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Abstract

Institutional repositories (IR) maintained by research libraries play a central role in provid-
ing open access to taxpayer-funded research products. It is difficult to measure the extent to
which IR contribute to new scholarship because publisher self-archiving policies typically
require researchers to cite the “version of record” of a manuscript even when an IR copy is
accessed to conduct the research. While some studies report an open access (OA) citation
advantage resulting from the availability of self-archived or “green” OA manuscripts, few
have sought to measure an OA citation effect of IR separately from disciplinary reposito-
ries, including arXiv and PubMed Central. In this study, the authors present a bibliometric
analysis examining correlations between search engine performance of items in IR, OA
availability from different types of repositories, and citations. The analysis uses a novel,
open dataset of IR access and usage derived from five months of Google search engine
results pages (SERP) data, which were aggregated by the Repository Analytics and Met-
rics Portal (RAMP) web service. Findings indicate that making OA copies of manuscripts
available in self-archiving or “green” repositories results in a positive citation effect,
although the disciplinary repositories within the sample significantly outperform the other
types of OA services analyzed. Also evident is an increase in citations when a single manu-
script is available in multiple OA sources.
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Introduction

Institutional repositories (IR) are a common and critical component of the services pro-
vided by academic libraries. Established, conceptually, in the late 1990s as a hedge against
rising serial costs by facilitating open access (OA) to research, the scope of IR services has
grown to include the promotion and dissemination of scholarly works, datasets, administra-
tive records, electronic theses and dissertations, and other content. As of May 2022, the
OpenDOAR registry provided by Jisc lists 5862 institutional repositories around the globe
that provide access to a broad range of content types across disciplines (Jisc, 2022).

Collectively, IR represent a significant global investment in OA infrastructure but their
success in countering rising serials costs is debatable (Poynder, 2016). The return on
investment for an IR at a single institution can be difficult to assess. The diversity of avail-
able platforms, capacity for customizing local configurations of open source platforms, and
the absence of standardized impact metrics have led to a varied IR ecosystem across which
it is difficult to define consistent benchmarks and standards of performance (Arlitsch &
Grant, 2018). Additionally, differences among the most commonly used methods for gath-
ering statistics can result in dramatically overcounting or undercounting statistics such
as file downloads, page visits, and number of unique visitors within a given timeframe
(OBrien et al., 2016). Bot activity in IR has been shown to comprise as high as 85% of all
traffic (Greene, 2016) and it complicates the calculations of web metrics because methods
used to filter bots from human web activity are not consistently applied across platforms.
In the IR ecosystem, for example, a primary option is the default bot filtering capabilities
of the IR platform, itself, which can be impacted by local configuration and depends on the
capabilities and maintenance schedule of its developers. Alternatively, IR may participate
in analytics projects such as IRUS-UK or IRUS-US, which apply standardized COUNTER
bot filtering specifications (Lambert & Needham, 2019; Needham & Stone, 2012). Bot fil-
tering heuristics must account for behaviors including the number of times a page is vis-
ited, duration of visits and the frequency of user behaviors including clicks, scrolling, etc.
(Greene, 2017).

Particularly troubling, from an administrative and IR advocacy standpoint, is that cur-
rent practices make it difficult to assess the contributions IR make to the use and citation of
the scholarly works they contain. Compliance with commercial publisher policies for pub-
lishing within IR the submitted or accepted manuscripts of “version of record” articles typ-
ically requires citation of the paywalled, published copy.! This practice allows publishers
of paywalled content to leverage open and often publicly-funded IR infrastructure for the
benefit of their own impact factors (Gonzalez-Betancor & Dorta-Gonzalez, 2019). It also
creates an ethical problem, as the taxpayers who fund research may be unable to access
the paywalled products of that research. Finally, compliance with publisher self-archiving
policies undermines the sustainability of IR because their positive effects may be hidden.
If open access to scholarly literature is to remain a cornerstone of the IR value proposition,
then it is necessary to recognize that compliance with publisher self-archiving policies is
self-defeating and undermines the long-term sustainability of IR.

It is important to develop methods to quantify the value of IR as services that promote
scholarship. Research suggests that IR contribute to an increase in citations for openly

! For example, see the Sherpa Romeo entry for the Journal of Academic Librarianship, https://v2.sherpa.
ac.uk/id/publication/14175, which indicates that the accepted copies of articles uploaded to IR must link via
DOI to the publisher version of the article (Jisc, nd.).
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accessible scholarly content. This phenomenon is understood as a potential OA citation
advantage. A sub-category of the OA citation advantage, referred to here as a green OA
citation advantage, expresses the citation impact of self-archiving the submitted (pre-print)
or accepted (post-print) manuscripts of published articles within IR and discipline-specific
repositories such as arXiv? and PubMed Central.> We refer to these latter repositories
throughout this article as “disciplinary repositories.”

