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Abstract

The main goals of making scientific literature open access are twofold: 1) to speed scientific
discovery and 2) to give access to the public who funded the research. In this paper, I use
citations from articles, patents, and Wikipedia to examine whether open access achieves
these goals by estimating whether innovators (scientists and inventors) or the general public
increase their use of articles after those articles become freely available on PubMed Central,
the largest repository of free full-text biomedical articles. Estimates suggest that innovators
modestly increase their use of the typical article after it becomes freely available, but that
the public substantially increases their use. Using the National Institutes of Health’s Public
Access Policy (PAP) as an instrument for an article becoming freely available suggests that,
in contrast to the modest effects for the average article, innovators substantially increase
their use of complier articles — those articles that are freely available only because the PAP
requires them to be. I unpack the sources of these citation increases by analyzing whether
particular subsets of individuals disproportionately increase their citations to an article after
it becomes freely available. These subsets include scientists at different types of institutions
(firm /university /hospital) or in different countries (upper/middle/lower income) and differ-
ent types of firms to which patents are assigned (small, young, high-tech, etc.). The latter
group will be identified by creating the first-ever link of patent-to-article citation data to
confidential firm-level data at the U.S. Census Bureau.
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1 Introduction

Over the past several decades, funders of science have increasingly mandated that supported
research be made freely available.! One primary rationale for “open access” mandates, closely
related to concerns about long-term technological and economic growth, is that freely avail-
able research will increase the pace of scientific advancement (Zerhouni, 2008; Tennant et al.,
2016). Implicit in this rationale is a vision of innovators — both scientists and inventors —
building upon the work of others as they expand the frontiers of science.? A second main ra-
tionale for making research freely available is that taxpayers, as the ultimate source of funds
for this work, have the right to access it (Zerhouni, 2008). Thus, the main justifications for
open access rest on the idea that certain stakeholders in the scientific enterprise face mean-
ingful barriers to the scientific literature. In this paper, I study whether making scientific
research freely available does, in fact, increase access for these stakeholders — innovators (i.e.,
scientists and inventors) who use it to advance science and/or the general public who pays
for it.?

I examine the impact of open access on innovators’ ability to make use of scientific
literature by measuring whether the rate at which they draw on ideas from an article changes
after that article is made freely available. Specifically, I measure whether citations, to a focal
article, from other articles (article-to-article citations) and from patents (patent-to-article
citations) change after the focal article is made freely available. Intuitively, if innovators
have difficulty accessing a gated article, then we should observe citation increases to the
article after it becomes open access. Similarly, I examine the impact of open access on the
general public’s exposure to the scientific literature (which it funded) by measuring whether
Wikipedia — one of the most common sources of scientific information directed at lay people
(Heilman and West, 2015; Laurent and Vickers, 2009; Mesgari et al., 2015; Spoerri, 2007)
— is more likely to reference information contained in an article after the article becomes
freely available. Specifically, using information from revision histories, I measure whether
citations from Wikipedia entries to a focal article (Wiki-to-article citations) change after

the focal article is made freely available. As with article-to-article and patent-to-article

1See the Registry of Open Access Repositories Mandatory Archiving Policies (ROARMAP) for a list of
open access mandates.

Work that treats science as a cumulative process includes Aghion et al. (2008), Aghion and Howitt
(1992), Mokyr (2002), Murray et al. (2009), Romer (1990), and Scotchmer (1991).

3In testimony to the House Judiciary Committee, then National Institutes of Health (NIH) Director Elias
Zerhouni made these justifications explicit, stating: “The policy has two basic premises: 1) the integration
and accessibility of biomedical research will speed discoveries, resulting in the prevention of death and
disability; and 2) the public has a right to have full access, without charge, to research findings supported by
taxpayer dollars, after a reasonable period of embargo.” See https://judiciary.house.gov/hearing/hearing-
on-h-r-6845-the-fair-copyright-in-research-works-act-0//.



citations, if individuals who edit Wikipedia entries — and thus propagate knowledge to the
general public — have trouble accessing a gated article, we should observe increases in Wiki-
to-article citations after it becomes freely available.

In order to better understand the sources of changes in total article-to-article citations,
I also examine citations from subsets of individuals. These include researchers at different
types of institutions — commercial enterprises, universities, or hospitals — as well as individu-
als located in different countries at different points in the GDP per capita distribution. The
idea is that some subsets of individuals may be particularly likely to face access barriers un-
less an article is freely available (Ware and Mabe, 2015; Houghton et al., 2011). In the same
spirit, I examine changes in patent-to-article citations located in the body of the patent,
which represent knowledge actually drawn upon when creating the invention, as opposed to
citations inserted in the front-matter for legal reasons. In addition, I have linked patents
to confidential firm-level data at the U.S. Census Bureau and future versions of this paper
will examine how patent-to-article citations from particular types of patent assignees change
after an article becomes open access. This linkage allows me to analyze whether there are,
for instance, differential changes in patent-to-article citations from young firm assignees,
small firm assignees, or high-tech firm assignees. The creation of these unique new data will
concretely link, for the first time, changes in the availability of scientific literature to real
economic actors (firms) at the micro-level.

To identify article transitions from gated to free availability, I use newly available data
from the NIH that indicates whether and on what date focal articles are posted on PubMed
Central, the NIH’s repository of freely accessible scientific articles. Posting an article to
PubMed Central meaningfully increases its availability to individuals without journal sub-
scriptions, both because it is the world’s largest and most widely searched repository of
biomedical articles and because other search engines are then able to provide an open access

version of the article in search results.* A freely available copy on PubMed is especially

4De Groote and Dorsch (2003) sent surveys to 471 faculty, residents, and students at the University of
Chicago Peoria in November of 2000, and find that, of the 188 respondents, 53% use MEDLINE once per
week, with all other databases experiencing much lower usage rates. In a follow-up study, De Groote et al.
(2014) survey 754 health sciences faculty at the University of Illinois at Chicago (UIC) in November of 2011,
and find that, of the 198 respondents, 48% use MEDLINE daily, 79% weekly, and 81% report using it as a
starting point to find articles. Only 2% report never using MEDLINE. Google and Google Scholar are the
next most commonly used research databases, with all others being used very infrequently. Haines et al.
(2010) also find that, in 2010, most basic science researchers at the University of Vermont Medical College
start their search for articles either using PubMed /MEDLINE or Google. Tenopir et al. (2004) survey faculty
members at the University of Tennessee (UT) during the 2000/2001 academic year and find that 89% of
respondents were aware of PubMed, and of those 87% had used it in the past year. Tenopir et al. (2007)
survey a random sample of 2,000 members of the American Academy of Pediatrics (AAP) in 2004 and find
that 461 of 650 respondents (70.9%) had used PubMed and the typical user accessed it 34 times in the
previous year. Islamaj Dogan et al. (2009) examine one month (March 2008) of PubMed logs and identify 23



important for accessing biomedical articles because, unlike economists, it is uncommon for
life scientists to circulate working papers prior to publication (Gargouri et al., 2012).

To identify the effect, on citations, of an article going live on PubMed Central, I use
articles that are never posted on PubMed Central as a set of control articles. In addition, I
construct a rich set of covariates for all articles, including NIH funding status, publication
month, age at which the article went live on PubMed Central, and pre-treatment outcomes.
To my knowledge, this is the first paper to examine the impacts of open access by tracking
citations to the same article over time and exploiting within-article changes in accessibility
(as opposed to within-journal changes — e.g., see McCabe and Snyder (2014) and Evans and
Reimer (2009)), allowing me to control for the underlying propensity of an article to be cited
using pre-treatment outcomes.”

Of course, the choice to submit an article to PubMed Central is endogenous, involving
complicated interactions between authors, publishers, editors, and funders.® For instance,
authors may push to submit a high quality article to maximize exposure and publishers may
resist submission in order to retain control of a valuable asset. I deal with the endogeneity
of submission by constructing an instrument using a policy change by the NIH — the Public
Access Policy (PAP) — that requires all NIH-funded articles accepted for publication on or
after April 8, 2008 to be made available, in final peer-reviewed form, on PubMed Central
within 12 months of publication.

The effects of the policy on an article’s probability of being submitted to PubMed Central
— the first stage of the IV — can be seen in Figure 1. Before implementation of the PAP, both
NIH and non-NIH articles were becoming gradually more likely to be available on PubMed
Central (though the probability is always higher for NIH articles). After implementation, the

probability of being available on PubMed Central continues to gradually increase for non-

million user sessions, 58 million searches, 67 million abstract views, and 28 million full-text views. Analysis of
the referring URLs revealed that “over 80% of retrievals resulted from PubMed searches while the rest were
redirected to PubMed from other search engines (e.g. Google) or websites (e.g. Wikipedia.com).” Bryan
and Ozcan (2016) report that over 1 million articles are viewed per day on PubMed or PubMed Central and
also find (see Figure Al in their appendix) that monthly article downloads from PubMed Central increased
from about 10 million in 2006 to 50 million by 2013.

5T have also constructed an article-month panel and estimated two-way fixed effects models. Article fixed
effects eliminate constant (over the article’s lifecycle) article attributes that affect the decision to submit
to PubMed Central, such as unobserved article quality. Age fixed effects eliminate any life-cycle effects
that apply to all articles as they age. Unfortunately, outcomes for treated (those submitted to PubMed
Central) and control articles are not on parallel paths prior to treatment. Future versions of the paper will
include difference-in-differences estimates using matched samples with parallel pre-trends. For discussions
of estimates obtained using differences-in-differences versus estimates obtained using regression with pre-
treatment outcomes as covariates, see (Imbens and Wooldridge, 2009, p. 70), Lechner (2011), McKenzie
(2012), and Chabé-Ferret (2015).

6An  overview of how  articles are submitted to PubMed Central is  here:
https://www.ncbi.nlm.nih.gov/pmc/about /submission-methods/



NIH articles, but sharply increases for NIH articles. Thus, the PAP pushes some articles that
would not have otherwise been on PubMed Central — NIH articles accepted for publication
after April 2008 — into the repository for anyone to access.

When the outcome is article-to-article citations — which measure the access of scientists
to the scientific literature — IV estimates of the impact of going live on PubMed Central are
always larger than non-IV estimates. Indeed, non-IV estimates suggest an increase of no
more than about 7 percent, while the IV estimates suggest an increase of up to 50 percent.
Perhaps surprisingly, the large IV estimates appear to be mostly driven by researchers at
universities and in relatively rich countries. Future work will examine whether these effects
are dominated by researchers at less prestigious institutions with less funding for library
subscriptions.

When the outcome is patent-to-article citations — which measure the access of inventors
to the scientific literature — non-I'V estimates suggest an increase of no more than 10 percent,
while the IV estimates suggest an increase of up to 190 percent. Undisclosed results using
confidential data from the Census Bureau, which will be reported in future drafts, examine
whether small/large, young/old, or high-/low- tech patent assignees drive these results.

