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Abstract

Since the early 2010s, more than half of pestewed journal articles have been published by the
so-called oligopoly of academic publisher&lsevier, Sage, Spring&fature, Taylor & Francis

and Wiley. These publishers are now increasingly charging fleespen accesgournals,
especially given the rise of funder OA mandates. It is worthwhile to examine the amount of
revenue generated through OA fees since many of the journals with the most expdide/e
processing chargese owned by the oligopalifhis studyaims toestimate th@amountof article
processing charges for gold and hybrid open access articles in journals published by the oligopoly
of academic publishers, which acknowledge funding fromGheadian THAgendes between

2015 and2018 The TriAgency Open Access Poliagyn Publications mandates that all funded
research for Canadian Institute of Health Research, Natural Sciences and Engineering Research
Council, and Social Sciences and Humanities Research Council grantees be made avé@lable

To comply,grantees will often use grant funds to pay OA feesAPCs During the fouryear

period analyzed, a total of 6,892 gold and 4,097 hybrid articles that acknowledygenay

funding were identified, for which the total list prices amotan$UD 25.3 million ($13.1 for

gold and $12.2 for hybrid).
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1. INTRODUCTION

The earlyopen acces$)A) manifestos the Budapest Open Access InitiatfBOAI) (2002) the
Bethesda Statement on Open Access Publis{20§3) and the Berlin Declaration on Open
Access to Knowledge in the Sciences and Humar(2i@d3)i carved out the general aims for the
OA movementas away to increase fundamental access to scientfscoveries and findings.
Science, as a public good, should be openly available and free from paywealte discovery,
disseminate research equitaldpd ensure the largest reaunid impacbf findings.However, the

dominance in the scholarly publishing market tsekect number dr-profit companies, the so

called oligopolyof academic publishers | mpedes OAO6s adyv afpulsmesnt .

refersto five publisherqElsevier, SAGE, SpringeMature, Taylor & Francis, Wileywho exert a
large amount ofpower and influence over the marketing to theiracquisitions of small
publishers and high concentration time volume of publicationgLariviere et al., 2015)The

ol i gopol yb6s toobaver then markatreates canditions whetbey can influence
market pricing, infla¢ prices,and creae inequitiesby excluding authors on financial grounds
(Chan et al., 2020; Harle & Warne, 2019; Olejniczak & Wilson, 2020; Siler & Frenken,.2020)
Such economic barriers ageounded in a capitalist systahmatrestrics accessfor a feeto more
resourceduthors, institutions, and countri&nce the five oligopoly publishéysElsevier, Sage,
SpringerNature, Taylor & Francis, and Wil8yare forprofit shareholder companies with profit

margins in excesef 30% (Lariviére et al., 2015; Taylor, 2012; Van Noorden, 2018gs that

authors pay to publish are not justified by the actual costs related to the publication process itself

(FOAA, n.d.)and a gnificant amount leaves the academic community to increase shareholder

profits.

Tt



1.1 The Rise ofFunder OA Policies

As the OA movement gained traction, funders across the globe increasingly edahdathe
research stemming from their funds must be made freely available. The first funders to require OA
through policyincluded the National Institusef Health(NIH) in the US and Wellcome Trust in

the UK, followedby other European funders like tBaropean CommissiofieC) and eventually
leading to Canada with tiei-Agency Open Access Policy on Publications (TAOAR#kman,

2018; VincentLamarre et al., 2016)

As of June2022, there are approximatelyl 130A policiesor mandates worldwide, of vith 85

are specific tofunders The Registry of Open Access Repository Mandates and Policies
(ROARMAP), an international registry that charts the growth of OA mandates and policies
adopted by universities, research institutjared research fundgmrecordsthe significantrise in

OA mandates across the glokieace 2005 and demonstrates the diversity retrequirements
themselvesthrough features such as immediate OA, embargo periods, or specifying deposit in

institutional or disciplinary repositoridROARMAP, 2022)

As more funders required their grantees to comply with OA policies, publishers foued a
business market with article processing charges (APCs). The APC model effectively shifted the
paywall from readefoften via libraries}o author,entrenching the author as the payee in the
system.Large commercial publishers, who dominate the puiblisimarket, found a new and

reliable source of revenue in the OA market through APCs.



Guédon (2019yemarksthat many policymakers do not see the progress in OA they hoped to
achiee. Nevertheless, recent devel opdadvocacgand e mon s
commitment to fostering an inclusive and equitable syskeough OA For example, the BOAI

celebrated its 20anniversary in 2022 and published the BOAI2fbur recommendations that

aim to address the systemic problems iim@iedeprogres (BOAI20, 2022) Recommendation #3
focuses on probl ems i n publ i shing and recom
di stribution channels that never exclude aut ht¢
from APCs(BOAI20, 2022, para. 13) Additionally, in November 2021the United Nations
Educati onal Scientific and REaprhmendatiaris onO@pgra ni z a
Sciencavere adopted by the General Conference of UNESCO. The recommengaisssas a

core value, science forthed | ect i ve benef it (BMESCH2081Y,lp.dD a | pu
Both the BOAI20(2022)and UNESCO recommendatio(®021b)call to question the inequities

created through such business approaches as the -patfsormodel,which commodifies

knowledge ad privileges the profits of large publishers over the equitable participation of all

players in the scientific enterprise.

1.2 Tri -Agency OA Policyon Publications

I n 2015, Canadads t hr ee -Agended CanhdiagInsttuteof Health a g e n ¢
Research (CIHR), Natural Sciences and Engineering Research Council (NSHERCJocial

Sciences and Humanities Researchr@d(SSHRC)i implemented thdri-Agency OAPolicy

on Publicationg TAOAPP)(see Appendix A)The policystipulateghat grant holders make their

peerreviewed publicatiorreely availableas OA through two routes:



1. Online Repository: in an institutional or disciplinary repository, whiah follow al2-
monthembargo period.

2. Journals: in a journal that offers immediate OA or on its website within 12 months

In the first routeto complianceauthors can publish their work in any journal (i.e., subscription
journal,gold, or hybrid) and thedeposit their final, peereviewed publicatiom adisciplinaryor

institutional repositoryGovernment of Canada, 201@his route is otherwise known as green
OA.Articles deposited as green Ol tahree pnuobtl itshhee
Atypeset, copyedited, a(Cdosspef)2020ijparaBaddare turthsri on o0 ¢
restricted by the journal s copyright policie
deposit a version of the artec(Hinchliffe, 2020) Since athors do not pay OA fees when
depositing their artickein green routeshis first route of the TAOAPPand model of publishing

OA will notbe the focus of the proposed study.

The second route in tABAOAPP states thaauthors can publish in a journal that offers immediate

OA (gold), or in a journal that requires subscriptions to read but allows authors to payaa fee
APC - to make their publication OA (hybrid)o pay these fee3yi-Agency grant holders can use

a pation of their funds toward APCs since publishing costs are considered eligible grant expenses
(Government of Canada, 2016)owever, thesauthor feesre prohibitively expensive and can

use up a large portion of grant fun&er example, the average ambof an NSERC Discovery

Grant (Individual) ir2018was $29,59€ DN for early career researchers (ECR) and $40¢C35N

for established researchers (ERBERC, 202Q)An ECR researcher would use 10% of a grant to

pay a $3000 APC. This amount coindtead fund a research assistant at a Canadian university.



It is beneficial thafunding agencies, including the F&igencies monitorhow much researchers
direct toward OA feefom theirgrant fundsand analyze the sustainability of these fespecilly

in the context of changing publisher models due to developments like Rtantfy, 2021) Such
analysis can infornfunders of potential unintended consequences of policies, like the economic

barrier of high OA fees.

13 Problem Statement

Broadly, this study aims to explore the unsustainability and inequities of the dominant APC model
for publishing in gold or hybrid OA journals. The growth of OA continues to increase, as do the
fees to publish OA. However, the market pricing is not setypital supply and demand, but
instead by what authors are willing to pay, often influenced by journal préBtigmbs, 2017,

Khoo, 2019; Logan, 2017J o pay for these fees, authors often use grant funds, provided by federal

funding or institutions.

In Canada, TriAgency research grants are funded through the Government of Canada with public
taxdollars. Since the TAOAPP allows researchers to use grant funds to pay fof@&@snment

of Canada, 2016)public taxdollars are being streamed into the rawes of large commercial
publishers. The APC model exacerbates inequities and is an unsustainable model since socio
economic factors, like prestige, influence market pricing that continues to rise past the rate of
inflation (Grossmann & Brembs, 2021; Kh@f19; Morrison et al., 2022; Olejniczak & Wilson,

2020; Siler & Frenken, 2020).

However, no known study shows how much researchers funded by the Canadigeriay

research grants pay in OA fees (APCs). It is therefore in the best interest of furetingeagand



taxpayers) to capture data on and monitor the amount of APCs paid by their grant holders to better

assess the sustainability of OA and ensure the best use, reach, and impact of funding dollars.

14 ResearchQuestions

This study aims tanswer the followingnainresearch questicend associated stuestions

RQ: What is the amount of APCs pdar OA (gold and hybrid) articles authored Banadian

researchersvhich acknowledgdri-Agenciesfunding publistedin an oligopolyjournal indexed

in the Web of Scienceetween 2015 and 287

a.

b.

What is theamountin APCspaidfor gold vs hybrid articles?

What is theamountin APCs obtained by the five oligopoly publishers Elsevier,
Sage, SpringeNature, Taylor &-rancis and Wiley?

What is the amount of APCs paid per journal?

How does APC spending differ between CIHR, NSERC and SSHRC and jointly
administered grants?

15 Significance ofStudy

This is the first study thastimates how muaiesearchers, who acknowledf@-Agencyfunding,

have paid in OA fees (APCs). Results will reveal:

1 The impact of grant fundsind the best use of public tax dollars

1 The growth of the APC market in Canada between ZU%;

1 A greater understanding @ihancial barriers that may prevent grantees from complying

with OA mandates

T Contribute to Dbibliometric studi esmown OA

toward OA.



It should be noted that parts of this study, which focus on the global amounts of APCs paid to
oligopoly publishersarecurrently under review at the open access jouthantitative Science
Studiesand published as a preprifButler et al., 2028). The underlying dataset of the global
study is available as open research @@tdler et al., 2023). Unfortunately the dataised for the

thesis which uses Web of Scien@&'0S) data to extract author addresses as well as funding

acknowledgementsannot bgublished due to copyright restrictioofsproprietary Clarivate data.

1.6 Research Design

This study employs quantitative methods to answer the research quepiecifically, the
research design uses bibliometric analysis, a method often utitizddary and information
science and scholarly communicatigtaustein, 2012; Sugimoto & Lariviere, 2018)
Bibliometricsstatistically analyzes the units of research outputs, such as journal aigan,
insights on thgpatterns and relationships in a given discipline, topic, institution, funder, or

country(Fu et al., 2013; Sugimoto & Lariviére, 2018)

The bibliometric approach isseful for the current study since the aim is to analyze the corpus of
publications, specifically journal articles, for grantees who acknowledg&gemcy funding

between 2015 2018. More specifically, this study does not employ sampling methods as the
population of study is all available publication outputs in the Web of Scigaceleeuwen

(2004) explains that bibliometrics assumes that the most important research will eventually be
accessible to the scientific community in serial literature, whi@imiing to certain fields

because of field specific research practidémse limitations are considered in the current study

(see Section 3.4).



2. LITERATURE REVIEW

The control over scholarly publishing has moved from the hands of the scientific cagnmiioi

not only produced the science but sought to disseminate this knowledge through their learned
societies, to the intermediary publishvéino could manage the sharing tbfs research in print

form. The following sections examines scholapyu b | i shi ngoés Hiceiturptoy f r o
present day Zicentury (2.1)t he birth of OA (2.2) and its va

(2.4), the publishing market (2.5), and funder OA policies (2.6).

2.1 The History of Scholarly Publishing and theRise of Large Commercial
Publishers

For over 350 years, publishing has been the means to disseminate scientific findings and
knowledge .During the Scientific Revolution, ideas and findings were communicated via letters
and managed by learned sociefiggllbrant, 1997; Harmon & Gross, 2007Mhese letters soon
evolved into a new form called periodicals, or scholarly jourriéie first scientific journals

Journal des Scavarand thePhilosophical Transactionsf the Royal Society of Londdérwere

first published in1665 andestablished a system for sharing knowledge we now understand as
scholarly publishingFjallbrant, 1997; Greco, 2016; Guédon, 2001; Harmon & Gross, 2007; Kling

& Callahan, 2005; Lariviere et al., 2015; McCutcheon, 19Z2)édon(2001) explains the
different aims of these journalsthat thePhilosophical Transactionsecorded original scientific
findings, while the outputs of tllurnal des Scavar®mpare to what we now know as scientific
journalism. Regardless of their differencethese founding periodicals formalized the
dissemination of scientific findings into print form and created the system we now understand as

scholarly publishing.