The research presented here differentiates between IR and a sample of disciplinary
repositories, publisher-provided, and other types of OA services in a bibliometric analy-
sis of correlations between citations and the search engine performance of items held by
IR. Specifically, we focus on click activity, which we define as the number of clicks from
search engine results pages that are received by URLSs pointing to items within IR.

Literature review

An association between OA and increased citation is found in numerous studies. The size
of reported citation advantages has narrowed over time as methods and definitions of open
access have evolved since Lawrence’s initial discussion of citation advantages for articles
that were freely available online (Lawrence, 2001). Regardless of how broadly or narrowly
“open access” is defined, robust cases for an OA citation advantage have been described by
numerous studies (Abbasi et al., 2019; Antelman, 2004; Gargouri et al., 2010; McCabe &
Snyder, 2014; Piwowar et al., 2018; Razumova & Kuznetsov, 2019; Xia et al., 2011). Otta-
viani (2016) provides a succinct summary of positive OA citation advantage findings over
time, suggesting a real but likely modest citation advantage for open access content. More
recently, a systematic review of 134 studies showed that nearly half confirmed the exist-
ence of OACA while one quarter found that it did not exist (Langham-Putrow et al., 2021).

Findings in support of an OA citation advantage are robust across methodologies and
disciplines. A range of methods and metrics have been used in studies affirming the exist-
ence of an OA citation advantage. Commonly used measures include average citations
and citation counts. Abbasi et al. (2019) determined that the ratio of the average citations
between OA and non-OA articles is 15.6:2.25. Archambault et al. (2016) present data on
the average of relative citations for 3.3. million papers published from 2007 to 2009 and
indexed in the Web of Science (WoS). These data show a decidedly large citation advan-
tage for OA papers, despite a lag in availability of OA compared to paywalled papers
among the papers included in their study. Arendt et al. (2019) used citation counts and
observed similar patterns to those found by Antelman (2004): freely accessible articles
receive more citation counts than paywalled. Other metrics used to measure a statistically
significant OA citation advantage include: citation rate (Alkhawtani et al., 2020; Antelman,
2004; Bautista-Puig et al., 2020), and risk of not being cited (Eysenbach, 2006). Models
used in the study of an OA citation advantage include logistic regression (Eysenbach,
2006; Gargouri et al., 2010), stepwise backwards linear regression (Eysenbach, 2006), and
negative binomial regression (Fraser et al., 2020).

An OA citation advantage is also found across disciplines. Antelman (2004) looked
at articles in four disciplines (i.e., philosophy, political science, electrical and electronic

2 https://arxiv.org/.
3 https://www.ncbi.nlm.nih.gov/pmc/.
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engineering, and mathematics) with varying degrees of growth and prevalence of OA to
see whether OA articles have greater impact as measured by citations. Results showed
that freely available articles have a greater research impact, but the observed citation
advantage was not evenly distributed across disciplines. The discipline with the larg-
est growth in OA availability in Antelman’s study was mathematics, but the discipline
with the greatest impact of OA on citation rates was political science (Antelman, 2004).
Similarly, Arendt et al. (2019), Bjork et al. (2010), and Hajjem et al. (2006) report a
general citation advantage for open access papers that is sensitive to disciplinary context
but nonetheless consistently demonstrated across disciplines.

Despite research suggesting a measurable OA citation advantage, there is also evi-
dence against it. For example, a recent analysis of citations among OA and paywalled
journal articles found that there is no general OA citation advantage and that article
access status accounts for little of the variability in the number of citations an article
receives (Basson, 2019). Instead, confounding factors including the reputation of the
journal, the language the journal is published in, and the first author’s home institution
can have a stronger effect on the number of citations an article receives (Basson, 2019;
Dorta-Gonzalez et al., 2020).

A detailed overview of such confounding factors and their effect on prior studies is pro-
vided by Craig et al. (2007). In particular, two alternative explanations for a perceived OA
citation advantage deserve special note. The first, selection bias, posits that open access
papers receive more citations because the cost and effort involved in self-archiving or pay-
ing article processing fees results in authors choosing to make only their best work open
access. Craig et al. (2007) provide a thorough discussion of this issue and the effect on
OA citation advantage studies when analyses do not account for selection bias. A second
alternative explanation for the increased citations received by OA papers is the early view
postulate (Craig et al., 2007), which asserts that papers made available through preprint
servers like arXiv receive more citations because they are able to have more immediate
exposure and impact when compared with the delay in scholarly publishing that can affect
paywalled papers. While both of these factors merit special consideration, a 2010 study
by Gargouri confirmed an OA citation advantage that was independent of confounding
factors. Instead, results suggested that a measurable, independent OA citation advantage
exists, with highly cited articles receiving the most benefit (Gargouri et al., 2010).

