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Abstract

The research community is deeply concerned about the high prices of academic
journals and restrictions on access to published research. To evaluate the effects of
these barriers, we compile a comprehensive database of articles, journals, and pub-
lishers in three major academic fields (economics, physics and electronic engineering).
To identify the effects of increasing prices and publishers’ market power, we exploit
variations in publishers’ product portfolios that do not directly affect an article’s out-
come. In addition, we inquire into university-publisher contracts and the timing of
journals moving out of publisher paywalls to investigate the inner workings of these
barriers. Elevated prices and substantial publisher power significantly diminish the
volume of article citations and collaborative research. While these barriers operate
somewhat differently across academic fields, the hindrance effects consistently prove
more pronounced for lower-ranked institutions and developing countries.
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1 Introduction

The academic publishing industry serves as the nexus between knowledge dissemination and
knowledge creation. Efficient functioning of this industry concerns not only the intellectual
community but also the general public. Recently, however, there has been a surge of criticism
about exorbitant journal prices and increased access restrictions, which has often escalated
to battles between the research community and major publishers. In 2012, a renowned
mathematician, Timothy Gowers, called for a boycott of Elsevier, an academic publishing
powerhouse. The boycott developed into the “Cost of Knowledge” movement, which has
garnered close to 20,000 researchers’ signaturesﬂ In 2019, the University of California system
had a dispute with Elsevier about bundled access and universal free access to articles written
by the University’s researchers, which led to a well-publicized breakdown of their negotiation
process.

Compared with other industries, the academic publishing industry has distinctive features
that could lead to internal conflicts. First, this industry has a unique production function.
Researchers, who are the ultimate consumers of published knowledge, also provide the main
inputs to the knowledge production process. In addition to creating knowledge, researchers
provide unpaid services, such as refereeing and editing, to get others’ research published.ﬂ
Second, the general public is effectively paying for knowledge twice: the first time when
research is conducted using public funding; the second time when publishers charge prices
for access. Third, as technology progresses, the duties traditionally performed by publishers
(e.g., proofreading, typesetting, and copy editing) are either fully assumed by researchers who
submit their manuscripts, or rendered unnecessary due to the advent of digital distribution
(e.g., printing). As a result, major publishers have been able to cut their variable costs
significantly and maintain a high margin in their pricing models.lﬂ

The internal conflicts embedded in the production and consumption of academic journals
lead to “a captive work force and a captive audience.’ﬂ This captivity is exacerbated by the
highly concentrated market structure in the academic publishing industry. The inelastic

demand (from academic libraries, which make the largest chunk of publishing revenue) and

!The movement cited three reasons for the boycott: 1) high prices for subscriptions to individual journals;
2) bundling subscriptions to journals of different value and importance; and 3) the publisher’s support for
laws and regulations that restrict the free exchange of information.

2Ellison| (2002) provides a detailed account of the painfully drawn-out production and review process in
the economics profession.

JLariviere, Haustein, and Mongeon|(2015) document that Elsevier’s operating profits rose from 665 million
US dollars in 1991 to more than two billion US dollars in 2013, and its profit margin rose from 17% to about
24%. Overall, the profit margins of leading publishers were on a comparable level with the most profitable
drug, bank and auto companies during this period.

4Boston Globe “Why scientists are boycotting a publisher,” by Gareth Cook, Feb 12, 2012.



the high concentration in supply are often listed as the main culprits behind high prices of
journal subscriptionsE] The research community is deeply concerned about the consequences
and repercussions of such high prices because the inability to pay for subscriptions restricts
access to research to privileged individuals and institutions. This may create an imbalance
in the infrastructure required by research and collaboration opportunities, widening the gap
in knowledge dissemination and knowledge creation across institutions, communities and
countries. There has been anecdotal evidence about the access disparity and its negative
implications, but systematic evidence has yet to emerge.

To fill this gap, we constructed a comprehensive database, dated 2009 to 2018, of articles’
citation outcomes, journal prices and attributes, and publishers’ product portfolio in three
academic fields: economics, electronic engineering, and physics. We focus on two measures
of access barriers — journal retail prices and publishers’ market shares of published articles,
both of which contribute to the limited distribution of published research. For each field, we
conduct a separate analysis to quantify the effects of increasing prices and publishers’ market
power on the volume and distribution of article citations and research collaboration across
institutions and countries. We exploit variations in our data across journals and publishers
and over time for the identification of causal effects. In particular, to address the endogeneity
problem of journal price setting (based on time-varying unobserved journal attributes), we
adopt an instrumental variable approach in which journal attributes of other journals by the
same publisher and those by rival publishers serve as instruments for journal prices. The
idea is that publishers set prices based on their portfolios of journals and how their rivals set
prices, but these other journals’ attributes should not directly affect the citation outcomes
of an article published in the focal journal.

We present results from economics as our benchmark. In economics, academic publishing
has been dominated by a few large firms, led by for-profit global publishing powerhouses
Elsevier and Wiley. Deflated retail prices of journals roughly doubled in the ten years that
we study. We show that in five years of publication, an article’s citations and the number
of citing authors of these citations were substantially lower with higher journal prices and
stronger publishers’ market power. Under our preferred specification, a 1% increase in journal
prices leads to a 0.83% decrease in an article’s citation count and a 1.07% decrease in its
citing author count. This negative effect is much larger for citations from lower-ranked
institutions and from developing countries. Furthermore, both measures of access barriers
hinder researcher collaboration, captured by the number of co-authors in a citation and

collaboration across institutions/countries. Such a hindrance effect is roughly the same

SFor example, McCabe| (2002) shows that biomedical journal prices increased substantially due to frequent
mergers among publishers of biomedical journals in the 1990s.



within the same institution and across different ones (for example, collaboration between
a researcher from Texas A&M and one from the University of Arizona), but much more
pronounced across institution tiers (for example, collaboration between a Harvard researcher
and a University of Arizona one).lﬂ

A natural question is that whether these detrimental results are, indeed, due to restricted
access. Are researchers really affected by the retail prices often printed on the journal covers?
How much do universities actually pay for journal subscriptions? Are university subscriptions
sensitive to price changes? How does publishers’ market dominance affect journal access?
To answer these questions, we conduct three additional analyses.

First, we make use of a sample of subscription contracts between public universities and
Elsevier in the early part of our data period] to study how access at the university level is
determined. We discover substantial heterogeneity across these contracts, especially across
higher- and lower-ranked universities. Lower-ranked universities subscribe to many fewer
journals and pay much more dispersed prices for the journal bundle they subscribe to. We
also find a strong, positive correlation between the contracted prices and retail prices of the
journals in these contracts. Based on these facts and previous studies on the negotiation
process between universities and publishers, we conclude that universities negotiate highly-
customized contracts with publishers, with the retail prices serving as the basis for the
prices of basic bundles and add-on individual journals. In this negotiation process, each
party’s bargaining power affects the prices set and journals included. Large publishers such
as Elsevier and Wiley tend to have the upper hand, negotiating more favorable terms for
themselves. Through the negotiation process, journals’ retail prices and publisher market
power act together to determine research distribution and access (or lack thereof).

Second, we investigate the extent to which a journal article experiences a citation boost
immediately after the journal moves out of the publisher’s paywall. If there is little boost, the
paywall should take no blame for restricting access. In economics, JSTOR (https://www.jstor.org/)
is a popular access point for many researchers, offering a subscription-based access model
for institutions and much lower prices than publishers’ charge. Economics journals typically
move into JSTOR with a delay of between zero and ten years (named “JSTOR moving
wall”), varying significantly across journals. We exploit the timing of the moving wall in a
difference-in-difference framework, estimating the gain in citations after an article becomes
JSTOR-accessible. The JSTOR treatment is binary and staggered: the treated group con-

tains journals accessible at JSTOR after their moving wall (of various lengths) ends, and

6As a comparison, this hindrance effect is about the same for collaborations within a country, across
countries and across country development statuses.
"Elsevier’s contracts range from 2001 to 2014, mostly from 2009 and 2014.



the control group contains journals that are not yet or are never available at JSTOR. We
allow heterogeneous, dynamic treatment effects in two-way fixed effects regressions based on
De Chaisemartin and d’Haultfoeuille (2020} 2022). We find an immediate, sizable boost in
the citation outcomes of articles with the JSTOR treatment. The boost grows stronger over
time in the time window that we observe post-publication. As the predetermined length
of the moving wall does not depend on the time-varying unobserved heterogeneity at the
article (or journal) level, we believe that this finding supports our claim that accessibility is
the key mechanism behind our results. This finding, coupled with the fact that Elsevier, the
largest publisher in economics, does not allow its journals to enter JSTOR, also suggests that
publisher market power is the bottleneck of expanding accessibility of academic researchE]

Lastly, we expand our analyses to physics and electronic engineering for a cross-field
comparison to shed light on both diagnoses and remedies. In these two fields, as in economics,
subscription-based journals serve as a main media for knowledge dissemination, and journal
publication is a major criterion for a researcher’s professional development. In the three
academic fields we study, however, the research input, researchers’ outside option to access
journalsﬂ funding channels, collaboration format and publication cycles differ substantially
from one another. Moreover, the role of non-profit publishers can be vastly different across
fields; for example, the Institute of Electrical and Electronics Engineers (IEEE), a non-profit
publisher, dominates the publications in electronic engineering. We consider expanding our
investigation to different fields necessary to generalize our results and to understand the
extent of access barriers under different production functions of knowledge.

Indeed, the barriers we study indeed function differently in physics and electronic en-
gineering, but the big picture on access barriers remains the same. In physics, high price
is the main hindrance factor, while publisher market power has a statistically insignificant
effect; in electronic engineering, the results are just the opposite: prices play a negligible role,
while publisher market power has a huge negative effect. These results reflect the fundamen-
tal differences in how markets are organized in these three fields: in economics, for-profit
publishers dominate, with Elsevier and Wiley leading the pack; in physics, prices are much
higher, and the market structure is dispersed among a handful of for-profit companies; in
electronic engineering, the market is again very concentrated (perhaps even more so than in
economics), but it is dominated by one large non-profit publisher (IEEE).

Diagnosing the problems of the academic journal market is the pre-step to finding poten-

8The only exception is that Elsevier Masson SAS, a publisher created by the 2005 Masson and Elsevier
merger, has a single journal Sociologie du Travail at JSTOR.

9For example, in physics, pre-print dissemination via the arXiv is the norm, but in economics, access to
the NBER or IZA working paper series requires institution membership. In electronic engineering, conference
proceedings could have a higher impact than journals to distribute the newest knowledge and discoveries.



tial remedies. A further look at our results leads to discoveries on two frequently-debated
remedies: the role of non-for-profit publishers and that of open access. We find little evidence
to support elevating the status of non-profit publishers as a solution. Across all three fields,
the non-profit status of publishers seems to have a negligible role in reducing the negative
effects of higher prices and stronger publisher power across fields. Results from electronic
engineering also suggest that simply replacing market powers with non-profit organizations
is not the solution to overcome barriers. Open access, however, seems to be very effective at
boosting citations in economics: an article with open access has a 29% gain in the five-year
citation count and a 35% gain in the five-year citing authors count. In physics and electronic
engineering, the open-access effects can be considered quite sizable as well, going from 10%
to 20% depending on outcomes and specifications. We show that a 30% decrease in prices in
economics (a 7% decrease in physics) achieves roughly the effect of open access in the field,
but this price reduction remedy needs to be field-specific and location-specific.

Researchers across multiple disciplines complain about high prices and market power in
the academic publishing industry(Bergstrom, (2001); Edlin and Rubinfeld| (2004)), but there
is only scant evidence on credible causal links between access barriers and knowledge dis-
semination. This paper is the first to directly estimate the effects of academic journal prices
and publishers” market power on knowledge dissemination. We have constructed a compre-
hensive database across multiple academic fields on journal articles, citations, citing authors’
networks, journal prices, journal attributes and publisher attributes. Our identification strat-
egy makes use of the variation in publishers’ product portfolios that does not directly affect
an article’s impact — a widely recognized identification strategy in economics. We further
provide direct evidence to demonstrate the effects of enhanced access on article citations,
exploiting the timing of economics journals moving out of publishers’ paywall. In summary,
our work brings new data and a new identification strategy to provide much-needed evidence
about the effects of access barriers on knowledge dissemination and knowledge creation.

