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Cross-sectional  studies  typically  find  positive  correlations  between  free  availability  of scientific  articles
(‘open access’)  and  citations.  Using  a number  of instruments  as  plausible  sources  of  exogeneous  variation,
we find  no  evidence  for  a  causal  effect  of  open  access  on  citations.  We  provide  theory  and  evidence
suggesting  that authors  of  higher  quality  papers  are  more  likely  to  choose  open  access  in hybrid  journals
which  offer  an  open  access  option.  Self-selection  mechanisms  may  thus  explain  the  discrepancy  between
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the  positive  correlation  found  in  Eysenbach  (2006)  and  other  cross-sectional  studies  and  the  absence  of
such correlation  in  the  field  experiment  of  Davis  et al.  (2008).

© 2011 Elsevier B.V. All rights reserved.
elf-selection

. Introduction

The dominant business model in scientific publishing is ‘reader
ays’, i.e. university libraries pay for academic journals through
ubscriptions. However, scientific articles are increasingly avail-
ble for free (‘open access’) under different modalities. Three factors
ave facilitated the emergence of open access: sharp decreases in
issemination costs with the advent of electronic publishing, grow-

ng expectations that the results of publicly funded research should
e freely available and increased strains on library budgets associ-

ted with substantial increases in journal prices (McCabe, 2002;
ewatripont et al., 2006).
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orkshop, the University of Munich, Bocconi University, the AEA 2010 conference
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The most visible form of open access has been the creation of
journals that are free for readers and financed through fees levied
on authors upon submission. The journals of the Public Library of
Science and its flagship journals, PLoS Biology and PLoS Medicine, are
perhaps the most notable examples but the directory of open access
journals currently lists more than 3000 entries. Despite concerns
that open access journals may  be of lower quality (Jeon and Rochet.,
2007; McCabe and Snyder, 2006), some have established them-
selves as prestigious outlets. For instance, the open access journal
PLoS Pathogens has an impact factor above nine and is the leading
journal in the field of parasitology.

Separately, publishers are increasingly offering authors the pos-
sibility to buy open access to their articles in subscription-based
journals. Initially pioneered by a number of not-for-profit pub-
lishers, open access options are now offered by almost all major
publishers.2

Free online availability can also result from authors posting

versions of their papers on their websites or in institutional reposi-
tories. This type of open access has become increasingly important
with the adoption of institutional mandates. For instance, the pub-

2 The Entomological Society of America and the American Society of Limnology
and Oceanography were among the first to sell optional open access, beginning in
2001 (Walker, 2004). The Company of Biologists offers an open access option in its
journals Development, Journal of Cell Science, Journal of Experimental Biology since
January 2004. Proceedings of the National Academy of Science started to offer an open
access option in May 2004. The major publishers have followed, although not for
all  their journals: Elsevier (‘Sponsored articles’), Springer (‘Open Choice’), Black-
well (‘Online Open’), Taylor & Francis (‘iOpen Access’), John Wiley & Sons (‘Funded
Access’), Oxford University Press (‘Oxford open’).

dx.doi.org/10.1016/j.respol.2011.05.025
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ic access policy of the National Institutes of Health (NIH) requires
uthors of research funded by NIH to make their papers available
or free to the public on PubMed Central no later than 12 months
fter publication.

The emergence of open access raises an important and interest-
ng question. Do articles that are freely available get more widely
iffused as a result? Using citations as a proxy for diffusion, many
ross-sectional studies have found a positive correlation between
pen access and citations. The seminal contribution is Lawrence
2001) who finds that computer science conference articles that
ere openly accessible on the Web  were cited more often than

hose that were not (+150%). Studies that find an open access cita-
ion advantage by comparing sample means include Walker (2004);
ntelman (2004); Harnad and Brody (2004),  and Norris et al. (2008).

 number of papers have investigated the effect on citations of
epositing a (free) preprint on arXiv, an archive of working papers

n mathematics and physics (Schwarz and Kennicutt, 2004; Kurtz
t al., 2005; Metcalfe, 2005; Moed, 2007; Davis and Fromerth,
007). While papers deposited on arXiv get cited more, the inter-
retation is disputed with the more recent studies attributing
his effect to quality differentials or earlier availability. Evans and
eimer (2009) follow a different approach by comparing citations
efore and after scientific publications become freely available and
nd a small effect of open access (around 8%). This study has been
riticized by McCabe and Snyder (2011) for failing to take into
ccount time trends in citations.