Further confounding a clear understanding of any OA citation advantage are the vary-
ing and broad definitions of OA (Beatty, 2019). Arendt et al. (2019) followed Antelman’s
(2004) operational definition of “open” as free availability, as indexed by Google. Antel-
man uses “free access” or “freely available” rather than “open access” to describe articles
in the dataset. She counted articles as free if they were accessible directly by clicking on
the link from Google’s results page, or if the results led to a page that contained article
metadata and a link, such as one labeled “PDF” or “Full text,” that led to a free access
copy. This is a broader definition of “open access” than the one provided by the Berlin
Declaration (Max Planck Institute, 2003), and it can inflate the citation impact of open
access as a philosophical principle. It’s possible to overstate the importance of distinguish-
ing between types of OA, especially as researchers may be satisfied with obtaining free
access to content, regardless of whether the content has been made intentionally green or
gold OA. However, in addition to free access, models of OA including green and gold
further provide for reuse and preservation beyond the limitations of traditional copyright.
These additional features of OA relate to the value of IR as green OA repositories, high-
lighting the importance of established definitions of “open access” to scholarly communi-
cations research.

@ Springer



Scientometrics (2022) 127:4977-5003 4981

Studies of the scholarly impact of open access provided by IR may be less sensitive to
questions of definition, however, as IR are commonly understood to provide green OA.
Importantly, a citation advantage attributable specifically to green OA has been reported by
Young and Brandes (2020), and Archambault et al., (2014, 2016). Archambault identified
the use of IR and immediate green OA in order to avoid embargo delays and showed there
is a significant citation advantage to green OA publishing (Archambault et al., 2014, 2016).
Specifically, papers in general science and technology, historical studies, and visual and
performing arts all receive, on average, twice as many citations as the overall population of
papers (Archambault et al., 2014). Despite explicating the role of IR in green OA citation
advantage, Archambault et al. (2016) did not detail or specifically measure the effect of IR
on an OA citation advantage.

Research purpose

Our dataset consists only of items available through some form of OA. We cannot therefore
test for an overall OA citation advantage. However, as summarized in the literature review
there is an argument to be made for an OA citation advantage, and a green OA advantage
in particular. It is thus worth assessing the comparative citation rates of items held within
IR and other types of OA repositories and services.

The specific role of IR in contributing to a potential OA citation advantage is an under-
developed research area. This is possibly due to the noted difficulty of measuring actual
research use of IR content. An exploration of the presence of IR content in 28 social tools
using a webometric approach highlights this issue. The findings show that most IR have
no strong presence in those tools, which included social media services like Facebook and
Twitter, but also professional social networking tools like ResearchGate, LinkedIn, and
Zenodo (Aguillo, 2020). Aguillo’s research indicates that articles tend not be cited using
the “URL of the IR that offers information about institutional authorship” (Aguillo, 2020).
Comparing the citation rates of items held by IR with those of other types of OA services
provides a means of assessing the value of IR as research repositories independently of the
other types of OA providers.

In addition to separating IR from other types of OA services our research demonstrates
the analytic potential of a novel dataset of IR use and performance from the Repository
Analytics and Metrics Portal (RAMP)* (Arlitsch & Wheeler, 2020; OBrien et al., 2017).
RAMP is distinct from other IR metrics services because it harvests data from Google
Search Console (Google, 2020) for each participating IR’s pages and hosted content files
returned from searches on Google properties (e.g., web search, image search, Google
Scholar). For example, RAMP captures data when users access PDF files directly from
a Google Scholar search result page rather than navigating to the item from within the
IR. RAMP data can be considered supplementary to page-tagging analytics platforms like
Google Analytics or log-based metrics. The data are of research interest because RAMP
applies a consistent set of metrics for all repository platforms, solving the problem of
potentially large variation between usage statistics reported by server logs versus those
reported by page tagging services (OBrien et al., 2016, 2017). For a comparison of RAMP

4 https://rampanalytics.org.
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characteristics with those provided by page tagging and server logging tools, please see
(OBrien et al., 2017).

The RAMP service has been available for free registration to repository managers since
January 2017.° As of May 2022, RAMP includes over 70 repositories from around the
globe, representing all of the major IR software platforms of both general-purpose IR and
disciplinary repositories. RAMP administrators encourage use of the data for analysis of
IR search engine optimization and benchmarking, as well as research about IR content and
access. To support such research, we published a subset of RAMP data, consisting of aug-
mented search performance data about the content of 35 participating repositories between
January 1 and May 31, 2019 (Wheeler & Atlitsch, 2020; Wheeler et al., 2020). This pub-
licly available dataset was used for the analyses reported in this study. A larger dataset of
2017-2021 RAMP data has subsequently been published as annual subsets in the Dryad
data repository (Wheeler & Arlitsch, 2021a, 2021b, 2021c, 2021d, 2021e).