Our research contributes to two closely-related literatures, the first attempts to diagnose
the problems of academic publishing and to find remedies (e.g. the push for open access)
and the second one concerns the process of knowledge diffusion and creation.

Increasing prices and high ownership concentration have been noted in the literature(Albee
and Dingley (2001])), despite the data being a bit dated. Our own data shows that the average
prices (in 2020 dollars) of academic journals in economics, physics and electronic engineer-
ing roughly doubled from 2009 to 2018; these three fields have been consistently dominated
by a few power house publishers. Furthermore, there has been a stark difference between
for-profit and non-profit pricing. Bergstrom et al.| (2014]) collected the contracts between

publishers and public universities and documented that commercial publishers charge much



higher prices per citation for academic journals than nonprofit societies charge["]

Researchers have cited both demand- and supply-side reasons for these facts and trends.
On the demand side, libraries cannot easily switch away from over-priced journals because
researchers (the primary consumers) face no budget constraints and are therefore unlikely
to respond to prices (Nevo, Rubinfeld, and McCabe| (2005)), McCabe, Nevo, and Rubinfeld
(2008)) [M] On the supply side, McCabe (2002) shows that mergers of commercial publishers
led to higher journal prices in a broadly defined portfolio market; |[Edlin and Rubinfeld
(2004) and Bjork| (2021)) attribute the price increases to publishers’ “big deal” bundling
practicesF_Q] This literature focuses on understanding the pricing tactics of publishers, which
is a prerequisite to potential remedies. Our work has the same theme but a different focus;
that is, we study the outcomes instead of the determinants of high prices and market power.
In this sense, our work represents the other side of the coin in the literature on the effects
of open access (of a journal or an article), which acts as an access facilitatorm

Going beyond this specific marketplace, this research contributes to the broader literature
of knowledge diffusion and creation. We follow in the footsteps of laria, Schwarz, and
Waldinger| (2018), who show that a reduction in international knowledge flow caused by the
breakout of World War I led to a sharp decline in the productivity of scientists, suggesting
that access to published research is key to scientific and technological progress. In the same
vein, Berkes and Nencka| (2021]) show that patenting increased by 7 to 11% in the 20 years
following the construction of public libraries funded by Andrew Carnegie, which reduced the
costs of accessing knowledge for local residents. By providing credible empirical results on
the effects of access barriers in a modern-day setting, our research fills a void in the current
discussion of the malfunctions of the academic publishing.

We will proceed by describing the institutional details of academic publishing that are
relevant to our research, and the multiple data sets we collected to compile the panel we

use for analysis. We then present the econometric framework and identification strategy.

10For example, Elsevier’s prices per citation for large PhD-granting institutions are almost three times
those charged by non-profit publishers, while other for-profit publishers charge even higher rates.

' The authors did find inelastic demand but also found journal prices were lower than most static pricing
models would predict. They suspected the dynamics of journal pricing at play.

12Many publishers offer libraries large bundles of journals across academic fields and across print and
electronic versions at a discount. This is usually a long-term arrangement that locks in libraries, leaving
them little room to purchase journals from competitors, especially new entrants.

13 Armstrong| (2015) provides an in-depth analysis of the rationale and trade-offs of open access policies,
and most of this literature tries to quantify the effects of open access on the number of citations of a journal
article using different data and identification strategies. McCabe and Snyder| (2005) discuss the relationship
between open access and journal quality. McCabe and Snyder| (2014) employ a panel data to estimate that
open access increases citations by 8%. [McCabe and Snyder| (2015]) show that JSTOR’s availability increases
citations by 10%. More recently, McCabe and Snyder| (2021) demonstrate the heterogeneous effects of open
access on the least- and most-cited articles.



Among the three fields that we explore, we present the results from economics first and in
more detail. Lastly, we present results from physics and electronic engineering for comparison
and discussions. We provide an online appendix to document data-processing procedures

and show details and robustness analyses.

2 Institutional Background and Data

2.1 A Brief History and a Recent Rift

Academic journal publishing is a sub-field of publishing that distributes academic research
articles and theses. The first academic journal, Journal des S¢avans, published in January
1665, marked the birth of the academic journal publishing industry. The industry changed
the process of scholarly communication from personal correspondence, society meetings and
books to systematic distribution, recording and archiving. Up until the end of World War II,
academic publishing was supported almost entirely by nonprofit academic societies. After
1945, for-profit publishers began to acquire journals from academic societies. The for-profit
publishers’ share of academic publishing increased dramatically due to the rapid growth of
academic research and the availability of generous funding for university libraries.

Over multiple decades, the number of researchers and the market size of scholarly pub-
lishing have grown steadily. The Web of Science recorded 24,974 journals in October 2021,
and the market value of scholarly publishing was $26.5 billion in 2020. The market has
recently been highly concentrated. Based on Journal Citation Reports (JCR) 2014-18 data,
Kim and Park (2020) find that 56.3% of journals and 57.3% of articles were published by
five for-profit publishers: Elsevier, Springer, Wiley, Taylor & Francis, and Sage. Waves of
consolidation in the publishing industry in the last few decades contributed to this high
concentration(McCabe, (2002)).

Academia has complained about the publishing industry for some time. The prices of
for-profit academic journals have increased rapidly from the 1980s to the 2000s and have
shown no sign of stopping (Albee and Dingley (2001); Kim and Park (2020)). Frequently
mentioned complaints also include the bundles of journals that are forced upon universities
and restrictions on authors’ rights to share their articles(Edlin and Rubinfeld (2004)); Bjork
(2021))). In general, the public resents the access restrictions set by the very profitable
publishing business, claiming that knowledge has been held hostage by one or by several
publishing houses. In the last decade, this resentment has escalated to disputes, lawsuits,
and frequent breakdowns of contract negotiations. In 2015, Elsevier filed a law suit against

Sci-Hub, a website that provides free access to published articles, infringing on publishers’



copyright and bypassing publishers’ paywalls. In 2018, about 3000 people, mostly academic
computer scientists, signed a petition promising not to submit, review, or edit articles for
Nature Machine Intelligence, a new journal from the publisher Springer Nature, which was
set to begin publication in January 2019. Recently, several university libraries, including
those of the University of California, Harvard, and the University of Konstanz, stopped
negotiations or temporarily canceled subscriptions with major for-profit publishers.

The core of this conflict is the public good nature of knowledge. As Armstrong| (2015)
points out, a dollar of subscriber payment is worth more than a dollar of publisher profit;
furthermore, much of the knowledge has been created with public funding. The open access
movement has been brewing for the last two decades, culminating in the Biden administra-
tion’s announcement in 2022 that, by the end of 2025, federal agencies will be mandated
to make papers that describe taxpayer-funded work freely available to the public as soon
as the final peer-reviewed manuscript is published. Bergstrom (2001)) discusses three other
approaches to deal with the conflicts: expanding non-profit journals; supporting new, com-
peting electronic journals; and punishing overpriced journals. All these solutions, however,
are often still blueprints (and sometimes just the wishful thinking of the academia), the
implementation of which requires a concerted effort from parties with very different interests

and incentives.

2.2 Choice of Academic Fields to Study

We establish two criteria to select academic fields for our study. First, subscription-based
journal articles are major outputs to evaluate the quality of a scholar’s research in the field.
The arts and humanities, for this reason, is not a good candidate because journal articles are
not the most important research output in this area["] Second, there have been significant
variations in journal prices and market concentration over the time span we study.

Based on these criteria, economics, two subfields of physics(atomic, molecular, & chemical
and condensed matter, hereinafter physics)E] and electronic engineering (EE) stand out,
each representing a significant research field in social sciences, sciences, and technology. In
addition, existing studies on open access suggesting that scholars in these fields are more

likely than those in other fields to have limited access to the literature[™]

M Crossick| (2007) summarizes data from the 2001 Research Assessment Exercise in the UK to show that
journal articles comprise only 37% of scholars’ output in the arts and humanities, while books comprise 50%.
In contrast, journal articles account for 96% and 78% in science and engineering, respectively.

15Physics is a very broad field, with 469 journals in total. To make data collection feasible, upon the
advice of a University of Arizona physicist, we chose two sub fields in which academic journals play a more
important role in knowledge dissemination.

16For fields in which open access plays a small role, there may be sufficient access to published articles
through various alternative means. [Tennant et al. (2016) summarize the literature on open access and



Among the three fields, we use economics as our benchmark because the discipline of
social sciences has the highest level of publisher concentration]”] and because we have rela-
tively more knowledge and experience as researchers or practitioners in this field. We then
use physics and EE as comparison groups because research input, researchers’ outside op-
tion to access journals, funding channels, collaboration format and publication cycles are
substantially different in these two fields. In particular, these two fields each depart from
economics in one prominent way: in physics, journal prices, on average, exceed $5,000 for an
annual retail subscription, while the equivalent is about $1,000 in economics; in EE prices
are roughly in the same ballpark as economics, but EE features a dominant non-profit pub-
lisher — IEEE — while economics’ leading publishers are Elsevier and Wiley, both for-profit.
Investigation across these distinctly different fields allows us to evaluate the generalizability
of our results and to show how dysfunctions in the publishing industry interact with each

field’s idiosyncrasies.

2.3 Data

We assemble data on journal articles, journals, publishers, and library-publisher contracts
spanning eleven years (roughly from 2009 to 2018) from multiple sources. We use the main
data sets (three data sets in economics, physics and EE, respectively) to quantify the im-
pacts of journal prices and publishers’ market power on knowledge dissemination and re-
search collaboration. We use complementary data sets to enhance our understanding of the
institutions, industry practices, and mechanisms behind our results.

For each of the three academic fields, we compile a list of journals that were ever shown
in the Social Sciences Citation Index (SSCI) or Science Citation Index Expanded (SCIE)
from 2009 to 2019. For each journal on this list, we collect the following data:

e Journal articles, citations, and citing authors. We collect all the articles published
in the journal between January 2009 and December 2018. For each article, we record
whether the article is open-accesd*|and the article’s citations dated from its publication
to December 2019. For each citation of a journal article, we record each co-author’s
name, affiliation, and country of affiliation. We collect these data by web scraping from

the Incites-Clarivate (owned by the Web of Science). The citation count, citing author

find that journal articles with open access in economics, physics and EE have received a higher number of
citations.

Lariviere et al.| (2015) report that, in 2013, 70% of published papers in the social sciences were from the
top five publishers.

18 An article is open-access when the journal is an open-access journal or when the authors of the article
purchased open access from the subscription-based journal.

10



count and citing authors’ collaboration relationships are our main outcome variables
— doing this, we follow the tradition of using bibliometric data to measure knowledge
generation and diffusion(Griliches| (1990); Moser et al| (2018))[7]

e Journal retail prices for annual subscription. Whenever possible, we recorded pricing
information manually from publishers and various online sources. If no results can be
found this way, we directly contact publishers for such information. After cleaning,
we have retail prices (in 2020 dollars) for print-only, electronic-only, and print-and-
electronic-bundled access for the majority of journals in all three ﬁeldsm The first two
subsections of Appendix [A] describe the publishers we work on and the construction

process of the price variables.

e Journal attributes. For each of the journals collected in Incites, we web-scrape the
journal’s publisher, the percentage of citable items, the ranking, and various measures
of the journal’s impact (e.g., the journal’s Impact Factor). The last subsection of

Appendix [A] describes various journal attributes we use in our study.

e University Ranking. We obtain the ranking of global top universities in 2020 from
Quacquarelli Symonds (QS), a British company specializing in the analysis of global
higher education market. QS World University Rankings is regarded as one of the three
most influential university rankings in the world. We use this information when we
assess the differential impact of the academic journal market on education institutions

in different quality tiers.