Learned societies increasingly published journals in tHecEntury, usually in their nati@h
language(Fjallbrant, 1997) The 18" century saw continued growth, although slow in the
beginning and then rising toward the last quarter of the century with tilreatpew journals

being publishedFjallbrant, 1997)Since journals also proved todeuch faster method to diffuse
scientific findings than books or monographs and secured a reliable group of subscribers, they

were increasingly recognized as the dominant form to disseminate scientific fiijaidfsrant,

1997, Lariviere et al., 2015)

The 19" century saw a strong increase in the number of journals with the mechanization of printing
and a growinghumber ofprofessional academics in newly established universities and colleges
(Fjallbrant, 1997; Fyfe et al., 2015, 2017; Greco, 202A0)e establishment of these new
institutions meant new curricula with a growing body of professionals to both teach and research
(Fyfe et al., 2017)Academics increasingly published their findings in reputable journals to secure
professional positions, whetkeir merit was evaluated based on their publicat{éy$e et al.,

2017) In the 19 century scientificpublishing was characterized by the diversity in authoritative
and trustworthy formats for publishing, which included monographs, pamphlets, coléecti
encyclopedias, and periodicals, while the"2@entury quickly saw the market consolidate

authoritative venue type toward scientific journ@siszar, 2010)

Der ek de $18d3)infuenkat studyerdtse number of new journals per year shbet
journal publishing grew exponentially with the number of periodicals doubling evety 1@til
the 19604Price, 1963) F ol | o wi n gstudies demensirate axcontirkued growth with the
number of journals growing globally, from the@&ntury to the world war@ornmann & Mutz,

2015) through the 80&-yfe et al., 2017)and evein the first decades of the 2¢entury(Lariviére



et al., 2015) Theseper i ods of growth demonstrate the
dependency on thpurnal as a tool to disseminate finding¥hile there were no profits in

scientific publishing in the 8and 19' centuies when learned societies and university presses
managed the costs of knowledge dissemination, tHec2atury saw the commercizdition of

journal publishingFyfe et al., 2015, 2017 fter the Second World War, new markets emerged

with increased funding of university libraries, the rapid growth in the university sector, both with

rising student numbers and academics, new ageangksesearch centres, and national funding

models (Fyfe et al., 2017; Greco, 2020; Guédon, 2019). G2éad)specifically points to 1945

as a Atipping pointo for the US market to ope
generating new jamals across the science, technical and medical disciplines (STEMM), and
social sciences and humanities (S§b1)22) Commercial publishers emerge to profit in this new

mar ket , moving control away f(Fyke et alt, 2087Grecoommu n i t
2020; Guédon, 2019Between the 1950s and 1970s, publishers employed new business tactics

that enabled a commercial model of publishing where profits could be (fRgdeet al., 2017)

Fyfe et al.(2017) explain that thes@ mi s-ei o@eant ed publ i sherso empl o
focused on setting up new journals with primary research focuses; selling journals to institutions;

and expanding into a global markpt 17) However, at this pointhe goal was to break even and

to offset the costs of dissemination in print, not generate large p(Bfife et al., 2017)

Nevertheless, this emerging commercial market started to shape scholarly publishing in new ways

After the SecondWorld War, universities saw large periods abgth. At the same time, these
institutions established more rigorous tenur e
peri sho mo(@recb,2020p.8rUndethe publish or perish model, journal publications

increasingly became units to mases the credibility of both the science and scientist, placing
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pressure on academics to increase their volume of publication outputs. Commercial publishers
adapted editorial processes as they started to manage review processes, moving refereeing away
from traditional learned societies and university preg8sddwin, 2017b; Fyfe et al., 2017)
External refereeing started to take place with the rise in grant funding and came to represent
scientific respectability, providing accountability for the use of jouloihds(Baldwin, 2017b)In

the 1960s, journals increasingly require external refereeing and recruit academics as editors and
reviewergBaldwin, 2015; Fyfe et al., 2017Although a deeper analysis of peer review is outside

the scope of this study, isicritical to point to its history and how commercial publishers
legitimized their services through the free labour of academidslishers present peer review as

their valueadded to the publishing procesentroling for the quality of the researciihe review
processdepend on highqual ity review as this |l ends to
submissiongMacDonald & Eva, 2019)However,t h e p u lrvdlueadtleddep@redon the
academic communitto perform the worklor free to the publishefrom the author who creates

the content to the editors and referees whew the contenfBuranyi, 2017; Haustein, 2012;

Logan, 2017)

As the 20" century progressed, commercial publishers fedustrategies on selling the
trustworthiness of their journals and legitimat their roles in an eveexpanding market.
Academics considered different characteristics of the journal, such as measures of prestige like
citation index, who makes up editorial boards, star publicationsresach/impaciGreco, 202Q)

In addition to measures of prestige shaping commercial puldjgtedidthe control oveauthor

rights. In 1969, Franz Ingelfingethe publisher of theNew England Journal of Medicine
introduced a rule, known as the Ingelfinger l#vat prohibitsauthors from submitting manuscripts

to more than one journal a s(Faaningved 3l., 2020; Haust@nt e c t
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2012; Ingelfinger, 1969; Netland, 201®)ther journaldegan tosimilarly adoptthis rule, with

authors signing a declaration not to publish in other joulisistein, 2012)

These measures were more firmly established f
Science Citation Index (SCIn 1961, Grfield, alongside Irving H. Shear, developed the SCI and

its associated journal impact factor (JIF) @novided the database for the growth &ardescale
applicability of bibliometrics/ scientometricgGarfield, 2006) Garfield, an information sciesti

proposed an index to deal with the inefficiencies of retrieving information in a growing body of
literature. Alongside the index, Garfield devised the JIF to rank journals by the average number of
citations per articl¢Baldwin, 2017a; Haustein, 2012lhe JIFwas pr e s e ntbendfit as a

c a |l c u |oHering academic libraries a way to quantitatively evaluate relevant journals that

meet their financial or disciplinary nee@l$¢austein, 2012, p. 348Mowever, the JIF was quickly

abused as a metric that inaccurately measures the performance of both the jouiredhaithdr.

Al t hough a deeper historical anal ysis and exa
scope of this studyit is worthwhile to point to its misuse and highlight how it continues to play

a pivotal role in scholarly publishing that influest¢ke market.

Twentiethcentury developments, like the JIF becoming synonymous with legitimacy, coincided
withthec o mmer ci al publisherds foothold in the sch
publishing not only continued to rise throughout th& 26ntury butsaw its strongest increase

lasting until the beginning of the 2Xentury(Bornmann & Mutz, 2015)While the scholarly

market grew during thiperiod academic libraries began to experience financial constraints,

eventually leading to thierst serials crisigor print (Shu et al., 2018 Research budgets essentially

I see Archambault & Larigére®@ 2009study for a discussion on the consequences of the JIF
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grew faster than library budget3ohnson et al., 2018and commercial publishers continued to
charge immense fees for their journals while generating a return on investment as large as 25%
(Lorimer, 1997) Academic library budgets essentially could not keep up with the inflated
subscripion market, and even more, could not compete with such tactics like price discrimination
that commercial publishers engagedvhen negotiating big dea{&dlin & Rubinfeld, 2004; Shu

et al., 2018)Edlin and Rubinfeld2004)explain the concentration in ownership within academic
publishing enabled a market where the publishers with the biggest monopoly could apply tactics
to enable Big Deals and bundling. In the 1990s, the publishing market experienced a consolidation
as largg commercial publishers started to both acquire existing journals and publishers, and create
new journalg(Lariviére et al., 2015)At the same time, their profits continued to increase. This
approach entrenched the oligopoly in the publishing industrgrevtheycould controlmuch of

the market and dictate pricin@hristianson(1972) explains that the strategy of mergers and
acquisitions was used adusiness method ®&urvive ands seen as a common activity in major
industies Taking control of the mrket enables a company to pool resources and activities;
participate in growth areas; enter developing markets and ensure proper participation during early
growth; and acquire companies already active in develop(@émistianson, 1972)These types

of adivities can ensure a company can sustain change, and endure economic challenges, like
recessions. As thsectionexplains, we sethatthe oligopoly of publisherske this very approach
Academic libraries, as a consumer, could not compete withtheplig!l y6s tacti cs, w

their power over the market.

2.2 The Digital Transformation and Birth of OA
In the more than 350 years since the originsJairnal des Scavarend thePhilosophical

Transactions the core features of the publishing process have remained relatively constant
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(Guédon, 2019; Lariviere et al., 201Bespite new technologies and innovations like the internet,
which provides the industry with a wider and faster reach to dissemindiagin scholarly
publishing continues to rely on historical approaches that enable market dominance by an
oligopoly. The OA movement emerged in the 1990s with the acceleration of digital technologies
and the age of the Internet, where we see early shamohgracticing of findings and content with
computer scientists, physicists saithiving in preprint servers like Ariw (Fyfe et al., 2017,

Haustein, 2012; Lariviere et al., 2015; Pinfield et al., 2020)

The term OA was first formalized in three puldiatements a decade later. In 2002, the Budapest
Open Access Initiative (BOAI) granted OA its most famous definition as literature that is publicly
available online, free of charge, unrestricted, discoverable, free of most copyright and licensing
restrictons and is available for rase (BOAI, 2002) The BOAI definition of OA includes
licensing considerations, where users are free to copy, redistribute, and reuse content. However,
other OA definitions exclude licensing requirements and focus more oncfressgPiwowar et

al., 2018)

It is important to understand the historical legacy of commercial publishing since we are seeing
their infiltration into the OA market. OA was presented as a solution to the serials and accessibility
crises(Suber, 2012)Yet, the oligopoly has establishiggklf as the gatekeeper, firmly footed since

the digital era.

2.3 OA Models
Dozens of models have emerged since the early days off@&more common OA models

include gold, green and hybr{etve, 2014; Suber, 201®Yillinsky, 2006) Piwowar et al(2018)
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introduced fAbronzeo OA to r dofrleeacdt atrhtd cil necsr enans |
websites without licensing information. The different OA models are not always mutually
exclusive. For example, gotat hybrid OA articles can also be green if they areaalhival by

the authorMoreover, some models consist of a variation or a more precise facet eéxigineg

model. For example, diamond OA are gold OA journals that do not charge A&sbsiicaly, the

BOAI recommends two strategieéshe diamond or green rouiteto achieve wider dissemination

and access to scholarly literature, as the emphasis is on removing fees as €Blaaiie2002)

In the context of this study, the green, gold, hypaiai diamond models are compliant with the
TAOAPP. However, this study focuses on gold and hybrid since they are the two models that

chargeAPCs.These models will be discussed in more détmdughout this section

231 Article ProcessingCharges

APCs, or the authgpays modelis wherepublisherschargeauthors a feéo make their article OA
in fully OA (gold) or subscription(hybrid) journals(see section 3.2 and 23.3 for a discussion
on APCs in gold and hybrid journalshis model essentially shifts tipaywall fromthe reader
(throughsubscriptiongaid bylibrarieg to the author, their institutions, or funding agen¢ijérk

& Solomon, 2015; Simard, 2021; Solomon & Bjork, 201jhough early on, OA journalwere
voluntary efforts thadid not charge feesn 2002,a new group of publishemppearedvho
published using electronic mesaandrelied on APCs to fund their operatiofigjork & Solomon,
2015) Journals that charge APCs continued to grow, eventually expatite publisher model to
include players likePublic Library of Science (PLOS) and BioMed Central, who publish OA
megajournals. As these new publishearsntinued to see growth in the OA markiaditional

publishers like the oligopoly began establishng themselves by launching ne®A titles,
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providing a hybrid option for subscription journasgquiringfully OA publishers, and converting

subscriptions to full OABj6rk & Solomon, 2014)

APCs average anywhere frotfSD$1,30G to $3,000depending on the type of journal (see
sectiors 2.3.2 and 23.3 for a discussion of these averages). Howefkerpligopoly of publishers
chargs in the higher end fothe spectrum of APCs (see Talile with SpringefNature recently
announcing an APC of 81200 per articldNoorden, 2020)Several studies have evaluated the
criteria publishers apply when pricing APCs, finding a correlation between price and the
prestige/reputation of the journ@sai, 2020; Bjork & Solomon, 2015; Khoo, 2019; Schénfelder,
2020; Siler & Frenken, 2020Yhe linking of price to prestige is a tactiwe large commercial
publisherslike the oligopoly can employ owing to their sheer market power. The oligopaly

able to use their dominance in the traditional market to quickly establish themselves as leaders in
the emerging OA market in the face of competition from new players such as PLOS, MDPI,
Frontiers and others. Their market power translates to APCs, whegecan apply tactics like

price discrimination, charging higher APCs and subscriptions for-imghact journals, which

many authors and libraries are willing to pay due to the prestige and influence that these journals
have on the academic reward systBnembs, 2017; Khoo, 2019; Shu et al., 2018; Siler &
Frenken, 2020)Mergers and acquisitions as well as general growth of publication output led to

further consolidation of the market, allowing these publishers to control APC prices.

2 All prices in this study are represented in USD unless otherwise stated.
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Table 1. APC prices by individual scientific publishers for fiscal year 2018.

Publisher APC fee

Wiley $2,000 to $4,500
SpringerOpen $1,000 to $1,400
SpringerNature $1,100 to $5,200
Elsevier $1,100 to $4,500
Emerald $0 t0$3,000
American Chemical Society $1,250 to $5,000
De Gruyter $500 to $1,000
Cambridge University Press $600 to $4,500
Hindawi $500 to $2,500
PLOS $1,500 to $3,000
SAGE $400 to $3,000

Note.From(Simard, 2021, p. 51)

To pay APCs, authors mustly on grant funding, block grants, OA agreements, institutional
financial support, or pay out of pock@allmeierTiessen et al., 2011; Monaghan et al., 2020;
Pinfield et al., 2016)However, not all authors can afford APCs as ithisitricately linked to the
privilege of resourcing, either in the form of grants, institutional prestige, career stage, language,
discipline, gender, or geography, namely that the Global North can afford the¢®legexzak

& Wilson, 2020; Siler & Fraken, 2020) The APC model, then, further exacerbates inequities

within the academic system.

