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Abstract
Open access (OA) allows for peer-reviewed research to be freely accessed and there has been a
collective shift from both researchers and publishers towards more OA publishing. OA typically
occurs either through article-processing charges (the gold road) or via self-archiving (the green road);
the former can be expensive, while the latter has seen minimal uptake. The gold road of OA has led to
predatory publishers and, to some, questionable publications. Here, I used publicly available grant
information in Canada and combined this with individual publishing statistics to test a variety of
factors and their influence on OA publishing. I showed that an individual’s award amount, H-index,
and gender did not influence the proportion of OA articles they published, but an individual’s
H-index scaled with the number of OA publications. Institute size influenced OA publishing patterns,
with researchers at large universities (i.e., >20 000 full-time students) publishing proportionately
more OA articles than medium and small institutes. I discuss the potential for this pattern to build
on pre-existing systemic biases when it comes to funding and publishing.
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Introduction
Removing barriers to accessing research material is beneficial to society. In scientific publishing a
common approach has been through an open access (OA) model, an idea that has its roots in
computing and physics research (Suber 2006). There are two primary ways to making scholarly work
OA (Eysenbach 2006), sometimes referred to the green and gold roads (Harnad et al. 2004). The first
mode is to publish directly in journals that make the article freely available on their website and is
primarily funded through charges to the authors, otherwise known as article-processing
charges (APCs). The second mode, or green road, of OA is via self-archiving; here authors publish
in traditional subscription-based journals, but make the article available on a public repository, often
after some period of embargo. Established publishers are increasingly converting to the gold road
(Björk 2016), but the majority of OA journals still do not charge APCs (Morrison 2018). The majority
of journals permit the green road, but most researchers do not use it (Harnad et al. 2004; Eger et al.
2015). Sci-Hub—or so-called black OA (Björk 2017)—should be included in the discussion as such
sites distribute scholarly work with complete ambivalence towards copyright (Himmelstein et al.
2018) and are growing in usage (Nicholas et al. 2019). The posting of preprints could arguably be
another mode of OA, with a key difference being these are typically not peer reviewed.
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States and funding agencies certainly recognize the importance of OA and various policies have
emerged. In Europe for example, the controversial Plan S that will take effect in 2021 aims to remove
paywalls by making all publicly funded publications available via OA immediately (Rabesandratana
2018), which would mean no embargo periods. China appears to support, but has yet to adopt, Plan
S (Schiermeier 2018). In contrast, policies in North America have remained largely status quo
(Rabesandratana 2019), though this might be changing (Brugger 2020). For now, the primary funding
bodies in North America, and specifically Canada, require that grant-supported publications be made
publicly accessible within 12 months of publication (Government of Canada 2016).

Prior to such policy initiatives, a collective shift in publishing towards OA was already transpiring
(Severin et al. 2018), notably towards the gold road (Björk 2016). The majority of researchers appear
to publish semi-regularly in OA journals with APCs (Solomon and Björk 2012). In addition to acces-
sibility, possible advantages include increased visibility and citation metrics (Eysenbach 2006; Davis
et al. 2008; Evans and Reimer 2009; Li et al. 2018). But with the increased demand for OA and poten-
tial publisher profits, some criticism has emerged (Suarez and McGlynn 2017). Contributing to the
negative image of OA is the clear exploitation of some publishers (Beall 2012); the rigour of some
OA journals has been openly questioned, resulting in curated lists of probable predatory OA journals
(e.g., Beall’s list). Phrases like pay-to-play now get tossed around, with a common perception being
that a manuscript could not have been published in that journal, or at all, were it not for the gold road
of OA.

The pay-to-play viewpoint, however, has an inherent negative connotation. Another way to frame it
would be that if researchers had more money at their disposal, would they choose to make more of
their articles OA? The answer to this question has important ramifications as, for example, in
Canada small institutes receive disproportionately lower amounts of funding (Murray et al. 2016),
female applicants have lower success rates and receive less funding than men (Urquhart-Cronish
and Otto 2019), and early-career researchers (ECRs) receive approximately 25% less in funding on
average (NSERC 2020); any bias in OA publishing due to funding has the potential to exacerbate these
systemic problems. I was particularly interested in OA patterns in the fields of Ecology and Evolution
given, not only my own research interests, but also what I have perceived to be a recent influx of gold
road journals in the field. And more broadly, global and free access to reliable scientific models and
information is more important than ever given the current pandemic, climate, and biodiversity crises.