We merge the above data sets by journal and university names. In the final product, each
entry is an article, published in a certain year by a journal that is owned by a publisher. For
each article, we observe its aggregate citation and citing author outcomes within a certain
time frame (specifically, within two, five and eight years since publication), the number
of citing authors in each citation, and each citing author’s institution/country affiliation.
In addition, we measure the extent of co-authorship across institutions and countries in the

fashion of Azoulay et al.| (2019). At the article’s year of publication, we then merge in journal

19Collection and cleaning of this data set have been extremely time-consuming due to the size of the data
(9.6 million citation items for economics; other fields are of similar size by estimation), the frequently changed
layout of Incites-Clarivate that interrupts the web crawler, and the inconsistent spelling of institutions and
countries, which requires manual cleaning.

20We have prices data for 309 out of 364 non-open-access journals in economics(the total number of journals
is 423), 90 out of 121 non open access journals in physics(the total number of journals is 133), and 192 out of
303 non-open-access journals in EE(the total number of journals is 387). Note that the number of journals
varies from year to year. In EE, for example, there were 266 journals in 2019.

11



prices and journal attributes, as well as publisher attributes (non-profit, number of journals
owned, number of articles published, and market shares based on journals or articles).

Beyond the main data, we collect one additional piece of information for the field of
economics — the time at which the economics journal is deposited at JSTOR. JSTOR is
a non-profit digital library that provides delayed bundled access to academic journals at a
low price point for subscribing institutions. The length of delay (called “Moving Wall” by
JSTOR) can vary from zero to ten years and is negotiated by JSTOR and journal publishers.
We use the Moving Wall length to construct a Difference-in-Difference identification strategy
to evaluate the effect of increased access at lower prices on citation outcomes.

Lastly, we obtain a sample of subscription contracts between Elsevier and public universi-
ties. These contracts were requested by Professor Ted Bergstrom at University of California,
Santa Barbara under the Freedom of Information Act (Bergstrom et al. (2014)). We have
70 contracts spanning 2001 to 2014, with the majority from 2007 to 2009@ These contracts
often represent several universities’ collective bargaining with Elsevier. For example, the
Arizona Board of Regents negotiated with Elsevier, representing Arizona State University,
the University of Arizona and Northern Arizona University. These contracts record the list
of journals to which a university subscribed from Elsevier and the negotiated price for each
journal. These contracts allow us to study the relationship between journals’ retail prices and
their negotiated ones and to analyze different subscription access by universities of different

tiers.

3 Summary Statistics: Facts and Trends

In this section, we present stylized facts about articles, journals and publishers, which will
help us to pin down empirical specifications of our study. The main text reports statistics
on economics, while Appendix [B] reports on physics and EE. In addition, we analyze the

university-publisher contracts to understand negotiated pricing and subscribed access.

3.1 Articles and Citation Outcomes

We report summary statistics for journal articles and their citation outcomes in the field of
economics in Table [l The top panel reports the number of aggregate citations and citing
authors within two, five and eight years since the article’s publication. The number of

observations decreases along these three time frames because we do not have a sufficiently

21This collection originally had 360 contracts, but only Elsevier contracts recorded detailed information
on negotiated prices.

12



long observation window for articles published in later years. The middle and bottom panels
single out the five year time window, for which we have six cohorts of articles (articles born
in 2009, 2010, ..., and 2014), and we consider five years a milestone time frame to measure
an article’s impact following norms in academic publishing.

Table 1] shows a few notable patterns. First, not surprisingly, citations built up gradually,
with large variations across articles. Second, the mean of the number of citations and citing
authors was much higher than the median, suggesting that the distributions of citations
and citing authors were highly skewed to the right. Third, there were substantial variations
across different tiers of institutes and countries. Lastly, the 2014 cohort displays significant
difference from the 2009 cohort: a mere five years later, the 2014 cohort receives more
citations, most of the gain driven by lower-ranked institutions and developing countries;
citations are more likely from multi-author (> 3) collaborations in various forms (within the
same institutions/country, across institutions/country, and across institution/country tiers).
Although only briefly reported in Table Appendix [B.1] the citation outcomes in physics and
EE are fairly similar to those in economics. The strong cohort effect and huge variations
across articles necessitate the inclusion of year- and journal- fixed effects in our empirical

specification.

3.2 Journals and Publishers

Table [2 reports summary statistics on economics journals (Panel A) and publishers (Panel
B). The data come with the caveat that we do not have prices for all 3,525 journal-year
combinations:instead, our price data cover all major publishers (five for-profit and seven
non-profit), which represent 67% of all journal-year combinations and 80% of all articles
published during the time span. The most striking feature is the huge variation across
journals. Among the three price formats, the print- and electronic-access bundle costs the
most, followed by print-only, and then by electronic-only. The bundle prices range from
a mere $100 to almost $14,000, with an average of slightly above $1,000. The journal
attributes also display substantial variations in the number of articles published and the
quality measures.

The publisher market in economics can be best described as an oligopoly with a fringe
of small firms, with 77% of publishers being non-profit organizations. There were mega
publishing houses such as Elsevier and Wiley, which owned 50 to 75 journals and took a big
chunk of market shares in published articlesF_Z] there were also hundreds of tiny publishers

that owned a single journal and accounted for almost nothing in market shares.

22Elsevier published close to 50% of all economics articles in the last ten years.
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Table 1: Articles and Citations in Economics

Variable # obs. Mean Median SD 2009 Mean 2014 Mean
Open Access 240,208  0.266 0 0.442 0.212 0.294
Citations within a time frame after article publication
# Citations in 2 years 213,183  2.946 1 5.817 2.684 2.831
# Citations in 5 years 135,425 9.115 3 18.229 8.673 9.331
# Citations in 8 years 61,927 16.127 6 35.787 15.481 n.a.
# Citing authors in 2 years 213,183 7.929 2 19.479 6.118 7.731
# Citing authors in 5 years 135,425 24.277 8 55.907 21.114 26.508
# Citing authors in 8 years 61,927 42.245 12 103.122 39.062 n.a.
Among citing authors within & years of publication
# from rank 1% — 100" 135,425  4.257 0 11.771 4.037 4.316
# from rank 101% — 500" 135,425 5.978 1 14.227 5.223 6.365
# from rank 501% — above 135,425 2.618 0 6.532 2.242 3.021
# from unranked 135,425 11.428 3 28.783 9.611 12.806
# from developed countries 135,425 18.232 5 44.617 16.745 18.628
# from developing countries 135,425  5.875 0 17.574 4.116 7.784
Among citations within 5 years of publication
# w. single author 135,425 2.171 1 4.831 2.482 1.886
# w. two authors 135,425  2.950 1 6.096 2.980 2.867
# w. three authors 135,425  2.244 1 5.073 1.945 2.417
# w. > four authors 135,425  1.750 0 5.210 1.266 2.161
# w. same inst. colab. 135,425  2.283 1 5.040 2.024 2.396
# w. across inst. colab. 135,425 1.414 0 3.193 1.279 1.532
# w. across inst. tiers colab. 135,425  3.247 1 7.256 2.888 3.517
# w. same country. colab. 135,425  4.529 1 9.633 4.127 4.761
# w. across country colab. 135,425  1.469 0 3.525 1.322 1.538
# w. across country tiers colab. 135425 0.946 0 2.528 0.743 1.146

Notes: Each observation is a journal article published in an economics journal between 2009 to
2018. There are 240,208 articles in ten cohorts, and for each cohort, we have an observation window
of different length. Articles published in later years do not have citation outcomes in the five-year
or eight-year observation window. For the last two columns, the number of journal articles in 2009

is 19,996, and the number in 2014 is 25,269.
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Table 2: Journals and Publishers in Economics (2009 to 2018)

Variable # obs. Mean Median SD Min Max
Panel A: Journal Attributes
Prices (in 2020 $)
Bundle: print 4 electronic 2,366 1,026.911 741.633 977.895 102.788 13,873.36
Print only 1,620  949.099 634.382 841.908  85.380  5,203.36
Electronic only 2,352 920.076  628.001 919.732  75.828 12,139.56
# Article published 3,525 68.144 40 213.768 1 4,952
% Citable Ttems 3,174 98.678 100 5.167 0 100
Impact Factor 3,178 1.224 0.920 1.087 0 11.775
Immediacy Index 2,839 0.300 0.188 0.413 0 5.833
Eigenvector Score 3,187 0.005 0.002 0.010 0 0.137
Cited Half Life 2,823 8.403 8.800 2.919 0.800 30.200
Web of Science Rank 3,187  163.551 161 96.245 1 363
Panel B: Publisher Attributes
Non-profit (= 1 if yes) 620 0.773 1 0.420 0 1
# Journals owned 620 5.685 1 14.251 1 74
# Article published 620 387.432 45 1,471.574 2 12,895
Market share in journals 620 0.018 .003 0.045 0.003 0.233
Market share in articles 620 0.016 .002 0.060 0.0001 0.478

Notes: Panel A: 3,525 journal-year combinations (363 journals x 10 years, with some journals
entering in the middle of our time span and missing information in prices or journal attributes).
Panel B: 620 publisher-year combinations (64 publishers x 10 years, with five publishers entering
in the middle of our time span). The last subsection of Appendix |A|defines journal attributes

reported in Panel A.
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Figure 1: Economics Journal Prices Over Time
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Notes: From left to right, we show trends in the print/ electronic bundle and print only journal
prices for annual subscription. The trends in electronic only prices were very similar to the left
panel of the graph. We classify economic journals into four categories according to the ranking
developed in [Combes and Linnemer| (2010) — the CL-index — which classifies journals into four
categories AAA, AA, A, and B and lower. Category AAA (our “Top 5”) includes the top five
journals, and AA (our “Field +”) includes 15 next-tier journals, four AEJ journals, Quantitative
Economics, and Theoretical Economics. Category A (our “Lower”) contains 82 journals, but seven
of them are not on our list (Journal of Business, Journal of the American Statistical Association,
American Political Science Review, Water Sources Research, Journal of Financial Intermediation,
Industrial and Labor Relations Reviews, and Journal of International Money and Finance). All

other journals are classified into our “Lowest.”

Figure |1 shows a steady to steep increase in prices (in $2000) from 2008 to 2018 for four
tiers of economics journals, labeled “Top 5,” ¢ Field +,” “Lower” and “Lowest” (tiers are
based on |(Combes and Linnemer| (2010))). For “Lower” and “Lowest” journals, the annual
subscription prices roughly doubled. Figure [2| shows that Elsevier and Wiley were market
leaders, followed closely by the next five. The right panel of this figure is marked by a
dramatic increase in Elsevier’s market share at the expense of Wiley’s, despite only moderate
fluctuations in the number of journals published by Elsevier and Wileyﬁ

Appendix [B] reports journal and publisher attributes for physics and EE. Both fields
were much larger than economics in terms of the number of articles published, with 389,421

journal articles in physics and 495,403 in EE (compared to 240,208 in economics). Both fields,

23A journal named Value in Health switched from Wiley to Elsevier in 2011. This journal published
2,567 to 4,952 articles annually during our data span. This is why the market share of Elsevier increased
dramatically, while the share of Wiley dropped by roughly the same amount in 2011.
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Figure 2: Evolution of Publishers: Economics
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Notes: Elsevier and Wiley are the largest two publishers based the article market share, followed
by the “Next Five:” Taylor & Francis, Springer, Oxford, Cambridge and the American Economic
Association.

however, had fewer publishers and journals: physics had 133 journals by 26 publishers; EE
had 387 journals by 41 publishers. Two facts represent notable departures from economics. In
physics, journals were much higher-priced, averaging around $5,000 for annual subscriptions.
In EE, there was a single dominant player in the market — IEEE — a non-profit organization
that published over 50% of articles in the field. Elsevier was only a distant second.

These stylized facts and trends in prices and publishers’ market shares not only illus-
trate the rapidly-increasing barriers to journal access over time, but also give us variations

necessary for the identification of the impact parameters we are interested in.

