%
	+58%

	
	Psychology, Developmental
	36
	16983
	1049
	5%
	+46%

	
	Psychology, Educational
	26
	9489
	374
	4%
	+83%

	Psychology
	
	343
	212626
	12282
	7%
	+108%

	Sociology
	Anthropology
	37
	32912
	3365
	14%
	+222%

	
	Demography
	14
	6373
	1319
	26%
	+122%

	
	Ethnology
	4
	2084
	153
	10%
	+391%

	
	Family Studies
	19
	7986
	1575
	20%
	+82%

	
	Women's Studies
	16
	8599
	946
	12%
	+85%

	
	Sociology
	79
	48438
	6682
	16%
	+232%

	
	Social Work
	29
	11517
	1860
	17%
	+64%

	Sociology
	
	198
	117909
	15900
	16%
	+172%

	Total
	1177
	993166
	122547
	
	

	Average
	
	
	
	12%
	+94%


*The average is calculated on the total number of journals.

** Journals with 100% or 0% OA articles are excluded from the calculations. 

Despite strong year-to-year variation (due in part to small numbers) in the size of the OA advantage for each discipline, an advantage is clearly there throughout. There is no correlation between year and the size of the OA advantage, though as mentioned below, there is a significant positive correlation between the year and the percentage of OA articles indicating that self-archiving is increasing. 

In the CD-Rom edition of the Thomson Scientific database used in this research  almost 60% of the articles across the period 1992-2003 have no citations at all; this is partly because there has been less time to accumulate  citations  as we get closer to the present time
, with the citation window getting smaller for the more recent articles.  About 30% of our sample articles were cited between 1 and 5 times, and very few more than 30 times. Lawrence (2001) had already reported that in Computer Science, the more highly cited conference papers (but, notably, also the more recent ones) were more likely to be freely available online. An analysis of the distribution of OA articles at different citation levels shows that there are of course OA articles at all citation levels, but we do find more of them in the highly cited end of the distribution than we do for NOA articles.  Averaged across all the disciplines and years, 56% of NOA articles are uncited and 33% have 1-5 citations, compared to 49% OA articles being uncited and 37% having between 1 and 5 citations, compared to 49% OA articles being uncited and 37% having between 1 and 5 citations. (Figure 1)

Figure 1: Ratio of (%OA / % NOA) – 1 as a function of citations.
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It is not possible to test causality from these data, but it is likely that the causal arrow goes in both directions: The increased accessibility and usage of OA articles increases the number of times they are cited, but higher-quality articles (which also tend to be more highly cited; Lee et al. 2002) also tend to be more self-archived
. Lawrence (2001) has reported that in Computer Science more recent articles are more likely to be self-archived. Our data (correlation between proportion of OA articles and year of publication) confirm this in Psychology (R2=0.94) and Business (R2=0.88) but not in Biology (R2=0.18)  and sociology (R2=-0.12). Swan & Brown (2005) report that the most prolific authors are more likely to self-archive. Recent papers on usage impact (download counts) have shown that earlier download counts predict citation counts 18 months later (Brody & Harnad 2005, Adams 2005, Bollen et al. 2005).
 

We also examined the OA advantage by country of authorship (based on the first author’s address) for the top 10 countries in terms of their total article output in Biology and Sociology. No country yet seems substantially ahead in terms of either percentage of self-archiving or size of OA citation impact advantage. 

Table 3: Proportion of OA and Impact Advantage by Country in Biology (the order is made by the number of articles published by the countries in Sociology between 1992-2003).

	Country
	Number of articles
	%OA
	% Impact Advantage

	USA
	248753
	16
	45

	JAPAN
	43345
	9
	30

	CANADA
	40553
	16
	30

	ENGLAND
	34002
	18
	21

	GERMANY
	32737
	13
	24

	AUSTRALIA
	28092
	14
	19

	FRANCE
	25401
	12
	32

	SPAIN
	19698
	9
	15

	NETHERLANDS
	14047
	13
	23

	ITALY
	12954
	11
	31


Table 4: Proportion of OA and Impact Advantage by Country in Sociology (the order is made by the number of articles published by the countries in Sociology between 1992-2003).

	Country
	Number of articles
	%OA
	% Impact Advantage

	USA
	65528
	16
	117

	ENGLAND
	11911
	13
	121

	CANADA
	5285
	15
	50

	FRANCE
	4246
	10
	294

	AUSTRALIA
	3621
	16
	114

	GERMANY
	2874
	13
	249

	RUSSIA
	2419
	35
	-12

	JAPAN
	2136
	13
	167

	INDIA
	1709
	16
	25

	NETHERLANDS
	1456
	17
	37


Conclusions

We have shown that over the past 12 years 5% - 20% of articles across four disciplines have increased their research impact by 25% -  250% through OA self-archiving. The inescapable conclusion from this is that the vast majority (between 80% and 95%) of authors have lost the same amount of research impact during that period and continue to lose it by not providing OA to their papers. These results have immediate policy implications as they confirm that to attain the objective of maximizing the impact of publicly funded research, granting councils around the world should mandate self-archiving, as the UK appears to be poised to do (RCUK 2005). 
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� The identification is based on: author-name(s), and  title of article. 


� The following search engines were used: Yahoo, Metacrawler, Vivissimo, Eo, Alltheweb and Altavista. The responses were sorted out  in order to take the pdf and post-script files first, remove duplicate URLs, convert files (pdf, post-script, latex, html,  xml, and word) into text format, parse the files in order to test whether they are the full text of the article (presence of the title and name of first author in the first 20% part of the text, presence of the references section in the last 20% part of the text. If the robot finds the title but not the full text of the article, it follows the URLs in the file in order to find the full text of the article and continue its work. We tested the accuracy of the results given by the robot by sampling 100 articles called OA by the robot and 100 articles called NOA. We then checked the results manually. The correct (OA full-text/ the false OA full text) hit rate for the sample was 93% and the false alarm rate (calling correct NOA full text / false NOA full-text) was 17% , the d’ =2,44 and ß= 0,52. 


� For each article the identification is based on the first author, the first and last page, the volume of the journal, and the abbreviated name of the journal


� Journals all of whose articles are OA (i.e OA journals) – as well as journals none of whose articles are OA – are automatically eliminated from both the OA articles counts and the citations counts. Note also that the sample contains mostly English-language journals (93%) and articles (96%). 


� We use the classification scheme developed  by CHI Research  and adapted by OST for the case of social sciences. This assigns each journal to one unique field (the best/closest one) whereas the Thomson Scientific scheme assigns journals to multiple fields.


� For example, articles published in 1992 could be cited over the period 1993-2002 whereas those published in 2002 could hardly be cited at all given the time it takes to write and publish articles.


� This is a self-selection bias. It will disappear as the %OA rises; and at 100% OA of course the competitive OA/NOA citation advantage will be gone too. But the quality advantage  will still be there, with articles competing on a level playing field based only on their relative merits,  no longer biased by the affordability/accessibility of the journal in which they happen to appear. There are also indications that whereas reference lists will not become longer at 100% OA (i.e., authors will not cite more references), there will still be a citation advantage for work that is reported and made OA earlier; as well as a three-fold usage (download) increase (Kurtz et al. 2004)


� As it is extremely difficult to uniquely identify authors from the ISI database (because of homogaphs), we could only do article-based analyses, rather than author-based ones. 
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