Thus, for both article-to-article and patent-to-article citations, the effect on compliers —
in this case, articles that go live on PubMed Central only because the PAP mandates it —
is larger than the average treatment effect. This suggests that the gated articles pried open
by the PAP may be particularly valuable to innovators.

When the outcome is Wiki-to-article citations — which measure the access of the general
public to the scientific literature, the non-IV estimates of the impact of going live on PubMed
Central are relatively large, suggesting increases of 16 to 45 percent. This is consistent with
the public having less access, than scientists or inventors, to the typical article unless it is
made freely available on PubMed Central. Unfortunately, the IV estimates are extremely
noisy, making it difficult to draw any firm conclusions about the effect on compliers.

This paper distinguishes itself from previous work in three main ways. First, no other
study has examined such a wide range of variables measuring access. Many studies have mea-

sured access using total article-to-article citations (the traditional measure)?, a few studies

"Early studies in this area indicate that open access has a very large impact on total article-to-article ci-
tations. Lawrence (2001) found large effects for computer science, Antelman (2004) and Davis and Fromerth
(2007) for mathematics, Antelman (2004) for philosophy, political science, and engineering, Schwarz and
Kennicutt Jr (2004) and Metcalfe (2005, 2006) for astrophysics, Harnad et al. (2004) for physics, and Eysen-
bach (2006) for multidisciplinary science. See Craig et al. (2007) for a review of this early literature. These
early studies simply compare, in one form or another, total article-to-article citations for open access and
gated focal articles, making it difficult to draw causal conclusions. More recent articles, that attempt to
account for the endogeneity of open access, have found much more modest effects. Using journal-level panel
data, Evans and Reimer (2009) and McCabe and Snyder (2014) find that open access increases citations by
approximately 8 percent. Using an instrumental variables strategy, Gaule and Maystre (2011) do not find a



have used article-to-article citations from authors in developing countries (Davis, 2011a;
Evans and Reimer, 2009; Faber Frandsen, 2009; Gaulé, 2009) or at commercial enterprises
(Staudt, forthcoming), and one study (Bryan and Ozcan, 2016) has measured inventor access
using patent-to-article citations, focusing on 13 high-impact journals. However, due to the
new linkages between a wide variety of high quality data, including confidential firm-level
data at the Census Bureau, I am able to paint a much more comprehensive portrait of how
open access affects specific groups of stakeholders in the scientific enterprise.

Second, no other work has used such a rich set of control variables to account for observed
article heterogeneity in cross-sectional regressions, and more importantly, no other article has
been able to use within article changes in open access status to compute citations received
both before and after becoming freely available. Baseline citation data allow me to proxy
for article quality in regressions in a way that was not possible in previous studies.

Finally, no other study has explicitly used the PAP as an instrument for the probability
that an article is available on PubMed Central. Bryan and Ozcan (2016) eyeball a visual
first stage and use it to scale reduced form estimates of the PAP’s impact on patent-to-
article citations, but they do not provide formal IV estimates with standard errors. Staudt
(forthcoming) estimates the impact of the PAP on article-to-article citations (essentially the

reduced form in this paper), but does not use it as an IV for open access.

2 Data

The availability of and linkages between a wide variety of high quality data make it possible to
carry out the extensive empirical analysis in this paper. These include MEDLINE, PubMed
Central, Web of Science, patent-article links from Marx and Fuegi (2019), MapAffil (Torvik,
2015), and confidential firm-level micro data with patent-firm links at the U.S. Census Bureau
(Dreisigmeyer et al., 2018; Goldschlag and Perlman, 2017). The rest of this section describes

how I combine these sources into my final analysis samples.

2.1 Focal Articles

The set of focal scientific articles is obtained from the 2016 MEDLINE baseline files, which are
maintained by the National Institutes of Health (NIH) and index nearly the entire biomedical
literature.® In this paper, I begin with the 2,846,178 articles published between April 2006

statistically significant impact of open access on citations, though the estimates are imprecise. Finally, using
evidence from randomized controlled trials, Davis et al. (2008) and Davis (2011b) fail to find a statistically
significant increase in the number of citations to open access articles.

SMEDLINE is freely available for bulk download from the National Institutes of Health (NIH):
https://www.nlm.nih.gov/databases/download /pubmed_medline.html. Information on the elements for each



and April 2010 — 24 months before and after the implementation of the NIH Public Access
Policy (PAP) in April 2008.°

In addition to providing a list of focal articles, MEDLINE provides a large amount of
information about each article, including whether it received grant funding (in particular,
NIH grant funding), the journal in which it is published, its publication date, and much
more. This information allows me to construct a rich set of control variables, which are

discussed in Section 2.5.

2.2 Treatment Articles: Going Live on PubMed Central

One of the main contributions of this paper the is estimation of how access to an article
changes in response to that article becoming open access. In this context, becoming “open
access” is synonymous with going live on PubMed Central, and is the treatment of interest.
I identify articles that go live by first compiling a list of all articles available on PubMed
Central.!® To obtain the dates on which these articles went live, I acquired newly available
data by querying the NIH’s APL.!! Thus, in addition to knowing which MEDLINE articles
ever go live on PubMed Central, I am also able to pinpoint the precise date on which they
became available, enabling me to determine when they transitioned from gated to open
access, and allowing me to compute both pre- and post-treatment citation outcomes for each

treated article.

2.3 Control Articles: Assigning Pseudo-Live Dates

Since articles that ever go live on PubMed Central serve as the “treatment” group, the
articles that never go live serve as the “control” group. Of course, there is no actual date
on which these control articles go live on PubMed Central, preventing the computation of
pre- and post-live citation counts. To get around this complication, I assign pseudo live
dates to each control article. A contrived example best illustrates the process. Consider all
articles (both treatment and control) published in June 2009. Suppose 25% of the treated
articles go live on PubMed Central in August 2009 and 75% go live in December 2009.
Based on these percentages, I randomly assign 25% of the control articles to a pseudo live
date of August 2009 and 75% to a pseudo live date of December 2009. Using these pseudo

article is here: https://www.nlm.nih.gov/bsd/mms/medlineelements.html. Code for parsing and processing
the 2016 baseline files is available here: https://github.com/EconJoe/medline2016-xmlparsers.

9A1l articles in MEDLINE have a publication year. Articles without a publication month are dropped
from my sample.

0Bulk download available here: ftp://ftp.ncbinlm.nih.gov/pub/pme/PMC-ids.csv.gz

"See here: https://eutils.ncbi.nlm.nih.gov/entrez/. Code is available here:



live dates, I then compute the “pre-live” and “post-live” citation counts. This assignment
process is then repeated for each publication month. In sum, for a given publication month,
I randomly assign control articles to pseudo live months in a way that replicates the observed

distribution of treated articles over live months.'?

2.4 Measuring Access to the Biomedical Literature

Article-to-article citations, which measure researcher access to the scientific literature, are
obtained from the Web of Science (WoS), maintained by Clarivate Analytics. MapAffil,
developed by (Torvik, 2015), uses author affiliation information in MEDLINE to identify the
type of institution at which the author is employed and the country in which that institution
is located.!® This allows me to determine whether an article that cites a focal article has
authors employed at a commercial enterprise, university, or hospital as well as the income
level of the country in which they are located.'*

Patent-to-article citations, which measure inventor access to the scientific literature, are
created by Marx and Fuegi (2019) using data from Microsoft Academic Graph (MAG)."
In addition to documenting which patents cite MEDLINE articles, the data also indicate
who inserted the citation into the patent application (e.g. the patent examiner or applicant)
and whether the citation appeared in the front matter or body of the patent. One of the
most important contributions of this paper is the linkages it establishes between patents
and confidential firm-level data at the U.S. Census Bureau. Specifically, I use a patent-
firm crosswalk, developed by Dreisigmeyer et al. (2018) and analyzed by Goldschlag and
Perlman (2017), to link patents to firms in the Longitudinal Business Database (LBD), a
comprehensive panel of business establishments in the United States (Jarmin and Miranda,
2002). This linkage allows me to determine whether a patent that cites a focal article is
assigned to various firm types. In particular, I determine whether the patent is assigned to a
young firm, a small firm, or a high-tech firm — firm types that disproportionately contribute

to employment, output, and productivity growth (Haltiwanger et al., 2016).

12 Appendix Figures A2.1 through A2.3 show how my main estimates in Tables 3, 6, and 9 vary over 100
replications of this random process. The main estimates are very stable, suggesting that a single idiosyncratic
random assignment of control articles to pseudo-live dates is not driving my results.

13Until recently, MEDLINE only provided affiliation information for the first author listed on an article.
Thus, fully characterizing the institutional affiliations of an article is not possible. However, in biomedicine,
the first author position typically indicates the author who came up with the idea and wrote the manuscript,
making institutional characterizations meaningful on the basis of the first author alone (Bhandari et al.,
2004; Baerlocher et al., 2007; Packalen and Bhattacharya, 2019; Yu et al., 2020).

14Ty determine the income tercile of the country in which a first author is located, I use data from the UN
National Accounts to classify each country into per capita GDP terciles by year. I then link this country-year
level data to MapAffil, which enables me to link GDP tercile information to each MEDLINE article.

15The data are freely available for bulk download here: https://zenodo.org/record/3593486.Xhdya8R7mUk.



Wiki-to-article citations, which measure the general public’s access to the scientific lit-
erature, are obtained from revision histories of Wikipedia entries that cite a MEDLINE
article.! Each MEDLINE article has a unique identifier, called a PubMed ID (PMID), and
the syntax for citing a PMID in a Wikipedia entry is relatively standard. This allows me to
identify which entries cite a MEDLINE article and then parse these entries’ revision histories
to determine the date on which each entry cites the focal article.

The main outcomes of interest are citations (article, patent, Wiki) in the 6- and 12-
month period after going live on PubMed Central (or after the pseudo-live date in the case
of control articles). I also compute the number of citations an article receives in the 1-6
months, 7-12 months, and 134+ months before going live. These pre-treatment outcomes are

used as covariates in regressions, and proxy for an article’s underlying propensity to be cited.

2.5 Covariates and Instrument

As noted, in addition to pre-treatment outcomes, the data allow me to construct a rich set
of covariates to control for observed article heterogeneity. These include an indicator for
whether the article is NIH-supported, a set of indicators for publication month, an indicator
for whether the article is a “Journal Article” (as opposed to an editorial, news article, etc.),
an indicator for whether the article is written in English, the number of backward citations
(i.e. references) and backward citations to articles published in an open access journal, the
number of key words that tag the article, journal fixed effects, and field fixed effects. I also
control for the age at which an article goes live on PubMed Central.

Finally, the data allow me to construct an instrument based on which articles were
impacted by the PAP. In particular, I use the interaction between an indicator for NIH

funding and an indicator for an article being published after April 2008.