3.3 Elsevier-University Library Contracts

We construct two measures of access barriers: journals’ retail prices for annual subscriptions
and publishers” market power as measured by their share of articles. Do these two measures
capture the access problem in this market? In particular, does anyone at all subscribe to
journals at their retail prices? And why does the concentration of the publisher matter? After
all, the majority of the research community accesses academic journals through university
libraries, which typically negotiate multi-year contracts with publishers (Bergstrom et al.
(2014))). If such contracts contained similar-sized bundles of journals of similar quality, then

researchers affiliated with subscribing universities would have equitable access to academic
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Figure 3: What’s in the Contract: Ranked vs. Unranked Universities
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Notes: Panel (a) is based on 70 Elsevier-University Library contracts. Outlier: California State
University Libraries, though unranked in QS in 2010, subscribed to more than 1,500 journals. Panel
(b) is based on 48 such contracts as not all contracts report prices for journals subscribed. Outlier:
The University of Iowa paid more than $4,000 per journal, doubling the average journal price paid

by the other ranked universities.

journals. If negotiated prices had no relations with retail prices, then retail prices would
have no bearings on journal access and knowledge dissemination.

We look into the contracts between Elsevier and major public universities to investigate
whether there is a basis for such claims. Figure [3| shows otherwise. We partition the uni-
versities in the contract data into two sets: those ranked by QS in 2010 (47 in total) and
those not ranked (23 in total). For each contract, we tally the number of journals contained
and the average price across subscribed journals. The left panel of Figure |3| shows that
unranked universities subscribed to fewer than half of the journals (with the exception of
California State University) that their ranked counterparts subscribe to. The right panel
shows that although unranked universities paid only slightly more, on average, than ranked
ones, the prices they paid had a much larger dispersion. This latter fact could be attributed
to multiple causes: the unranked universities might have chosen journals of different quality
levels; they might have paid a price premium for small-sized bundles; or they might have
paid very different prices for similar-sized and similar-quality journals. Combining these
facts, we find that researchers at unranked universities did have unequal footing when ac-
cessing academic journals — their libraries had substantially fewer journals and, perhaps,
very different journals at different price points.

Looking into the individual journals in each contract, we find retail prices and contracted

prices to be highly correlated. Table [3| reports the results of OLS regressions of contracted
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Table 3: Contracted Prices and Retail Prices

Dependent Variable Journal Prices in Elsevier Contracts
(1) (2) (3) 4)
Retail Price 0.906™**  0.892***  (.891*** 0.891***
for Annual Subscription (0.023)  (0.017)  (0.017) (0.008)
Library-year Fixed Effects Yes Yes n.a n.a
Field Fixed Effects No Yes n.a n.a
Library-field-year Fixed Effects No No Yes Yes
Standard errors clustering Library  Library  Library Field
Adjusted R? 0.967 0.977 0.977 0.977
Observations 7,941 6,149 9,750 9,750

Notes: Each observation is a journal-library-year combination in an Elsevier
contract. Standard errors are provided in parentheses. Asterisks indicate statis-
tical significance at the 1% (***), 5% (**), and 10% (*) levels.

prices against retail prices, with different sets of fixed effects added in different columns.
Taking our trusted specifications in columns (3) and (4), which include library-field-year
fixed effects@ we see that contracted prices are highly correlated with retail prices: a $1
increase in retail prices led to a $0.891 increase in contracted prices.

Summarizing the stylized facts presented by Figure [3] and Table [3] as well as our un-
derstanding of the contract negotiation process, we argue that both journals’ retail prices
and publisher market power serve as proxies for the access problem in this market. Both
measures affect actual prices paid and journals that the university libraries subscribe to.
Each university library negotiates a highly customized contract with publishers rather than
a pre-specified bundle of different sizes set by the publishers and offered to all libraries. A
typical practice is that the negotiation parties pick a base bundle, then choose individual
journals to add on. Journals’ retail prices serve as the basis for the price of the base bun-
dle, as well as negotiated prices for the add-on journals. During the negotiation process,
concentration of ownership in the publishing market tilts the battlefield toward large pub-
lishers. Larger publishers not only have higher negotiation power versus university libraries
when setting prices and designing bundles, but also push for “big bundles” that leave few

dollars in library budgets to purchase journals from entrants to the journal industry(Edlin
and Rubinfeld| (2004)).

24Column (3) allows the error terms to cluster at the library level and column (4) clusters at the academic
field level. The choice of different clustering affects the standard errors of estimated coefficients.
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4 An Empirical Framework to Measure the Effects of

Journal Prices and Publishers’ Market Power

4.1 Econometric Model

In the above discussion, we rationalize our choices of journal retail prices and publisher mar-
ket power as measures of access restrictions in the academic journal market. Higher journal
prices directly reduce journal subscriptions due to libraries’ budget constraints; publishers’
greater market power elevates price levels in the negotiation process, weakens competition
from new entrants, and exacerbates the already-constrained choices of university libraries.
Combining these measures and the measures of knowledge dissemination and academic
collaboration, we adopt the following empirical framework to estimate the impact of access

barriers in the academic publishing industry:

Y,jst = Bo + B1In(Price;i) + faPublisherShareg + fsOpenAccess,;i

(1)
+ thﬁx + )\j + Nt + Eajst-

In Equation , we use subscript a for article, j for journal, s for publisher, and ¢ for the year
the article was published. Y, is an outcome of article a published by journal j (owned by
publisher s) in year ¢. In the baseline model, we use the natural logarithm of the number of
citations, citing authors, and the nature of collaboration among citing authors within a cer-
tain time frame to measure different outcomes of knowledge dissemination. In(Pricej;) is the
natural logarithm of the price for printed- and electronic- bundled access. PublisherShareg,
measured from 0 to 1, is the publisher’s market share of all published articles in the field in
year t. OpenAccess,j; is an indicator function that equals 1 if the article has open-access sta-
tus. Xj; is a vector of time-varying journal attributes that measures the journal’s academic
quality, including % Citable Items, Impact Factor, Immediacy Index, Eigenvector Score,
Cited Half Life and Web of Science rankingFj Lastly, A; and 7, are journal- and year- fixed
effects, and €, are @.i.d shocks to the outcome variable. Parameters of interest include f,
B2 and (33, measuring the effects of prices, publisher market power and open access to articles

respectively.

25We omitted a few typical journal impact measures such as five-year Impact Factor and Article Influence
Score because they are highly correlated with the journal attributes we include in the regressional analysis.
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4.2 Identification

In Equation , we use journal- and time- fixed effects to control for time-invariant journal
attributes and time-varying trends in journals and research fields. We think this panel data
identification strategy alleviates our concern of endogenous publisher power and articles’
open-access status. Time-varying unobserved heterogeneity at the journal level is unlikely to
correlate with publisher power given that many publishers own multiple journals of different
attributes. Furthermore, the author team of an article is unlikely to respond to time-varying
shocks at the journal level to make decisions on open access. Still, there could exist time-
varying unobserved heterogeneity that affects the causal inference on the main dependent
variables — journal prices. We can think of two mechanisms driving a correlation between
prices and such time-varying unobserved heterogeneity. A publisher could set a journal’s
price based on the journal’s constantly-evolving academic reputation, which is not fully
captured by all the observed measures or by the fixed effects.ﬁ] Both citation outcomes and
journal prices respond to journal reputation, confounding the interpretation of estimates of
Equation . At the same time, a journal editor selects papers to maximize the expected
quality of the journal, as in|Card and DellaVigna| (2020). The editor observes many attributes
of the journals (time-invariant and time-varying, including prices) and decides which papers
to accept based on the paper’s content, the referees’ report and the information they observe.
Both the publisher’s price-setting process and the editor’s paper-selection process could
create a correlation between journal prices and the unobserved quality of the journal or the
article in question.

To alleviate this endogeneity concern, we adopt an instrumental variable approach for the
price variable, exploiting the fact that multi-product publishers engage in price competition
with rivals based on the extent of product differentiation in the product space. A publisher
considers a journal’s location not only in its own product portfolio but also among competing
products. Therefore, the attributes of a publisher’s other journals and those of competing
journals (by other publishers) enter a journal’s pricing decision but do not directly affect an
article’s citation outcomes. This argument is inspired by McCabe| (2002), who proposes a
pricing model based on the distribution of library budgets and a journal’s relative quality.
This instrument strategy is, in principle, the same strategy proposed by Berry, Levinsohn,
and Pakes (1995)), who argue that a firm sets a product’s prices based on the other products
against which the focal product competes (including the firm’s own competing products).

However, the focal product’s unobserved heterogeneity is not correlated with the observed

26For example, Econometrica and the Quarterly Journal of Economics publish articles in different styles
and have different reputations, a fact that is well known in research communities, but this fact is not captured
by the measures we include in Xj;, and this unobserved heterogeneity can change over time.
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attributes of competing products.

In particular, we partition a journal’s competing journals into two sets: the publisher’s
other journals in the same field and other publishers’ journals in the same field. We instru-
ment journal prices with the one-year lag?’| of the average attributes of journals in these two
sets, respectively. The validity of these instrumental variables depends on two assumptions.
First, an individual journal’s time-varying unobserved attributes are uncorrelated with com-
peting journals’ attributes. This can happen if a publisher does not have control over the
time-varying unobserved heterogeneity of a journal. Second, the editor of an individual jour-
nal accepts papers based on the focal journal’s attributes, but the selection process does not
depend on the attributes of other journals (that is, the editor acts like a local monopoly). We
believe that these assumptions are reasonable in the academic publishing industry, providing
a solid basis for our instrumental variable strategy.

In Appendix Table we report, field by field, estimates of regressions of In(Pricej;)
on publisher market shares in journal articles, own journal attributes, one-year lag of av-
erage attributes of other same-field journals by the same publisher, one-year lag of average
attributes of same-field journals by rival publishers, and journal- and year- fixed effectsF_g]
The first 12 variables are the instruments we constructed based on the above reasoning. The
results show that many instruments enter the determination of journal prices, although the

factors that play more prominent roles vary across fields.

5 Evidence from Economics

In this section, we report results from the field of economics. Economics is a major branch of
the social sciences in which journal publication is the most important measure of academic
output. Researchers in this field are well aware of the impediments and limitations associated

with accessing published research.

5.1 Overall Impact on Research Dissemination

We start from the overall impact, measured by the logarithm of the number of citations
and that of citing authors within five years of an article’s publication year. The number of
citations is widely recognized as a measure of an article’s impact; viewed from the receiving
end, it is also a measure of knowledge dissemination as it is a function of how widely the

focal article has been accessed by the research community. The number of citing authors

2"Presumably, publishers adjust prices based on lagged information on its own portfolio and its rivals’.
28Note that Appendix Table instead of Table reports the first-stage results for Equation .
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Table 4: Knowledge Dissemination Affected by Journal Access

Dependent Variable Follow-up Research within Five Years of Article Publication
log(# Citations) log(# Citing Authors)
OLS OLS OLS OLS v v
(1) (2) (3) (4) (5) (6)
log(Journal Prices) 0.464**  (0.298***  (.333*** -0.107  -0.828%** -1.066**
(0.215) (0.094) (0.107) (0.090) (0.308) (0.439)
Publisher Share -0.214 -0.102 -0.217%F  -0.307** -0.350%*
(0.358) (0.315) (0.108) (0.121) (0.155)
Article Open Access -0.474%F*  _0.451%**F  0.281FFF  (.289%** 0.349%**
(0.156) (0.144) (0.043) (0.038) (0.045)
Journal Attributest : No Yes Yes Yes Yes Yes
Year Fixed Effects No No Yes Yes Yes Yes
Journal Fixed Effects No No No Yes Yes Yes
Adj. R? 0.079 0.232 0.235 0.476 n.a n.a
# observations 105,266 92,772 92,772 92,772 86,414 86,414

Notes: Each observation is a journal article published in an economics journal between 2009 and
2014. 1 : Time-varying journal attributes included in some specifications: % citable items, impact
factor, immediacy index, Eigenfactor score, cited half life, and journal rank. Standard errors are
adjusted for clustering within journals and are provided in parentheses. Asterisks indicate statistical
significance at the 1% (***), 5% (**), and 10% (*) levels.

is an alternative measure of this same dissemination process, focusing on the number of
researchers exposed to the focal article.