Perhaps the most influential cross-sectional study is Eysenbach
2006) who compares the citation rates between open access and
on-open access articles published in the second half of 2004 in Pro-
eedings of the National Academy of Sciences (PNAS), a journal that
ffers an open access option for a fee. The strength of his approach
s that he is able to control for important observables that might
ffect both the choice of open access and citations. Controlling for
umber of authors, authors’ lifetime publication count and impact,
ubmission track, country of corresponding author, funding organi-
ation, and discipline, he finds that open access articles were twice
ore likely to be cited in the first 4–10 months after publication.
avis (2009) reports a small but significant open access advantage

or both PNAS and a number of other journals that offer an open
ccess option.

Doubts about whether a positive correlation between open
ccess and citations could be interpreted as a causal effect have long
xisted. However, such doubts acquired particular salience with
ecent field experimental evidence from Davis et al. (2008).  This
tudy found no differences in citations between papers randomly
ssigned to open access and control papers after one year (nor after
hree years, as shown in the follow-up study (Davis, 2011)). How-
ver, the external validity of this study is limited by the fact that
he sample of journals participating in the study may  not be repre-
entative of the underlying population of journals. Another issue in
nterpreting these field-experimental results is that potential read-
rs did not know that they could obtain the full-text for free, unless
hey browsed the journal website, or explicitly searched for the
rticle.

In this paper, we attempt to reconcile the field experimental
vidence of Davis et al. (2008) with the results of cross-sectional
tudies, and in particular Eysenbach (2006).  We  first show explic-

tly in a simple model why comparisons of means for articles from

 hybrid journal might lead to upward biased estimates of open
ccess. A larger readership is especially valuable for the authors3

3 As researchers care about the visibility of their work, they may  be willing to pay
o  ensure that their work receives a larger number of citations. Indeed the present
alue of a single additional citation for a 35-year-old physicist’s work was estimated
o  exceed 3000 current dollars (Diamond, 1986).
licy 40 (2011) 1332– 1338 1333

if the paper is of high quality: for a given increase in the number
of readers, a higher quality paper will receive more additional cita-
tions than a lower quality paper. Thus, open access is relatively
more attractive to authors of high quality papers and thus open
access papers tend to be of higher quality on average. Consequently,
regressions of the number of citations on open access capture both
a diffusion effect and a self-selection effect.

Empirically, we  analyze a sample of 4388 biology papers pub-
lished between May  2004 and March 2006 by Proceedings of the
National Academy of Sciences (PNAS) an important, high-volume
scientific journal which started to offer an open access option to
authors in May  2004 for a USD 1000 fee.

In this journal, open access papers receive significantly more
citations after controlling for observables, as found in Eysenbach
(2006) who favored a diffusion (causal) interpretation. After repli-
cating this cross-sectional correlation using a broader sample, we
extend the analysis in multiple ways and reach opposite con-
clusions. We  first find empirical evidence of self-selection using
an original measure of article quality, i.e. the ratings from F1000
biology, a website where biology professors evaluate new papers
of interest. We  also implement an instrumental variable strategy
where our preferred instrument is a dummy  for publication of the
article in the last quarter of the fiscal year. The idea here is that aca-
demic departments may  have unused budgets that must be spent
before the end of the fiscal year (or the funds are lost). Thus, discre-
tionary spending on otherwise low-priority items such as paying
for optional open access fees is more likely to be observed towards
the end of the year, which is born out by our data. Using this instru-
ment, we  find that the coefficient of open access is insignificant and
dramatically reduced compared to the coefficient of a simple ordi-
nary least squares regression. Similar results are found with other
instruments (and combinations thereof): a change of publication
policy for NIH intramural researchers and a dummy  for Howard
Hughes Medical Institute investigators (who receive a special bud-
get to pay open access fees).