2.6 Final Estimation Samples

As noted, I begin with the 2,846,178 focal articles published between April 2006 and April
2010. Since article-to-article citations are censored beginning in January 2011, and I want to
allow all articles the same amount of time to accrue citations, I only keep articles published
on or before January 2010, reducing the sample to 1,685,033 articles. Since it is necessary
to control for pre-treatment outcomes, I only keep articles with at least 6 months between

publication and going live on PubMed Central, which reduces the sample to 988,744 articles.

6Bulk downloads of Wikipedia articles and their revision histories are available here:
https://dumps.wikimedia.org/enwiki/20200401/



Finally, it is possible that some articles non-randomly sorted across the PAP date. For
instance, journals may have sped up the publication process for particular articles in order
to avoid being subject to the PAP. To mitigate the effects of this behavior on the estimates,
I produce two final estimation samples. The first eliminates articles published in April
2008, which reduces the sample to 958,597 articles. The second eliminates articles published
6 months before or after April 2008, which reduces the sample to 612,084 articles. This
assumes that publication cannot be moved up 6 months to avoid the PAP requirements and

authors will not be willing to wait 6 months to benefit from the PAP requirement.

2.7 Summary Statistics

Table 1 displays summary statistics for the main variables used in the analysis. Article-
to-article, patent-to-article, and Wiki-to-article citations are all quite variable with large
standard deviations relative to their means. Relative to control articles, treatment articles
(i.e. those that ever go live on PubMed Central) typically receive about twice the number
of both post-live citations (outcomes) and pre-live citations (covariates).

Unsurprisingly, article-to-article citations are much more common than patent-to-article
citations, which are much more common than Wiki-to-article citations. For instance, the
typical article receives about 1.2 article-to-article citations within six months of going live on
PubMed Central, which is about 96 times the number of patent-to-article citations (0.013)
and 959 times the number of Wiki-to-article citations (0.0013). As will be shown in Section
4.3, the rarity of Wiki-to-article citations causes problems with the precision of regression

estimates, especially IV estimates.

3 Research Design

3.1 Institutional Details
3.1.1 Open Access

Open access literature is “digital, online, free of charge, and free of most copyright and
licensing restrictions” (Suber, 2012, p. 4). There two main ways that an article can be
made open access, and these are often referred to as the “gold” route and the “green”
route (Guédon, 2004; Harnad et al., 2004, 2008; Rizor and Holley, 2014).'” The gold route

involves researchers publishing their articles in an open access journal — a journal that, in

1"More recently, there has emerged a third route — the “black” or pirated route (Green, 2017), exemplified
by SciHub. SciHub was launched in September 2011, after the end of my sample, and thus does not cause
problems with my estimates of the effects of an article going live on PubMed Central.

10



contrast to traditional subscription-based journals, makes it contents freely available.!® The
green route involves researchers posting copies of their articles, regardless of the type of
journal in which those articles are published, to personal webpages or depositing them in
repositories like PubMed Central. It is worth noting that biomedicine (as well as related
fields such as clinical medicine and health) is the field in which researchers are least likely
to make their work available through green open access (Gargouri et al., 2012). Thus, if a
biomedical article goes live on PubMed Central, especially one published in a subscription-
based journal, it represents a meaningful increase in that article’s availability to individuals

without institutional library subscriptions.

3.1.2 PubMed Central, PubMed, and MEDLINE

As noted, the treatment of interest is an article going live on PubMed Central, which is
distinct from (and often confused with) PubMed (no Central). Both PubMed Central and
PubMed are searchable databases maintained by the NTH, but they serve different purposes.
A search of PubMed yields references to articles — including information on title, authors,
abstract, and more — whether they are freely available or not. In contrast, a search of PubMed
Central only produces references to articles that are freely available in the repository, and
thus can be read by anyone, in full. Thus, all articles in PubMed Central are contained
in PubMed, but there are many articles in PubMed that are not in PubMed Central. In
addition, articles in the two databases cross-reference each other. That is, if an article
produced from a PubMed search is also indexed in PubMed Central, a link to the full text
will be provided.

MEDLINE;, the data I use to obtain the focal articles used in the empirical analysis, is the
largest subset of PubMed. It contains PubMed articles published in journals that meet some
minimal quality standards as set by the Literature Selection Technical Review Committee
(LSTRC). In addition, each article in MEDLINE is reviewed by staff at the National Library
of Medicine (NLM), and is tagged with keywords called Medical Subject Headings (MeSH).
For additional information on PubMed Central, PubMed, and MEDLINE, as well as how
they relate to each other, see Williamson and Minter (2019).

3.1.3 Public Access Policy (PAP)

On January 11, 2008, the NIH announced that the full text of all NIH-supported articles

accepted for publication on or after April 7, 2008 were to be submitted, in final peer-reviewed

18Some journals are neither fully open nor fully subscription-based. For instance, some journals allow
authors to pay a fee to make their article open access in an otherwise toll access journal. Other journals
embargo articles for a time and then open them to all researchers.

11



form, to PubMed Central immediately upon acceptance for publication.!® This mandate for
submission to PubMed Central — the Public Access Policy (PAP) — applies to all NIH-funded
articles, regardless of where they are published. Though journals, which officially retain the
copyright to NIH articles they publish, have the right to delay an NIH article’s availability

on PubMed Central for up to one year, it is thereafter freely accessible to anyone.

3.2 Econometric Strategy

I use two key strategies to identify the impact, on citations, of an article becoming freely
available on PubMed Central. First, I construct a rich set of covariates and estimate cross-
sectional regressions. If, conditional on these covariates, the probability of an article going
live on PubMed Central is unrelated to unobservable variables that also affect citations
(unconfoundedness), then these estimates will yield the average treatment effect of going
live. Key to this strategy is the measurement pre-treatment outcomes for each article, which
proxy for the article’s underlying propensity to be cited, and make the unconfoundedness
assumption much more plausible.

Second, I use information on whether an article is NIH-funded and whether it is published
before or after the PAP to construct an instrument for whether an article becomes available
on PubMed Central. Intuitively, by mandating that NIH articles published after April 7, 2008
be made publicly available on PubMed Central, the PAP pushed some articles to become
freely available when they would not be otherwise.

The identification assumptions for the IV approach are threefold. First, whether an article
is published before or after the PAP has a causal effect on the probability that an article is
made available on PubMed Central. This assumption is shown to be satisfied in Figure 1,
and will be further verified by very large first-stage F-statistics in the next section. Second,
whether an article is published before or after the PAP must be unrelated to omitted variables
that affect the outcomes. Though this exogeneity condition is not directly testable, I do show
that observable baseline characteristics (including pre-treatment outcomes) are very similar
for articles published before and after the PAP suggesting unobservable characteristics are
also likely to be similar. Indeed, Table 2 shows that no covariate has a standardized difference

in means above 0.25 (a commonly used threshold), indicating that the covariates are similar

19The Public Access Policy was the NIH’s response to Division G, Title II, Section 218 of PL 110-161
(Consolidated Appropriations Act, 2008), which states: “The Director of the National Institutes of Health
shall require that all investigators funded by the NIH submit or have submitted for them to the National
Library of Medicine’s PubMed Central an electronic version of their final, peer-reviewed manuscripts upon
acceptance for publication, to be made publicly available no later than 12 months after the official date of
publication, provided that the NIH shall implement the public access policy in a manner consistent with
copyright law.”
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during the pre- and post-pap period (Rubin, 2001; Stuart, 2010). Finally, the effect of the
PAP on citations can only arise through its effect on the the probability that an article is
made available on PubMed Central (exclusion restriction). If these assumptions hold, then
the IV estimates the local average treatment effect (LATE) — that is, the effect on compliers.
In this context, the compliers are the set of articles that are made available on PubMed
Central only because they are NIH articles published after April 2008 and the PAP applied
to them.

More formally, I evaluate the impacts of making an article open access by estimating the

following type of regression equation:
Elcites_post;|.] = g(a + Bpme; + vycites_pre; + 7X;) (1)

cites_post; is a post-treatment (6 or 12 months) citation count for article i and cites_pre; is
a vector of pre-treatment citation counts for the 1-6 months, 7-12 months, and 134+ months
before an article goes live on PubMed Central.?’ The variable of interest is pmc;, an indicator
for whether the article ever actually goes live on PubMed Central — that is, the “treatment”
variable. X; is a vector of additional covariates, including an indicator for whether the
article is NIH-funded as well as sets of dummies indicating the month-year of the article’s
publication, the age (in months) at which the article went live, and the journal in which it
is published.

If, conditional on the covariates, the treatment indicator (pmc;) is exogenous, then the
parameter [ identifies the causal effect, on the outcomes of interest, of an article going
live on PubMed Central. Though the set of covariates is rich, one can never rule out other
unobserved variables that affect both the outcome and the treatment. Thus, as an alternative
strategy, I use the NIH indicator interacted with an indicator for whether the article was
published after the PAP as an instrument for pmc;. As noted, Figure 1 shows that the first
stage for this instrument is very strong. More formally, the first stage equation is estimated
as:

pme; = ol + B (nih; x postpap;) + v cites_pre; + 75 X; + € (2)

nth; is an indicator for whether article ¢ is NIH-funded and postpap; is an indicator for
whether the article is published after April 2008 (note that the main effects are included in
X;). If the instrument is valid, then $/% is the impact of the instrument on the probability
that an article goes live on PubMed Central, which can be used to scale the estimate of

f from equation (1) to obtain the effect of going live on PubMed Central for the articles

20T use specifications in which these pre-treatment outcomes enter linearly as well as specifications in which
they are discretized into percentile groups.
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impacted by the PAP (i.e. the compliers).

For the main results, the conditional expectation function in equation (1), g, is modelled
as exponential and the parameters are estimated using Poisson Pseudo Maximum Likelihood
(PPML). For IV estimates of the Poisson model, I use a control function approach in which
the residuals from the first stage equation (2) are included as an additional regressor in
equation (1) (Cameron and Trivedi, 2010, p. 605-610).>! All standard errors are clustered
at the journal-level. In the appendix, I also present results using linear models estimated

using OLS and 2SLS, which produce quite similar results.

4 Results

4.1 Article-to-Article Citations

Table 3 displays estimates of the effect, on article-to-article citations, of a focal article going
live on PubMed Central. Panels A and B display estimates when the outcome variables are
the number of citations received within 6 months and 12 of going live on PubMed Central
(for treated articles) or of the pseudo live date (for control articles — see Section 2.3). The
first three columns use all articles published between April 2006 and October 2009, except
those published in April 2008. To mitigate the effects of articles possibly sorting across
the PAP date, the last three columns further exclude articles published between October
2007 and October 2008 (six months before/after the PAP). Columns (1) and (4) display
the non-IV PPML estimates and columns (2) and (5) display the PPML-IV estimates using
the PAP as an IV, which is operationalized as the interaction between an indicator for NIH
funding and an indicator for being published after April 2008. Columns (3) and (6) display
the PPML reduced form estimates, obtained by regressing the outcomes on the instrument.
Panel C displays the OLS first stage estimates, obtained by regressing the treatment on the
instrument. All regressions include flexible functions of pre-treatment outcomes, include an
NIH dummy, publication month fixed effects, journal fixed effects, and fixed effects for the
age at which an article goes live on PubMed Central.