While APC waivers and other initiatives such as the Research4Life program do exist, they may be
insufficient to overcome inequalities in academic publishing. Rdagars, and Brundy2022)
discuss how APCsvorseninequalities since the existence of waivers demonstrates the model
works best for welfunded researchers and institutiagnsoften those in the Global North as

well as disciplines. Waivers do not soleguity issues because they often exclude hybrid
publishing or cover only a share of high APCs, leaving an unaffordable amount to the author in a

Low-to-Middle-Income Country. The existence of such programs and initiatives illustrates the
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problematic naturef the APC model and the inequities it creates. Initiatives to (temporarily) open
access to literature and data during the Gd@gandemic, illustrates the inequities built into the
overall system, where during times of crisis it becomes clear the m@ormarriers restrict

scientific advancement.

23.2 Gold

Gold OA representarticles published in a scientific journal where all articles are published free

of charge on the publ i sher 0s(Arehanbauit ¢tal., 200Mme di a't
Gamgouri et al., 2012; Piwowar et al., 2018; Suber, 20M@)st gold OA journals are free to read

and free to publishFa example, nearly 70%12,647 out of 18,300- of journals indexed in the

DOAJ do not charge an AP(MOAJ, 2022) However,most OA articles are published in APC

based journaléCrawford, 2019)For gold OA journals that do rely on APCs, the average author

fees range from $1,371 to $R0(Crawford, 2022; Jahn & Tullney, 2016; Morrison et al., 2021b;

Solomon & Bjork, 2016)

Archambault et al(2014)estimate that the number of gold OA articles in Scopus increased by
18% per year from 1996 to 2012. This means that the proportion cfgeewed gold articles

grew from 0.9% of all Scopus articles in 1996 to 12.8% in 2012 (@lidmy. Similarly, Piwowar

et al. (2018) estimate that between 3.2% and 14.3% of scholarly articles published between 2009
2015 are available as Gold OA. More recently, Sim@@R1)found that 10% of the literature
indexed in WoS is available as goldtImighlights WoS limitation in capturing all gold content

due to WoS6 criteria to index each discipline

The variance in these amounts is due to each study's methodological approach and data sources.

For example, Jahn and Tullr@y2016)analysis of APC spent by German institutions uses data
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from OpenAPCan initiative thatreliesonselfe por t ed APC cost data, whi
(2016) study triangulated data from WoS, APC list prices collected by Morrison et. al in 2014, and
manually collected APCs from journal websites to estimate the amoéi@d$ paid by authors

at four large research institutions in Canada and the United States. Another consideration when
calculating averages is the unit of analysis of the study. For instance, a study focusing on journals
as a unit of APC (one APC per joubhanalysis will strongly differ from a study based on
individual papers (one APC per paper). The former estimates the APCs of journals offered, while
the ldter represents the APCs paid. Siler and FrarfR8@0)illustrated this phenomenon using

data fromthe DOAJ. Recently, there has been a lot of discussions about-tladlexbdiamond
(previously called platinum) OA model which aims to make publication free for both authors and
readers in order to promote nprofit publishing in OA and remove barrieis science for both
readers and authors (cOAlition S, 2020; Bosman et al., 2021). Since diamond OA describes gold
OA journalswithout APCs (APC=%$0), we consider diamond OA as a subcategory of gold OA for

this study.

233 Hybrid

Originally suggested as taansitional phase to flip subscription journals to @Bjork, 2012;
Prosser, 2003he hybrid model describes subscription journals that allow authors to pay APCs
to switch the status of an article to @Archambault et al., 2014; Bjork, 2012; Eve, 20lLaakso

& Bjork, 2016; Piwowar et al., 2018; Suber, 201Rublishers developed the hybrid model as a
way to provide an OA option to authors of articles published in paid journals and to compete with
the pressures of gold OA journgBudzinski et al., @20) Large publishers now offer hybrid
options for most of their journals and markeas their solution to OASpringerNature, 2020;

Wiley, 2019, p. 25)Hybrid OA has been criticized by the scientific community for its WGICS
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as well as thepotential for publishers to doubtepd the practice of receiving two different
sources of revenue for the same aréicie the form of APCs and subscriptiofBve, 2014;
Matthias, 2018; Pinfield et al., 2016; Suber, 20P2¢vious studies have shown themage APC

for hybrid journals is around $3,00Bj6rk & Solomon, 2014; Shamash, 2016; Solomon & Bjork,
2016) SpringerNature set the trend for this $3,000 average through their OpenChoice program in
2004, which was followed by most large commercial ptielis (Bjork & Solomon, 2015;

Copiello, 2020)

While hybrid wagresenteds a way to transition the publishing market from subscriptions to OA,

this model has not achieved this gaatl instead continues to grobaakso and Bjork2016)track

the uptake ofiybrid articles amongst the oligopoly between 2007 and 2013 and found growth from

666 articles to 13,994 articles, a tweifityd increase witha doubling in numbers almost every
year.These numbers indicate that more researchers are using hybrid th putidies as OA and

that the broadscale switch of these journals to gold is still not in pla@ea k s 0 a (616)Bj ° r k 6
comprehensive method of collecting articles from the open web and then performing the time
consuming task of cleaning the data dentr@its the challenge to study hybrid articles due to the

lack of publisher standardized metadata (Laakso and Bjork, 2016). Unpaywall, an open database

t hat harvests OA content using an articlebs D
OA. In a recent study, Jahn, Matthias, and Lagii22)use Crossref metadata and texhe

APC invoicing data to examine EIlseviero6s wupta
2015 and 2019, El sevierb6s hybr i cdar@ohAOlaelativiec | e s

to closed grew from 2.6% to 3.78ahn et al., 2022)
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234 Bronze

Piwowar et al(2018)introduced bronze OA to reflect the increasing occurrence oftdrezad
articles on publishersodo websites without I
articles are hosted by the publisher on a website but unlike gold, bronze articlesprklished

in a journal indexed in the DOAJ and do not carry a license like hybrid artietestello, 2019;
Kirkman & Haddow, 2020; Paquet et al., 20ZF2)rthermore, it is uncleavhether bronze articles
represent full and permanent OA as they lackeatove commons licence that would allow reuse
and includes articles that publishers may only make free to read for a limited amount of time

(Costello, 2019; Paquet et al., 2022; Piwowar et al., 2018)

235 Green

Green OA can be defined as articles Imiied in a subscription journal that are made openly
available because authors have-sethived a version in an institutional or disciplinary repository
(Gadd & Troll Covey, 2019; Harnad et al., 2008; Kirkman, 2018; Zhang & Watson, .2017)
Although thisstudy does not anatg green OA since there is no APC paid for these articles, it is
an important feature of OA policies, and furthermearenore equitable approach to OA than the
APC model and therefore deserv@summaryEarly advocates of OA perceivaeélf-archiving
articlesas a way to circumvent the economic scholarly mavietre authors do not pay to deposit
an article in a repositorgNous, 2021) Even more, the original BOIA (2002) proposed -self

archivingto achie\e its goals of removing barriers and broadening access to research findings.

Many studies promot&reen OAasan equitablgublishing optioras it is acostfree option for
authors, thereby removing an economic barrier and broadening the reach of(Gergesri et

al., 2012; Kirkman, 2018; Laakso & Bjork, 2016; Zhu, 20Ngvertheless,rpvious studies found
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this option undeused compared to paying APCs to publish their article OA, and estimate that
between 4.8% and 12% of all published articles ageryOA(Bakker et al., 2017; Bjork et al.,

2014; Kirkman, 2018; Nous, 2021; Piwowar et al., 2018)

Many funders promote sedfrchivingas a route to complianaeith their OA policy. However,

there are often restrictions on which version can be depoBibecdexample,d comply with the
TAOAPP, the accepted version must be the final pegirewed manuscrip(Government of
Canada, 2016)Navigating publisher policies when it comes to accepted versions has been an
additional hurdle, with publishers often prohibiting the final version to be pas@itawa, n.d.)
Sherpa/Romeo, a resource that aggregates journal OA policies, has provatessldnd authors

with a tool to help navigate these policesd continue to promote the use of seithiving in

repositoriegSherpa/Romeo, n.d.)

2.3.6 Transformative Agreements

Similar to the original motivation of creating hybrid journals, tramsfiiive agreemen{3 As) are

meant to be transitory in a bid to move publishers toward full gold OA. In aarehoublish
agreement, an institution can access all publications and publish in journals without paying APCs

for a bundled cost that is negotidtbetween the publisher and institution. The majorityf A

are with oligopoly publishers since the negotiations and the implementation of those deals require
large investmerst(Hinchliffe, 2020) For example, the German Max Planck Society agreed to a

Plan Scompliant deal with Springedature to pay an APC of $11,200 per article to publish OA

and gain access to 34 journals and 21 Nature Review ({iN@srden, 202Q)This lump sum is
based on a 09,500 ( US @Nbotden?2D2Q)which B @mdstdoarr tipesr ar t

the average hybrid APC of $2,900 and more than eleven times the maximum of $1,000 APC
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recommended by th&air Open Access Allianc€FOAA), an organization that evaluates

sustainable OA publishing

Transformative deals have bemiticized for their lack of transparen{igsposito, J., 2018; Pooley,

2020; Poynder, R., 2018ndfor continued exacerbation of the affordability problem within the
scholarly publishing system. Many consider it highly problematic that instead of regraatimor

fees, these deals merely carry APCs over into the agreement for a reduc@buoesgipo et al.,

2020) Moreover, withTas,publishers can also lodk their prices, similar to Big Dea(®oynder,

R., 2018) The shift from reader pays to authorpay mer el 'y swi tches the cor
revenue sources from subscription to OA. Despite many efforts to lower subscription fees and the
increasing adoption of OA, university libraries hamereasingly been paying mote access

scholarly literature(Simard, 2021) Instead of making scholarly publishing sustainable and
accessible for all, high APCs afid\s seem to preserve the status quo and continue to exclude

large parts of the academic community as well aptidic.

SpringefNature has announcedt her OA opti o-oest hegt deersmo il owt
journals(Brainard, 202Q)These lowec 0 st opti ons carry a 04,790 (
as an initial fee of 02,190 (US$2,635) to coVeE
Such high OAfees either through these new models or transformative deals, come at a price for
authors and granting agencies and calls to question why ceotammercial publishers reap such

revenues from OA fees.
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TAs will not be considered for the current study sitioe years examineehdedin 2018 before

their more widespread adoptifESAC, n.d.)

2.4 Growth of OA

As more funders mandated OA, the volume of OA outputs incréBsedwar et al., 2018)The
increased rate of growth for OA led not only to more studies that explored the shape of this new
market, but also the development of automated methods and tkelgnpaywall, to access and
exploreOA outputs. Archambault et §2014)performed one of the earlier, comprehensive studies

that used automated methods to track growth in OA. Using the Scopus database, Archambault et
al. (2014)examined 500,000 articlesd found that, at the time of data capture, 50% of scientific
articles published between 2007 and 2012 could be downloaded for free on the internet, with a
growth rate of 9.4% per year. Archambault et al. (2014) attribute the growth of OA at the time of
their study to four forces: an increasing interest, at the time, in OA that led to more papers
published as OA; older publications being converted to OA; OA policy embargo periods ending,
which produces growth in old papers now available OA; and the owgmdlith in scientific
publications(Archambault et al., 2014)Forces, such as older papers converted to OAtland
expiration ofthee mbar go period for a paper, contribute
upward growth curvéArchambault et al., 2G%). This finding is an important consideration for
measuring growth in OA as it points to how operationalization and time of data capture can

influence results, creating challenges to compare OA studies that employ different methods.

3 Refer to the ESAC Transformative Agreement Registry for relevant data on transformative agreements
https://esacinitiative.org/about/transformativeagreements/agreementeqistry/.
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Using Unpaywall, Piwowar et al2018)found 28% of articles were available as OA but in their
most recent year of analysis (2015), 45% of articles were OA. They found that growth was steady
over the years and was primarily driven by gold and hybrid estiakhereas only 7% of the
literature was green, although some green articles are also available as hybyidr Qoddize.

More recently, we see the advancement of data visualization dashboards that track growth, such
as the European CennsoensesMooitar QSM)( aad the Copin Open
Knowl edge I nitiative (COKI) OA dashboard. The
T 2018 with the aim of providing data that supports policy developf@men Science Monitor,

2019) Like Piwowar et al(2018) the OSM found that the rate of OA for gold, hybrid, bronze

and green continued to grow between 2009 and 2018, almost doubling in volume of publications
(Open Science Monitor, 201%lowever, they note a slowing of outputs in 2016 and a decline in
2017 and 2018 most likely owing to embargos on greerf@gen Science Monitor, 201Bimilar

to Piwowar et al(2018) the OSM report attributes the rate of growth in 2018 to the increasing
volume of gold publications. These results highlight the reveoures for publishers through the
authorpays modelwhich can rely on strong rates of growth, especially as global funders continue

to mandate OA (see section 2.B.4.3.3 for a discussion on the growth of APCs in gold and hybrid
OA). Aspesi et al. (202@xplain that publishers once justified that increases in subscription prices
weredue to the growing volume of published articles and that this approach, where publishers
raise revenues alongside a growing market, will continue to support and raise publisher profits

over time. We now segsimilar approach witthe APC model

There aranore than 125 countries publishing OA, with nearly half of the OA journals introduced
between 2017 and 20ZPandita & Singh, 2022)'he OSM tracked this growth countries and

found that the top five countries that saw the largest volume of OA publisatiere from the
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Global North:the UK, Switzerland, Croatia, Luxembourg, and the Netherlg@jsen Science
Monitor, 2019) These resultslearly demonstratthat the Global North is driving the growth of
the APC model, where authors have access to memumees, either through grants or their
institution (Olejniczak & Wilson, 202Q)despite the diverse landscape of publishing that exists

globally (Khanna et al., 2022)

The OSM ranked Canada amongst the countries with the lowest share of OA publi¢&ioh%oa
(Open Science Monitor, 2019Ylore recently, theCOKI dashboard similarly finds this rate, at
38% (COKI, n.d.) These varying rategoint not only to different publishing trendsy each
country, but alsoto the strength of the OA policy in promagircompliance and, accordingly,

increasing rates of OA (see section 2.6 for more on rates of compliance in Canada).