Our results cast serious doubts on the causal interpretation of
the open access advantage observed in Eysenbach (2006) and other
observational studies. Instead self-selection mechanisms explain at
least part of the open access citation advantage observed in such
studies. Although our point estimates suggest no causal effect of
open access at all, a quantitatively small causal effect cannot be
statistically ruled out.

The rest of the article is organized as follows. Section 2 intro-
duces a simple model of the open open access choice. Section 3
describes the data used in this paper. The econometric specifica-
tion and results are presented in Section 4. Section 5 provides more
additional evidence on self-selection versus diffusion as an expla-
nation of the open access citation advantage. Section 6 concludes.

2. A simple model

We formalize here the idea that open access is relatively more
attractive to authors of higher quality papers and its implications.
This is a model of the decision to buy open access after the paper is
accepted in a journal. Let qi be the quality of the article defined as
the probability of the article being cited conditional on the article
being read. qi is exogeneously given and heterogenous across arti-
cles. The number of citations N generated by an article of quality qi
is thus N(qi, n) = nqi where n is the number of readers. Authors value
citations as they help them secure peer recognition, jobs, promo-

tions and continued research funding (Stephan, 1996). However,
the present value of a citation may  vary across authors for instance
according to age and career stage. ıj is the (heterogeneous and
exogeneously given) present value of a citation.
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For instance, a citing article may  be submitted five months after
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Authors maximise the present value of the number of citations
enerated by an article minus the publication cost c:

A = ıjnqi − c (1)

uthors can choose to publish in open access (OA) or in restricted
ccess (RA). The publication cost for the author is cOA if he publishes
n open access and zero otherwise. The number of readers is nOA
f the article is published in open access and nRA otherwise, with
OA ≥ nRA. Utility maximisation thus involves resolving a tradeoff
etween the costs of publication and a larger readership. An author
ill choose to publish in open access if

nOA − nRA)ıjqi ≥ cOA (2)

The comparative statics are straightforward: a paper is more
ikely to be published in open access if the quality qi of the paper
s high, if the present value of a citation ıj is high, if the cost of
ublishing cOA in open access is low and if the increase in readership
ssociated with open access (nOA − nRA) is high.

The cost of purchasing open access is constant. However, the
enefit to the author increases with the quality of the paper. The

atter occurs because higher quality papers enjoy a larger increase
n citations for a given increase in readership. Thus, in equilibrium,
he average quality of open access papers is higher than that of
estricted access papers.

This has important implications empirically. What we really
ould like to know is the percentage increase in the number of cita-

ions for an article of a given quality. However, what we  observe is
he percentage difference of citations between open access papers
nd restricted access papers. Since being in open access is not ran-
omly assigned but is the outcome of a maximization process, the
bserved difference in citations is upward biased.

. Data

.1. The PNAS dataset

Our original dataset consists of 4388 articles published in the
cientific journal Proceedings of the National Academy of Sciences
PNAS) between May  2004 and March 2006.4 PNAS is an important
cientific journal which is second in reputation only to Nature,  Sci-
nce and Cell. It publishes a high volume of primary research papers
weekly issues with 60 papers per issue). Restricting the analysis to

 single important journal enables us to have a more homogeneous
ample and to focus on within-journal variability.

Upon acceptance of their papers, PNAS authors are offered the
ossibility to buy open access exchange for a USD 1000 fee. If they
ay the fee, the electronic version of the paper is available for free on
he journal website. If they choose not to buy open access, access is
estricted to subscribers for the first six months. In any case, readers
ased in developing countries have free and immediate access to
ll articles.