Table 4] shows how different specifications affect our understanding of the effects of rising
prices and publisher market power in this industry. Going from column 1 to 4, we add in
more regressors, journal attributes, year fixed effects and journal fixed effects, which could
correlate with journal prices. When we get to column (4), the estimated coefficient for
In(Journal Prices) becomes statistically insignificant. The use of instrument variables, as
discussed in Section , changes this estimate drastically, as reported by column (5)@ The
estimated coefficients for Publisher Share and Article Open Access, however, do not change
much from column (4) to column (5), suggesting that these two variables are less susceptible
to confounding factors in the unobservables of Equation (|1)).

Combining columns (5) and (6), we have three main findings: First, price increases neg-
atively affect research dissemination with about unitary elasticity. If journal prices increase
by 1%, the number of total citations within five years would decrease by 0.83%, and the
number of total citing authors within five years by 1.07%. Second, the rise in publishers’
market power negatively affects research dissemination. Column (5) of Table [4| shows that

a 1% increase in a publisher’s article market share leads to a 0.31% decrease in citations

29 Appendix Table reports the first-stage estimates and F-test statistics for this column.
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and a 0.35% decrease in citing authors. Third, an article’s availability through open access
is a significant booster for citation outcome — an article with open access would increase
citation by 28.9% and citing authors by 24.9%.

As citations often take time to accumulate, we follow the citation outcomes over time
in our observation window. Table (in the Appendix) presents IV results for two, five,
and eight years for citations and citing authors. These estimates reveal a clear and intuitive
pattern. The citations and citing authors within two years of article publication drop by
0.37% and 0.60%, respectively, if journal prices increase by 1%. The drop amounts to 0.83%
and 1.07% within five years of article publication. Eight years after articles are published,
citation and citing authors drop only 0.18% and 0.33%, respectively, both statistically in-
significant. The change in estimated effects suggests that the full effects of access restriction
are cumulative and, perhaps, maximized around five years after article publication. The
negligible impact over an eight-year period suggests that researchers gain access to content
beyond the publisher’s paywall as time passes, and the pricing effects diminish. Over time,
the influence of publishers’ market dominance and the availability of open access on citations
and citing authors remain evident, indicating that publishers possess a range of strategies

beyond pricing to manage access.

5.2 Distributional Impact on Research Dissemination

As we show in Section [3.3] universities and institutions negotiate distinct packages for journal
subscriptions, resulting in varying degrees of access restrictions for their affiliated researchers.
These variances may have minimal significance when comparing the University of Arizona
to Harvard, but for a non-R1 university{ﬂ access to journals could experience a drastic
decline. When transitioning from developed to developing countries, a similar, if not more
pronounced, decline can also be anticipated.

The estimates in Table[5|report the distributional impact on research — we take Equation
to each of the four tiers of universities and institutions and each of the two tiers of
countriesPT| Across columns, we can see that the results are highly consistent with the
results reported by Table 4 Columns (4) and (6) show, however, that price elasticities (with
respect to the number of citing authors) are greater than unitary elasticities for citing authors
from unranked institutions and developing countries. If journal prices were to increase by
1%, the number of citing authors from unranked universities and universities in developing

countries would decrease by 1.24% and 1.83%, respectively. This result, especially the result

30In the U.S., there are 146 institutions that are classified as “R1: Doctoral Universities — Very high
research activity” in the Carnegie Classification of Institutions of Higher Education as of the 2021 update.
31'We lump transitional economies and developing countries into one category.
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Table 5: Disparate Effects of Journal Access: IV results

Dependent Variable log(# Citing Authors) within Five Years of Article Publication
From Academic Institutions Ranked from From Countries
1%t — 100"  101°t — 500" 501+  Unranked Developed Developing
(1) (2) (3) (4) (5) (6)
log(Journal Prices) -0.886*** -0.917** -0.846***  -1.238*** -1.015** -1.829***
(0.328) (0.382) (0.255) (0.337) (0.426) (0.328)
Publisher Share -0.276** -0.334*** -0.221** -0.297** -0.399*** -0.279*
(0.110) (0.118) (0.087) (0.145) (0.150) (0.150)
Article Open Access  0.275%** 0.273*** 0.159***  0.301*** 0.365*** 0.173***
(0.036) (0.033) (0.024) (0.040) (0.044) (0.029)
# Observations 86,414

Notes: Each observation is a journal article published in an economics journal between 2009 and 2014.
Time-varying journal attributes included in all specifications are the same as in Table [d] All specifications
include year- and journal- fixed effects and use instrumental variables. Standard errors are adjusted for
clustering within journals and are provided in parentheses. Asterisks indicate statistical significance at the
1% (***), 5% (**), and 10% (*) levels.

about unranked institutions, is unlikely driven by the log-log specification in Equation (|1
— if the number of authors from unranked institutions were smaller than that from other
tiers, then we might have recovered elasticities from the steeper part of a log curve. However,
the number of authors from unranked institutions accounts for almost half of the 3.3 million
authors citing the published economics articles that have five-year citation outcomes; if
anything, the reported elaticities from the log-log specification may have underestimated how
high prices have disproportionately hurt researchers affiliated with unranked institutions.@

The estimates in Table [5| also report that open access results in 15.9%-30% more citing
authors across institutions of different ranks. The increases are 17.3% and 36.5% for devel-
oping and developed countries, respectively. These results are much closer to the estimates
in McCabe and Snyder| (2014}, 2021) than to earlier studies that exploit only cross-sectional

variations in data and report as much as 300% of citation increase due to open access.

5.3 Impact on Research Collaboration

Varying degrees of exposure to cutting-edge literature in their respective fields may affect
researchers’ capacity to collaborate with one another, but it is difficult to know in which

direction this effect goes a priori. Several forces could counteract each other. First, re-

32 Another observations is that companies or research institutes are typically counted as “unranked,” —
the role of academical journals should be more important because researchers in these places lack unofficial
channels such as seminars, conferences, and working papers to access knowledge.
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Table 6: Research Collaboration across Individuals Affected by Journal Access

Dependent Variable

log(# Citations) within Five Years of Article Publication

with # Co-authors

=1 >2 >3 >4
(1) 2) (3) (4)
log(Journal Prices) -0.235  -1.000***  -1.147*** -1.213***
(0.161)  (0.324)  (0.312) (0.277)
Publisher Share -0.207**  -0.289**  -0.236** -0.239**
(0.084)  (0.121)  (0.114) (0.105)
Article Open Access 0.202***  0.272***  0.233*** 0.157***
(0.029)  (0.036)  (0.031) (0.022)
# Observations 86,414

Notes: Each observation is a journal article published in an economics journal between
2009 and 2014. Time-varying journal attributes included in all specifications are the same
as in Table[d All specifications include year- and journal- fixed effects and use instrumental
variables. Standard errors are adjusted for clustering within journals and are provided in
parentheses. Asterisks indicate statistical significance at the 1% (***), 5% (**), and 10% (*)

levels.

Table 7: Collaboration Across Schools and Countries Affected by Journal Access

Dependent Variable

log(# Citations) within Five Years of Article Publication

Co-authored

same across across same across across
inst. inst,. inst. tiers country  countries  country tiers
(1) (2) (3) (4) (5) (6)
log(Journal Prices) -0.761***  -0.722***  -0.975%** -0.877**  -0.839*** -0.783***
(0.215) (0.192) (0.266) (0.285) (0.172) (0.208)
Publisher Share -0.194** -0.190** -0.264** -0.264** -0.184** -0.171**
(0.081) (0.075) (0.103) (0.105) (0.083) (0.070)
Article Open Access  0.180"**  0.167*** 0.232%** 0.228***  (0.199*** 0.111***
(0.026) (0.024) (0.030) (0.032) (0.025) (0.017)
# Observations 86,414

Notes: Each observation is a journal article published in an economics journal between 2009 and
2014. Time-varying journal attributes included in all specifications are the same as in Table [4]
All specifications include year- and journal- fixed effects and use instrumental variables. Standard
errors are adjusted for clustering within journals and are provided in parentheses. Asterisks indicate
statistical significance at the 1% (***), 5% (**), and 10% (*) levels.
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searchers within the same institution may all face knowledge access limitations, leading to
reduced collaborative research within institutes. Second, the access limitation may lead to
incentives to seek collaborations from outside the institutions because external collaborators
bring in new knowledge. Third, disparities in knowledge can complicate effective communi-
cation between institutions or across countries, reducing incentives for collaboration. These
forces may take effect simultaneously; as a result, we cannot predict whether access barriers
hinder or incentivize collaboration.

By examining all the citing authors for each citation of a published article, we can create
collaboration metrics within the network of citing authors. We investigate the impacts of
journal prices, publishers” market power, and open access on various measures of collabora-
tion based on the specifications of Equation . Table |§| focuses on the number of coauthored
articles, and Table [7] goes one step further to study the nature of these collaborations.

Table [0 reports that high prices have a statistically insignificant impact on the number of
single-authored citations. The adverse high price effect, however, is apparent for co-authored
citations and intensified when more coauthors are involved. Publisher power and open access
have similar effects across single-authored and co-authored articles. Table [7]first investigates
the effects on collaboration across tiers of institutionsﬂ The negative effects are consistent
across the board, with the most pronounced effects on collaboration across institution tiers.
For a 1% increase in journal prices, the number of citations from collaborating authors at
institutions from different tiers drops by 0.98%, while the numbers are 0.72% and 0.76% for
collaboration from different and the same institutions, respectively. Furthermore, the effect
of publisher market power and open access are also the largest across institution tiers. The
comparison between columns indicates that the second mechanism mentioned earlier prevails
over the first one. We also estimate the effects on collaboration in the same countries, across
countries, and across country tiers. In all the three cases, journal prices and publishers’
market power exert significant hindrance effects, while the influence on collaboration across

different country development statuses is not notably stronger.

5.4 Robustness

We conduct a battery of robustness checks of our main findings and present some of the
results in Appendix Table [E.I} As measuring the outcomes and the access barriers is key to
our results, in this table, we focus on the robustness checks when we use alternative dependent
variables, prices and publisher market power. In column (1), as the outcome variable we use a

binary variable indicating whether the focal article has any citation. This variable measures

33We use the same definitions of institution tiers as in Table
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knowledge dissemination at the extensive margin. The absence of statistically significant
findings indicates that access barriers primarily affect the intensive margin, meaning that
they diminish the distribution of articles that garner positive citations. In the case of articles
that receive no citations, there is nothing to diminish. In a sense, this result confirms that
our primary results are not driven by spurious correlations in our data. In column (2), we
count only unique authors in the number of citing authors measure. In columns (3) and
(4), we use alternative journal prices — i.e., electronic-only or print-only prices — to replace
bundle prices. In columns (5) and (6), we redefine publisher market share based on the
number of journals or the number of journals weighted by the Journal Impact Factor, while
in the benchmark analysis, we base the publisher market share variable on the number of
published articles. Results from column (2) to (6) suggest that our qualitative findings are
robust to all these changes.

Appendix Table reports results for only a few specifications, but we perform robust-
ness checks using the above alternative variables for all the regression tables reported so far.
In addition, we perform robustness checks on sample selections and alternative instrumental
Variables.[ﬂ Our results are very qualitatively robust — we do not report these results in

this paper only due to the constraint on paper length.

6 Mechanism, Generalizability, and Remedies

6.1 JSTOR Moving Wall: Access is Key

We argue in this paper that high prices and publisher power act as barriers to researchers’
access to published knowledge. We now provide direct evidence to show that accessibility
is a key mechanism contributing to a published article’s citation outcome. Specifically,
to show that gained access increases citation outcomes significantly, we use the timing of
an economics journal entering the JSTOR distribution channel, which provides a low-price
access alternative to individuals and institutions.