25 The Publishing Market

The ol i gopol y éhwmshappenetlinthd comexst of drsincréa&ingberof Big Deal
cancellations as well as rise in funder OA mandatefor example, the Registry of OA
Repositories (ROARMAP) shows that currently there are 1,113 OA mandates and/or policies,
which has steadilyisen since 2005 and started to level out around 2RCARMAR 2022) As
more funders require OA, the volume of OA publications has also incr@dsadg et al., 2020;
Piwowar et al., 2018)et, this growth has not correlated with a decrease in APCdessgite the
increase in competitio(Budzinski et al., 2020Rather, there continues to be@nsolidation of
the publishing market, dominated by certain players like the oligopoly e gricing. Studies
demonstrate the amount of money and profibéomade in the publishing systein.202), the
global scholarly publishing marketas valued at $26.5 billigrwith $9.5 billion (36%) spent on

journals (STM, 2021) Although the global challenge of COWIDO slowed revenues for the
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scholarly publishing mé&et in 2020, some forecast it will rebound and continue to grow in the

coming years (STM, 2021).

This large growth and market value drive thefit-driven model of traditional commercial
publishing(Logan, 2017)which reap obscenely higprofit margins(Smith, 2018) For instance,

in 2017, Elseviero6s made $1.8 million in jour.
SpringerNature earned $1.3 million with a 23% annual profit maféispesi et al., 2019)The
high-profit model is foundd on the work of academics who generally produce the labor as authors
and reviewers as part of their jobs, free of cost to publigBensnyi, 2017; Logan, 2017Jhis

mostly voluntary labor has been previously estimatdoketabout 1.9 billion in unpaithbor per
year(Logan, 2017)While OA could theoretically overcome inequiti@sacademic publishing,
for-profit publishers have used APCs, and more recently Red®ublish deal§Pooley, 202Q)

to maintain a profitable business modRlegardless of #h models subscriptionor APCsd
publishers generate these profits using university and funder budgets, which are often financed by

taxpayerollars.

Lariviere et al.(2015) find that Elsevier, WileyBlackwell, Springer (before the merger with

Nature in 2Q5), and Taylor & Francidominate the scholarly publishing market, and publish more

than half of the literaturdBased on the number of active, refereed, academic journals indexed in
Ulrichsweb (N=86,110 as of October 27, 2020) the biggadblishers are Elsevier (n=5,158),
SpringefNature (n=4,574), Taylor & Francis (n=4,472), Wiley (n=3,266), and Sage (n=2,292).
The oligopolydés profit maregenuesvhesettheydral @rtoge |l y f
75% of their revenues from univésslibraries (Ware and Mabe, 2012). According to the Canadian

Association of Research Libraries (CARL), the subscription costs for their 29 member libraries
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increased by 5 to 7% per year (2€A015), or approximately 25% over 4 yeérkigh, 2016)

While prices for journal subscriptions have been rapidly increasing over the last few decades,
library budgets have remained stagnant or decrg&edet al., 2018 As aconsequencef these
unsustainable costs, libraries have struggled to maintain theictamtie and ensure continued
access to scholarly journals, in many cases cancelling their subscriptienshese cancellations

have not stifled the market dominance of commercial publishers. Between 2014 and 2017,
commercial publishers increasingly aap in the DOAJ(Crawford, 2022; Morrison, 2018)
Rodrigues et al. (2020) looked at journals with the DOAJ 8ea subset of DOAihdexed
journals that adheres to best practices in OA publishirand found that almost 65% of the total
number of journalsre published by a concentrated group of four publishers (BMC, Hindawi,
Multidisciplinary Digital Publishing Institute & Springer Open). Since BMC and Springer Open
are both part of Spring¢dat ur e, Rodrigues et al . ds nantesul t s
position in the academic publishing market. The authors argue the concentration of these four
publishers is bigger than the one described by Lariviere et al. (2015) in a traditional scenario

(Rodrigues et al., 2020)

With strong growth rates, commetpublishers have been shifting from traditional subscription
revenue to APtased OA models, +establishing their dominance in the scholarly publication
market. For instance, Simard et @021)estimated that APCs paid to the oligopoly by Canadian
Universities went fron$2.2 million in 2015 to 3.2 million in 2019, representing 5.7% of the $295.5
million spent on scholarly publishinguring the same period. With strong growth rates,

commercial pblishers can shift from traditional subscription revenue to AB€2d OA models.

488 {t! w/ Qa . A3 5 Skds//sharcgpdfotafotribik/BigdeatdldcaldtiGiNdvking/
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Studies also show #ihpublishers with higher revenues tend to charge higher APCs (Solomon &
Bjork, 2012; Pinfield, 2016). Kho®2019)lookedat four large OA publishers (BM&rontiers,

MDPI, and Hindawi) to examine whether authors showed price sensitivity when selecting their
APC-funded OA journal and found that APC fees rise once a journal sees an increase in article
volume, demonstrating that authors continue to pay thedéspite the cost (Khoo, 2019).
FurthermoreK h o ¢2019)study demonstrates that these publishers set higher APCs despite their
increase in article volumesuggesting that potential economies of scale do not translate into

reduced prices batremore likely into increased profits.

Zhang etal. (2022 se t he | atest available APC numbers
journal 6s we bthatGAeesenwenfibm APRCS in gold or Bybrid journalstivglve

major publishers alone exceed $2 billmnual | y. Thi s number exceed:
$1.1 billion, demonstrating the variance between studies based on data sources. Nevertheless,
estimates fronboth studies illustrate the continued growth in the OA market, accounting for a

reliable revaue source

26 Funder OA Policies

The early OA manifestos advanced the argument for the right to free, unresanctdsrrieifree

access to publicly funded research and birthec
OA policy aims to increase access to publicly funded research and encourage a culture of openness

to accelerat¢he discovery of funded remrch.How funders achieve the goals of an OA policy

depends on their requiremeatsd the support they provide. For examptane funders mandate

their grantees deposit a version of their manuscript in a repository and provide such infrastructure

support.In the United States, the NIH requires grantees to depositr@dewed articles in
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PubMed Centra{NIH, 2016) while the National Science Foundation (NSF) requires prhcip
investigators to deposit their pe@viewed article or conference paper initlepository, hosted
by the Department of Energy (DOBYSF, n.d.) Extending tle USsupport for green O&ven
further, the White House Office of Science and Technold@STP issued a memorandum
(AOSTP memo 0) 2028, thaAdirects slit US 2e8al granting agencies tequire
immediate OA to the research it funds, and that these publicatidreebeaccessible in ageney
designated repositorig®©STP, 2022)Mandating the deposit of articlés a repository while

providing the infrastructurean circumvent the payment of APCs.

However, not all funders provide this infrastructure and smstead suppothefees to publish
OA to ensure grantees comply with their OA polié&s noted in section 1.@f this study the
CanadianTri-Agencies allow grantees tse their grant funds fmay for APG. TheUK Research
and Innovation (UKRI) supp@DA feesthrough block grantt eligible UK institutionsshifting
the administrationto institutions(UKRI, n.d.). Previous studies haveitiqued the use ofjrant
funds to cover APCs, especially for hybrid journ@nfield et al., 2017)and have cautioned
aboutthe essential need tmoselytrack APC expenditures as the market grows and A&
continue to risg(Shamash, 2016)An evalwation of OA policy requirementsand how thse
policies are situateihto the overall ecosystem, is necessary wtwnpliance depends on the use

of grant funds that do not advance the research itself, but further support a business model.

Previous studies haveund a lowievel of compliancevith the TAOAPP(Lariviere & Sugimoto,
2018; Paquet et al., 2022; Scaffidi et al., 2021). Lariviere and Sug{@@i8)performed one of
the first studies to evaluate compliance with funder policies. duthors found varying rates of

OA for the agencielsetweereach agencyith CIHR having the highest levels of compliance and
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SSHRChavingthe lowest.CIHR was an early adopter of the OA policy but found a decline in
their ratesi from 60% in 2014 to 40%n 20177 once the agencies harmonized their policy
(Lariviere & Sugimoto, 2018)Scaffidi et al.(2021)similarly note a decrease in compliance for
CIHR but at a different ratérom 79.6% in 2014 to 70.3% in 201ijost likely owing tothe

a u t hdiffereanbmethodologies of combining manual and automated methtmis. recently,
Paquet et al(2022)analyzed the overall picture of OA ratesGanada anfound an average of

44% of the articles are available as OA.

These studiesotethe challenges toomplying with theTAOAPP, including a lack of supportive
infrastructure like a national repository, a lack of enforcement with little consequences{or non
compliance, and the influence of disciplinary norms and practices, includirlg vieinding,
whereSTEMM fieldsreceive more resourcing th&sH(Lariviere & Sugimoto, 2018; Paquet et

al., 2022; Scaffidi et al., 2021These studies highlight the existing barriers for researchers to
publish and how théefTAOAPP could be amended to dekie more widespread access and

disseminatiorof agencyfunded research

Publishers appear to be leveraging the growth in the OA market to shift business strategies from
traditional subscriptions to OAgllowingg | o b a | devel opment sblishingk e c¢ OA
initiative Plan StheOSTPmemo,U N E S C Ret@mmendation on Open Scierars] increasing

funder mandates and policiGOAlition S, 2022; OSTP, 2022; UNESCO, 2021A% of 2021,

Plan S, a consortium of mostly European funders, is in edfettbans hybrid publishing (unless

part of aTAs, see section 3.6), limits APG paid for gold journals, and encourages subscription

and hybrid journals to transition to become fully @®Alition S, 2021) Plan S and the general
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increase in OA mandates from funders worl

portfolios aml business strategies (see secti@62on Transformative Agreements).

In Canada, the Fonds de recherche du Québec (FRQ) signed(PFRQ 2021 xand the Office of
the Chief Science Advisor publishedRmadmap for Open Scienamandating federal science
departments to publish their research in the d@vernment of Canada, 202@lthough the
Roadmap does not apply to research funded by th&geancies, it nevertheless will influence the
Canadian system as many academics collaborate with federal scigistss, 2022)Beyond
the national context, Canada has a strong international network. BetweeBM®®] 56% of the
share of Canadian publitans are ceauthored with international partneldNESCO, 2021a)
Thesecollaborative networks are an important consideration for OA policy developasent
Canadawill need to ensure its researchers can adapt to the international cttesthain

competitive.
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3. METHODOLOGY

3.1 Study Designand Aim

This study aims to estimate the amount of OA fees paid for articles that acknowledge funding by
the Canadian T+Agency (CIHR, NSERC, SSHRC) to oligopoly publishers Elsevier, Sage,
SpringerNature, Taylor & Francis and Wiley between 238 8.The study erploys bibliometric
methods comibing data frontheWoS,Unpaywall, open datasets APCIist prices(Butler et al.,

2022 Matthias, 2020b; Morrison et al., 202%Bs) well as historicehPC feesmanuallyretrieved

via the Internet Archive Wayback MachifWayback Machine)The methodological approach is

to estimate the total amount of APQ@er gold and hybrid journalg)aid by eaclpublication that

acknowledges ari-Agency fundefgrantfor 2015- 2018

32 Overview of Data Sources

Broadly,there arehreesourceof dataused in this studywoS, Unpaywall and APCdatasets
(seeTable2)These data sources are |linked to the st
of the article, acknowledgment of a ‘Kgency Funder (CIHR, NSERC, SSHRC), and publisher

(see Table 3)Details on the methoaf collectingthedata is explained in secti@3.
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Table 2. Data sources

Source Rationale
1| Web of Science Identify journal articles that acknowledge -Fgency (CIHR,
(WoS) NSERC, SSHRC) funding between 2015 and 2018 (inclus

identify Canadian affiliation, DOI, publication year, discipline ¢
other article metadata.

2 [ Unpaywall Collect data on the OAtatus (gold or hybrid) of each articiad
year combinatiomsing the DOI.

3| Open APCdatasets | Provide journabndpublisher APC list prices

(Butler et al., 2022
Matthias, 2020b;
Morrison et al., 2021a

Table 3. Variables and data sources

Variable Data source

1| Article processingharge | Open APC dataseMatthias, 2020; Morrison, 202% manual
(APC) retrieval of APC prices from the Wayback Machine

2 | OA status of Hicle Unpaywall
(hybrid or gold)

3 | Tri-Agency Funder WoS (funder acknowledgements)
(CIHR, NSERC, SSHRC)

4 | Publisher Open APC datasefButler et al., 2022 Matthias, 2020
Morrison et al., 2021a)

33 Data Collection

331 Publications

Peerreviewed publications published between 2015 and 2018 were identifiedaulsiogl copy
of the WoS database and queried using SQlocument types were restricted to artictesl

reviewsas these include original research findiagsl include APC fees.t@er document types

such as conference proceedingse excluded from analysis as they soenetimes exempt from
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APCs or paywalls. Publications were further restricted to include only those @ ta retrieve

their OA status via Unpaywallsee Table 2)

To identify all journal articles controlled by the oligopoly of academic publishers, impaiili®r

subsidiary publishing companiagre manually assigned the parent oligopoly companysing

information available on the journal webs#ted publisher press releasEsr examplejournals

published by Cell Press were assignedElsevie, those published by Palgrave Macmillan to
SpringerNature, and those published by Holcomb Hathaway to Taylor & Fraftis.method

was similarly perforrmd inL ar i vi r e, Ha u s (2@&L5)study, wherd thehhatimogse o n 6 s
identified and associated subsidiary companies acquired by the oligopoly, using the Lexis Nexis
dat abase and t he p udidiereeha (R0As exglam ehstschamee like a s e s .
publisher names, due to acquisitions or mergers are not always immediately reflected, and/or
publishers distribute theiacquisitions in a portfolio of companieé. total of 136 imprint

publishergsee AppendiB) were assigned to one of the five oligopoly publishers.