We focus on articles published in the area of biological sci-
nces which represents approximatively 90% of papers published in
NAS. An important point is that contrary to economics or physics,
irculation of pre-publication papers (working papers, preprints, ...)
s inexistent in biology where pre-publication would significantly

ecrease the chances of subsequent publication in an academic

ournal. Self-archiving by authors is also uncommon. To verify that,
e searched for full text versions of articles published in one issue

4 Our sample is larger than the original Eysenbach (2006) study and we observe
itations over a longer period. However, the main difference is that in our analysis
e  use instruments as sources of exogeneous variation and have additional control

ariables.
Fig. 1. Cumulative citations to PNAS articles.

of PNAS three months after its publication. Of the 43 articles pub-
lished in restricted access, we  were able to find only two  cases
where a full-text version was freely available elsewhere on the web.

For cited papers, we know from the website of the journal
whether the article was published in open access or not, the names
of the authors, the publication date, the subfield in which it was
published, the email address of the corresponding author, the sub-
mission track5 and whether the article was  featured on the cover
of the journal.

3.2. Citation data

Citation data were extracted from ISI Web  of Science which is
the standard bibliometric database and includes citations from over
7000 scientific journals. For citing papers, we know the time of
publication and the journal where they are published. We  use this
information to construct the cumulative number of citations after
various lengths of time.

Fig. 1 displays the mean and 95% confidence intervals of citations
accumulated over time for both open access and restricted access
papers. About 17% of our sample consists of open access papers. A
citation advantage of open access article is apparent from the raw
data.

For the rest of the paper we  focus on the number of citations
accumulated within two years as our dependent variable. We  chose
citations after two years for two  reasons. First, it is a very conven-
tional time window to observe citations, for instance the journal
impact factors calculated by ISI/Thompson are based upon cita-
tions after two years. Second, this was the maximal amount of time
for which we  could observe citations when the data was collected.
While the treatment (free availability versus restricted availability)
is limited to 6 months, its effect on citations might appear later.
The first reason for this is very mechanical; even though publica-
tion cycles are much shorter in biology than in economics, there is
nevertheless a potentially substantial lag between the time of first
submission (which we  do not observe) and the time of publication.
the publication of the cited article, spend 6 months in the referee-
ing process and wait another two  months to move from accepted

5 In additional to the usual submission track where authors submit manuscripts to
the editorial office, this journal has two special submission tracks. Academy mem-
bers can submit their own papers with two  referee reports to the editorial office
(track III). They can also communicate manuscripts from other authors that they
find interesting (track I).



P. Gaulé, N. Maystre / Research Policy 40 (2011) 1332– 1338 1335

Table  1
Descriptive statistics.

Open access (n = 723) Restricted access (n = 3665)

Mean S.D. Mean S.D.

Dependent variable (Y):
Citations after two  years 17.98 22.06 13.55 12.31

Control variables (X):
Last author productivity 0.28 0.36 0.26 0.33
Number of authors 4.38 1.03 6.05 3.72
Years  since 1st pub. of the last author 24.43 10.29 24.31 10.35
F1000  “grade” (*) 0.98 1.95 0.82 1.81
Broad  appeal 0.03 0.18 0.02 0.12
Last  author is a star 0.14 0.34 0.12 0.32
From the cover 0.09 0.29 0.07 0.26
Submission = Track II (standard submission) 0.36 0.48 0.5 0.5
Submission = Track III (academy members) 0.31 0.46 0.27 0.44
Private firms 0.06 0.24 0.02 0.15
National Institutes of Health (NIH) 0.05 0.21 0.04 0.19

Instruments (Z):
NIH – post reform 0.04 0.19 0.02 0.13
End  of fiscal year 0.21 0.41 0.16 0.37
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Howard Hughes Medical Institute (HHMI) 0.13 

*) Grades on F1000biology.com are clustered around 3 (“recommended”), 6 (“mus

tatus to actual publication. The second reason is initial citations
ay  accelerate subsequent citations (an indirect effect).6 Indeed, it

s a common theme in the economics and sociology of science that
mall initial advantages can be magnified over time.