RAMP data can be merged with complementary datasets to explore new methods for
assessing the role and contribution of IR to an "open scholarly record,” which is here
defined as the global set of academic, research, and other scholarly products that are openly
accessible. The research described in this article combines publicly available RAMP data
with citation information from Crossref (Crossref REST API, n.d.) and OA availability data
from Unpaywall (Unpaywall REST API, 2020). The study assesses correlations between
citations and the search engine performance of individual items hosted in IR by investigat-
ing how differences in search engine performance of IR items correspond to differences in
OA availability and citations. Specifically, we address three research questions:

1. Do items that receive higher numbers of clicks in search engine result pages have higher
rates of citations than other items?

2. How does the availability of items from different types of OA repositories affect citation
counts?

3. How does the availability of multiple copies of an item within different types of OA
repositories affect citation counts?

We note that overall search engine performance can be measured via multiple statistics.
Our study is specifically focused on the number of clicks on URLs in search engine result
pages (SERP) that point to content files of items hosted by IR.

Methods

In addition to reviewing findings related to IR and the OA citation advantage, a further
objective of the literature review was to identify sources of bibliometric data that can be
merged with RAMP data to enable cross-comparison between bibliometric and search
engine performance data. Bibliometric studies use various citation databases: Scopus
(Abbasi et al., 2019); Web of Science (WoS) (Antelman, 2004; Arendt et al., 2019; Beatty,
2019); Journal Metrics (Abbasi et al., 2019); SCImago (Abbasi et al., 2019); DOAJ data-
base (Bautista-Puig et al., 2020); Open Access Directory (OAD) (Bautista-Puig et al.,
2020); analytics tool like the 1science OAIndx (Archambault et al., 2016); and discipline

5 Repository managers may register at https://rampanalytics.org.
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specific websites (Alkhawtani et al., 2020). Additionally, previous OA citation studies
extracted citation indicators from multiple sources. For example, the research population in
Abbasi et al. (2019) comprised LIS journals and articles in LIS hybrid journals in Scopus.
The data related to citation indicators (number of received citations, two year’s impact,
Citescore [IPP], and H-index) were extracted from Scopus, Journal Metrics, and SCImago.

Analyses of an OA citation advantage can make use of generic, non-discipline spe-
cialized databases such as Scopus, WoS, or discipline-oriented databases. For example,
Antelman (2004) and Basson (2019) each used data from generic, non-discipline special-
ized databases. Antelman used mean citation rates (as recorded in the ISI Web of Science
database) of OA articles compared with those of non-OA articles for a sample population
of journal articles in four disciplines. Basson conducted an analysis with all articles and
reviews published from 2005 to 2014 and indexed in the Clarivate Analytics Web of Sci-
ence (WoS). The OA citation advantage study from Alkhawtani et al. (2020) used data
(including citation numbers) extracted from the discipline-specific database European
Radiology website.

The literature review thus identified several commonly used bibliometric data sources,
most notably Web of Science, Scopus, and Google Scholar. Although these data sources
occur frequently in the OA citation advantage literature, we did not use data from Web
of Science or Scopus because they do not provide an open, publicly accessible applica-
tion programming interface (API) (Piwowar et al., 2018). Google Scholar, although easily
accessible, does not provide an API, and Google discourages scraping data from Scholar
SERP.

Alternatively, Crossref is a citation data source referenced in the literature, which does
provide an open, public API. Crossref is a robust source of data for bibliometric research
(Fraser et al., 2020; Hendricks et al., 2020; Piwowar et al., 2018), which we chose as the
source of citation data because it enabled integration of automated data harvesting into the
data aggregation workflow, along with the improved transparency provided by public data
access.

In addition to citation data, a correlation between citations and the number of OA cop-
ies of any given article has been described within the OA citation advantage literature (Xia
et al., 2011). Unpaywall is a source of information about OA availability, and a public API
is available. Along with data about where OA copies of articles are hosted, Unpaywall
further designates one copy as the "best OA" option, identifies which copy of an article
is made available by each host (pre-print, post-print, etc.) and classifies hosts as either a
"publisher" (for gold OA) or a "repository"” (for green OA). See Fraser et al. (2020) for a
description of use of Unpaywall data for OA availability research.

Data collection and aggregation

We performed our analysis using the publicly available subset of RAMP data (Wheeler
et al., 2020) collected from 35 participating repositories between January 1 and May 31,
2019. Our objective was to compare the number of clicks on URLs pointing to content
files of manuscripts published in IR with citations received by the corresponding articles
to determine if availability from IR and other types of OA repositories is correlated with
clicks in SERP. In addition to detailed documentation provided with the dataset, infor-
mation about how data are harvested and processed for indexing in RAMP is available
(Wheeler & Arlitsch, 2020). As noted in the published documentation, two sets of data are
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harvested each day for each IR participating in RAMP. Only one of these daily harvests
includes data at the granularity of individual URLs. These are the data used in the analyses.