3.3.2 Open Access$tatus

TheApril 2020 snapshot of tHenpaywalldatabas&as used to obtain the OA stafgsld, hybrid,
bronze, green, closedf each publication in the dataset. Unpaywsltvestslegal contenfrom

Datacite, the DOAJ, Crossref, and PubMed Central, as wditbas over 50,00Fournals and

repositoriegUnpaywall, n.d.)Unpaywall assigns each DOI to one of the following categories:

T Gold (i.e., published in a gold Ojaurnal)
T Hybrid (i.e., OA publication published in a subscription journal)
1 Bronze (i.e., OA publication without license)

1 Green
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1 Closed (i.e., No open access version of the article found by Unpaywall)

Only articlespublishedin gold or hybrid journalsvere of interest since APCs are tied to these
journal typesArticles published via a green OA route, such as those deposited in an institutional

repository, were excluded since APCs are exempt.

Articles categorized as bronze meeexcludedas it is unclear whether these articles represent full
and permanent OA as they lack a creative commons license that would allow foBremnze
articles are not published in a journal but are instead hosted on the p@bbstesite Howeve,

it may be possible that APCs were pladarticles categorized as bronZéere is some evidence

that the bronze category includes articles that publishers make free to read for a limited amount of
time (Costello, 2019; Piwowar et al., 2018Ye, therdore, suspect that no APCs were paid for
bronze articlesand thereforexcludedthemfrom our study. However, it should be noted that it
might be possible that APCs were paid for articles flagged as bronze by Unpaywall. In this case,
this studywould significantlyunderestimate the total amount of APCs ppatticularly for hybrid

articles Of the 259, 370 articles with a DOI that included a Canadian affiliat@, were
categorized as bronzand of the 129, 140 articles with a Canadian affiliation that are published

by the oligopoly, 5.0% were bronze.

333 Journals andAPCs

We identified APC list pricesdr each combination of journal and publication year with at least
one gold or hybrid articleDue to annual increases, it was important to identify the APC per
publication year and not use current prices for articles publishege®e®?15 and 2018, whenever

possible. Although current APCs are much easier to retrieve from journal websites and/or price
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lists released by publishers, we argue that using current APCs for older publications could
potentially overestimate actual fees p&dr example, in 2015 Wiley charged an APC of $3,000

for publishing a hybrid article in the journakvelopmentabcience, while the current (September
2022) price is $3,90(his approach was tak@ma recent publication by Zhang et @022)who

note the difficulty of obtaining APCs.

We identified historical annual APCs in USD using a combination of data soknsesAPCsfor

gold and hybrid journalsvere derived from an open datasatieated inApril 2020 (Matthias,
2020b) which includes annuallist pricesin $USfor Elsevier, SAGE, Springer Nature, Taylor &
Francis, and Wileyo provide an overview of their OA journal portfolios over tiniee dataset
consists of several data souressibscripion and APC price lists, golénd hybrid OA title lists,

and website snapshotshat were manually collected through the Wayback Machine and were at
one point available through the publishewebsite The dataset lists the following information for
evay year (201€2018): ISSNs, journal name, publisher, publication year, APC, and currency for
95,792 journalyear combinations, 60,788 of which with APC informatiblatching via journal

title or ISSN in combination with publication year, we were ableetaeve 17,736 of 19,317

journakyear combinations from Matthig2020b)

To retrieve missing APCs for gold journals, we used another open dataset by M(z62ba)

which provides annual APCs and metadata (e.g., journal title, pridtelSSN, publsher) for
journals listed in the Directory of Open Access Journals (DOAJ). APCs are based on a previous
dataset from Crawfor@2019) DOAJ, and frequent manual checks on journal websites over a

period of 10 years (20312021). Matching via journal title, B\, or eISSN in combination with
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publication year, we were able to retrieve 1,333 (7.1%) jotyeait combinations from Morrison

(2021a)

For journals missing APCs regardless of year, we manually searched for historical list prices using
the Wayback Maclne to accessistorical snapshat of journal websites maintained by the
publisher and/or academic societies that were affiliated with the joliriee Way bac k Mach
Google Chrome plugin browsSawas installed to speed up the search process. Therpalpws

users to select the earliest, oldest, or calendar view of archived pages, where users can select the
preferred year of archived dattheWay back Machineds cal enydaar opt
particular page was archived in blue, green, and sometimes red. Blue directly links to the preferred
page and was therefore selected first when searching for a particular journal page. Green, on the
other hand, is a redirect and often leads usersrtora recent version of the preferred page. Dates
highlighted in green were only selected in the absence of a blue option. These redirects, however,
could sometimes lead to another entry point for the desired page. Red circles on the calendar

indicate serveerror$ and were avoided.

This timeconsuming process was performed for over 700 jowreal combinations, of which
320 were removed from the dataset because the search revealed that the journal did not offer an
OA option at the time of publishing (né@), was only later acquired by an oligopoly publisher

(n=203) or was a book or conference proceedings rather than a journal (ABRCE).for 482

SLYGSNYSG 21 &0l OjihttpaNcihdne. goSdeaomhielm#are/detdiMvayback
machine/fpnmgdkabkmnadcjpehmlllkndpkmiak
8 Example of a server ar: https://web.archive.org/web/*/https://journals.sagepub.com/home/gos
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journalyear combinations were successfully obtainediva/Nayback Machine and used in this

dataset.

Toverf y the journal és acquisition date, we refe
the Wayback Machine and/or other online sources, such as Wikipedia. This step of manually
verifying acquisition dates as performed for all five publisheré Elsever, SpringeiNature,

SAGE, Wiley, and Taylor & Francis. Journals were removed from the dataset if the journal year

(e.g. 2016) was earlier thanh e o | i g o p catguisitipnudate (e.g. BOAT). -ar example,

this process removed 60 Wiley journals frtme dataset sind&/iley acquired those journals after

theyear marked in the daat Wiley often announces journal acquisitions using the language of

a Anew partnershipo, followed by the society |
enterig AWi |l ey + journal/ society name + partners
could be captured within the firstlresults. Journals listed a year earlier than the acquisition date

were removed from the dataset. For example, Wiley announcedilfishing partnership with

the Society for Leukocity Biologyn July 6, 2017and indicatd thatthey would begin publishing

the Journal of Leukocyte Biology (JLB) 2018. However, the dataset included 2015, 2016, and

2017 for that journal, which assubsequently removed.

Like Wiley, SAGE announces acquisitions in their News Rb@md also published a list of their

journal acquisitions in 2026This process removed 54 SAGE journals from the dataset (see Table

SS 2AafSeQa ySsa I yy2dzy OSYS yvidiBiobghttisKvEMNIMLI NIy SNE KAL) gA
publishing.com/thesocietyfor-leukocytebiologyandwiley-announcepublishingpartnership/

81 D9 t dzo f A & K A hftFs@ds.sdnébdoomiei@ndn/press

releases/2018? gl=1%2Ab8qwyz%2A_ ga%2AMTM10DUxODg4Mi4xNjMxXNTg2MTY0%2A ga 60R758KFDG%2AMT
YzNJE1ODMS5NCA42LEUMTYZNJE10Dg40S4w%2A_ga RK7MQ5ZZVZ%2AMTYzNJE1IODM5NC4yYLIEUMTYzNJE10Dg4C
S4w

9 List of journals acquired by SAGE in 2016:
https://web.archive.org/web/20160128213742/https://us.sagepub.comtag/nam/new-journalsand-changes
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https://us.sagepub.com/en-us/nam/press-releases/2018?_gl=1%2Ab8qwyz%2A_ga%2AMTM1ODUxODg4Mi4xNjMxNTg2MTY0%2A_ga_60R758KFDG%2AMTYzNjE1ODM5NC42LjEuMTYzNjE1ODg4OS4w%2A_ga_RK7MQ5ZZVZ%2AMTYzNjE1ODM5NC4yLjEuMTYzNjE1ODg4OS4w
https://us.sagepub.com/en-us/nam/press-releases/2018?_gl=1%2Ab8qwyz%2A_ga%2AMTM1ODUxODg4Mi4xNjMxNTg2MTY0%2A_ga_60R758KFDG%2AMTYzNjE1ODM5NC42LjEuMTYzNjE1ODg4OS4w%2A_ga_RK7MQ5ZZVZ%2AMTYzNjE1ODM5NC4yLjEuMTYzNjE1ODg4OS4w
https://web.archive.org/web/20160128213742/https:/us.sagepub.com/en-us/nam/new-journals-and-changes

3). Acquisitions by publishers Elsevier, Springdature and Taylor & Francis were not found in
media announcements bauereoften announced on the publisbesvebsite andarchived in the
Wayback Machine. For example, Elsevier announced a partnership with The Poultry Science
Association and began publishiRgultry Sciencand theJournal of Applied Poultry Researels

gold OA journals in 20268, which meant removing 2015, 2016, 2017, &8 data; and
SpringerNature acquire€Chemical Central Journaih 2018%, which meant removing the 2015

and 2016 data.

Wikipedia was also used to verify the journal acquisition dates. For example, the dataset included

four years of data fokfrica Speatum (2015, 2016, 2017, 2018), which was associated with SAGE.

The journal s Wi kipedia page, however, i ndi ca
Global and Area Studies (GIGA). A general internet search tiseige y wor ds AfBCAGE and
Spectrmtd0 was performed to verify the pW¥whchsher.
indicates it was published by SAGE as of 2019. All four years of data (2015, 2016, 2017, 2018)

were consequently removed from the dataset.

Some journals in the dataset weéagged OA but were in fact closed, had no OA information

listed™®, were not published by the oligopoly, had a change in OA statuswasyhybrid as of a

10poultry Sciencand9 f 8 SOASNNA t dzof AAKAY3 ! ANBSYSyid |yy2dzy OSYSyiay
https://web.archive.org/web/20210126114652/https://poultryscience.org/filesiteries/0F

2019 PSA _Announces _a New_ Publishing_Agreement Official Press Rélhpelf

1 Chemistry Central Journialy R . a / Q &Nathirg) lndbidyey” 3 S NJ
https://web.archive.org/web/20180919042831/https://ccj.biomedcentral.com/

12 https://journals.sub.unihamburg.de/giga/afsp/

3 See the SAGE jourrabex on Censorshipitps://us.sagepub.com/efus/nam/journal/index

censorship#description
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date later than the year marked), or were a document type other than a research article (e.qg.

booK* These entries were also removed.

Manually searching foAPC list priceson the Wayback Machingresented several challesge
such asarchivedpagessometimedailing to loador redirecting users to the wrong pa§&GE
webpages'® out of thearchivedoligopoly webpagesmost frequently fail to load and oftenompt
users to enter locatiotketails, such as their countriyefore users can navigate tebpage In
these instances, users can refrastt briefly scroll the page aftose the location field to quickly

capture thalesired information

It is possible tdocateother access points to archived journal pages in instarieas pages fail to
load, if certain webpages are not archivezhch yearor if archived pages redirect usersthie
wrong pageFor example, @ o u r rcadendicssocigt websiteproved to be thenostreliable
access point ttocatea p u b IAPG ihf@amatos sinc&Vayback Machine frequently archives
societywebpagesFor example, Wiley publishes the journ@enes to Cellon behalf of the
Molecular Biology Society of Japan. When no aveki webpages for the journakere found
before 2018 on Wayback Machirseegenerainternetsearctfor the societyvebsiteled toarchived
webpagedating back to 201%. The 2015 archived data was selected, and from &dirk

redirecting the usep a2015 Wiley pagavith APC informatiorwas locatetf. Even more helpful

14 A total of 12 book entries were removed, ifgtps://www.sciencedirect.com/bookseries/internationedview
of-neurobiologyor https://link.springer.com/book/10.1007/978-319-740928

15 SAGE webpage that failed to load:
https://web.archive.org/web/20170920180043/http://journals.sagepub.com/action/cookieAbsent

1SS ¢KS a2fSOdzE FNJ . A2f238 {20ASGe 2F WILIyQa | NOKAGSR
https://web.archive.org/web/*/https://www.mbsj.jp/en/index.html

17 See Wiley journgBenes to Cellsl March 2015 archived webpage:
https://web.archive.org/web/20150311100755/http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365
2443/homepage/FundedAccess.html
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was that from this access point, a 2015 list of Wiley publicationsfouasf, and missing APC

journd pricesfor other Wiley journals werlled where possible.

Another challenge¢o locate APCnformationincludestheo |l i gopol yés | ack of &
webpagesn Wayback Machinéetween 2015 and 2019owever, by searchintdprough society

pages, or serendipitously selectiimks within a pagethatdirectusers to otheweb pages APC
informationcould at times be locatesuch ashe discovery oWileyd s APC pri c® | i sts
2017° and 2018 There isa significantack of archived pages f@lsevier forthe years 2015 to

2018, most especially for 201B0r information on OA fee&lsevier will often direct usets the

Agui de f torinfoamatiom anrABGOprices. However, in the guide, Elsevier directs users

back to the journal homepage. This lack of transparency creates another challenge, especially when
trying to locate archived pages as not all linkthin an archived pageill be preservedElsevier

also includes confusing language on whether certain journals charge APCs. For example, for their

journalGreen Energy and Environmeiitlsevier includes the following note:

To provide open access, this journal has an open access fee (also lsnawraricle
publishing charge APC) which needs to be paid by the authors or on their behalf e.g. by

their research funder or institution. The journal is currently free to the authors and readers.