.3. Controls

Last author characteristics:  We  focus on the last author because
n the natural and physical sciences, a robust social norm systemat-
cally assigns last authorship to the principal investigator (Azoulay
t al., 2006; Riesenberg and Lundberg, 1990). We  construct two
roxies to control for quality of the last author. First, we match the
ames of the last author with Medline data extracted using Publica-
ionHarvester (Azoulay et al., 2006). We  use these data to construct
he variable ‘Last author productivity’ which is defined as the num-
er of publications of the last author weighted by the impact factor
f the publishing journal and divided by the number of years since
s)he started publishing.7 Second, we construct a dummy  that takes
alue 1 if the last author is a star, i.e. if (s)he is appears on one of ISI
eb  of Science lists of 250 most cited researchers in various sub-

elds of biology. Finally, our regressions also include the number of
ears since the first publication as a proxy for age of the last author.

Article quality:  We  use a novel proxy for article quality which is
he evaluation given by biology professors on the website F1000
iology.8 Contributors to this website post short summaries of
ecently published papers together with an evaluation which can

e either ‘recommended’, ‘must read’ or ‘exceptional’. The contrib-
tors are university professors and experts in particular subfields
f biology. Around 19% of articles in our sample have received an
valuation on F1000: 12% appear as ‘recommended’, 6% as ‘must

6 We thank an anonymous referee for this remark.
7 One problem we  encountered is that it is difficult to identify publications for

uthors with common last names. The procedure we  used to deal with this issue was
o  exclude observations where the last author had a very common last name (more
han 5 occurrences of different authors with the same last name in our dataset). This
esults in a loss of 590 observations mainly for papers with last authors with an Asian
ame. For moderately common names (between 2 and 5 occurrences of different
uthors with the same last name in our dataset), we  kept them in the dataset but
djusted the total number of publications downwards by dividing the total number
y the number of different occurrences in the dataset. The results of our paper are
obust to alternative specifications.

8 http://www.f1000biology.com.
0.34 0.06 0.24

) and 9 (“exceptional”). Papers not evaluated coded as 0.

read’ and 1% as ‘exceptional’. A dummy  is constructed for each of
these types of evaluations. While this proxy for article quality con-
tains only four different modalities (not evaluated, recommended,
must read, and exceptional), which might not capture entirely the
quality of the article, it, nevertheless, yields useful insights.9

Since open access might be motivated by a desire to facilitate
access to readers outside the scientific community, we also con-
struct a dummy ‘Broad appeal’ that takes value 1 if the article was
cited in Scientific American, New Scientist, the Economist (Table 1).

3.4. Instruments

Our empirical strategy consists of instrumenting open access
to isolate the effect of diffusion from self-selection. Our preferred
instrument is a dummy  for publication in the last quarter of the fis-
cal year. We  exploit here the fact that academic departments may
have leftover budgets that need to be spent before the end of the
fiscal year.10 One otherwise low-priority item on which budgets
can be spent is paying for open access fees for papers about to be
published in PNAS. While there is evidence of fiscal year seasonal-
ity influencing economic outcomes (Oyer, 1998), to the best of our
knowledge we are the first to use it as an instrument. In our data,
21% of articles published in the last quarter of the fiscal year are in
open access compared to 15% for the three other quarters. At Har-
vard, where the fiscal year ends on the 30th of June, 42% of articles
published in April, May  and June are in open access compared to

15% for those published in the rest of the year.