Here, I took advantage of information from Canada’s Natural Sciences and Engineering Research
Council (NSERC) that has a public awards database, and combined this with Web of Science’s author
reports to address this question. I predicted that the number of OA publications would correlate to the
grant dollar amount, but the proportion of total articles that were OA would not. In other words, my
null hypothesis is that researchers would exhibit the same tendency to publish in OA regardless of the
amount of money at their disposal. I further tested the influence of institute size, H-index, and gender
in OA publishing rates.

Materials and methods
I collected information on individual Discovery Grant (DG) recipients from 2011 to 2014 Ecology &
Evolution panel using NSERC’s publicly available Awards Database. Specifically, I obtained the first
and last name of the recipient, amount per year in Canadian dollars, and year of award. These data
are publicly available and obtainable from NSERC in summary form, so no research ethics board
approval was required (CIHR et al. 2014).

I obtained three authorship metrics using the Web of Science Author Search (Beta version): current
H-Index, the total number of publications, and total number of OA publications over a 5-year span
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starting the year the grant was awarded. The 5-year period was chosen as it reflects the standard
length of a NSERC DG award. Each individual’s primary affiliation was collected and designated as
a small (<10 000 full-time students), medium (>10 000 but <20 000 full-time students), or large
university (>20 000 full-time students); government; or other. Both curated and algorithmically
generated author records were used. All records were collected independently by two paid student
researchers in May 2020; any discrepancy I attempted to resolve and only those with exact matches
were retained.

I predicted gender of each award recipient using their first name and the R package gender (Mullen
et al. 2015). Here I used the United States Social Security database between 1960 and 2012, with
gender assignments based on the highest proportion. I then ran a series of models in R v.3.6.3 using
the base and lme4 packages (Bates et al. 2006). In the first set of linear models, I examined the propor-
tion of OA articles relative to award year and the number of OA articles relative to award amount.
The second set of models quantified the relationship between gender and H-index and proportion
of OA articles using a t-test. The final mixed model had the total number of OA publications as the
response variable; gender x amount of award per year (scaled), institute type (factor), and H-index
were treated as fixed effects. I treated the award year as a random effect to reflect possible shifting
attitudes towards publishing OA articles. Note, to use a proportion in the last model (effectively a
rate), I assumed a Poisson model with the total number of OA publications on the left side of the
equation, and total number of papers (log transformed) as an offset variable (see R script for formula
(Data availability section)).

There are aspects and assumptions with the data worth addressing. I make the general assumption
that most award recipients, largely made-up of University professors, support OA models to some
degree—meaning no one actively avoided publishing OA articles. I acknowledge that in many cases
state-funded researchers might be required to make articles OA, but there is currently minimal
enforcement and thus OA rates are highly variable among researchers. Gender is not binary, but it
is treated as such in the model due to limited available information. Gender could also be misassigned,
but reported error rates for this method are low (Blevins and Mullen 2015). The web of science
algorithm generates citation metrics that might contain errors; there is no reason to suspect this
systematically biased the model and records were collected independently twice. Not all NSERC DG
awards are five years, but I viewed this as reasonable window to assess the impact of the DG on OA
publishing. An individual might receive a second DG over this period for a variety of reasons; in such
instances I took the most recent award date. Despite critiques of the H-index (e.g., Egghe 2006), this
citation index was selected for consistency with other Canadian studies (i.e., Wei et al. 2020). Lastly,
it is likely that any given award recipient does not pay for all the OA articles they have published,
and some OA articles do not require a fee (e.g., invited review or green road); I assume this influences
all award recipients, regardless of their grant amount, equally.

Results
I collected information on 535 awards; after filtering data for completion, removal of repeated
individuals, and matching records among the two collectors (n = 90); a total of 409 individual records
with a gender assigned were retained for further analysis. Researchers in the data set on average had
38% of their papers OA (Table 1). The total number of publications and proportion that were OA
were not correlated (Pearson’s product-moment correlation 0.02, p = 0.72), and there was a positive
trend over time in regards to proportion of OA articles individuals published (Fig. 1; β = 0.13,
df = 408, p< 0.01). Award amount was positively correlated to the number of OA articles (β = 0.18,
df = 408, p< 0.01).
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There were clear differences between gender and award amount (Fig. 2a; t = −3.99, df = 359,
p < 0.01), but not the proportion of published OA articles (Fig. 2b; t = −0.30, df = 234, p = 0.76). In
the mixed model I showed that medium and small universities, and other institutes (primarily govern-
ment), published proportionately less OA articles on than researchers at large universities (Table 1).
H-Index and gender did not have a clear effect in the model (Table 1). When I removed the offset
variable and simply examined the number of OA publications, only H-index had an effect in the full
model (incidence rate ratio = 1.44 (CI 1.39–1.49), p< 0.01).