In all cases, the IV estimates are substantially larger than the non-IV estimates. For
instance, when only articles published in April 2008 are excluded, the non-IV estimates
(column 1) suggest that, relative to control articles, treated articles receive, on average, about

5.0% more citations within 6 months and about 4.7% more citations within 12 months of

21Tn practice, this control function approach produces estimates that are nearly identical to those obtained
using PPML to produce reduced form estimates of the effect of the PAP on citation outcomes (replace pme;
with nih; X postpap; in equation (1)) and then scaling by OLS first stage estimates from equation (2) to
obtain the IV estimates.
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going live on PubMed Central (see numbers in square brackets for implied percent changes).
In contrast, the corresponding IV estimates (column 2) suggest relative citation increases of
18.1% and 15.7%, which are over three times larger than the non-IV estimates.

When articles published between October 2007 and October 2008 are excluded, similar
patterns continue to hold. Non-IV estimates (column 4) suggests increases of 6.6 and 6.5
percent, while the PPML-IV estimates (column 5) suggest increases of 50.2 and 44.6 percent
(approximately a 6-fold increase). Thus, the IV estimates remain much larger than the
non-IV estimates.

Overall, two important patterns emerge from these estimates. First, IV estimates are
much larger than non-IV estimates, ranging from about 3 to 6 times larger. This suggests
that the average effect, on article-to-article citations, of going live on PubMed Central is
larger for compliers than for the entire population of articles. That is, articles that are
pushed onto PubMed Central only because they are affected by the PAP experience larger
treatment effects than the typical article.

Second, estimates obtained using the sample that excludes articles published six months
before/after the PAP are larger than estimates obtained using the sample that only excludes
articles published in April 2008. The differences are fairly modest for the non-IV estimates,
but are substantial for the IV estimates, with those obtained using the sample excluding
articles published six months before/after the PAP over twice as large. The mechanism
underlying these large differences for the IV estimates can be unpacked by examining the
reduced form estimates along with the first stage estimates in Panel C.?? First note that
the first stages, with coefficients of 0.334 and 0.327, are very strong (first-stage F-statistics
of 165.0 and 60.0) and suggest that, relative to non-NIH articles, NIH articles are about
33 percentage points more likely to go live on PubMed Central after the implementation of
the PAP (This large increase is also suggested visually in Figure 1). Since these two first
stage estimates are very similar across the two estimation samples, the differences in the
IV estimates arise from the reduced form regressions of the outcomes on the instrument.
Indeed, the reduced form estimates more than double when going from the sample that only
excludes articles published in April 2008 to the sample that excludes articles published six
months before/after the PAP.

The reason for this increase in the reduced form estimates can be seen in the top graph

of Figure 2, which shows a visual version of the reduced form. First note that there are

22 As noted, the PPML-IV estimates in columns (2) and (5) are obtained using a control function approach
in which the residuals from the first stage equation (2) are included as an additional regressor in equation
(1). Thus, unlike the linear 2SLS case, the IV estimates are not identical to the ratio of coefficients for
the instrument from a PPML reduced form and a linear first stage (Panel C). In practice, they are nearly
identical.
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no obvious trends in the citation outcomes prior to the implementation of the PAP in April
2008. Further, we see that citation outcomes also do not change immediately after April 2008.
Rather, they start to increase around six months later in October 2008. This delayed effect
is not surprising for several reasons. First, in Figure 1, compliance with the PAP ramped up
over a period of about six months after April 2008. Second, only articles accepted, not articles
published, after April 7, 2008 are subject to the PAP. Thus, if an article is accepted on April
7, 2008, it is subject to the PAP, but it may not be published until several months later.
Finally, journals are allowed to embargo articles for up to 12 months after publication. Thus,
we would not necessarily expect citations to jump immediately after the implementation of
the PAP. The trends in the graph also make it clear that, when the 12 month period around
the PAP is excluded from the figure, the later periods, which have a larger estimated effects,
receive more weight in the reduced form regressions, causing the reduced form estimates —
and, by extension, the IV estimates — to increase.

Tables A1 and A4 show similar patterns when the outcomes are modelled as linear. In all
cases, the 2SLS estimates are larger than the OLS estimates and estimates tend to be larger
when the articles published six months before/after the PAP are excluded. Note that the
Poisson models yield smaller implied percent increases than do the linear models. Indeed,
estimates from Poisson models suggest percent increases that are about half the size. Since
the citation outcomes are count variables, and a substantial number of articles receive zero
citations, it is likely that the Poisson models more accurately model the conditional mean
of citations.

Tables 4 and 5 attempt to determine the sources of the citation increases observed, in
Table 3, for articles that go live on PubMed Central. Table 4 examines article-to-article
citations from researchers with different types of institutional affiliations. The outcomes in
columns (1)-(4), (5)-(8), and (9)-(12) are, respectively, the number of citations from articles
with a first author affiliated with 1) a commercial enterprise, 2) a university, and 3) a hospital.
The non-IV estimates tend to be largest for commercial citations and smallest for university
citations, though the differences are modest. Overall, the non-IV estimates range from 6.4
to 11.2 percent — all a bit larger than the main non-IV estimates in Table 3. Thus, the effect,
on the typical article, of going live on PubMed Central seems to be driven by citations
from all three institutional affiliation types. As with the main estimates, the PPML-IV
estimates in Table 4 tend to be larger than the non-IV estimates. The only exception is for
commercial citations using the sample excluding articles published in April 2008. Estimates
for commercial citations are also noisy and are much smaller than estimates for university
citations or hospital citations. The IV estimates for university citations are larger than the

main estimates (ranging from 23.7 to 61.3 percent), while estimates for hospital citations tend
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to be smaller or close to the main estimates (ranging from 16.0 to 42.8 percent). This suggests
that citations from researchers affiliated with universities disproportionately contribute to
the citation increases for complier articles observed in Table 3.23

Table 5 examines article-to-article citations from researchers located in countries with
different income levels. The outcomes in columns (1)-(4), (5)-(8), and (9)-(12) are, respec-
tively, the number of citations from articles with a first author located in a country in the
first, second, and third terciles of GDP per capita (for a given year). Once again, the main
patterns revealed in Table 3 — IV estimates larger than non-IV estimates and larger IV
estimates when using the sample that excludes articles published six months before/after
the PAP — continue to hold, in most cases, in Table 5. The more striking result is that
the main citation results appear to be predominantly driven by citations from researchers
located in countries in the the third tercile of the GDP per capita distribution. Estimates —
both non-IV and IV — tend to be smaller (and statistically insignificant) for citations from
researchers in the first and second terciles. In contrast, the citations from researchers in the
third tercile are always statistically significant and larger than the main estimates. Thus,
the main citation effects in Table 3, for both the typical article and complier articles, appear
to be mainly driven by researchers located in relatively rich countries.

It is perhaps surprising that the results in Tables 4 and 5 suggest that the citation
increases observed in Table 3, especially for complier articles, seem to be driven mainly by
citations from researchers at universities and researchers in relatively rich countries — groups
we might expect to have broad access to the biomedical literature regardless of how much
of it is freely available on PubMed Central. Several possible explanations and directions for

future work will be discussed in the next section.

4.2 Patent-to-Article Citations

Table 6 displays estimates analogous to those in Table 3, but with article-to-article citation
outcomes replaced with patent-to-article citation outcomes. Whereas the former reflect
changes in access for academic researchers, the later reflect changes in access for inventors.

As with article-to-article citations, the IV estimates are substantially larger than the
non-IV estimates. For instance, when only articles published in April 2008 are excluded, the
non-IV estimates of 0.0499 and 0.0227 (column 1) suggest that, relative to control articles,

treated articles receive, on average, about 5.1 and 2.3 percent more patent citations within 6

23 Also similar to the main estimates in Table 3, the IV-estimates in Table 4 tend to be larger using the
sample that excludes articles published six months before/after the PAP. All first stages (not reported) are
very strong and around 0.33, so the differences across samples are again attributable to differences in the
reduced form estimates.
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and 12 months of going live on PubMed Central. In contrast, the corresponding IV estimates
of 0.533 and 0.318 (column 2) suggest much larger increases of 70.4 and 37.4 percent. When
articles published six months before/after the PAP are excluded, a similar pattern holds.
Non-IV estimates (column 4) suggest modest percent increases of 10.0 and 5.2 percent while
IV estimates (column 5) suggest much larger increases of 188.3 and 105.4 percent. These
results suggest that, as with article-to-article citations, the average effect, on patent-to-
article citations, of going live on PubMed Central is larger for compliers than for the entire
population of articles.

Also similar to article-to-article citations, estimates for patent-to-article citations tend
to be larger when estimates are obtained using the sample that excludes articles published
six months before/after the PAP. Again, this is especially true for the IV estimates which
more than double. The first stages, with coefficients of 0.337 and 0.328, are again very
strong (first-stage F-statistics of 165.4 and 60.1) and suggest a 33 percentage point increase
in the likelihood of an NIH article going live on PubMed Central after the PAP (relative to
a non-NIH article).?* The similarity of these two estimates suggests that the IV differences
across the samples again arises from the reduced form differences. Indeed, the reduced
form estimates become much larger when going from the sample that only excludes articles
published in April 2008 to the sample that excludes articles published six months before/after
the PAP.

The middle graph of Figure 2 suggests that, as with article-to-article citations, there is
no evidence of trends in patent-to-article citations prior to the implementation of the PAP
in April 2008. Moreover, there is again no immediate citation increase after the PAP, but
an increase starting around 9 months later in January 2009. Again, this delayed response
is not surprising given the gradual increase in compliance with the PAP, the fact that the
date of acceptance for publication (not the date of publication itself) determines whether an
article is subject to the PAP, and journals’ ability to embargo articles for up to 12 months.
However, it means that, when the 12 month period around the PAP is excluded from the
figure, the later periods receive more weight in the reduced form regressions, causing the
reduced form and IV estimates to increase.

Thus, the two main trends for article-to-article citations also hold for patent-to-article
citations. Specifically, IV estimates are much larger than non-IV estimates and estimates
obtained using the sample that excludes articles published six months before/after the PAP

are larger than those obtained using the sample that only excludes articles published in April

24The first stage coefficients and F-statistics can differ between Tables 3, 4, 5, 6, 7, and 8 because the
regressions control for pre-treatment outcome variables, and thus are different for article-to-article, patent-
to-article, and Wiki-to-article citation outcomes. In practice, the differences are negligible.
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2008.