Our second instrument is a dummy  that takes value 1 if the
corresponding author is an intramural researcher of the National
Institutes of Health (NIH) and the article was published after April

9 One might think that using our proxy as a control for quality raises two potential
concerns. First, open-access may increase the likelihood that a given article receives
an evaluation on F1000. We think that is highly unlikely as F1000 contributors are
eminent scientists, and it is hard to imagine that they lack institutional or personal
access to PNAS. Second, there could be a positive feedback loop whereby a higher
number of citations increases the likelihood that a given article receives an evalu-
ation on F1000. We think that this is highly unlikely as well, as the vast majority
of  evaluations are made shortly (less than 1 month) after the article is published,
before citations can be observed.

10 We coded the end of the fiscal year as follows: end of June for US-based aca-
demic institutions; end of September for US government, end of December for other
countries.

http://www.f1000biology.com
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Table 2
Results.

Pooled OLS (I) 2SLS 1st stage (II) 2SLS 2nd stage (III) GMM  2nd stage (IV) LIML 2nd stage (V)
Two years citations Open access Two years citations Two years citations Two years citations

Open access 4.123a [0.581] 0.813 [4.494] 0.363 [4.413] 0.795 [4.518]
F1000  = “recommended” 3.442a [0.628] 0.02 [0.017] 3.526a [0.657] 3.573a [0.651] 3.527a [0.657]
F1000  = “must read” 4.946a [0.813] 0.055b [0.026] 5.135a [0.865] 5.184a [0.860] 5.136a [0.866]
F1000  = “exceptional” 6.571b [2.642] 0.064 [0.084] 6.812a [2.536] 6.755a [2.534] 6.812a [2.536]
Broad  appeal 2.448 [1.867] 0.118a [0.048] 2.826 [1.980] 2.900 [1.976] 2.828 [1.981]
Last  author is a star 3.067a [0.781] 0.012 [0.020] 3.106a [0.791] 3.160a [0.786] 3.106a [0.791]
From  the cover 6.164a [0.877] −0.001 [0.022] 6.157a [0.879] 6.135a [0.870] 6.157a [0.879]
Last  author productivity 2.709a [0.789] 0.000 [0.021] 2.746a [0.783] 2.719a [0.783] 2.746a [0.784]
Submission = Track II −0.149 [0.405] −0.090 a [0.014] −0.442 [0.564] −0.476 [0.560] −0.443 [0.566]
Submission = Track III −1.358 a [0.493] −0.042 b [0.017] −1.479 a [0.513] −1.483 a [0.513] −1.480 a [0.514]
Number  of authors 0.616a [0.083] −0.023 a [0.002] 0.541a [0.127] 0.531a [0.125] 0.540a [0.127]
Years  since 1st pub. of the last author −0.068 a [0.018] −0.001 [0.001] −0.071 a [0.018] −0.071 a [0.018] −0.071 a [0.018]
Private  firms 0.899 [1.004] 0.219a [0.039] 1.633 [1.422] 1.735 [1.410] 1.637 [1.425]
N.I.H. −0.672  [0.753] −0.058 c [0.033] −0.548 [0.750] −0.476 [0.736] −0.548 [0.749]
End  of fiscal year 0.049a [0.016]
NIH – post reform 0.178a [0.055]
H.H.M.I. 0.109a [0.027]

Year FE yes yes yes yes yes
Subfield  FE yes yes yes yes yes

Constant (Biochemistry subfield) 7.844a [0.825] 0.269a [0.025] 8.7778a [1.477] 8.901a [1.456] 8.783a [1.483]
F  test on IVs 12.13
Hansen J stat./P-value 0.30/0.86
Observations 4388 4388 4388 4388 4388
R-squared 0.126 0.09
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regressor and a 2SLS bias of 10% is 9.08).
The first stage provides evidence of self-selection of higher qual-
otes: Robust standard errors in brackets. c significant at 10%; b at 5%; a at 1% Colum
egression with the three instruments is displayed in column II. The second stage 

MM  estimation and LIM in column IV and V.