Data are processed prior to indexing in RAMP to identify URLs that point specifically
to non-HTML content files (i.e., PDF, CSV, etc.). Tracking SERP performance of content
files rather than item HTML pages is useful because clicks on content files may indicate
a higher degree of user interest than a view of the HTML page, which generally contains
only the abstract and metadata about the item (OBrien et al., 2017). For the purposes of
this study, an “item” is defined as any work, together with its metadata and corresponding
content files, that has its own HTML landing page in an IR.

RAMP data were further processed prior to analysis to account for two factors. First,
an item within an IR may include multiple content files, each of which has its own URL.
Second, any content file URL may occur in SERP multiple times during the period of
study. To arrive at a set of unique items that received clicks on content files, URLs of
items in RAMP that received at least one click within this timeframe were processed to
infer the HTML URL of the file’s parent item within the host IR. The resulting HTML
URLSs were further deduplicated to account for variations resulting from a repository’s use
of both insecure (HTTP) and secure (HTTPS) pages, as well as platform updates or similar
changes that can result in a single item being referenced via multiple URLs.

We performed additional processes prior to the bibliometric analysis. RAMP data con-
sist only of SERP information about items held by IR and the data are harvested from
Google Search Console. The data do not by themselves include descriptive metadata or
information that can be directly merged with Crossref or Unpaywall data. Additional pre-
processing steps were:

1. Item level metadata were harvested from the HTML pages of parent items within IR that
contained content files which received clicks from SERP during the period of study

2. DOIs, where available, were extracted from item level metadata along with the date of
each item’s publication within its host IR

3. Citation and OA availability for extracted DOIs data were retrieved from Crossref and
Unpaywall

4. RAMP data for each unique item in the subset were aggregated to determine the total
number of clicks received on URLs pointing to content files belonging to the item. Item
level RAMP data were then merged with DOI and date of IR publication metadata using
the parent item’s HTML URL as a shared identifier

5. The combined RAMP data and item level metadata were merged with citation and OA
availability data, using each item’s DOI as a shared, unique identifier.

We note that the process of deduplicating and aggregating RAMP data to a set of unique
parent item URLSs introduces limitations. The structure of the RAMP data required signifi-
cant pre-processing to arrive at the set of unique HTML pages of items containing content
files. This included reverse engineering the parent item’s HTML page for all content files
in the dataset. The process varies by repository platform, and features of some repository
platforms may result in multiple items being aggregated as a single item. For example,
some repositories have a “recently added” feature that creates a single HTML “item” feed,
which can include ephemeral links to content files from multiple different parent items.
Using the aggregation process developed for this study, clicks on any of these tempo-
rary links would be aggregated under the feed URL rather than the actual parent item’s
HTML URL. Content files appearing in SERP may also be paginated in a way that results
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in inflating the number of clicks received by content file URLs associated with individual
items, though we note the effect of potential outliers are addressed in the ANOVA analysis.

The data were also filtered prior to metadata harvesting and analysis to include only
items with content files that received one or more clicks. As a result, this may bias the
findings relative to the correlation between counts of OA copies of items hosted by IR
and citations, since a large number of items that received zero clicks were excluded. This
approach was taken for two reasons. First, to reduce the burden on IR servers of extensive
web scraping, which can affect their performance and result in connections being forcibly
closed. Second, items without clicks were not “used,” as defined here, within the study
period. Without data about the specific search queries that resulted in IR content appearing
in SERP, the inclusion of items with zero clicks might have introduced unknown factors
relating to why items were or weren’t clicked into an analysis of whether recorded use cor-
relates with citations.

Further information about RAMP data is available from the published dataset (Wheeler
et al., 2020). Additional description of the data aggregation process is available with the
analysis code from GitHub, https://github.com/imls-measuring-up/ramp_citation_analysis.

Regarding our analysis of OA availability, we note that Unpaywall data include a classi-
fication of OA hosts by type, either “publisher” or “repository.” This classification does not
distinguish institutional repositories from other types of green OA providers, most notably
established and highly visible disciplinary repositories like PubMed Central and arXiv, the
disciplinary repositories primarily represented within our sample. To enable a more granu-
lar analysis of how different types of green OA hosts may impact citations, all hosts occur-
ring within the harvested Unpaywall data were manually classified as either “institutional,”
“discipline,” “publisher,” or “other” subtypes. This allowed the research team to include
counts of OA copies by OA host subtype in the analyzed dataset. We note that the Unpay-
wall data do not include counts of copies of items hosted by ResearchGate, Academia.edu,
Mendeley, or other research social media services. This may result from copies of items in
the dataset not being available from those services at the time Unpaywall data were har-
vested. Alternatively, Unpaywall may not have indexed those services during the period of
data collection. Our analysis therefore does not extend to these types of academic social
media services.