Tables A2 and A5 show similar patterns emerge when the outcomes are modelled as
linear. In all cases, the 2SLS estimates are larger than the OLS estimates and estimates
tend to be larger when the articles published six months before/after the PAP are excluded.
However, unlike for article-to-article citations Poisson models tend to imply larger percent
changes than linear models. Again, since patent citation outcomes are counts, the Poisson
models likely yield more accurate estimates of the conditional mean function. In fact, since
patent-to-article citations are much rarer than article-to-article citations (see Table 1), the
conditional means of these outcomes are even less likely to be well-approximated using a
linear function.

Similar to Tables 4 and 5 for article-to-article citations, Table 7 attempts to determine the
sources of the patent-to-article citation increase observed in Table 6. Specifically, it examines
patent-to-article citations that are located in the of body patent versus citations that are
only located in the front-matter. Citations located in the body better represent knowledge
actually drawn upon when creating the invention, as opposed to citations inserted in the
front-matter for legal reasons. All estimates are larger for citations located in the body of
the patent, though none of the PPML estimates are statistically significant. The PPML-
IV estimates tend to be substantially larger for citations located in the body, suggesting
that the rate at which inventors incorporate information from an article into their invention

substantially increases for complier articles.

4.3 Wiki-to-Article Citations

Table 8 displays estimates analogous to those in Tables 3 and 6, but with Wiki-to-article
citations as the outcomes. In contrast to article-to-article citations or patent-to-article cita-
tions, which measure the access of innovators to an article, Wiki-to-article citations measure
the access of the general public.

Unlike when the outcomes are article-to-article or patent-to-article citations, the non-IV
estimates of the effect of an article going live on PubMed Central are quite large for Wiki-to-
article citations. For instance, when only articles published in April 2008 are excluded, the
non-IV estimates (column 1) imply increases of 45.1 and 37.9 percent for citations received
within 6 and 12 months of going live. When articles published six months before/after the
PAP are excluded, the implied percent changes remain relatively large at 16.3 and 46.2
percent for 6 and 12 month citations (column 4). Thus, if the unconfoundedness assumption
holds, these estimates suggest that, for the typical article, going live on PubMed Central has

a larger effect on access for the general public than for innovators.
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Unfortunately, the IV estimates are extremely imprecise. Taken at face value, the point
estimates suggest that the effect of going live on PubMed Central for compliers is negative
and typically large.?” Panel C shows that the first stages are again very strong (first-stage
F-statistics of 165.4 and 60.1) with NIH articles 33 percentage points more likely to go live
on PubMed Central after the PAP (relative to non-NIH articles), but the reduced form
estimates are negative and very imprecise. When scaled by the first stage, these produce
IV estimates that are large, negative, and noisy. Given the imprecision of the estimates, I
would not feel comfortable drawing any strong conclusions from these IV estimates.

Tables A3 and A6 show similar patterns when the outcomes are modelled as linear.
Specifically, the OLS estimates tend to imply large percent increases while the 2SLS estimates

are very noisy.

5 Discussion

The main estimates, for article-to-article (Table 3), patent-to-article (Table 6), and Wiki-to-
article (Table 8) citations, of the impact of an article going live on PubMed Central suggest
positive effects for all broadly defined groups analyzed in this paper — scientists, inventors,
and the public. However, the estimates also suggest substantially different magnitudes across
stakeholders and article type (e.g. average articles versus complier articles).

The modest non-IV estimates for article-to-article (4.7-6.6%) and patent-to-article (2.3-
10.0%) citations suggest that scientists and inventors do not substantially increase their
use of the typical article after it goes live on PubMed Central. This is consistent with
these groups having easy access to the typical biomedical article and thus not increasing
their use of such articles after the articles become freely available on PubMed Central. In
contrast, the much larger non-IV estimates for Wiki-to-article citations (16.3-46.2%) suggest
that individuals who edit Wikipedia entries, and thus propagate knowledge to the public,
do substantially increase their use of the typical biomedical article after it goes live. It is
certainly intuitive that innovators — scientists and inventors — would have broader access
than editors of Wikipedia entries to the typical biomedical article in the absence of it being
freely available on PubMed Central. In sum, the non-IV estimates suggest that, while all
three groups of stakeholders increase their use of the average article after it is made freely
available, the public increases its use the most.

Though scientists and inventors do not seem to substantially increase their use of the

typical article after it is made freely available, the relatively large PPML-IV estimates (15.7-

25The large negative estimates are entirely driven by the journal fixed effects. Dropping these, the estimates
are always large and positive, but still extremely noisy.
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50.2% for article-to-article citations and 37.4-188.3% for patent-to-article citations) suggest
that they do substantially increase their use of a particular subset of articles after these
articles go live. In particular, innovators appear to considerably increase their use of com-
plier articles — those articles actually affected by the PAP. These complier articles are only
available on PubMed Central because they are forced by the PAP, and, in the absence of
the PAP, would not be on PubMed Central. The large effects for compliers may be due to
journals more zealously protecting valuable high quality articles behind a paywall, causing
such articles to experience large citation increases after they are pried open by the PAP.
In addition, high quality journals may have been more likely than lower quality journals to
closely guard their entire corpus, only allowing some of it into the open after being forced by
the PAP, causing large citation increases from innovators eager to access the content in these
high-quality journals. Future versions of this paper will examine this latter mechanism by
measuring whether higher quality journals were more likely to refrain from posting articles
on PubMed Central prior to the PAP.

That the increase in article-to-article citations, especially for complier articles, is driven
by citations from researchers at universities and located in rich countries is, at first glance,
surprising. Indeed, we might expect these groups of researchers to have extensive access to
most biomedical articles, regardless of whether those articles are posted on PubMed Central.
However, there are several possible explanations. First, it is possible that, while researchers
at universities and in relatively rich countries have broad access to the biomedical literature
through institutional subscriptions, placing an article on PubMed Central makes it easier
to find, and thus cite. This is especially true given the centrality of PubMed and PubMed
Central in searches for literature in biomedicine and related fields (see footnote 4). Second,
educational institutions, even in the rich world, are highly unequal in terms of resources. It is
possible that the increase in citations is driven by researchers at less prestigious institutions
with limited funds for extensive journal subscriptions. Future versions of this paper will

examine this possibility by linking measures of university quality to MapAffil.

6 Conclusion

In this paper, I analyzed the effects of making articles freely available on the use of those
articles. In my setting, making an article freely available is synonymous with the article going
live on PubMed Central, the NIH’s repository of free full-text articles. Use of these focal
articles was measured with citations from three different groups: scientists (article-to-article),
inventors (patent-to-article), and the public (Wiki-to-article). Using an unconfoundedness

approach, I find that making a typical article freely available does not substantially increase
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the rate at which scientists or inventors use it, but does substantially increase the rate at
which the general public is exposed to it. Using the NIH’s Public Access Policy (PAP) as an
instrument, I find that scientists and inventors substantially increased their use of complier

articles — those articles that are live on PubMed Central only because they are required to

be by the PAP.
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Figure 1: Fraction of NIH and comparison articles ever on PubMed Central.

Fraction of articles ever on PubMed Central

29



Figure 2: Visual Reduced Form for Citation Outcomes.
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Notes — These graphs show visual reduced form regressions — regressions of a citation outcome (article-to-article,
patent-to-article, or Wiki-to-article) on the instrument. The instrument is the NIH’s Public Access Policy (PAP), which
applies to NIH articles accepted for publication after April 2008. Specifically, these graphs show coefficients and 95%
confidence intervals from regressions of citations on publication month dummies interacted with an indicator for an article
being NIH funded (non-interacted publication month dummies are also included in regressions, but are not displayed in the
graphs). The coefficients are interpreted as the citation ratio between NIH and non-NIH articles published in a particular
month. All regressions control for pre-treatment outcomes and include, publication month fixed effects, age at which an article
goes live fixed effects, and journal fixed effects. Confidence intgﬂlals are computed using standard errors clustered at the

journal level.



Table 1: Summary Statistics.

All PMC Live Control

Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.
Post-Treatment Outcomes
Clitations 6 Months After Going Live
Article-to-Article 1.247 4.22 2.388 4.193 1.053 4.200
Patent-to-Article 0.013 0.216 0.025 0.365 0.011 0.179
Wiki-to-Article 0.0013  0.0826 0.0026  0.0665 0.0011  0.0851
Clitations 12 Months After Going Live
Article-to-Article 2.455 8.29 4.691 7.919 2.075 8.292
Patent-to-Article 0.026 0.354 0.050 0.518 0.022 0.318
Wiki-to-Article 0.0023  0.0982 0.0046  0.0969 0.0019  0.0984
Pre-Treatment Outcomes (Controls)
Clitations 1-6 Months Before Going Live
Article-to-Article 0.757 3.383 1.371 2.807 0.652 3.461
Patent-to-Article 0.009 0.161 0.016 0.221 0.007 0.149
Wiki-to-Article 0.0012  0.0587 0.0021  0.0699 0.0011  0.0566
Citations 7-12 Months Before Going Live
Article-to-Article 0.409 2.684 0.608 1.881 0.375 2.796
Patent-to-Article 0.005 0.128 0.009 0.192 0.005 0.114
Wiki-to-Article 0.0008  0.0344 0.0011  0.0392 0.0008  0.0335
Other Covariates
PMC Live 0.145 0.352 1.000 0.000 0.000 0.000
NIH Article 0.133 0.339 0.524 0.500 0.066 0.249
Post-PAP 0.287 0.452 0.383 0.486 0.271 0.444
Age at Live 14.5 8.354 13.8 7.711 14.6 8.45
Observations 958,677 138,974 819,703
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Table 2: Covariate Balance: Means and Standardized Differences.

NIH non-NTH All
Pre-PAP  Post-PAP  Std. Diff. Pre-PAP Post-PAP  Std. Diff. Pre-PAP Post-PAP  Std. Diff.