005. The NIH issued a new policy on open access in February
005, to be implemented in May  2005. Although this policy was
rimarily aimed at research funded by the NIH and conducted extra
uros, it also had an effect on NIH intramural researchers. Before

he change in policy, only 13% of articles authored by NIH intramu-
al researchers were in open access. After the change in policy, the
orresponding number was 28%. Since we control for being a NIH
ntramural researcher and for time trends, we expect the instru-

ent to capture only the effect of open access. Our third instrument
s a dummy  that takes value 1 if one of the authors is an investi-
ator for the Howard Hughes Medical Institute (HHMI). The HHMI
rovides a special budget of USD 3000 to its investigators to pay for
pen access fees. Since HHMI investigatorships are prestigious, it is
mportant that we control for author quality to ensure the validity
f the instrument.

. Econometric specification and results

As a benchmark we estimate with ordinary least squares and
obust standard errors:

 = ı ∗ open access + X  ̌ + ε (3)

here Y is the number of citations after two years and X is the
omplete set of control variables described in the preceding section.
We  then implement the instrumental variable strategy with
wo-stage least squares, limited information maximum likelihood
LIML) and with GMM.11 GMM  is more efficient than two-stage

11 We  considered two alternative estimators, a matching approach and the Heckit
rocedure. However, for a matching approach to work, the selection must be made
n  observable characteristics. As Cameron and Trivedi (2005:871) put it “the key
ssumption is that unobservable variables play no role in the treatment assignment
in our case, the choice of open-access] and outcome determination [in our case, the
umber of citations]”. We were concerned that our proxy for article quality (F1000
ankings) captures only partially the quality of the article, and that we  were essen-
ially dealing with a problem of selection on unobservables, which can be addressed
y  instrumental variables. The Heckman two-step estimator (or Heckit estimator)
ports the benchmark OLS regression. The first-stage of the two-stage least squares
 two stage least square regression is displayed in column III and the results of the

least squares under conditional heteroskedasticity (Hayashi, 2000)
and LIML is approximately median-unbiased for overidentified
constant effects models (Angrist and Pischke, 2009). We  refrain
from using a nonlinear first stage such as a probit or logit, because
the second stage estimates would not be consistent if the func-
tional form of the first stage was  incorrect (Angrist, 2001; Angrist
and Krueger, 2001).

The results of the benchmark OLS regression are reported in the
first column in Table 2. The coefficient on open access is positive
and significant at the 1% confidence level. The coefficient is robust
to various combinations of controls. It is also quantitatively impor-
tant with 4.12 more citations (+53%) for open access articles than
restricted access articles. These results are in line in terms of both
significance and magnitude with those of Eysenbach (2006) and
Davis (2009) with similar samples. Our next regressions investigate
whether this coefficient can be interpreted as causal.

The first stage of the two-stage least squares regression with the
three instruments is displayed in column II. The three instruments
are significant at the 1% confidence level. The first-stage F-statistics
is 12.13 and the Stock-Yogo (2005) test statistic rejects the null
that the group of instruments is weak (the critical value of the test
for three instruments at a 5% confidence level, one endogeneous
ity articles into open access.12 The coefficient on our proxies for

is usually used when the sample is non-randomly selected (hence when there is a
selection bias). In our case, we analyze the number of citations on all articles pub-
lished in PNAS between May  2004 and March 2006. Hence, we do not observe only
the  articles published in open access, we  also include in our sample the ones that
are published in “restricted access”. However, since we claim that the choice of open
access is not exogenous to the quality of the article (which is likely to be correlated
to  the number of citations), we need to adopt an IV estimator.

12 Eysenbach (2006) reports no statistically significant differences in self-reported
article quality between open access articles and other articles from an author survey.
Yet, we are skeptical about the use of self-reported measures from survey data as
proxies for the quality of research.