Additionally, not all of the repositories included in the study had been indexed by
Unpaywall at the time data were harvested from that service. As result, there are cases in
which Unpaywall reported zero OA copies of items even though every item in the dataset
has at least the one OA copy available from the RAMP participating IR whose data were
included in the study. To address this, the counts of total OA copies and copies hosted by
IR were increased by 1 for any item for which the hosting RAMP IR was not included in
the Unpaywall data for the corresponding DOI.

The manual classification of OA hosts into repository subtypes introduces another
potential limitation of our findings. All OA hosts classified as “publisher” were assigned
the same subtype (“publisher”). Subtypes for OA hosts classified as “repository” within
the Unpaywall data were identified based on the author’s knowledge of academic institu-
tional repositories, and through web searches and OpenDOAR. Repositories were given an
“other” subtype in cases where a determination could not be made. This potentially biased
citation analysis findings relative to “institutional” and “other” subtypes. Since the “other”
subtype is something of a catch-all, results for this subtype should be treated with caution.

Prior to analysis, in addition to dropping observations with any null values we also
dropped observations for items with IR publication dates later than 2016. Although this
considerably reduced the size of the dataset, we removed these observations to reduce bias
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Table 1 Count of items by year

of upload to RAMP IR host Year uploaded to IR Count Proportion
2004 2 0.01
2005 35 0.26
2006 1162 8.63
2007 228 1.69
2008 310 230
2009 326 242
2010 730 5.42
2011 575 4.27
2012 913 6.78
2013 1373 10.20
2014 1919 14.26
2015 2355 17.50
2016 3529 26.22

against items that had been published for less than two years prior to data collection. The
two-year limit was based on methods of previous studies (Gargouri et al., 2010) which
allow for a leveling off of citation rates within STEM fields after two years, and also to
account for the delay between the publication of an article and its citation in other studies.
Since the RAMP data were collected in early 2019, removing from the dataset any items
that were published after December 31, 2016 means that all items within the dataset were
published at least two years prior to our data collection. Table 1 provides a count of items
in the final dataset broken down by the year in which they were uploaded to the RAMP IR
whose copy appeared in a Google SERP during the period of study.

We also dropped observations for items that had an IR publication date that was earlier
than the creation date of the Crossref DOI, or for which the IR publication date was more
than a year after the creation date of the Crossref DOL. This was done to exclude items that
may have been published and received citations before being added to Crossref, and con-
versely to exclude items that may been added to an IR after citation rates had peaked and
leveled out. Dropping observations for the above reasons resulted in the removal of all data
for five of the RAMP IR represented in the dataset. The final sample size of the analytic
dataset, in terms of the number of RAMP IR represented, is therefore 30 IR instead of 35.
We note that throughout the analyses below, the count of IR hosts of OA copies includes
the RAMP IR whose copy appeared in a Google SERP, as well as the other non-RAMP IR
that host additional OA copies of manuscripts represented within the dataset.

Figure 1 provides an overview of the data aggregation process, including the size of
the dataset after each step. The final dataset used for the analysis is included in the GitHub
repository referenced above.

Analytic methods

The unit of analysis in our study is a manuscript of a scholarly research article hosted by an
IR, as represented by the Crossref DOI associated with its published version. The dataset
also includes other types of content, such as electronic theses and dissertations, for which
the DOI references the copy of the item hosted by the parent IR.
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Raw RAMP data, Janl — May 31, 2019: 41,166,268 rows

Identification

A 4

Exclude URLSs that don’t resolve to citable content: 27,527,923 rows

v

Exclude URLs that received O clicks: 4,632,205 rows

v

Aggregate multiple URLs under their corresponding parent item’s HTML
URL: 320,410 rows

12

Harvest item level metadata and exclude items with harvest errors: 319,920

rows
v
Exclude items without DOIs and merge RAMP data with IR metadata,
Crossref, and Unpaywall data: 80,857 rows

v

Exclude items with low confidence DOI extraction methods: 79,812
observations
v

Exclude two items different items with the same DOI : 79,810 observations*

Screening and aggregation

A4
Exclude items with null Unpaywall or Crossref data: 43,582 observations

v
Exclude items published after Jan 1, 2017: 27,847 observations

v

Exclude items uploaded to IR more than a year before or after DOI created:
13.457 observations
v
Combine data for 10 DOIs held by two RAMP IR in the dataset: 13,452
observations

A 4

Data used for the analysis: 13,452 observations

Inclusion

Fig. 1 Flow chart showing the overview of data collection and selection process. Provided count represent
the number of rows or observations remaining following each described step. *Remaining observation at
this step are included in the published dataset. Additional data processing steps are performed in the pub-
lished R script