Citations 1-6 Months Before Going Live

Article-to-Article 1.78 1.72 -0.013 0.64 0.52 -0.044 0.79 0.68 -0.034
Patent-to-Article 0.02 0.02 -0.012 0.01 0.00 -0.020 0.01 0.01 -0.017
Wiki-to-Article 0.00 0.00 0.012 0.00 0.00 0.007 0.00 0.00 0.008

Citations 7-12 Months Before Going Live

Article-to-Article 1.06 0.58 -0.166 0.39 0.18 -0.099 0.48 0.23 -0.108
Patent-to-Article 0.01 0.01 -0.038 0.01 0.00 -0.024 0.01 0.00 -0.025
Wiki-to-Article 0.00 0.00 -0.003 0.00 0.00 0.002 0.00 0.00 0.001

Other Covariates

NIH Article 1.00 1.00 - 0.00 0.00 - 0.13 0.14 0.024
Unique N-Grams in Text 127.14 127.43 0.007 96.19 96.86 0.012 100.22 101.10 0.016
English Language 1.00 1.00 0.001 0.90 0.91 0.019 0.91 0.92 0.021
Journal Article 0.98 0.98 -0.041 0.91 0.90 -0.017 0.92 0.91 -0.016
Non-NIH Grants (Count) 0.08 0.13 0.107 0.03 0.04 0.059 0.03 0.06 0.069
MeSH Descriptors (Count) 9.07 9.28 0.035 11.16 11.12 -0.007 10.79 10.71 -0.014
Authors (Count) 5.50 5.76 0.061 4.52 4.62 0.014 4.65 4.78 0.019
Observations 86,064 38,150 127,214 594,370 237,093 831,463 683,434 275,243 958,677

Notes — The values under “Pre-PAP” and ‘Post-PAP” are means of the variables. The values under “Std. Diff.” are the
standardized differences between the means in the pre- and post-PAP periods. These are computed as

(Xpre — Xpost)/r/(Wpre + Vpost) /2, where Xpre and vpre are the mean and variance of covariate X during the pre-PAP period
and Xpost and vpost are the same quantities for articles in the post-PAP period. No covariate has a standardized difference
above 0.25 (a commonly used threshold), indicating that the covariates are similar duing the pre- and post-pap period.
(Rubin, 2001; Stuart, 2010).
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Table 3: Effect, on Article-to-Article Citations from All Researchers, of Going Live on
PubMed Central.

Excluded Publication Months Apr 08 Oct 07 - Oct 08
PPML  PPML-IV PPML-RF PPML  PPML-IV PPML-RF
(1) @) 3) (4) 5) (6)
Panel A: 6 Month Cites
PMC Live 0.0492%%*F  0.166*** 0.0643%**  0.407***
(0.0152) (0.0435) (0.0200) (0.0752)
[5] [18.1] [6.6] [50.2]
NIH x Post-PAP (Red. Form) 0.0561%** 0.134%**
(0.0149) (0.0262)
[5.8] [14.3]

Panel B: 12 Month Cites

PMC Live 0.0462%%*F  0.146%** 0.0626%**  0.369***
(0.0148)  (0.0425) (0.0194)  (0.0715)
[4.7] [15.7] [6.5] [44.6]
NIH x Post-PAP (Red. Form) 0.0492%** 0.121%**
(0.0144) (0.0249)
[5] [12.9]

Panel C: First Stage

NIH x Post-PAP 0.334%%* 0.327%%*
(0.0260) (0.0422)
Observations (Articles) 958,597 958,597 958,597 612,084 612,084 612,084
Journal Clusters 4,836 4,836 4,836 4,745 4,745 4,745
First Stage F-Stat 165.0 60.0

Notes — This table displays the cross-sectional estimates of the effect, on article-to-article citations, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article citations are
measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed
Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). The NIH’s Public Access
Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live
on PubMed Central (columns (2) and (5)), and is operationalized using the interaction between an indicator for an article
being NIH funded and an indicator for an article being published after the April 2008. Columns (1)-(3) exclude articles
published in April 2008 (the month the PAP was implemented) and columns (4)-(6) exclude articles published between
October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the sample
are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator
for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and
journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for the treatment indicator (i.e. an
indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100 * (e” — 1). The PPML-IV estimates in columns (2) and (5) are obtained
using a control function approach in which the residuals from the first stage equation (2) are included as an additional
regressor in equation (1). Thus, they are not identical to the ratio of coefficients for the instrument from a PPML reduced
form and a linear first stage (Panel C).
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Table 4: Effect, on Article-to-Article Citations from Researchers with Different Institutional Affiliations, of Going Live on
PubMed Central.

Commercial Affiliations University Affiliation Hospital Affiliation
Excluded Publication Months Apr 08 Oct 07 - Oct 08 Apr 08 Oct 07 - Oct 08 Apr 08 Oct 07 - Oct 08
PPML  PPML-IV PPML  PPML-IV PPML  PPML-IV PPML  PPML-IV PPML  PPML-IV PPML  PPML-IV
1) 2 3) (4) (5) (6) (M) ) 9) (10) (11) (12)
Panel A: 6 Month Cites
PMC Live 0.0665%  0.000294 0.0828* 0.205 0.0662***  (0.243%** 0.0814%¥*  ().473%** 0.0766%**  0.151** 0.0647%  0.359%**
(0.0372) (0.158) (0.0497) (0.268) (0.0158) (0.0569) (0.0217) (0.0932) (0.0273) (0.0713) (0.0346) (0.121)
[6.9] [0] (8.6] [22.8] [6.8] [27.5] [8.5) [60.5] 8] [16.3] [6.7] [43.2]
Panel B: 12 Month Cites
PMC Live 0.0835%*  0.0732 0.0980%** 0.368 0.0657*%*%  (0.213%** 0.0833***  ().430%** 0.0762%**  0.163** 0.0696%*  0.383%**
(0.0342) (0.138) (0.0440) (0.248) (0.0150) (0.0550) (0.0210) (0.0878) (0.0284) (0.0698) (0.0348) (0.115)
(8.7] [7.6] [10.3] [44.5] [6.8] [23.7] [8.7] [53.7] [7.9] [17.7] [7.2] [46.7]
Observations (Articles) 958,597 958,597 612,084 612,084 958,597 958,597 612,084 612,084 958,597 958,597 612,084 612,084
Journal Clusters 4,836 4,836 4,745 4,745 4,836 4,836 4,745 4,745 4,836 4,836 4,745 4,745

Notes — This table displays the cross-sectional estimates of the effect, on article-to-article citations from researchers at different institutional types, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article citations are measured 6 (Panel A) and 12 (Panel B) months
after an article goes live. For control articles that never go live on PubMed Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details).
The NIH’s Public Access Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live on PubMed Central
(columns (2), (4), (6), (8), (10), and (12)), and is operationalized using the interaction between an indicator for an article being NIH funded and an indicator for an article
being published after April 2008. Columns (1)-(2), (5)-(6), and (9)-(10) exclude articles published in April 2008 (the month the PAP was implemented) and columns (3)-(4),
(7)-(8), and (11)-(12) exclude articles published between October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the
sample are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator for whether the article is NIH funded,
publication month fixed effects, age at which an article goes live fixed effects, and journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for
the treatment indicator (i.e. an indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1% levels. The
numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are implied percent changes, which are computed as 100 x (eﬁ —1).
The PPML-IV estimates are obtained using a control function approach in which the residuals from the first stage equation (2) are included as an additional regressor in
equation (1).
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Table 5: Effect, on Article-to-Article Citations from Researchers Located in Countries with Different Income Levels, of Going
Live on PubMed Central.

1st Tercile GDP/Capita 2nd Tercile GDP/Capita 3rd Tercile GDP/Capita
Excluded Publication Months Apr 08 Oct 07 - Oct 08 Apr 08 Oct 07 - Oct 08 Apr 08 Oct 07 - Oct 08
PPML PPML-IV PPML PPML-IV PPML PPML-IV PPML PPML-IV PPML PPML-IV PPML PPML-IV
) 2) ®3) 4) (5) (6) (7) (8) 9) (10) (11) (12)
Panel A: 6 Month Cites
PMC Live 0.0421 0.155 0.00840 0.0286 0.00922 0.0618 -0.0130 0.177 0.0572%FF%  (0.170%** 0.0763%**  (.444%**
(0.0526)  (0.176) (0.0649)  (0.266) (0.0326)  (0.108) (0.0394)  (0.164) (0.0145)  (0.0393) (0.0189)  (0.0721)
[4.3] [16.8] [.8] [2.9] (9] [6.4] [-1.3] [19.4] [5.9] [18.5] [7.9] [55.9]
Panel B: 12 Month Cites
PMC Live 0.0840%* 0.0816 0.0467 0.0544 0.0257 0.0968 0.0180 0.236* 0.0532%**  (.148%** 0.0735%**  0.402%**
(0.0453)  (0.142) (0.0574)  (0.214) (0.0296)  (0.0963) (0.0353)  (0.134) (0.0140)  (0.0381) (0.0184)  (0.0691)
(8.8] (8.5] [4.8] [5.6] [2.6] [10.2] [1.8] [26.6] [5.5] [16] [7.6] [49.5]
Observations (Articles) 958,597 958,597 612,084 612,084 958,597 958,597 612,084 612,084 958,597 958,597 612,084 612,084
Journal Clusters 4,836 4,836 4,745 4,745 4,836 4,836 4,745 4,745 4,836 4,836 4,745 4,745

Notes — This table displays the cross-sectional estimates of the effect, on article-to-article citations from researchers located in countries with different levels of GDP per
capita, of a focal article going live on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article citations are measured 6
(Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed Central, citations are measured after the assigned pseudo-live
date (see Section 2.3 for details). The NIH’s Public Access Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for
going live on PubMed Central (columns (2), (4), (6), (8), (10), and (12)), and is operationalized using the interaction between an indicator for an article being NIH funded and
an indicator for an article being published after April 2008. Columns (1)-(2), (5)-(6), and (9)-(10) exclude articles published in April 2008 (the month the PAP was
implemented) and columns (3)-(4), (7)-(8), and (11)-(12) exclude articles published between October 2007 and October 2008 (6 months before and after the PAP). April 2006
is the earliest month articles in the sample are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator for
whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and journal fixed effects. The numbers next to “PMC Live”
are estimates of the coefficient for the treatment indicator (i.e. an indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the
10%, 5%, and 1% levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are implied percent changes, which

are computed as 100 % (eB —1). The PPML-IV estimates are obtained using a control function approach in which the residuals from the first stage equation (2) are included as
an additional regressor in equation (1).



Table 6: Effect, on Patent-to-Article Citations, of Going Live on PubMed Central.