“JSTOR” stands for “Journal Storage.” Founded in 1995, JSTOR is a non-profit digi-
tal archive and online platform that provides access to a vast collection of academic jour-
nals, books, images and primary sources across many academic disciplines. JSTOR offers a
subscription-based access model for institutions with prices much lower than those charged
by the publishers. The subscription fees are based on the subscribing institution’s size, type,

and country. For a large U.S. university or four-year college, the range is typically $3,000 to

34Tn particular, we partitioned our instruments into two sets — the one-year lag of the average product
attributes of the publisher’s other journals, and those of other publishers’ journals — and used them separately.
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$6,000 annually for a multi-discipline CollectionE] Thirteen thousand schools, universities,
and institutions around the world subscribe to JSTOR.

JSTOR typically does not provide immediate access to the most recent issues of journals.
Instead, there is a delay, or a “moving wall,” between the publication date and the availability
of that content in JSTOR. The JSTOR website defines a moving wall as the gap of content
between the archival (or past) and current (most recent) issues of a journal. The moving
wall delay is set by a journal’s publisher and ranges from zero to ten years, although the
majority of journals in the JSTOR archive have a moving wall of three to five years. The
availability of a published article on JSTOR after the journal’s moving wall ends indicates an
expanded accessibility to only researchers subscribing to JSTOR. This expansion in access
can be considered a “treatment” (Rubin| (1974); Card and Krueger| (1994))), which is not
correlated with an individual article’s unobserved attributes or quality level.

The JSTOR moving wall setup provides a natural setting for us to evaluate the effects of
accessibility on citation and collaboration. We use a difference-in-differences (DID) approach
to estimate the treatment effects of an article gaining JSTOR access. Journals that are not
collected by JSTOR constitute the control group, and journals collected by JSTOR enter the
treatment at different timing. This setting approximates a staggered rollout of a policy in
different locales. To estimate the treatment effect, we specify Equation for all economics

articles published in a specific year.

L
Yzzjn - fj + Mn, + Zz:o 7141{6 =nNn — JSTOR]} + €ajn- (2)

In Equation , we follow article a, published by journal j, through years after its
publication (indexed by n). We measure outcome Y, using the logarithmic increase of the
number of citations/citing authors from year n — 1 to year n (plus 1). For all articles born in
a certain year, the treatment is moving to JSTOR in a staggered fashion (depending on the
length of the moving wall). An article published in journal j receives the JSTOR treatment
at year W, + 1 after the publication year, with W; being the length of JSTOR moving wall
—i.e., JSTOR; = W; + 1 for journal j.l?]

The treatment effect, captured by 14, ¢ > 0 can be heterogeneous for each treatment
group. By design, it is different for every W;. If W; is 1, an article gains better exposure
right after publication; if W; is 5, an article has limited exposure in the first five years of

publication. Moreover, journals with different moving walls may be inherently different and

35JSTOR’s pricing information can be found at https://about.jstor.org/librarians/fees/.

36JSTOR’s website states: “The Wall resets, or moves forward, after a complete year, every year in early
January. This is when another year of content is added into the JSTOR archive. The Moving Wall calculation
does not include the current year. So in 2019 for a journal with a Moving Wall delay set to 5 years, archival
content goes up to 2013. (5 years from the previously completed year, which would be 2018).”
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benefit from JSTOR access differently. Furthermore, the treatment effects can also vary over
time, as past treatments affect the current outcomes — a paper gets exposure to the research
community after the moving wall ends and gained citations invite more citations over time.
We use methods developed by De Chaisemartin and d’Haultfoeuille (2020, 2022) to estimate
the heterogeneous, dynamic treatment effects.

This identification may fail, if the journal articles under JSTOR treatment experienced
different trends from those that were in the control group. To assess this concern, we follow
De Chaisemartin and d’Haultfoeuille| (2022)) to conduct placebo tests for ¢ = 1,2,3 years
before the treatment. We compare an article’s from JSTOR; — (¢ +1) to JSTOR; — { after
its publication, where JSTOR; is the treatment time and ¢ is a pseudo timing that asks
the question, “What if the treatment happens at ¢ periods before the actual treatment?”
If the placebo tests returns a statistically significant result, it suggests that our results are
due to different trends in the treatment and control groups, rather than the causal effect
of the treatment. This placebo test basically tests the parallel trends assumption, which is
essential to our identification strategy.

Figure |3| presents the average treatment effects (averaged across different treatment
groups) of Equation . This figure reports both the dynamic treatment effects and the
placebo test results. The distance to the first treatment changes is on the x-axis; the DID
estimators are on the y-axis to the right of zero (including zero); and the placebo estimators
are on the y-axis to the left of zero. As shown in Figure [3| after an article enters JSTOR
circulation, it experiences a significant increase in citations and citing authors. This positive
effect grows over time: for the 2009 cohort of articles, two years into the treatment, the
annual increase in citations that year were boosted by roughly 5%; five years into the treat-
ment, 15%. Such patterns are similar for the number of citing authors, and consistent over
three cohorts of journal articles. To the left of zero, the placebo estimators show confidence
intervals containing zero; that is, we cannot reject the null hypothesis that the placebo
test has zero effects. This is strong support for the “common trends” assumption of our
DID identification strategy. Appendix Table presents results if we assume homogeneous
treatment effects with no dynamics, using articles published in economics journals in 2009@
Columns (3) and (6) of this table report a 5.1% boost in the annual increase in citations and
a 6.9% boost in the annual increase in citing authors, in the ballpark of the average of the
dynamic effects of the treatment reported by Figure 3| The impact of JSTOR on the annual
increase in citations may be less pronounced compared to the substantial influence of open
access, which boosts the number of citations within five years by about 30%. This difference
may be attributed to the fact that JSTOR operates on a subscription-based model and that

37Results using 2010 and 2011 published articles are very similar.
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Figure 3: Dynamic Treatment Effects of JSTOR Circulation
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there are various time lags associated with the circulation of journals on JSTOR.

6.2 Physics and EE: What Holds, What Breaks?

The production function for academic research exhibits significant variation across diverse
academic fields. Key components influencing this function encompass research input, fund-
ing channels, collaboration formats, publication cycles, and researchers’ alternative avenues
for accessing journals. Importantly, the organization of the academic publishing market is
influenced by traditions, norms, and idiosyncrasies. What serves as a barrier in one field
may be inconsequential in another, and vice versa.

We expand our empirical analyses to the fields of physics and electronic engineering (EE)
to explore the external validity of our baseline results. Table [§ reports results for physics,
and Table [9 for EE. Table [§ shows that the negative effects of journal prices on citations
and citing authors are much larger for physics than for economics. If physics journal prices
increase by 1%, the number of total citations within five years would decrease by 1.46%, and
the number of total citing authors within five years by 1.96% (in economics, the numbers
are 0.83% and 1.07% respectively). However, publishers’ market shares have no statistically
significant impacts across columns. The effects of open access are not as prominent as in the
field of economics, but the effects are still sizable. We have two observations to account for
these differences: first, journal prices are much higher in physics ($5000, on average, for a
retail annual subscription) than in economics ($1000); second, in physics, the combined major
publishers in the “next five” were on par as formidable competitors to Elsevier. Conversely,
in economics, Elsevier held a dominant position, leading the pack with a significantly wider
margin.

EE is distinctive in its own way. The conference proceedings are the most important
channel for knowledge dissemination, and IFEF, a non-profit organization, holds a dominant
position in both academic conferences and journals. Elsevier, the for-profit powerhouse in
both economics and physics, is only a distant second. As Table [J reports, prices have no
statistically significant effect, but the negative effects of publisher market power is huge: a
1% increase in a publisher’s article market share leads to a 4.67% decrease in citations and
a 6% decrease in citing authors (in economics: 0.31% and 0.35%, respectively). In EE, the
effects of article open access is similar to those in physics.

The findings indicate that elevated journal prices and publisher dominance manifest
distinctively across fields. In physics, high prices had tangible consequences, whereas in
electronic engineering (EE), it was primarily a matter of market power. Despite these vari-

ations, we can consistently identify high prices and publisher market dominance as common
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Table 8: Physics — Prices have a Real Bite

Dependent Var. Citation Outcomes within Five Years of Article Publication
log(# log(# Cit. log(# Citing Authors) log(# Citations)
Citations)  Authors) Unranked Developing w. Co-authors
Inst. Countries > 2 across inst.
(1) (2) (3) (4) (5) (6)
log(Journal Prices) -1.459**  -1.961*** -1.888*** -1.142* -1.428*** -0.919*
(0.456) (0.660) (0.713) (0.670) (0.455) (0.390)
Publisher Share -0.395 -0.305 0.479 -0.476 -0.379 0.306
(0.618) (0.832) (0.839) (0.936) (0.585) (0.480)
Article Open Access 0.101* 0.130* 0.023 -0.158** 0.102* 0.029
(0.056) (0.068) (0.070) (0.063) (0.055) (0.043)
# Observations 102,896

Notes: Each observation is a journal article published in a physics journal between 2009 and 2014. Time-
varying journal attributes included in all specifications are the same as in Table 4] All specifications include
year- and journal- fixed effects and use instrumental variables. Standard errors are adjusted for clustering
within journals and are provided in parentheses. Asterisks indicate statistical significance at the 1% (***),
5% (**), and 10% (*) levels.

contributors to access barriers, recognizing that the specific culprit may vary across different

academic domains.

6.3 What are Potential Remedies?

Pooling findings from the realms of economics, physics, and electronic engineering, we un-
derscore the detrimental impact of access barriers on the dissemination of knowledge and
collaborative research. This prompts the next inquiry: can this diagnosis guide us toward
discovering effective remedies? In this subsection, we focus on two lessons learned from our

investigation regarding potential remedies.

Non-profit Publishers: Not the Way Out

Disseminating knowledge and advancing scientific discoveries are typically viewed as pub-
lic goods. A common argument contends that the profit-driven incentives of for-profit pub-
lishers are fundamentally at odds with the public goods nature of academic publishing.
However, elevating the status of non-profit publishers may not be a straightforward solution.
Two pieces of evidence challenge this notion. First, insights from the field of EE reveal
that a dominant non-profit publisher (IEEE) does not mitigate publisher power as an access
barrier; in fact, the adverse effects of publisher power are even more pronounced than in
economics and physics, in which for-profit publishers hold market leadership. Second, our

analysis finds no indication that the non-profit status of a publisher alleviates the negative
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Table 9: Electronic Engineering — All about Market Power

Dependent Variable Citation Outcomes within Five Years of Article Publication
log(# log(# Cit. log(# Citing Authors) log(# Citations)
Citations)  Authors) Unranked Developing w. Co-authors
Inst. Countries > 2 across inst.
(1) (2) (3) (4) (5) (6)
log(Journal Prices) 0.026 0.080 -0.010 0.545 0.077 0.054
(0.389) (0.545) (0.488) (0.500) (0.391) (0.220)
Publisher Share -4.664*** -6.003*** -5.336*** -5.135*** -4.744%* -2.045***
(1.229) (1.772) (1.525) (1.657) (1.259) (0.679)
Article Open Access  0.160*** 0.196*** 0.130%** -0.031 0.160*** 0.088***
(0.020) (0.027) (0.023) (0.028) (0.020) (0.012)
# Observations 144,937

Notes: Each observation is a journal article published in an Electronic Engineering journal between 2009 and
2014. Time-varying journal attributes included in all specifications are the same as in Table 4l All specifi-
cations include year- and journal- fixed effects and use instrumental variables. Standard errors are adjusted
for clustering within journals and are provided in parentheses. Asterisks indicate statistical significance at
the 1% (***), 5% (**), and 10% (*) levels.

impacts of high prices and publisher power. Refer to Appendix Table where we interact
an indicator function of the publisher’s non-profit status with log prices, publisher market
share, and article access. While for-profit publishers generally charge higher prices than their
non-profit counterparts, as documented in Bergstrom et al.| (2014)), Table demonstrates
that increasing prices or market power of for-profit and non-profit publishers led to quanti-
tatively similar decreases in citations and citing authors. This pattern is consistent across
all three fields under examination.