We employed linear regression models as the analysis of variance (ANOVA) and the
analysis of covariance (ANCOVA) to analyze correlations between citations, the total
number of clicks on item URLs from SERP, and availability of OA copies of items from
different types of repositories. The analysis was conducted in two steps. First, to find out

@ Springer



4988 Scientometrics (2022) 127:4977-5003

whether the differences in the means of the citation rate between items grouped accord-
ing to categories based on total clicks are statistically significant, we used linear regres-
sion analysis as one-way ANOVA. Second, multiple linear models were used as ANCOVA
to investigate associations between citation rates per year (the response variable) and the
availability of OA copies of items from different types of OA repositories (the categorical
predictors) while considering the effects of clicks from SERP (the covariate). Results from
both analyses were similar, so we report the results of the ANOVA models below.

The presence of outliers, normality, and variance homogeneity (ANOVA and ANCOVA
assumptions) and homogeneity of covariate regression coefficients (ANCOVA-specific
assumption) were tested before finalizing the models. Since clicks from SERP and cita-
tions are not evenly distributed across items, we cannot assume the residuals are normally
distributed in each sub-group in any model. Therefore, we first examined the presence of
outliers which may affect the interpretation of our models. Any observations with standard-
ized residuals greater than 3 in absolute value were removed from the models as possible
outliers. Next, we tested the normality assumption of the residuals, which were violated in
all the models. The uneven distribution of citations within each sub-group and between the
sub-groups defined for our analysis may explain this. Similarly, the variance homogene-
ity assumption is also violated in all the models developed for our analysis except for the
ANOVA model. However, ANOVA and ANCOVA are robust against violations of normal-
ity and variance homogeneity assumptions. Therefore, the results from our ANOVA and
ANCOVA analyses are valid but should be treated with caution.

The assumption of homogeneity of covariate regression coefficients was tested for all
the ANCOVA models. This ANCOVA assumption was met for the ANCOVA models in
which institutional repositories, disciplinary repositories, and publisher provided OA
(p>0.05) are predictors and was not met for the ANCOVA models in which total open
access availability and the availability from other OA services are predictors (p <0.001
and p <0.05 respectively). The significant interaction effect between clicks and the number
of other OA copies and total number of OA copies of a manuscript again indicate that the
results of these models should be treated with caution.

Finally, to determine if the results in the regression models are biased because of the
aforementioned violations, we used heteroscedasticity-consistent (HC) standard errors to
obtain unbiased standard errors of ordinary least squares coefficients. The findings of the
linear regression models with robust standard errors show consistent results with our linear
regression models which removed outliers.

The predictor variable in the linear regression as the one-way ANOVA model is click
categories. Items in our sample were categorized into two groups depending on the number
of clicks from SERP received by each item: items with clicks equal to or below the median
of 3 clicks, and those with clicks above the median (4 and more). We used median rather
than mean to define categories since the mean of clicks is biased by possible outliers (see
Table 6).

The dependent variable of the multiple linear regression models as the ANCOVA model
is the average count of citations of a manuscript per year. The independent variables were
categorized into groups to measure (1) whether the availability of items from different
types of OA repositories affects citation counts, and (2) whether the availability of multiple
copies of an item within different types of OA repositories affects citation counts. To serve
the former purpose, independent variables corresponding to repository types were catego-
rized into two groups based on whether zero or more OA copies of an item are available
from each type of repository. To serve the latter purpose, when any type of repository had
at least one OA copy of a given item, counts of available copies were categorized into two
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Table 2 Open access availability by host type (N=13,452)

OA host type Frequency Percentage of
observations

Items with OA availability 13,452 100.00

Items hosted by one or more IR 13,452 100.00

Items also hosted by disciplinary repositories 3496 25.99

Items also hosted by publisher OA repositories 3999 29.73

Items also hosted by other types of OA repositories 3755 2791

groups based on the median count. Similar to click data, the median rather than the mean
of the number of copies was used since the mean may be affected by possible outliers in
the number of copies hosted by different types of repositories.

In all our models, the adjusted R squared values were consistently low. This means our
models can only account for small percentages in the variability of the outcome variable.
According to Grace-Martin (2012), such models are still useful in detecting if there is a
small but reliable relationship between the predictor(s) and the outcome variable. The low
adjusted R values also suggest that there are other variables that would be much better pre-
dictors of citation effects. Future studies could look for those variables.

The analyses were completed using R and RStudio (R Core Team, 2020; RStudio Team,
2020). Tables were generated using the Flextable (Gohel, 2021) and Stargazer (Hlavac,
2018) packages.