182 & £ &Grehiwed list oR015 Journals:
https://web.archive.org/web/20150318064018/http://onlinelibrary.wiley.com/browse/publications?type=jouirna
&activelLetter=G

Y2 xf SeQa | NOKAGSR Hnanmc 't/ fAad LINKROSay
https://web.archive.org/web/20161003190333/httfyplabout.wiley.com/WileyCDA/Section/i829155.html
202 ¢ S80a FNDODKAGSR Hamt !t/ fAad LINROSay
https://web.archive.org/web/20170713012027/https://authorservices.wiley.com/authesources/Journal
Authors/licensinegppenaccess/operaccess/articlgpublicationcharges.html

22 3 SeQa | NDKAGSR wnmy !t/ fA&ad LINROSAY
https://web.archive.org/web/20180702205150/https://authorservices.wiley.com/authesources/Journal
Authors/licensingopen-access/operaccess/articlgpublicationcharges.htmi
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https://web.archive.org/web/20150318064018/http:/onlinelibrary.wiley.com/browse/publications?type=journal&activeLetter=G
https://web.archive.org/web/20150318064018/http:/onlinelibrary.wiley.com/browse/publications?type=journal&activeLetter=G
https://web.archive.org/web/20161003190333/http:/olabout.wiley.com/WileyCDA/Section/id-829155.html
https://web.archive.org/web/20170713012027/https:/authorservices.wiley.com/author-resources/Journal-Authors/licensing-open-access/open-access/article-publication-charges.html
https://web.archive.org/web/20170713012027/https:/authorservices.wiley.com/author-resources/Journal-Authors/licensing-open-access/open-access/article-publication-charges.html
https://web.archive.org/web/20180702205150/https:/authorservices.wiley.com/author-resources/Journal-Authors/licensing-open-access/open-access/article-publication-charges.html
https://web.archive.org/web/20180702205150/https:/authorservices.wiley.com/author-resources/Journal-Authors/licensing-open-access/open-access/article-publication-charges.html

It is not clear, in this instance,tlie journal chargesfae. It is possible that the journal is financed
through an authepays model ois diamond OA and thsociety pays the fee. In these instances,

fees were set at $0.

The datasdbr the global datéButler et al., 2028) contains APC information for 1848 journal

year combinations, for 1,301 (6.9%) of which we had data from more than one source. For 408 of
these, both sources report the exact same fees. For 893 {geanalombinationsAPCs differed.

These differences might partially be due to coneerdietween currencies and partially due to
erroneous APCs in either tiMatthias(2020a)or Morrison (2021a)datasetshighlighting the
challenges of gathering accurate historical APC prices from the web. Since our manual check
suggested that both data sources were correct some of the time, we chose not to prioritize one
source over the other and use the lower amounts in case oftsorthis way, we are more likely

to under rather than overestimate the actual fees paid. An exception was actual APCs obtained
throughthe Wayback Machine, which was assumed to be the most reliable data source (n=23).
The total estimate we use in thisadysis is 7.3% lower ($1.061 billion) than the APC total based

on the higher fees ($1.138 billion) overall, with differences per publisher (fabWe should

note that this difference applies to gold APCs only because we do not have more than one data
source for hybrid fees, which partially explains the differences between publishers (i.e., those with

larger amounts of gold APCs show higher differences).
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Table 4. Difference between lower and upper estimate of total APCs (in) @g8Dpublisher

Publisher Lower estimate Upper estimate Difference Difference %
Elsevier $221,441,616 $230,750,669 $9,309,054 4.2%

Sage $31,576,202 $32,660,019 $1,083817 3.4%
SpringerNature $589,674,3808 $648,463,842 $58,789,463 | 10.0%
Taylor & Francis $76,765,557 $85,135,828 $8,370,271 10.9%

Wiley $141,316,332 $141,460,621 $144,289 0.1%

All oligopoly publishers $1,060,774,086 $1,138,470,980 $77,696,894 | 7.3%

The exact numbeof journalyear combinations for which APCs were obtained by different
methods used for the analysis is shown in T&bleelow. The cost of OA was determined by
multiplying the lower APC list price for a particular jourtyaar combination with the number of

gold or hybrid OA articles published that year as determined by Unpaywall. Note that exemptions
from APCs and discounts are not considered in the calculation of our estimates, as we do not have
access to this information. The lack of discount and waiviarrimation might lead to an
overestimation of the total APCs paid to publishers. Zhang €G222)similarly encounter this

limitation in their study, noting that waiver and discount information resnaith the institution

and the invoicing publisher.

Table 5. APC data sources for jourrgéar combinations used for the analysis.

AfnAct ual

0

ndi cat es

t hat

dat a

from the closest available previous or foliog years was used.

Data source

Matthias (2020)

Matthias: actual

Matthias: newer

Number of
combinations

17,291
6,2212

369

f nre wtelr & p ardti icau lear

journal -year

%

91.7%
86.1%

2.0%
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Matthias: older 3690 2.0%

Matthias: actual | Morrison: actual 303 1.6%
Matthias: older Morrison: actual 27 0.1%
Matthias: newer | Morrison: newer 2 0.0%
Morrison (2021) 1,358 7.2%
Morrison: actual 9,468 4.9%
Matthias: actual | Morrison: actual 03 1.6%
Morrison: newer 38 0.2%
IWM: actual | Morrison: actual 38 0.2%
Matthias: older Morrison: actual 27 0.1%
Matthias: newer | Morrison: newer 2 0.0%
website: current | Morrison: actual 2 0.0%
Morrison: older 1 0.0%
IWM: older | Morrison: actual 1 0.0%
Internet Wayback Machine 482 2.5%
IWM: actual 436 2.3%
IWM: actual |Morrison: actual 38 0.2%
IWM: newer 4 0.0%
IWM: older 3 0.0%
IWM: older | Morrison: actual 1 0.0%
Current website 88 0.5%
website: current 86 0.5%
website: current | Morrison: actual 2 0.0%
All journal -year combinations 18,846 100.0%

334 Tri-AgencyacknowledgedDA Publications
Funding acknowledgements (FAs) were used as the data sowst@mate themountof APCs

paid by Canadian researchers funded by the&Council to publish OA (golénd hybrid) articles
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between 2015 and 201Bhe TAOAPPrequires grant recipients to acknowledge the funder (CIHR,
NSERC, or SSHRC) in tlirepeerreviewed publication, andugte the funding reference number
(Government of Canada, 201@uthors will usually cite the funder and grant numbetha
acknowledgment section at the end of the papeice 2008, WoS includes FAs for science and
medicine, and since 2015 for socialesces articles, which allows for better tracking of funded

researcl{Lariviére & Sugimoto, 2018)

There is a large body of research onttiy@c of FAs, as noted in a metginthesigDesrochers et

al., 2017)and literature revieWAlvarezBornstein & Montesi, 20219f the topi¢ which explores

the behaviour of acknowledgements and limitatiofnthis data sourcé:As have been studied for

50 yearswith Crawpord and Bidermaif1970) first examining acknowledgements found in
footnotes then withC r o n ([1996) tudyexploringauthor behaviour on whatesrochers et al.
(2017)not e as nAthe parallels and differences
acknowledgementgp. 2822) Giles and Couan i | (2004%study was thefirst to usenatural
language processirtg extractacknowledgement$:rom the CiteSeer computer science archive,
the authorsnined188,052 acknowledgements from 335,000 research publicaimhsombined

it with citations to masure impacdiGiles & Councill, 2004) Their results examine the distribution
of acknowl edgeme nt fanding agerfciesuy corpofatonst universitissol
individuals Gi | es an d (2004 study deidngtrates an early automated method of
correlating acknowledgments witbnding andprovidesone of the firstautomated methedo
evaluatefunding trends Although there ardimitations to FAs (described in sectid®i6), FAs
provide data that cayield useful findings on the patterns of authorship, collaborations, citations,

and funding.
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Funding data for this study was collected using the WoS and restricted to articlesagdars
funders.There was dotal of 198403 (see Figurel in results sectionUTs with a funding
acknowledgement linked to an author with a Canadalifiliation. Sincethere is nstandard format

to acknowledga funding agencya step was taken to clean the variation of acknowledgments for

each fundeand tagtito a single entity thef under 6s acronym ( CIAHR, NSE
additional search farachTri-Agencyd grantswas performed since it was found that maathors

will cite their grant only and not the funding aggnThe disambiguated and cleanggelling

variants of funder names and programs ieleed with the APC datet,as described in section

3.5.5.

First, a search for CIHRelated variations wasepformed Therewasa total of 34,9150ows of
acknowledgementsvith variations of CIHR funder name and graimsluding 4,905 unique
variationswhich were altaggedn a new columrasd@CIHRa For example, there were 2759 rows

with the acroanlyund ed IAMCItHRe&® a wt h o wassubsagudattyo wl e d-
tagged as CIHR. Howevespmetimesauthors also acknowledged ClH#Recific institutes, like

the Institute of Aging, which also required tagging to CIHRis samemethodwas appliedto

NSERC and SSHRC acknowledgements, where additional checks were performed to ensure

authors that acknowledge any agespgcific grants weraccordinglytagged.

During this process, it was noted tima&ny of thegrantsin the datasetvere jointly administred

by the three agenciess.hes e grants were assigned to a cate
is unclear which agencgudget the grant derives frorand since these grants are awarded to
students and professors in various disciplinésr examps, the Vanier Canada Graduate

Scholarshipsvebsites t at es t hat At he pr ogr @Bamting Secretadiai ni st
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(thefiSecretaria) on behal f of Canadad® tamrded sf ehdoeursaeld
CIHR (Government of Canad&022) The Secr et ar i at i s r écsdpyo n s i b |
administrationéand provides support to the se
comes solely from CIHR, as the administering agembgreare alsanstances when an author
acknowlal g e s bot h their Vani er schol arship and
F el | o wrsthosepnétances, it waaclear if the budget came from SSHR®@other example
includestheCanada Research Ch@@RC)program(Government of Canada, 201Zis piogram

is aTri-Agencyinitiative butis administered by the FAgency Institutional Programs Secretariat
(TIPS), which i s(Goiehnmentot Canaday 20 BAgdihRiOHuNclear ithe

di sbursement of funds ¢ o m@nslart® the ¥ahigr Sdhalacsship, SSHRC
some authorattribute their agency vem acknowledgingheir CRC,s uch as fACanada F

Chair program of Natural Sciences and Engineering Research CouBc ofa d a 0 .

After cleaning the variations ofri-Agency acknowledgementsa total of 139033 rows with
variations of theTri-Agency funder names or grants remainddhe next step was to remove
duplicatedocuments (UTs)lhe dataset contaimkiplicateUTs if publicationsacknowledgenore

than onesource of fundingFor example,Sh i el | (2@1b) artecle asdosiated withJT
00034561660001&ppears four times in the dataset since it acknowledges CIHR, NSERC,
NSERC, and the T«€ouncils (Vanier Scholarshipremoving duplicateccurrencegnsures that
APCs are only counted once per publicateomd per funderA total of 353146 duplicates were

removed, whicheft 103,886rows of data containing UT and TAigency funders
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3.35 Linking the Datasets

To estimateahe amount oAPCspaid to the oligopoly for articles that acknowledigeAgency
fundingbetween 2015 and 201tBe three datasetswWoS publication data for 2612018andOA

status(gold or hybrid)for each publicationAPC amountsfor eacholigopoly journal (gold or
hybrid); and publications that acknowledge fhe-Agencies(CIHR, NSERC, SSHRC]Jointly

administerelli were linked usind:xcelfor analysis

To link these dataseta,unique source Ivasassigned t@achpublication(UT and publication
year) This source ID wathen linked to the APC and funder data, allowing for the analysis of the

three RQs.

34 Limitations

Although the rigour of our methoth collecting historical APC list priceattempts to curb an
overestimation of the amount of APCs paid to the oligopiblgre areneverthelesmitations to

this study First, there is not acomprehensiveepresentation of publications by ealfi-Agency
funder owing tahe limitations of WoSStudies that compare WoS to other databases like Scopus
and Dimensions find that overall, the breadth of fields and coverage dénglish journals is
lower (Basson et al., 2022; Mongeon & Padus, 2016; J. Zhu & Liu, 2020Additionally, WoS
disproportionately favourSTEMM fields so the coverage of publications that acknowledge
SSHRC will be lower than CIHR and NSERE&y nature of the traditional forms of dissemination

in SSH SSHRCfunded researchers may publfsiverarticles than CIHR oNSERC, and instead

publish in forms such as monographs or books, which were not included in our analysis.
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Secoml, relying onfunding acknowledgements to capture publications ittexitify Tri-Agency
grantslimits thecomprehensiweessof our coveragePreviousstudiesanalyzel FAs and findthe

lack of a standard format creathallenges in studying trends or the societal impacts of research
funding (Aagaard et al., 2020; Alvar@prnstein & Montesi, 2021; Grassano et al., 2017; Rigby,
2011). Righy (2011) specifically findsthat the lack of standardization creates errors such as
misspelling of the funder, names of gramtisthe grant number. Another challenge is that many
authors fail to seffeport their funder and/or gragftagaard et al.,@0; Costas & Yegre¥egros,
2013; Desrochers et al., 2017; Koier & Horlings, 2015; Liu et al., 20@0) recognize that we
rely on authors to seteport funding and challenges like the lack of standardization mean we may
miss some publications that acdkwiedgeTri-Agency funding or a grantTherefore, our study
clarifies that the estimation of APCs is not representative dfral\gencyfunded research, but

insteadof those publications that acknowledg&raAgencyfunder or grant.