P. Gaulé, N. Maystre / Research Po

0
.2

.4
.6

0 90 180 270 365 455 545 635 730
days

open access articles 95% confidence interval
restricted access articles 95% confidence interval

Average Cumulative Citations

F
e

a
a
c
s
A
a
n
v

t
r
d
T

5

t
a
s

i
G
t
a
i
r
a
f
f

m
h
a
l
s

b
o
i
t
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rticle quality (the evaluation on F1000 biology and broad appeal)
re positive and significant. The dummy  for ‘must read’ is signifi-
ant at the 5% confidence level. The dummy  for ‘exceptional’ is not
ignificant but the number of articles in this category is very small.

 joint F-test on the three F1000 dummies reject the null that they
re not different from zero at the 5% confidence level. As robust-
ess check, we ran a probit of open access on the same explanatory
ariables with the same results.

The second stage of the 2SLS is displayed in column III and
he results of the GMM  estimation and LIML in column IV and V
espectively. When we instrument, the coefficient on open access
ecreases by a factor of five or more and is no longer significant.
his is the case with either 2SLS, GMM  or LIML.

. More evidence on selection versus diffusion

Besides the regressions, two other arguments further suggest
hat the open access advantage observed in the raw data (Fig. 1)
nd in the non-instrumented specification (column 1) comes from
elf-selection rather than from a diffusion effect of open access.

First, the timing of citation accumulation over time observed
n Fig. 1 seems inconsistent with a diffusion effect of open access.
iven that the treatment is free versus restricted access only for

he first six months (after which every article becomes freely avail-
ble), one would expect the open access citation advantage to stop
ncreasing after six-months. The opposite is observed which is not
econcile to reconcile with a diffusion or causal, effect of open
ccess on citations. However, a causal effect cannot be ruled out
rom this evidence alone, because initial citations may  accelerate
uture citations.13

Second, we  look at citations in Science,  Nature and Cell, the three
ost prestigious scientific journals. Authors publishing in these

ighly prestigious journals are performing cutting-edge science
nd can hardly be expected to lack extensive access to the scientific
iterature. Yet, as shown in Fig. 2, open access papers also receive
ignificantly more citations in these three journals.

Both of these facts are at odds with a diffusion effect but can
e readily explained by self-selection of higher quality articles into

pen access. If open access articles are on average of better qual-
ty, they should receive more attention in the top journals (hence
he citation differential in Science,  Nature and Cell) and the open

13 We thank an anonymous referee for this remark.
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access citation advantage considering all citations should continue
to increase after six months.

6. Concluding remarks

The main contribution of this paper is to show that at least part of
the larger number of citations received by open access papers is due
to a self-selection effect rather than a diffusion (or causal) effect.
We provide theory and evidence suggesting that authors of higher
quality papers are more likely to choose open access in hybrid jour-
nals which offer an open access option. Self-selection mechanisms
may  thus explain the discrepancy between the positive correla-
tion found in many cross-sectional studies and the absence of such
correlation in the field experiment of Davis et al. (2008).

Using three instruments as plausible sources of exogeneous
variation, we find no evidence for a causal effect of open access
on citations. However, a quantitatively small causal effect cannot
be statistically ruled out. Perhaps we  should not be too surprised
by the absence of a large effect. Gaule (2009) reports that biologists
based in India facing important limitations in their access to the lit-
erature yet routinely obtain electronic versions of papers through
requests to authors or friends who have better access.

Our results may  not apply to other forms of open access beyond
journals that offer an open access option. Authors increasingly self-
archive either on their website or through institutional repositories.
Studying the effect of that type of open access is a potentially impor-
tant topic for future research.

An important limitation of studies based on citations is that they
do not capture ‘invisible readers’, i.e. readers that do not themselves
publish in scientific journals. Although the main readership of sci-
entific papers is scientists themselves, students and practitioners
occasionally read scientific articles, in particular in medicine.

The diffusion effect of open access is an interesting and impor-
tant question. However, whether open access should be widely
adopted ultimately depends on the sum of all its welfare effects. A
full welfare analysis is beyond the scope of this paper but we note
such an analysis might include the time spent by readers accessing
materials and competitive effects in the scientific publishing mar-
ket (Bergström, 2001; Wellcome Trust, 2003; Dewatripont et al.,
2006).
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