However, it is worth noting that the non-profit status does enhance the positive effects
of article open access on citations and citing authors. The differing impact of open-access
across for-profit and non-profit publishers suggests potential variations in the quality of open
access articles between the two types of publishers. Open-access articles published by non-
profit entities may exhibit distinct characteristics compared to those published by for-profit
entities, which may either be self-supported by authors or found in relatively lower-ranked

journals.

Lower Prices to Achieve Open-access Effects

Consistently across all three fields, an article’s open-access status significantly enhances
citations and collaborative research. The importance of open access is widely recognized by
academia, policy advocates, and policy makers. Recently, the Biden Administration took
significant steps to promote open and equitable research. Among the initiatives proposed

in 2022, a standout is the open-access mandate for federally funded research. By December
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31, 2025, federal agencies will be required to make papers describing taxpayer-funded work
freely accessible to the public as soon as the final peer-reviewed manuscript is published, and
the underlying data must also be made available without delay. In 2023, European Union
member states are on the verge of adopting a call to make immediate open access the default,
with no author fees.

However, it is important to note that the open access mandate, while applauded by the
research community, covers only a subset of academic research. Advocating open access for
cases in which no public funding is involved can be challenging, as resistance is anticipated
from publishers whose revenue models rely on paywalls. Complete open access may not be
imminent, and a multi-channel approach that compels publishers to allocate a portion of
their substantial profits to the public interest may serve as a more effective compromise.
The question, then, becomes how much publishers need to reduce their prices to achieve the
desired open-access effects/™

Our results contribute to evaluating these trade-offs. Using the findings in Table [4] and
Table |8, we perform a back-of-the-envelope calculation. In economics, roughly, a 30% to
35% reduction in prices is necessary to achieve the effects of open access, while in physics,
it is approximately 7%@ Interestingly, the dollar amount corresponding to this percentage
decrease is about $300 to $400 for both economics and physics. Several observations can be
made about these results. First, the impact of lowering prices varies across fields, making
the effectiveness of price reduction field-specific. For example, reducing prices for electronic
engineering journals may not yield significant benefits. Second, we demonstrate that ac-
cessibility has no effect after eight years of publication, suggesting that university libraries
should negotiate more assertively for lower prices for older journals for archival purposes.
Third, pricing remedies should be location-specific, as high prices disproportionately harm
lower-tier institutions and developing countries. Lastly, persuading publishers to voluntarily
reduce their prices may be challenging; actively curbing market power, such as blocking

mergers, could be a more effective method to ultimately lower prices.

38There are precedents of policymakers pressuring firms to lower prices; for instance, in 1995-96, Congress-
man Samuel Gjedenson of Connecticut and Senator Charles Schumer of New York successfully employed
public policy strategies to compel firms to reduce prices of ready-to-eat breakfast cereals.

39Based on estimates reported in columns 5 and 6 of Table By(Ap/p) = 33, then Ap/p = —0.289/0.828 =
—0.349 for citations and Ap/p = —0.349/1.066 = —0.327 for citing authors. We perform the same calculation
using Table s results for physics.
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7 Concluding Remarks

This research sheds light on the dysfunctional nature of the academic publishing industry.
Elevated prices and market concentration hinder access to published research, impeding
researchers’ capacity to build upon existing knowledge and collaborate effectively. These
conclusions draw upon comprehensive data and rigorous identification methods across three
distinct academic fields. Collectively, these findings provide a quantitative measure of the
impact of issues within academic publishing, extending beyond a single industry and beyond
the conventional outcomes typically examined by industrial organization economists.

These “non-market” consequences pertain to the sharing of knowledge and collabora-
tive research. On an individual level, unhindered access to research is a prerequisite for a
scholar’s research productivity. Moreover, dismantling barriers to knowledge enhances the
well-being of disadvantaged individuals and communities, fostering diversity and prosperity
in knowledge creation and technological advancement. On an aggregate scale, knowledge
dissemination is pivotal for generating new knowledge, with cumulative knowledge serving
as a linchpin for technological advancement and economic growth. The effective dissemina-
tion of knowledge is influenced by societal institutions, structures, and policies (Furman and
Stern (2011)); Berkes and Nencka/| (2021))). Our work underscores one critical restriction and
proposes potential solutions with the overarching aim of fostering creativity, growth, and

development.
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Appendix

This appendix contains details of our data and additional empirical analyses.

A Variable Definition and Construction

A.1 Sources of Price Data

We collected historical price data from the following publishers by either manually scraping
data from various online sources or contacting the publishers via email or phone.

e Economics

— Non-profit: American Economic Association (AEA), Cambridge University Press,
Duke University Press, MIT Press, Oxford University Press, University of Wis-
consin Press, and an anonymous publisher

— For-profit: Elsevier, Sage, Springer, Taylor & Francis, and Wiley
e Physics (Atomic, Molecular & Chemical, and Condensed Matter)

— Non-profit: American Chemistry Society (ACS), the American Institute of Physics
Publishing (AIP), Institute of Electrical and Electronics Engineers (IEEE), the
Institute of Physics Publishing (IOP)

— For-profit: Elsevier, Sage, Springer, Taylor & Francis, Wiley, Nature ' and World
Scientific

e clectronic Engineering

— Non-profit: Institute of Electrical and Electronics Engineers (IEEE), Cambridge
University Press, Institution of Engineering and Technology (IET), the Institute
of Physics Publishing (IOP), Institute of Electronics, Information and Communi-
cation Engineers (IEICE)

— For-profit: Elsevier, Sage, Springer, Taylor & Francis, Wiley, and World Scientific

A.2 Construction of Price Variables

We perform the following steps to ensure that prices from different publishers are consistently
recorded:

4ONature was published by Nature Publishing Group (NGP), which was part of the Macmillan Science
and Education Division. In 2015, Springer and the majority of Macmillan Science and Education merged to
form Springer Nature.
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e We deflated all prices to 2020 U.S. dollars using the Consumer Price Index for All
Urban Consumers (CPI-U) from the U.S. Bureau of Labor Statistics. If a publisher
lists prices in different currencies across regions, we use the prices for the U.S. regions
for our specifications[M]

e A publisher typically lists journal prices for print-only, electronic-only and print-and-
electronic bundled access. We use the bundled prices for our baseline specifications
and the other two prices for robustness checks.

e Publishers occasionally package a subset of their journals and set a price for each
package instead of for the individual journals in the package. For example, Wiley sells
Papers In Regional Science and Regional Science Policy and Practice in the Regional
Science Package. The number of observations from economics journals sold in a package
account for 3.9% of our total observations in this field. Lacking data on individual
journal prices, we use the package price as the price for the individual journals in the
package.

A.3 Description of Journal Attributes

In this appendix, we provide definitions for the journal attributes used in our analysis. We
obtain all journal attributes from the Incites platform.

e Citable items. Citable items are those identified in the Web of Science as articles,
reviews or proceedings papers, which are considered substantive articles that contribute
to the body of scholarship in a particular research field and are most likely to be cited
by other articles. Other forms of journal content, such as editorial materials, letters,
and meetings abstracts, are not considered citable items. The number of citable items
is the denominator for calculating various journal impact factors.

e % Articles in Citable Items. The % of Articles in Citable Items is the percentage
of journal articles published in a year that count toward the total citable items. This
measure emphasizes the amount of a journal’s original research.

e Journal Impact Factor. The Journal Impact Factor is defined as all citations to
the journal in the current Thomson Reuters’ Journal Citation Reports (JCR) year to
items published in the previous two years, divided by the total number of citable items
published in the journal in the previous two years. It measures the average number
of times journal articles published in the past two years have been cited in the JCR

AAEA and Wiley list region-specific retail prices; Elsevier list prices for the U.S and the rest of the world
for a small subset of their journals. The U.S. prices are highly correlated with the regional prices. The
U.S. prices, however, are typically lower than the price averaged across regions. For example, in economics
and EE, respectively, 61% and 80% of U.S. prices are lower than the region-average prices, conditional on
regional prices being listed.
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year. The Five-year Journal Impact Factor is defined similarly, using journal articles
published in the past five years instead of two years.

e Immediacy Index. The Immediacy Index is calculated by dividing the number of
citations to articles published in a given year by the number of citable items published
in that year. It measures how quickly journal articles are cited. The Immediacy Index
can provide a useful perspective for comparing journals specializing in cutting-edge
research.

e Eigenfactor. The Eigenfactor is based on the number of times journal articles pub-
lished in the past five years have been cited in the JCR year. The Eigenfactor Score
is essentially a ratio of the number of citations to the total number of citable items.
Different from the Five-year Journal Impact Factor, the Eigenfactor Score excludes
journal self-citations and weights citations from different journals. Journal weights are
based on a stochastic measure of the amount of time researchers spend reading the
journal. Eigenfactor scores are scaled so that the sum of the Eigenfactor scores of all
journals listed in Thomson Reuters’ Journal Citation Reports (JCR) is 100.

e Cited Half-Life. The Cited Half-Life is the median age of the citations received by
a journal during the JCR year, with a citation’s age defined as JCR year minus the
publication year of the cited item. By definition, half of a journal’s earned citations
are to items published more recently than the Cited Half-Life, and the other half are to
items published before the Cited Half-Life. For example, a 2015 Cited Half-Life value
of 7.0 for Journal X means that half of the Journal X papers that were cited in 2015
were published in the last seven years. JCR caps Cited Half-Life at ten years — any
journal scoring over ten years will display as > 10 in the product. A low Cited Half-
Life suggests citation activity that peaks and drops off quickly; a high Cited Half-Life
suggests citation activity that peaks and drops off more slowly.

e Journal Rank. The Journal Rank is based on the Five-year Journal Impact Factor.
The lower the rank number is, the higher is the journal ranked.

B Summary Statistics for Physics and Electronic En-
gineering

In this section, we present summary statistics for journals in physics and EE.
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Table B.1: Articles, Journals and Publishers: Physics and EE

Physics Electronic Engineering
# obs. Mean SD # obs. Mean SD

Panel A: Article Attributes
Open access 389,421 0.145 0.352 495,403 0.157 0.364
# citations in 5 years 225,415 17.214 45.778 254,627 12.315 30.295
# citing authors in 5 years 225,415 85.047 255.662 254,627 48.216 121.424
Panel B: Journal Attributes
Prices (in 2020 $)

Bundle: print + electronic 571 5,482.583  4,358.165 1,222 1,869.516  1,789.644

Print only 403 5,416.068 4,062.633 1,115 1,366.546  1,096.427

Electronic only 619 5,257.631  4,067.102 1,399  1,557.736  1,540.765
# Article published 942 413.398 639.197 2,531 195.734 228.386
% Citable Ttems 900 87.405 30.703 2,396 98.678 6.881
Impact Factor 903 3.675 5.526 2,399 1.780 1.634
Immediacy Index 900 0.831 1.279 2,397 0.334 0.549
Eigenvector Score 908 0.036 0.083 2,404 0.009 0.013
Cited Half Life 903 7.721 4.187 2,277 6.308 2.502
Web of Science Rank 908 27.510 18.354 2,404 124.031 72.137
Panel C: Publisher Attributes
Non-profit (= 1 if yes) 199 0.548 0.499 394 0.594 0.492
# Journals owned 199 6.075 9.894 404 6.545 18.265
# Article published 199 1,956.889  2,765.594 404 1,226.245  4,155.782
Market share in journals 199 0.065 0.105 404 0.026 0.072
Market share in articles 199 0.050 0.071 404 0.025 0.081

Notes: Each observation is a journal article published in a Physics or EE journal between 2009 and 2018.
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Figure 1: Evolution of Publishers: Physics

—&a&—— Elsevier
——+=—— Next Five

———— Wiley

Rest

———— .

—a—— Elsevier
—+=—— Next Five

————  Wiley

Rest

Market Share of Journals by Publiser
Market Share of Published Articles by Publiser

N

2010

2012 2014 2016 2018

Year

2012 2014 2016 2018 2008

Year

2008 2010

Notes: Elsevier and Wiley are the two largest publishers based on article market share, followed by
the “Next Five:” Springer, Taylor & Francis, American Chemical Society, Institute of Physics, and
World Scientific Publishing Company.