Third, our studyis limitedto providing anestimateof APC spehrather thara calculationas we
could not account for possible discounts or waivers. In Cand@RKN is a consortium
representing 81 institutions that negotiates with publishedsvendorsincluding discounts on

OA fees. Therefore, authors affiliated with a CRKN member institution may receive an
institutional discount, which we cannot track at the artelel. Previous studies that track APC
spending similarly note the challenge in captyractual amounts paid, owing to vouchers,
institutional discounts, or prepaymer{Rinfield et al., 2016; Shamash, 201&)e, therefore
clarify that our estimationf APCs paid to the oligopolis basedn list pricessincewe cannot
capture the actuaimount paidby the author for eachrticle in our datasetNeverthelessour
method rigorously ensures we undether than oveestimates APCs by applyirigstoricallist

prices per journayear combination, instead of appigi current APCs to previous years.
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Our data included multiple funders per publication, bug alsounclearwhich authonn multi-
authored publications paid the APOften, a single article acknowledgssveralTri-Agency
funders.For example, athors wuld sometimes acknowledge funding from both CIHR and
NSERC, or SSHRC and NSERC. To eliminate dowdlenting APCs in these instances, we
analyzed overallri-Agencyspend by associating only one funder to the jouyeal combination,

categorizing this a8 a An+~Agencyo .

Finally,we rely on Unpaywall s cl assificApdli on of e
2020 snapshoUnpaywall continuously updates its algorithm to ensure the accuracy of its
classification systefrwhich means som@A statugscan bereclassified Sanford, 2022)
Sanford(2022)explains thasince theDA classification systerohanged from &wvo-class (open
and closedjo afive-classsystem (gold, hybrid, bronze, green, closetfjssificationsmust

change from open tileir associated coloufhe possibility for reclassification highlights the
instability of OA categoriesWhile closed and gold are more stable classes, hybrid, green, and
bronze are not as stabkor exampleSanford(2022)finds that 79% of items clagged as

bronze havereviouslychangedtatus sometimes up to five times. Therefore, the use of
Unpaywall is a snapshot of OA status fioe time of the study. In the larger global APC study,

we demonstraté Unpaywalb mstability, noting asignificant decrease in the number of hybrid
publications particularly for Elsevierfollowing an updatérom April 2020 to a March 2022
Unpaywall snapshdButler et al., 2028). We hypothesizd that the decrease was owittga
reclassification omanyElsevierhybrid publicationgo bronze(Butler et al., 2028). Sanford
(2022)explains that author identification of OA categories is usually more reliable than
publisher selectiong:or the purposes of our study, it may similarly be possitait articlesare

reclassified in a future update of Unpaywall 6
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4. RESULTS

4.1 Overview of Data

There was a total of 419,821 publications with a Canadian affiliation retrieved from WoS between
2015 and 2018As shown in Figurd, 82.4% (n=346,086pf thesepublications included a digital
object identifier (DOI). Of the total amount of publicationshna DO 74.9% (n= 259,370yvere
classified as document type O6ar t.iFoh#idsubsethi ch
of research articles with a DOI6.5% (n= 198,403) included a funding acknowledgem&h%
(n=103,147)f which acknowkdged THAgency (CIHR, NSERCSSHRC) fundingFrom the

subset of Canadian articlesth a DOI that acknowledgéri-Agencyfunding, 49.5% (n=51,086)

were published by an oligopoly publisharhich confirms previous findings by Lariviere et al.
(2015)that the oligopoly of academpuiblisherscontrols approximately half of all articles indexed

in WoS. Of the 51,086 research articles with a DOI published by Canadian authors in a journal
publisheal by the oligopoly21.5% (n=10,989) were gold or hybr@A, with almost twethirds
published in gold OA journals (62.7%; n=6,892) and over one third (37.3%; n=4,097) as hybrid

OA in paywalled journals (Figur®.
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Gold: 6,592
Oligopoly: 51,086

Hybrid: 4,007

acknowledging Tri-Agency: 103,886

fundi O 196,41
with funding acknowledgement. 198,403 other publishers: 52,800

DT=Artcle: 259,370

with DOt 348,086
acknowtedging ofher Aundar: 94,517

WoS: 419,821

na funding ackowledgement: 60,967

ocumant types: 86,716

Figure 1. Sankey diagram ofold and hybrid Canadian articles acknowledgingAigency
funding in WoS 2012018

4.2 OA Rates for all Canadianand Tri -Agency Publications

We found that 46.0% (Table 6) of aisearch articles indexed in WoS with at least one author
affiliated with a Canadian institutiowere published OA (including gold, hybrid, greeamd
bronze).At 48%, the rate of OA for publicatiorikat acknowledge T#\gency fundingis only
slightly higherthan the Canadian eatvith the oligopoly (38.6%) compared to all publishers (48%)
(Table 6). These T#Agency findingsindicate that over half of all papers do not adherthéo
TAOAPP.Overall, CIHR publishé a higher percentage of OA articles thaBBRC and SSHRC,

with 64.7% (n=18,462) of OA articles published by any publisher and 55.7% (n=8.265) published

by the oligopoly only (se&able6).

When comparingnow Canadian authors publish Ogelf-archiving (i.e., green OA)eceives the

highest ratesfaOA for all publishersat 37.0% Following green, Canadian authors publish more
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content as gold (15.4%) than hybrid (7.4%), a tr@ndlarly observedvhenarticlesarepublished
by an oligopoly publisher only (12.1% gold; 8.8% hybri@ur results indice thatCanadian
authors publish higher rates of bronze (9.8%) than hybrid (ZAdeg)l publishersHowever this
trend is reversetbr articles published only by an oligopoly publishethere we see lower rates

of bronze (5.0%) than hybri(@.8%).

Similar to all Canadiafauthored publications,ughorswho acknowledgd Tri-Agency funding
publisreda higher volume ofireen OA than any other OA categomith 39.5% of OA articles as
green when published by any publisher, and 30.8% when pedlishan oligopoly publishésee
Table 6) Of the OA articles published by the oligopolyj-Agencygrantees publisgkda higher
volume of gold articles (13.5%, n=6,892) than hybrid (8.0%, n=4,097), but this trenediiffer
Tri-Agencyfunder. For exampgl, CIHR publishd a higher volume of gold OA than NSERC and
SSHRC, a trend thatasconstant for the subset of all articles (oligopoly and-oligopoly) and
for oligopoly-only articles (sedable 6). NSERC publishé more gold (10.7%, n=3,668) than
hybrid (7.3%, n=2,424). Howeve§SHRC unlike CIHR and NSERC, publistda higher volume

of hybrid (5.1%, b=211) than gold (3.0%, n=126).
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Table 6. Percentage of publications (OA and FOA) by authors who acknowledge the-Tri
Agencies

Any
Tri - Jointly
% Canada Agency CIHR NSERC SSHRC administered
All papers 259,370 103,147 28,543 71,505 7,466 13,699
closed 54.0% 52.0% 35.3% 55.8% 69.5% 44.9%
any OA 46.0% 48.0% 64.7% 44.2% 30.5% 55.1%
gold 15.4% 16.5% 25.7% 14.3% 7.9% 20.6%
hybrid  7.4% 7.6% 10.0% 7.3% 3.9% 8.9%
green 37.0% 39.5% 53.3% 36.4% 25.3% 46.6%
bronze 9.8% 9.7% 17.7% 7.4% 4.1% 10.1%
All oligopoly 129,140 51,086 14,828 34,218 4,138 6,721
closed 62.0% 61.4% 44.3% 66.4% 74.1% 53.2%
any OA 38.0% 38.6% 55.7% 33.6% 25.9% 46.8%
gold 12.1% 13.5% 23.8% 10.7% 3.0% 19.4%
hybrid  8.8% 8.0% 11.7% 7.1% 5.1% 9.0%
green 30.1% 30.8% 45.3% 26.4% 21.1% 38.9%
bronze 5.0% 5.1% 8.7% 4.1% 2.1% 5.0%
4.3 Overview of Tri -Agency APGCs

Combining the number of gold and hybrid publications WBTC list prices, we estimate that for
the publications that acknowledy&ri-Agencyfunding, authors paid the oligopoly of academic
publishers $25.3 million in OA publication fees, $13.1 for gold and $12.2 for hidw@&Figure

2), for a total of 10,989 articles published4iy341journals between 2015 and 2018.

Authorswho acknowledgd CIHR paid $13.7million in APCsto the oligopoly directing $77
million to gold and $® million to hybrid (see Table). We estimate that for NSERC, a total of
$13.0 million was paid anthat thosdotalswere evenly distributed between gold and hywiith
approximately$6.2 million spent for gold and $8 million for hybrid (see Table8). For
publications that acknowledd&SHRC funding, a total of $8.% was paido the oligopolyLike

NSERC,SSHRC paid a higher amount for hybrid ($33 thangold $185.0), which also mirrors
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the overall Canadian trend, where authors affiliated with any Canadian institution paid more for

hybrid ($340 million) than gold (£9.3million) (see Table 7)

Tri-Agency Total

CIHR

NSERC

SSHRC I $720k

Jointly Administered

. 54.4 million

Gold

Figure 2. Total Hybrid and Gold APCs per TAgency funder

Table 7. Total amount of hybrid and gold APCs for Canaegdiiliated and any TrAgency

author per year (2018018)

$12.2 million $25.3 million

B Hybrid

Canada Any Tri -Agency
hybrid gold hybrid gold
2015 $ 6,666,232 $ 6,616,475 $ 2,673,290 $ 3,143,926
2016 $ 8,838,180 $ 6,294,458 $ 3,241,086 $ 2,805,896
2017 $ 8,946,233 $ 7,533,797 $ 3,065,542 $ 3,273,873
2018 $ 9,539,713 $ 8,835,152 $ 3,200,952 $ 3,901,006
20152018 | $ 33,990,358 $ 29,279,882 $12,180,870 $ 13,124,701
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Table 8. Total amount of hybrid and gold AP@srTri-Agency funder per year (20429018)

CIHR NSERC SSHRC Jointly administered
hybrid gold hybrid gold hybrid gold hybrid gold
2015 $1,339,890 $1,954,725 $ 1,491,845 $ 1,393,994 $ 74,850 $ 43,390 $ 348,300 $ 514,886
2016 $1,535,360 $1,629,814 $1,874,014 $1,331,077 $98,500 $ 45,672 $ 510,338 $ 540,636
2017 $1,414,078 $ 1,864,637 $1,694,222 $1,605145 $170,150 $ 47,128 $ 507,947 $ 592,582
2018 $ 1,605,648 $2,293,881 $ 1,679,425 $ 1,910,465 $ 191,400 $ 48,761 $ 622,395 $ 740,506
20152018 | $5,894,976 $ 7,743,057 $6,739,506 $6,240,681  $ 534,900 $ 184,951 $ 1,988,980 $ 2,388,610

For publicatios that acknowledg#any Tri-Agencyfunder, heamount of APCs anthe number

of OA articlesincreased annually over the feygar periodrom $5.8 million for 2,38%rticles to

$7.1 million for 2,906articles(seeFigures 3, 4, and5). NSERC saw the largest increase in gold
APCspaid to the oligopoly}compared tahe other funders, from $1.4 million in 2015 to $1.9
million in 2018, wWhbreasedrans$2@iillldrRid 2)15adord.3inmllios in
2018.This higher APC amount is associated with the higher volume of publications reported for
CIHR and NSRC (see Figurs4 and5). On the other hand, authors who acknowledged SSHRC
funding increasinglypaid more in hybrid feeshan gold(see Tabler), from $74.% in 2015 to
$1914k i n 2018, wh e Okfaesrentaifed RIGIOedy stgbte frafi34k in 2015

to $48.8k in 2018.
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Figure 3. Total amount of hybrid and gold APCs for each-Agency funder per year (2015
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Figure 5. Number of oligopoly hybrid and gold publications (26A®%18)

44 APCs byOligopoly Publisher and Funder

Forany Tri-Agencypublication,the largest amount of OA feesmsobtained by SpringeXature
($11.4 million), followed by Elsevier (9.4 million), Wiley ($3.4 million), Taylor & Francis
($7312k), and Sage ($35%). When analyzing AP@mountsper funder, wesimilarly find that
SpringerNature obtained theost compared tthe other four publishers, with CIHR paying $6.6
million, NSERC $5.4 million, SSHRC $24& and for jointly administered grants $2.1 million
(see Figureb). In fact, like theoverall glob& trend, eachTri-Agency funder paid Elsevier the
second most, followed by Wiley, Taylor & Francis, and Sage (see Fiyufédis trend is also

observed for all publications at the Canadeael (see Table).
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Figure 6. APCs per oligopoly publisher per funder (202®%18)

Table 9. Share of APCs per publisher, for CanadafanényTri-Agency funder

Total hybrid and gold All Canadian Any Tri -Agency
APCs

Elsevier $23,632,166 $9,408,728
Sage $1,083,276 $355,056
SpringerNature $27,065,068 $11,358,534
Taylor & Francis $2,157,599 $731,153
Wiley $9,332,130 $3,452,100
All oligopoly publishers $63,270,240 $25,305,571
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Table 10. Share of APCs per publisher per-RAgency funder

Total hybrid and gold CIHR NSERC SSHRC Jointly
APCs Administered
Elsevier $5,154,944 $5,031,989 $211,650 $1,556,306
Sage $249,072 $74,037 $40,845 $54,694
SpringerNature $6,643,422 $5,345,894 $243,412 $2,118,989
Taylor & Francis $419,473 $277,214 $78,164 $86,441
Wiley $1,171,121 $2,251,053 $145,780 $561,160
All oligopoly publishers $13,638,033 $12,980,187 $719,851 $4,377,590

The rates of gold and hybrid are much different per oligopoly publidaeronstrang thedistinct
business strategiéisey employedFor exampleFigure7i | | ustr ates EIl sevieros
four other publishers in the hybrid market, where CIHR paid $4.1 m{806r8%hybrid; 19.7%

gold), NSERC $4.6 million(91.4% 8.6%9, SSHRC $20Xk (95.2% 4.8%99 and for jointly
administered $1.3 milliorf85.3% 14.799. Here, we see thdor Elsevier, theshare of hybrid
publications per funder was significantly highesmpared togold, especially for SSHRC,

followed closely by NSERC.