Discussion
There is a clear shift towards OA publishing in science (Severin et al. 2018) and more specifically
ecology and evolution (Fig. 1). A portion of OA publications involve a financial cost to the authors,
and often this does not come solely from research grants (Solomon and Björk 2012). Journals with
higher APCs have higher impact factors (Solomon and Björk 2012), and nefarious publishers have
started exploiting the OA model (Beall 2012). Collectively, this led to the primary question: do
individuals with more (grant) money, publish more OA articles?

Table 1. Mixed-model summary statistics looking at predictors associated with open access publishing.

Incidence rate ratios Confidence interval p

(Intercept) 0.38 0.32–0.46 <0.01

Amount 1.00 0.92–1.08 0.94

Gender: male 1.02 0.95–1.10 0.61

Amount × gender 1.03 0.96–1.12 0.40

H-index 0.99 0.96–1.03 0.73

Medium-sized university 0.93 0.86–1.00 0.06

Small-sized university 0.84 0.77–0.93 <0.01

Other institutes 0.89 0.78–1.01 0.08

Note: Institute coefficients are relative large universities (>20,000 full-time students).
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Fig. 1. Boxplots showing proportion of open access (OA) publications by Natural Sciences and Engineering
Research Council funded researchers over the selected funding period. The proportion of OA publications signifi-
cantly increased over time.
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While I focused only on Canadian grants in ecology and evolution, there was no evidence funding
influenced the rate of OA publishing in terms of the proportion of articles (Table 1). Individuals with
more grant money and higher H-indices had more total OA articles on average: this suggests that total
publications and OA articles scaled co-linearly with award amount, but the OA publishing tendency
of Canadian researchers did not change with increased funds. This data set had a mean grant amount
of $34 467 (min. $16 746; max. $120 000); this might not be a large enough spread to shift an individ-
ual’s publishing behaviour, and it would be interesting to quantify the effect of really large grants in
this regard.

Across universities, small- and medium-sized institutes published less OA proportionally than larger
institutes (Table 1). There are clear differences in grant amounts by institute size (Murray et al. 2016),
but I did not see an effect of award amount in the full model. A German survey showed that working
where publication output was viewed as an essential metric of achievement increased the likelihood of
publishing OA articles (Eger et al. 2015). Certainly, in Canada expectations of research output vary by
university, with smaller institutes generally placing more premium on teaching, which could partly
explain this relationship. Larger institutes often also have more discretionary pools of money that
researchers can tap into for APCs. In addition to the institutional differences in funding, there are
clear systematic biases against women when it comes to peer-review (Fox and Paine 2019) and fund-
ing (Urquhart-Cronish and Otto 2019). These biases do not appear to have affected OA rates
(Table 1; Fig. 2). However, I would be concerned that OA discrepancies between institute size,
combined with funding amount differences (Murray et al. 2016; Urquhart-Cronish and Otto 2019),
has the potential to create a synergistic negative feedback loop that could have negative real conse-
quences if left unchecked. Pointedly, this could limit the research (i.e., amount of money) and impact
(i.e., OA publishing rates) of female and ECRs at small and medium-sized universities.

Almost 80% of articles published in the 100 largest publishers can be made OA via the green road
(Laakso 2014). Yet fewer than 10% of biologists report self-archiving (Eger et al. 2015), which Björk
(2017) suggested meant researchers simply could not be bothered with it. It is surely not a coincidence
that once the National Institutes of Health (NIH) in the United States threatened to withhold funding
to enforce its pubic accessibility policy, compliance followed immediately and NIH researchers
now have among the highest archiving rates (Van Noorden 2013; Larivière and Sugimoto 2018).
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Fig. 2. (a) Natural Sciences and Engineering Research Council (NSERC) award (in 10s of thousands $CAD). (b) Proportion of publications that are open access
(OA). There was a significant difference between gender and NSERC award amount, but not the proportion of OA articles published.
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NSERC requires all grant recipients make the supported articles OA within 12 months; however,
compliance appears to be around 40% (Larivière and Sugimoto 2018; this study). With current levels
of APCs more than $3000 CAD on average (Morrison 2018), this is just under 10% of the average
grant in ecology and evolution. Publishing in gold road journals, despite the noted benefits, presents
an ethical dilemma of using public funds to cover the APCs of publicly funded research (though
again, this should not detract from green road). APCs also come at a cost to other research projects,
student recruitment, and student financial support. Given this, novel OA models need to be explored
(Fruin and Rascoe 2014; Speicher et al. 2018) and self-archiving facilitated by institutes should be
enforced to maximize access to research.
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