Figure 2: Evolution of Publishers: Electronic Engineering
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of Engineering Technology, Taylor & Francis and the Institute of Electronics, Information and Com-

munication Engineers.

43



C Journal Pricing

In this section, we present two tables on journal pricing. Table reports, field by field,
estimates of regressions of In(Pricej;) on publisher market shares in journal articles, own
journal attributes, one-year lag of average attributes of other same-field journals by the same
publisher, and one-year lag of average attributes of same-field journals by rival publishers,
and journal- and year- fixed effects. Table reports the first-stage regression results of
the IV approach — the specifications are roughly the same as those for Table [C.1] but the
regression is at the article level. In both tables, the first 12 variables are the instruments we
constructed based on our identification strategy.
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Table C.1: Journal Pricing: Economics, Physics and EE

Dependent Variable

log(Journal Prices)

Economics  Physics EE
(1) (2) 3)
Average of Journal Attributes, Other Journals by Same Publisher, Lag One Year
% Citable Items -0.003 0.016*** 0.005
(0.002) (0.005) (0.005)
Immediacy Index -0.102* -0.093 0.170
(0.060) (0.102) (0.162)
Impact Factor 0.029* -0.017 0.054
(0.017) (0.033) (0.049)
Eigenvector Score -3.263 5.553** -30.907*
(3.769) (2.152) (18.528)
Cited Half Life 0.017*** -0.013 -0.028
(0.004) (0.016) (0.040)
Web of Science Rank 6e-5 0.011* 0.001
(0.001) (0.006) (0.001)
Average of Journal Attributes, Journals by Rival Publishers, Lag One Year
% Citable Items -0.050 0.115%** 0.272%**
(0.033) (0.032) (0.016)
Immediacy Index -0.500 -0.889 -0.115
(0.578) (0.539) (0.625)
Impact Factor -0.001 -0.272 -0.126
(0.288) (0.192) (0.151)
Eigenvector Score 146.058** 7.611 -72.334
(60.180) (16.527) (59.130)
Cited Half Life 0.073 -0.019 -0.600***
(0.071) (0.112) (0.230)
Web of Science Rank 0.016*** -0.011 0.006
(0.004) (035) (0.007)
Journal Attributes of the Focal Journal
Publisher Article Share -0.342*** -0.749 0.767
(0.073) (0.453) (0.591)
% Citable Items 0.0004 0.0002 0.0005
(0.0003) (0.001) (10.002)
Immediacy Index 0.004 -0.007 0.032**
(0.007) (0.013) (0.013)
Impact Factor 0.001 -0.005 0.004
(0.007) (0.005) (0.006)
Eigenvector Score -1.550 3.771 2.182**
(1.683) (0.528) (1.060)
Cited Half Life -0.002 -0.007 -0.012**
(0.002) (0.005) (0.006)
Web of Science Rank -0.001*** -0.001 -4e-5
(0.0002) (0.002) (0.0002)
# Observations 1,986 531 1,125
R-squared 0.992 0.988 0.994

Notes: Each observation is a journal-year combination. All specifications include
year- and journal- fixed effects. Standard errors are clustered at the journal level
and are provided in parentheses. Asterisks indicate statistical significance at the
1% (***), 5% (**), and 10% (*) levels.
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Table C.2: First-stage Regression Results: Economics, Physics and EE

Dependent Variable log(Journal Prices)
Economics  Physics EE
(1) (2) (3)
Ezxcluded Instrumental Variables, All Variables Lag One Year
% Citable Items, Same Publisher -0.003 0.015** 0.003
(0.002) (0.007) (0.018)
Immediacy Index, Same Publisher 0.016 -0.100 0.384
(0.077) (0.112) (0.582)
Impact Factor, Same Publisher 0.058* 0.036 0.231
(0.033) (0.036) (0.160)
Eigenvector Score, Same Publisher -0.632 -3.774 -18.396
(3.124) (2.411) (16.254)
Cited Half Life, Same Publisher 0.025** -0.019 0.001
(0.010) (0.103) (0.083)
Web of Science Rank, Same Publisher 0.001 0.010 0.005***
(0.001) (0.015) (0.001)
% Citable Items, Rival Publisher 0.028 0.090 0.009
(0.033) (0.068) (0.017)
Immediacy Index, Rival Publisher -1.153 -0.832 -1.031
(1.070)  (0.821) (3.712)
Impact Factor, Rival Publisher -0.267 -0.152 0.571
(0.453) (0.484) (0.858)
Eigenvector Score, Rival Publisher -42.192 -21.439 -12.851
(59.978) (17.686) (100.899)
Cited Half Life, Rival Publisher -0.093 -0.292 -0.307
(0.006) (0.688) (0.816)
Web of Science Rank, Rival Publisher 0.007 -0.011 0.009***
(0.004) (0.066) (0.017)
Included Instrumental Variables
Publisher Article Share -0.108 -0.027 0.534
(0.187) (0.756) (0.521)
Article Open Access 0.001* -0.001 -0.0004
(0.0005) (0.001) (0.001)
% Citable Items -0.001 -0.001 -0.004
(0.001) (0.003) ( 0.002)
Immediacy Index 0.012 0.059*** -0.001
(0.012) (0.020) (0.021)
Impact Factor -0.009 0.022%** 0.007
(0.006) (0.008) (0.007)
Eigenvector Score -0.469 1.167** 2.468***
(1.330) (0.528) (0.686)
Cited Half Life 0.002 -0.014 -0.003
(0.004) (0.010) (0.005)
Web of Science Rank -0.001*** 0.001 -le-5
(0.0002) (0.001) (0.0003)
# Observations 86,414 102,896 144,937
R-squared 0.997 0.998 0.995
F-test of Excluded Instruments 25.37 4.11 12.44

Notes: Each observation is a journal article published in an economics journal between 2009 and
2014. All specifications include year- and journal- fixed effects. Standard errors are provided in
parentheses. Asterisks indicate statistical significance at the 1% (***), 5% (**), and 10% (*) levels.
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Table D.1: Citation Outcomes over Time

Dependent Variable

log(# Citations)

log(# Citing Authors)

2 years 5 years 8 years 2 years b years 8 years
(1) (2) () (4) () (6)
log(Journal Prices) -0.369*  -0.828***  -0.178 -0.602*  -1.066** -0.332
(0.210) (0.308) (0.198) (0.321) (0.439) (0.244)
Publisher Share -0.249**  -0.307**  -0.274** -0.309*  -0.350** -0.349**
(0.109) (0.121) (0.134) (0.159) (0.155) (0.162)
Article Open Access  0.196***  0.289***  (.322*** 0.270***  0.349*** 0.371***
(0.017) (0.038) (0.055) (0.019) (0.045) (0.066)
Observations 146,046 86,414 34,876 146,046 86,414 34,876

Notes: In columns (1) and (4), each observation is a journal article published in an economics journal
between 2009 and 2017; in columns (2) and (5), each observation is a journal article published in
an economics journal between 2009 and 2014; in columns (3) and (6), each observation is a journal
article published in an economics journal between 2009 and 2011. All specifications are the same as
in columns (4) and (5) in Table 4| — all specifications include journal attributes, year- and journal-
Standard errors are adjusted for clustering within
journals and are provided in parentheses. Asterisks indicate statistical significance at the 1% (***),
5% (**), and 10% (*) levels.

fixed effects and use instrumental variables.

D Citation Outcomes over Time

Table presents IV results of citations and citing authors within two, five, and eight years
after article publication for the field of economics. The specifications are the same as in

columns (5) and (6) in Table [4] only with different time frames for the citation outcomes.

E Robustness Tables

We present three additional tables discussed in the paper.

The three tables present the
results of robustness checks for economics, (static) DID results for articles published in 2009,

and the effects of non-profit status on outcomes, respectively.
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Table E.1: Results Robustness (Alt. Dependent Variables, Prices and Publisher Share)

Dependent Variable Citation Outcomes within Five Years of Article Publication
Citations log(Citing Authors) log(# Citations) log(# Citations)
>1 No Duplicate
(1) (2) 3) (4) (5) (6)
log(Journal Price), 0.040 -1.226*** -0.824**  -0.865***
Bundle (0.082) (0.424) (0.331) (0.328)
log(Journal Price), -0.600***
Electronic Only (0.176)
log(Journal Price), -0.333**
Print Only (0.153)
Publisher Share, -0.029 -0.368** -0.202*  -0.268**
Article (0.034) (0.155) (0.119)  (0.119)
Publisher Share, -1.898***
Journal (0.700)
Publisher Share, -0.163**
Journal Weighted (0.072)
Article Open Access — 0.043*** 0.336*** 0.300***  (0.333*** 0.289*** 0.289***
(0.008) (0.043) (0.039) (0.053) (0.038) (0.038)
# Observations 86,414

Notes: Each observation is a journal article published in an economics journal between 2009 and 2014.
Time-varying journal attributes included in all specifications are the same as in Table [4] All specifications
include year- and journal- fixed effects and use instrumental variables. Standard errors are adjusted for
clustering within journals and are provided in parentheses. Asterisks indicate statistical significance at the
1% (***), 5% (**), and 10% (*) levels.

Table E.2: Citation Gain after JSTOR Circulation, Articles Published in 2009

Dependent Variable log(A # Citations) log(A# Citing Authors)
(1) (2) (3) (4) (5) (6)

JSTOR Treatment 0.338***  0.345***  0.051*** 0.417**  0.413** 0.069***

(0.126) (0.133) (0.016) (0.172)  (0.183) (0.023)
Year Fixed Effects No Yes Yes No Yes Yes
Journal Fixed Effects No No Yes No No Yes
Adjusted R? 0.019 0.020 0.338 0.015 0.015 0.336
# observations 159,968

Notes: Each observation is a journal article published in an economics journal in 2009 in the n'" year
after publication. For column (1) to column (3), the dependent variable is the natural logarithm of
the increase in the number of citations of the published articles from year n—1 to year n; For column
(4) to column (6), the dependent variable is the natural logarithm of the increase in the number of
citing authors of the published articles from year n — 1 to year n. Standard errors are adjusted for

clustering within journals and are provided in parentheses. Asterisks indicate statistical significance
at the 1% (***), 5% (**), and 10% (*) levels.
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Table E.3: Do Non-profit Publishers Alleviate the Journal Access Problem?

Dependent Variable Citation Outcomes within Five Years of Article Publication
log(# log(# Cit. log(# Citing Authors) log(# Citations)
Citations)  Authors) Unranked Developing w. Co-authors
Inst. Countries >2 across inst.
(1) (2) (3) (4) () (6)
log(Journal Prices) -0.566***  -0.732*** -0.858***  -1.192*** -0.708*** -0.526***
(0.187) (0.260) (0.228) (0.285) (0.197) (0.131)
log(Journal Prices) 0.027 0.048 0.031 0.044 0.032 0.003
x  Non-profit (0.034) (0.047) (0.038) (0.043) (0.033) (0.017)
Publisher Share -0.246** -0.268* -0.198 -0.138 -0.216* -0.142**
(0.121) (0.151) (0.133) (0.122) (0.116) (0.069)
Publisher Share -1.144 -2.740 1.439 1.366 -0.639 2.121
x  Non-profit  (4.495) (6.084) (4.671) (5.616) (4.261) (2.171)
Article Open Access — 0.257*** 0.315%** 0.267** 0.142%** 0.242%* 0.143***
(0.035) (0.042) (0.037) (0.025) (0.033) (0.020)
Article Open Access 0.246** 0.266* 0.260** 0.238*** 0.233** 0.187**
x Non-profit  (0.124) (0.142) (0.126) (0.091) (0.115) (0.082)
# Observations 86,414

Notes: Each observation is a journal article published in an economics journal between 2009 and 2014.
Time-varying journal attributes included in all specifications are the same as in Table [d] All specifications
include year- and journal- fixed effects and use instrumental variables. Standard errors are adjusted for
clustering within journals and are provided in parentheses. Asterisks indicate statistical significance at the
1% (***), 5% (**), and 10% (*) levels.
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