Figure 8 shows that SpringeXature focused their business strategiaghe gad OA market,
where they obtained the mosPCscompared to the other four publishe®HR paidSpringer
Nature more than thether funderdor gold APCs at an estimated $5.9 million (88.4% gold;
11.6% hybrid), followed by NSERC at $4.6 million (85.924;1%),andjointly administered $1.9
million (88.0%; 12.0%). In comparisonSSHRC directed the lowest amotmSpringerNatureat
$1332k but has a more distinct portfolio with this publisher where their share is more evenly
distributed between gold (54.7%) and hybrid (45.3%) than CIHR or NSERE differs quite a

bit f r o mre@SnHHR Bybril market with Elsevier
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45 APCs perJournal

When analyzinghe amount of APCs paido the oligopolyby authors who acknowledggri-
Agencyfunding on the journal leve the highest totals were obtained by SpriAgaturegold
journals (see Figure9). From 205 to 2018, we estimate thdature Communicationand
Scientific Report®btained the highest amount APCs fromany Tri-Agency publication($2.6
million; $2.1 million respectivelyFigure9), for CIHR ($1.3 million; $92.6k; Figure D), NSERC
($1.6 million; $1.4 million Figure 1), and forjointly administeredgrants($637.1k; $4®.7k;
Figure B). As shown in Figure 3, SSHRCgrantees paithe highest amount of APCs$pringer
Natured gold journals BMC Public Health($36k) andScientific Report$$31.8k). Figures9-13
demonstrate that the top two Springéature journals pefTri-Agency funder generated a
significantly higher amouraf APCs which can be explained lapththehighernumber of articles
Tri-Agency grantees published ieach journalandt h e | cauverge APCOper articleFor
example, between 2015 and 2018JHR granteespublished 578 articlesin Nature
Communicatios and 1,442 in Scientific Reportswhile they only published 183 articles the
journal with the third highest APC amou@ell Reports($44Q0k). This correlation between
publication volume and APC amousitnilarly occurred for anyri-Agency, NSERC, SSHRC
and jointly administered grantslowever, high publication volume was rtbe only factor that
influenced high APC revenue at the journal level. Rature Communicationshe journal also
charged a high APG4,450)h el pi ng t o i ncrease Ilovwevpabicators
numberscompared td&cientificReports For exampleCIHR-grantees publisheléss thartwice
the number ofarticles in Nature Communicationghan Scientific Reports but Nature
Communicationganks first becausés average APGs more than doubl&cientific Reports

($1,435)(see Tabl®).
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The Tri-Agency fundess have a unique portfolio of OA publishingamongst theoligopoly

publishes. For the top 50 journals based on total APCKJR (Figure D) and NSERQyrantees

(Figure 1) predominantlypaid morein gold and hybridAPCs to SpringeNature and Elsevier
journalsthan the other publish&rOnthe other hand, SSHRC had a more diverse porifolith

more APCs paidto Wiley and Taylor & Francisassociateavith their presence i SHRCG6s t op
50 journals based on AP@8igure ). Among the top 50 journals based on total APCs, we find

that for anyTri-Agencyacknowledgedublication 24 (48.0%) were published ingold journals

These 24 gold journals produced a far higher publicatidumme (n=3667) than the top 50 hybrid

journals (n=999). However, the average hybrid ABxChese top 50 journals is much higher (see

Table9).
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Noture Communcatons | 2 5491 - g
scentic Revort: N .0’ 0¢5 -5

cell Reports | 45000 - gold

current Biology [N s+2s.c00

Ecology and Evalution _ £390,000 - gold

BMC Public Health
Meuron
Cell
BMC Genomics
BMC Health Services Research
Structure
Molecular Cell
The American lournal of Human Genetics
Ecosphere
Biochimica et Biophysica Acta (BBA) - Biomembranes
Developmental Cell
Cell Metabalism
Biophysical Journal
Stem Cell Reports
Journal of Dairy Science
Cell Death & Disease
The American Journal of Pathology
BMC Cancer
Trials
Biochimica et Biophysica Acta [BEA) - Molecular Cell Research
Evolutionary Applications
Neurolmage: Clinical
Cell Chemical Biology
Implementation Scence
Osteoarthritis and Cartilage
Envirenmental Health
International Journal of Solids and Structures
Vision Research
Cell Stem Cell
Translational Psychiatry
Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease
Immunity
EBioMedicine
British Journal of Cancer
BMC Bioinformatics
BMC Geriatrics
Cancer Cell
International Journal for Equity in Health
Breast Cancer Research
virology
BMC Evolutionary Biology
Theoretical Computer Science
Global Change Binlogy
Journal of the American College of Cardiology
Genome Biology

P 337,326 - gold
B sos3.000
B ;258,400 - hybrid
- $240,710 - gold
I $220,095 - gold
B 5211600
B 5207400
I 150000
[ $180,000 - gold
I 5161800
B ;57500
B s1s1.400

B 514,000

B 510,000 -gold
B 5133000

B 5122540 - gold
B 5120000

B 5116369 -gold
I 5113921 -gold
B 06150

[ 102,584 - gold
B 5101925 - gold
I 5101000

B s99.252 - goid
I 397,890

B 597,326 - goid
B 96700 -

I sos.650

B s9s.800

B 591,855 - gold
B so0.950

B o000

I $83.600 - gold
B ss0.450

I ss0,214 - gold
B ses605 -gold
B sss.600

B 582922 - gold
B 582,734 - gold
B seaes0

B s82.426 -gold

B 579500

[ $79,000

B s7z000

B 577925 - gold

M Elsevier

W Sage

B Springer-Nature
W Taylor & Francis
B Wiley

Figure 9. Total APC (gold and hybrid)er journaffor Any Tri-Agencyacknowledged

publication
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Nature Communications | 51,312,842 - gold
Scientific Reports . $922,623 - gold
Cell Reports | INEEG— 540,000 - gold
BMC Public Health | 303,180 - gold

Current Biology I 5227400 ® Elsevier
Neuron N <227.200
Cell I $213,000 =
BMC Health Services Research [ $207,154 - gold ® Springer-Nature
Molecular Cell [N $187,000 W Taylor & Francis
Structure [N 5171400 = Wiley

The American Journal of Human Genetics [N $167,000
Cell Metabolism [N 5151,400
Stem Cell Reports [N $129,500 - gold
Developmental Cell [N $116,800
Cell Death & Disease [ $110,995 - gold
smC Cancer [ $110,664 gold
Trials [N $108,182 - goid
The American Journal of Pathology [l $102,000
Implementation Science [ 397,253 - gold
Cell Stem Cell [N $95,800
immunity [ $50.600
EBioMedicine [ 589,600 - gold
Neurolmage: Clinical [ 584,075 -gold
Biochimica et Biophysica Acta (BBA) - Molecular Cell Research [ $82,600
Cell Chemical Biology [ $80,800
Cancer Cell [N $80,600
Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease [l $75,050
Translational Psychiatry [ $78.389 - gold
International Journal for Equity in Health [l $77,292 - gold
Breast Cancer Research [ $76,914 - gold
BMCGeriatrics [ 575,917 -gold
Osteoarthritis and Cartilage [ $74,936
British Journal of Cancer [ $74,650
Journal of Neuroinflammation [l $73,397 - gold
Journal of the American College of Cardiology Il $72,000
Biochimica et Biophysica Acta (BBA) - b B 570,800
Biophysical Journal [l 568,400
Molecular Therapy [l $66,400
B8MC Genomics [l $66,181 -gold
BMC Infectious Diseases [l $61,843 - gold
Health Research Policy and Systems [l $58,616 - gold
Oncogene [ $58,400
Molecular 8rain [l $54,527 - gold
Harm Reduction Journal [l $54,504 - gold
8MC Pediatrics [l $54,262 - gold
Statistics in Medicine Il $52,500
virology [l $51.850
Genome Biology [l $51,679 -gold
Molecular Pain [l $51,040 - gold
Globalization and Health [l $49,184 - gold

Figure 10. Total APC (gold and hybrid)er journalfor CIHR-acknowledged publications
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Nature Communicatons | .15 - 0
scentcpepors | .70 574 - 504
Ecology and Evolution [ $380.250 - gold
Current Biology _ $308,600

amc Genomics [ $:%3.9% - gold ® Elsevier
Ecosphere [N $178,500 - gold W Sage
Cell Reports [N $150.000 - ecid B Springer-Nature
Jourmal of Dairy Science [ 5129500 ™ Taylor & Francis
Biochimica et Biophysica Acta (BBA) - Blomembranes - $126,600 ©w WI'EV

giophysical journal [ 5113400
Newon [ $106.400
stncture [ $106.000
Evolutionary Applications - $100,184 - gold
international Joural of Solids and Structures  [JJlij $96.700
cel [ ss1.400
Molecular Coll [ s86.400
Developmental cell [ s81.400
Theoretical Computer Science - £79,500
vision Research [l $77.500
Journal of Mathematical Analysis and Applications - $75,000
Global Change Biology [ $74,500
environmental Heaith [l $74.135 -eold
8mC Evolutionary Sickogy [l $70.924 - gold
BMC Bioinformatics - $66,205 - gold
Advances in Mathematics - $63,000
Climate Dynamics - $63,000
Advanced Science - $62,500 - gold
Discrete Applied Mathematics [JJJj s61.500
Cell Chemical Biology - $60,400
dte Chemie aledation [ se0.000
Earth and Planetary Science Letters - 556,800
chem [} s56.400
The ISME Journal [} ss6.400
Journal of Aigebira - $55,500
physics Letters 8 [} $52.200 - gotd
Microbiome - $47,283 -gold
viroiogy [ s46.550
Biochimica et Blophysica Acta (BBA) - Molecular Cell Research - 546,050
Journs| of Muttivariate Analysis [JJJJ] $46.000
Geochimica et Cosmochimica Acta - $45,000
Developmental Biolcgy [ s44.850
Discrete Mathematics . 543,500
Linear Algebra and its Applications [ $43.500
Biotechnology for Biofuels - 541,480 - gold
Remote Sensing of Environment . $41,300
journal of Biogeography [l $40,800
Advanced Materials - $40,000
Science of The Total Environment . $39,400
Journal of Differential Equations [ $39.000
Genome Biology - $38,791

Figure 11. Total APC (gold and hybrid)er journafor NSERGacknowledged publications
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BMC Public Health

Scientific Reports

Marine Policy

International Journal of Circumpolar Health
Energy Research & Social Science

Current Biology

International Journal of Qualitative Methads
Nature Communications

Journal of Business Ethics

Antipode

Conservation Biclogy

Globalization and Health

Environment International

Social Science & Medicine

Journal of Organizational Behavior

Child Development

Cognitive Sdence

Evolution and Human Behavior

New Media & Soclety

African Archaeclogical Review

Climatic Change

Demography

Regional Environmental Change

Review of Economics of the Household
Production and Operations Management
The Canadian Geographer [ Le Géographe canadien
Econometric Reviews

Journal of Risk Research

Conservation Letters

International Journal of Ostecarchaeclogy
BMC Pediatrics

Journal of International Economics

Child and Adolescent Psychiatry and Mental Health
Journal of Transport Geography

Global Change Biology

Health & Social Care in the Community
Journal of Archaeclogical Science
Agricultural Systems

Fish and Fisheries

Global Environmental Change
Transportation Research Part A: Policy and Practice
Evolutionary Anthropology: Issues, News, and Reviews
BMC Pregnancy and Childbirth

Computers in Human Behavior

Human Resource Management Review
Journal of Econometrics

Personality and Individual Differences
Psychology of Sport and Exercise

Journal of Archaeological Science: Reports
Enwironmental Science & Policy

I 10,953 - gold

— 510,400
I 510,000
[, 10,000 - gold
[, 59,293 -gold
I 59,000
P 59,000
P 59,000
I 57,543 - gold
I 7,500

N 56,000
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I 56,000
I 56,000
D 56,000
DO 56,000
I ;:.o00
I 000
P 55,550 - gold
PN 55,500
I 55,437 - gold
N 55,400
N 55,340 - gold
I 4500
I 4250
DO ss200
I 53950
I $3.500
N 53,800
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I 53750
D 53,700
I ;:528 -gold
I 53,500
I 53,500
I 53,500
I 53,500
I 53,500
N 53,500
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W Elsevier

M Sage

® Springer-Nature
W Taylor & Francis
= Wiley

Figure 12 Total APC (gold and hybrid)er journafor SSHRCacknowledged publications
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Figure 13. Total APC (gold and hybrid)er journalfor publications that acknowledge jointly
administered grants
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