Excluded Publication Months Apr 08 Oct 07 - Oct 08
PPML PPML-IV PPML-RF PPML PPML-IV PPML-RF
)] 2 () 4 () (6)
Panel A: 6 Month Cites
PMC Live 0.0499  0.533*** 0.0951  1.059%**
(0.0611)  (0.191) (0.0780)  (0.287)
[5.1] [70.4] [10] [188.3]
NIH x Post-PAP (Red. Form) 0.179%** 0.345%+*
(0.0643) (0.0945)
[19.6] 41.2]
Panel B: 12 Month Cites
PMC Live 0.0227 0.318* 0.0506 0.720%**
(0.0540)  (0.166) (0.0687)  (0.274)
[2.3] [37.4] [5.2] [105.4]
NIH x Post-PAP (Red. Form) 0.107* 0.235%**
(0.0557) (0.0893)
[11.3] [26.5]
Panel C: First Stage
NIH x Post-PAP 0.337%%* 0.328%%*
(0.0262) (0.0423)
Observations (Articles) 058,507 958,597 958,507 612,084 612,084 612,084
Journal Clusters 4,836 4,836 4,836 4,745 4,745 4,745
First Stage F-Stat 165.4 60.1

Notes — This table displays the cross-sectional estimates of the effect, on patent-to-article citations, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), patent-to-article citations are
measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed
Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). The NIH’s Public Access
Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live
on PubMed Central (columns (2) and (5)), and is operationalized using the interaction between an indicator for an article
being NIH funded and an indicator for an article being published after the April 2008. Columns (1)-(3) exclude articles
published in April 2008 (the month the PAP was implemented) and columns (4)-(6) exclude articles published between
October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the sample
are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator
for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and
journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for the treatment indicator (i.e. an
indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, cAlustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100 * (¢” — 1). The PPML-IV estimates in columns (2) and (5) are obtained
using a control function approach in which the residuals from the first stage equation (2) are included as an additional
regressor in equation (1). Thus, they are not identical to the ratio of coefficients for the instrument from a PPML reduced
form and a linear first stage (Panel C).
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Table 7: Effect, on Patent-to-Article Citations located in the Body and Front Matter, of Going Live on PubMed Central.

Patent Body Patent Front-Matter Only
Excluded Publication Months Apr 08 Oct 07 - Oct 08 Apr 08 Oct 07 - Oct 08
PPML PPML-IV PPML PPML-IV PPML PPML-IV PPML PPML-IV
(1) (2) 3) (4) (5) (6) (7) (8)
Panel A: 6 Month Cites
PMC Live 0.0850  0.843%** 0.140 1.215%* 0.0401 0.300 0.0850  0.805%**
(0.0798)  (0.0798) (0.118) (0.543) (0.0722)  (0.219) (0.0862)  (0.300)
[8.9] [132.3] [15] [237] [4.1] [35] [8.9] [123.7]
Panel B: 12 Month Cites
PMC Live 0.0460 0.484* 0.130 0.858* 0.0203 0.129 0.0326 0.467*
(0.0610)  (0.0610) (0.0943)  (0.472) (0.0651)  (0.188) (0.0744)  (0.270)
[4.7] [62.3] [13.9] [135.8] [2.1] [13.8] (3.3] [59.5]
Observations 958,597 958,597 612,084 612,084 958,597 958,597 612,084 612,084
Journal Clusters 4,836 4,836 4,745 4,745 4,836 4,836 4,745 4,745
First Stage F-Stat X X X X

Notes — This table displays the cross-sectional estimates of the effect, on patent-to-article citations located in the patent body and located only in the front-matter of the
patent, of a focal article going live on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), patent-to-article citations are measured 6
(Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed Central, citations are measured after the assigned pseudo-live
date (see Section 2.3 for details). The NIH’s Public Access Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for
going live on PubMed Central (columns (2), (4), (6), (8), (10), and (12)), and is operationalized using the interaction between an indicator for an article being NIH funded and
an indicator for an article being published after April 2008. Columns (1)-(2), (5)-(6), and (9)-(10) exclude articles published in April 2008 (the month the PAP was
implemented) and columns (3)-(4), (7)-(8), and (11)-(12) exclude articles published between October 2007 and October 2008 (6 months before and after the PAP). April 2006
is the earliest month articles in the sample are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator for
whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and journal fixed effects. The numbers next to “PMC Live”
are estimates of the coefficient for the treatment indicator (i.e. an indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the
10%, 5%, and 1% levels. AThe numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are implied percent changes, which
are computed as 100 * (e’ — 1). The PPML-IV estimates are obtained using a control function approach in which the residuals from the first stage equation (2) are included as
an additional regressor in equation (1).



Table 8: Effect, on Wiki-to-Article Citations, of Going Live on PubMed Central.

Excluded Publication Months Apr 08 Oct 07 - Oct 08
PPML PPML-IV PPML-RF PPML PPML-IV PPML-RF
©) 2 (3) ) (%) (6)
Panel A: 6 Month Cites
PMC Live 0.372* -0.0831 0.151 -0.927
(0.215) (0.534) (0.285) (0.908)
[45.1] [-8] [16.3] [-60.4]
NIH x Post-PAP (Red. Form) -0.0288 -0.310
(0.185) (0.304)
[-2.8] [-26.7]

Panel B: 12 Month Cites

PMC Live 0.321%* -0.292 0.380** -0.454
(0.153)  (0.421) (0.191)  (0.694)
[37.9] [-25.3] [46.2] [-36.5]
NIH x Post-PAP (Red. Form) -0.105 -0.178
(0.151) (0.244)
[-10] [-16.3]

Panel C: First Stage

NIH x Post-PAP 0.337%* (0.328***
(0.0262) (0.0423)
Observations (Articles) 958,597 958,597 958,597 612,084 612,084 612,084
Journal Clusters 4,836 4,836 4,836 4,745 4,745 4,745
First Stage F-Stat 165.4 60.1

Notes — This table displays the cross-sectional estimates of the effect, on Wiki-to-article citations, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article citations are
measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed
Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). The NIH’s Public Access
Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live
on PubMed Central (columns (2) and (5)), and is operationalized using the interaction between an indicator for an article
being NIH funded and an indicator for an article being published after the April 2008. Columns (1)-(3) exclude articles
published in April 2008 (the month the PAP was implemented) and columns (4)-(6) exclude articles published between
October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the sample
are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator
for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and
journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for the treatment indicator (i.e. an
indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100 * (¢ — 1). The PPML-IV estimates in columns (2) and (5) are obtained
using a control function approach in which the residuals from the first stage equation (2) are included as an additional
regressor in equation (1). Thus, they are not identical to the ratio of coefficients for the instrument from a PPML reduced
form and a linear first stage (Panel C).
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Figure A1l: Visual Reduced Form for Citation Outcomes.
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Notes — These graphs show visual reduced form regressions — regressions of a citation outcome (article-to-article,
patent-to-article, or Wiki-to-article) on the instrument. The instrument is the NIH’s Public Access Policy (PAP), which
applies to NIH articles accepted for publication after April 2008. Specifically, these graphs show coefficients and 95%
confidence intervals from regressions of citations on publication month dummies interacted with an indicator for an article
being NIH funded (non-interacted publication month dummies are also included in regressions, but are not displayed in the
graphs). For linear (Poisson) models, the coefficients are interpreted as the citation difference (ratio) between NIH and
non-NIH articles published in a particular month. All regressions control for pre-treatment outcomes and include, publication
month fixed effects, age at which an article goes live fixed effects, and journal fixed effects. Confidence intervals are computed
using standard errors clustered at the journal level.
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Figure A2.1: Distribution, over 100 random assignments of control articles to pseudo live

dates, of the the effect, on article-to-article citations from all researchers, of going live on
PubMed Central.
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Figure A2.2: Distribution, over 100 random assignments of control articles to pseudo live

dates, of the the effect, on patent-to-article citations from all inventors, of going live on
PubMed Central.
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Figure A2.3: Distribution, over 100 random assignments of control articles to pseudo live

dates, of the the effect, on Wiki-to-article citations from all inventors, of going live on
PubMed Central.
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Table Al: Effect, on Article-to-Article Citations from All Researchers, of Going Live on
PubMed Central.

Excluded Publication Months Apr 08 Oct 07 - Oct 08
Linear Poisson Linear Poisson
Non-1V v Non-1V v Non-IV v Non-IV v
(1) (2 (3) (4) (5) (6) ) (8)

Panel A: 6 Month Cites

PMC Live 0.127%%  0.631%FF  0.0492%%%  0.166*** 0,166 1.426%FF  0.0643F*FF  0.407FF
(0.0509)  (0.1364) (0.0152)  (0.0435)  (0.0675) (0.2882) (0.0200)  (0.0752)
[10.2]  [50.6] [5.0] [18.1] [13.5]  [116.1] [6.6] [50.2]

Panel B: 12 Month Cites

PMC Live 0.217%%  1.204%** 0.0462%F*  0.146%** 0.308%*  2.875%** 0.0626***  0.369***
(0.1012)  (0.2812) (0.0148)  (0.0425)  (0.1328) (0.5971) (0.0194)  (0.0715)
8.8] (49.1] [4.7] [15.7] (12.7]  [118.8] [6.5] [44.6]
Observations 958,597 958,597 958,597 958,597 612,084 612,084 612,084 612,084
Journal Clusters 4,836 4,836 4,836 4,836 4,745 4,745 4,745 4,745

Notes — This table displays the cross-sectional estimates of the effect, on article-to-article citations, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article citations are
measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed
Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). The NIH’s Public Access
Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live
on PubMed Central (columns (2), (4), (6), and (8)), and is operationalized using the interaction between an indicator for an
article being NIH funded and an indicator for an article being published after the April 2008. Columns (1)-(4) exclude articles
published in April 2008 (the month the PAP was implemented) and columns (5)-(8) exclude articles published between
October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the sample
are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator
for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and
journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for the treatment indicator (i.e. an
indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100 * (¢” — 1) for the PPML estimates and 100 * (B/Q) for the linear
estimates (g is the mean of the outcome variable). The Poisson IV estimates in columns (4) and (8) are obtained indirectly,
by computing the ratio of coefficients for the instrument from a Poisson reduced form and a linear first stage. The standard
errors for these estimates are bootstrapped using 100 replications.
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Table A2: Effect, on Patent-to-Article Citations, of Going Live on PubMed Central.

Excluded Publication Months Apr 08 Oct 07 - Oct 08
Linear Poisson Linear Poisson
Non-1V v Non-1V v Non-1V I\Y Non-1V v

(1) (2) (3) 4) (5) (6) (M) ®)

Panel A: 6 Month Cites

PMC Live 0.002  0.008 0.0499  0.533%+* 0.002  0.017% 0.0951  1.059%%*
(0.0014) (0.0052)  (0.0611) (0.191)  (0.0018) (0.0078)  (0.0780)  (0.287)
[15.9]  [60.3] [5.1] [70.4] [18.0]  [128.4] [10.0]  [188.3]

Panel B: 12 Month Cites

PMC Live 0.002 0.004 0.0227 0.318* 0.003 0.018 0.0506  0.720%**
(0.0024) (0.0084) (0.0540)  (0.166) (0.0032) (0.0136) (0.0687)  (0.274)
[7.8] [15.9] (2.3] [37.4] [10.1] [69.6] [5.2] [105.4]

Observations 958,597 958,597 958,597 958,597 612,084 612,084 612,084 612,084
Journal Clusters 4,836 4,836 4,836 4,836 4,745 4,745 4,745 4,745

Notes — This table displays the cross-sectional estimates of the effect, on patent-to-article citations, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), patent-to-article citations are
measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed
Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). The NIH’s Public Access
Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live
on PubMed Central (columns (2), (4), (6), and (8)), and is operationalized using the interaction between an indicator for an
article being NIH funded and an indicator for an article being published after the April 2008. Columns (1)-(4) exclude articles
published in April 2008 (the month the PAP was implemented) and columns (5)-(8) exclude articles published between
October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the sample
are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator
for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and
journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for the treatment indicator (i.e. an
indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100 * (¢” — 1) for the PPML estimates and 100 * (/S’/Q) for the linear
estimates (g is the mean of the outcome variable). The Poisson IV estimates in columns (4) and (8) are obtained indirectly,
by computing the ratio of coefficients for the instrument from a Poisson reduced form and a linear first stage. The standard
errors for these estimates are bootstrapped using 100 replications.
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Table A3: Effect, on Wiki-to-Article Citations, of Going Live on PubMed Central.

Excluded Publication Months Apr 08 Oct 07 - Oct 08
Linear Poisson Linear Poisson

Non-1V v Non-1V v Non-1V v Non-1V I\%
(1) (2) (3) (4) (5) (6) (7) (®)

Panel A: 6 Month Cites

PMC Live 0.00080%*  -0.00020 0.372%  -0.0831 0.00056  -0.0024* 0.151  -0.927
(0.00038)  (0.00094)  (0.215) (0.534)  (0.00053) (0.00147)  (0.285) (0.908)
[62.1] [-15.4] [45.1]  [-8.0] [41.1]  [-179.3] [16.3]  [-60.4]

Panel B: 12 Month Cites

PMC Live 0.0012%%  -0.00095  0.321%* -0.292  0.0017%* -0.0032  0.380%* -0.454
(0.00050) (0.00149)  (0.153) (0.421)  (0.00069) (0.00256)  (0.191) (0.694)
[53.1] [-41.6] 37.9]  [-25.3] 67.4]  [129.1] (46.2]  [-36.5]
Observations 958,597 958,597 958597 958,507 612,084 612,084 612,084 612,084
Journal Clusters 4,836 4,836 4836 4,836 4,745 4,745 4745 4,745

Notes — This table displays the cross-sectional estimates of the effect, on Wiki-to-article citations, of a focal article going live
on PubMed Central. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article citations are
measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live on PubMed
Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). The NIH’s Public Access
Policy (PAP), which applies to NIH articles accepted for publication after April 2008, is used as an instrument for going live
on PubMed Central (columns (2), (4), (6), and (8)), and is operationalized using the interaction between an indicator for an
article being NIH funded and an indicator for an article being published after the April 2008. Columns (1)-(4) exclude articles
published in April 2008 (the month the PAP was implemented) and columns (5)-(8) exclude articles published between
October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the sample
are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an indicator
for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects, and
journal fixed effects. The numbers next to “PMC Live” are estimates of the coefficient for the treatment indicator (i.e. an
indicator for actually going live on PubMed Central). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100  (e# — 1) for the PPML estimates and 100 * (8/7) for the linear
estimates (7 is the mean of the outcome variable). The Poisson IV estimates in columns (4) and (8) are obtained indirectly,
by computing the ratio of coefficients for the instrument from a Poisson reduced form and a linear first stage. The standard
errors for these estimates are bootstrapped using 100 replications.
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Table A4: Article-to-Article Reduced Forms and First Stages.

Apr 08 Oct 07 - Oct 08
Linear Poisson Linear Poisson

(1) (2) 3) (4)

Panel A: 6 Month Cites

NIH x Post-PAP 0.211%%F  0.0561%%%  0.466%*% 0.134%%*
(0.0456)  (0.0149)  (0.0959)  (0.0262)
[16.9] [5.8] 37.9] [14.3]

Panel B: 12 Month Cites

NIH x Post-PAP 0.402FF%  0.0492F¥%  0.940%%* (. 121%%*
(0.0932)  (0.0144)  (0.1984)  (0.0249)
[16.4] [5.0] 38.8] [12.9]

Panel C: PMC Live

NIH x Post-PAP 0.334%** 0.327***
(0.0260) (0.0422)
F-Stat 165.0 60.0
Observations 958,597 958,597  612,0847 612,084
Journal Clusters 4,836 4,836 4,745 4,745

Notes — This table displays the reduced forms (Panels A and B) and first stages (Panel C) for the IV estimates presented in
Table 2. Columns (1), (2), (3), and (4) of this table correspond to columns (2), (4), (6), and (8) of Table 2. For treated
articles (i.e. those that actually go live on PubMed Central), article-to-article citations are measured 6 (Panel A) and 12
(Panel B) months after an article goes live. For treated articles (i.e. those that actually go live on PubMed Central),
article-to-article citations are measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles
that never go live on PubMed Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details).
Columns (1)-(2) exclude articles published in April 2008 (the month the PAP was implemented) and columns (3)-(4) exclude
articles published between October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest
month articles in the sample are published and July 2009 is the latest month. All regressions control for pre-treatment
outcomes and include an indicator for whether the article is NIH funded, publication month fixed effects, age at which an
article goes live fixed effects, and journal fixed effects. The NIH’s Public Access Policy (PAP), which applies to NIH articles
accepted for publication after April 2008, is used as an instrument for going live on PubMed Central, and is operationalized
using the interaction between an indicator for an article being NIH funded and an indicator for an article being published
after the April 2008. Thus, the numbers next to “NIH x Post-PAP” are estimates of the coefficient for this interaction on
citations (Panels A and B) and the probability of going live on PubMed Central (Panel C). *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels. The numbers in parentheses are standard errors, clustered at the journal-level.

The numbers in square brackets are implied percent changes, which are computed as 100 * (eB — 1) for the Poisson estimates
and 100 * (3/7) for the linear estimates (7 is the mean of the outcome variable).
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Table A5: Patent-to-Article Reduced Forms and First Stages.

Apr 08 Oct 07 - Oct 08

Linear Poisson Linear Poisson

(1) (2) ®3) 4)

Panel A: 6 Month Cites

NIH x Post-PAP 0.003  0.179%%% 0.006%* 0.345%*
(0.0018)  (0.0643)  (0.0025)  (0.0945)
[203]  [19.6]  [422]  [41.2]

Panel B: 12 Month Cites

NIH x Post-PAP 0.001  0.107%  0.006 0.235%+
(0.0028)  (0.0557) (0.0044)  (0.0893)
[5.3] [11.3]  [228]  [26.5]

Panel C: PMC Live

NIH x Post-PAP 0.337%** 0.328%**
(0.0261) (0.0423)
F-Stat 165.7 60.2
Observations 958,597 958,597 612,084 612,084
Journal Clusters 4,836 4,836 4,745 4,745

Notes — This table displays the reduced forms (Panels A and B) and first stages (Panel C) for the IV estimates presented in
Table 3. Columns (1), (2), (3), and (4) of this table correspond to columns (2), (4), (6), and (8) of Table 3. For treated
articles (i.e. those that actually go live on PubMed Central), patent-to-article citations are measured 6 (Panel A) and 12
(Panel B) months after an article goes live. For treated articles (i.e. those that actually go live on PubMed Central),
article-to-article citations are measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles
that never go live on PubMed Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details).
Columns (1)-(2) exclude articles published in April 2008 (the month the PAP was implemented) and columns (3)-(4) exclude
articles published between October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest
month articles in the sample are published and July 2009 is the latest month. All regressions control for pre-treatment
outcomes and include an indicator for whether the article is NIH funded, publication month fixed effects, age at which an
article goes live fixed effects, and journal fixed effects. The NIH’s Public Access Policy (PAP), which applies to NIH articles
accepted for publication after April 2008, is used as an instrument for going live on PubMed Central, and is operationalized
using the interaction between an indicator for an article being NIH funded and an indicator for an article being published
after the April 2008. Thus, the numbers next to “NIH x Post-PAP” are estimates of the coefficient for this interaction on
citations (Panels A and B) and the probability of going live on PubMed Central (Panel C). *, **, and *** indicate statistical
significance at the 10%, 5%, and 1% levels. The numbers in parentheses are standard errors, clustered at the journal-level.

The numbers in square brackets are implied percent changes, which are computed as 100 * (eB — 1) for the Poisson estimates
and 100 * (8/7) for the linear estimates (7 is the mean of the outcome variable).
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Table A6: Wiki-to-Article Reduced Forms and First Stages.

Apr 08 Oct 07 - Oct 08
Linear Poisson Linear Poisson

(1) (2) 3) 4)

Panel A: 6 Month Cites

NIH x Post-PAP -0.00007  -0.0288 -0.00080*  -0.310
(0.000314)  (0.185)  (0.000479)  (0.304)
[5.2] [-2.8] [-58.9]  [-26.7]

Panel B: 12 Month Cites

NIH x Post-PAP -0.00032  -0.105  -0.00104  -0.178
(0.000491)  (0.151)  (0.000784) (0.244)
[14.0]  [-100]  [-424]  [-16.3]

Panel C: PMC Live

NIH x Post-PAP 0.337%** 0.328%**
(0.0261) (0.0423)
F-Stat 165.7 60.2
Observations 958,597 958,597 612,084 612,084
Journal Clusters 4,836 4,836 4,745 4,745

Notes — This table displays the reduced forms (Panels A and B) and first stages (Panel C) for the IV estimates presented in
Table 3. Columns (1), (2), (3), and (4) of this table correspond to columns (2), (4), (6), and (8) of Table 3. For treated
articles (i.e. those that actually go live on PubMed Central), Wiki-to-article citations are measured 6 (Panel A) and 12 (Panel
B) months after an article goes live. For treated articles (i.e. those that actually go live on PubMed Central), article-to-article
citations are measured 6 (Panel A) and 12 (Panel B) months after an article goes live. For control articles that never go live
on PubMed Central, citations are measured after the assigned pseudo-live date (see Section 2.3 for details). Columns (1)-(2)
exclude articles published in April 2008 (the month the PAP was implemented) and columns (3)-(4) exclude articles published
between October 2007 and October 2008 (6 months before and after the PAP). April 2006 is the earliest month articles in the
sample are published and July 2009 is the latest month. All regressions control for pre-treatment outcomes and include an
indicator for whether the article is NIH funded, publication month fixed effects, age at which an article goes live fixed effects,
and journal fixed effects. The NIH’s Public Access Policy (PAP), which applies to NIH articles accepted for publication after
April 2008, is used as an instrument for going live on PubMed Central, and is operationalized using the interaction between
an indicator for an article being NIH funded and an indicator for an article being published after the April 2008. Thus, the
numbers next to “NIH X Post-PAP” are estimates of the coefficient for this interaction on citations (Panels A and B) and the
probability of going live on PubMed Central (Panel C). *, ** and *** indicate statistical significance at the 10%, 5%, and 1%
levels. The numbers in parentheses are standard errors, clustered at the journal-level. The numbers in square brackets are
implied percent changes, which are computed as 100 # (e® — 1) for the Poisson estimates and 100 * (B/gj) for the linear
estimates (7 is the mean of the outcome variable).
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