Results

Descriptive statistics are provided to illustrate the context of the data. Following date filter-
ing as described above and removal of observations with null values, our sample size was
13,452 items. Because of the nature of RAMP data as search engine performance metrics
for items hosted by open access IR, all the items in the dataset are available as OA in some
form and all items are hosted by at least one of the 30 IR represented in the RAMP dataset.
Among the other kinds of OA repositories into which we categorized items, 3496 (26%) of
the items in the dataset have additional OA copies hosted by disciplinary repositories, 3999
(30%) have additional OA copies hosted by publishers, and 3755 (28%) have additional
OA copies hosted by other types of repositories. Details of OA host type frequency are
reported in Table 2.

Besides the small percentage of items in our sample which have additional OA copies
hosted by disciplinary repositories, publisher provided, and other types of OA hosts, of
special note is the small number of disciplinary repositories represented. Table 3 provides a
breakdown of copies of items in the sample available from disciplinary repositories. Since
some manuscripts in the sample are available from multiple disciplinary repositories, the
table total is greater than that provided in Table 2 above for disciplinary repositories. Cru-
cially, we note that the majority of these additional copies are hosted by only four reposito-
ries: PubMed Central, PubMed Central Europe, and two instances of the arXiv repository;
arXiv.org and the Cornell University arXiv mirror.

For further detail about the repository representation within our dataset, supplemen-
tary data tables provide counts of the analyzed sample of items available from each of the
manually categorized OA host types included in the analysis. Counts for each repository
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Table 3 Distribution of items across disciplinary repositories

Repository Count

PubMed Central 2424
PubMed Central—Europe PMC 2375
arXiv.org 571
Cornell University—arXiv 504

—_
(9,3

Econstor—Econstor

Ludwig Maximilian University of Munich—Munich Personal RePEc Archive

OSF Preprints—LawArXiv

Indiana University—Digital Library Of The Commons Repository

BePress Biostats

bioRxiv

GESIS a€ “ Leibniz Institute for the Social Sciences—Social Science Open Access Repository
University of Minnesota, USA—AgEcon Search

University of Pittsburgh—PhilSci-Archive

PhilPapers Foundation—PhilPapers

Animal Studies Repository

Cold Spring Harbor Laboratory—bioRxiv

Modern Language Association / Columbia University—Humanities Commons CORE
OSF Preprints—SocArXiv

Wellbeing Studies Repository

—_— = = = = WA R N OO

Note Some items as reported in this table are available from multiple disciplinary repositories, so the total
count is greater than the 3496 deduplicated count reported in Table 2.

are further broken down by the year in which the corresponding item was uploaded to the
RAMP participating IR whose copy received at least click from a SERP for a Google prop-
erty during the period of study. Although this date may be different from the date at which
copies were uploaded to other IR, disciplinary repositories, publisher provided OA, or
other services, the IR upload date is reported in each of the supplementary tables because
the IR upload date was used in the analysis to determine the average annual citations for
each DOL.
Tables are provided as CSV spreadsheets in the following order:

Online Resource 1 includes the repository/year breakdown of items across IR
Online Resource 2 includes the same information for items available from disciplinary
repositories

e Online Resource 3 provides this information for items available from publisher pro-
vided OA

e Online Resource 4 provides this information for items available from other types of OA
services and providers.

Please note that a single item may be available from multiple OA providers, so the totals
in the tables may exceed the deduplicated totals reported in Table 2 and Table 5, below.

Items that received no clicks during the period of study were removed from the sam-
ple as part of the data aggregation process. Reasons for this are discussed above, but as
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Table 4 Citation mean differences across click groups

Click group N Mean citations SD Median Min citations Max citations
citations
Median and below 7422 4.35 14.07 1.9 0 805
(or 1-3 clicks)
Above median 6030 4.95 15.76 2.0 0 637

Table 5 Citation means by OA host type

Host Category N Mean SD Median Min Max

All OA hosts Median and below or 1-2 copies 8571 3.38 8.09 1.55 0 289
Above median or 3 or more copies 4881 6.79 22.04 2.83 0 805

Institutional repositories Median and below or 1 copy 10,963 4.26 14.36 1.78 0 805
Above median or more than 1 2489 6.19 16.78 2.78 0 437

copy

Disciplinary repositories 0 copies available 9956 3.42 8.95 1.50 0 437
1 or more copies available 3496 8.03 24.61 3.60 0 805

Publisher OA 0 copies available 9453 4.10 1453 1.71 0 805
1 or more copies available 3999 5.85 15.52 257 0 437

Other OA 0 copies available 9697 4.70 1431 2.00 0 805
1 or more copies available 3755 442 16.18 1.71 0 637

a result, every item in our sample received at least 1 click within the 5-month period of
study. The median number of clicks across all items throughout the period of study was
3. Details of citation mean descriptive statistics based on item groupings by total clicks
are reported in Table 4. The categorization of items by clicks received from SERP in rela-
tion to the median number of clicks received from SERP is also used as the predictor in
the ANOVA analysis and as the covariate in the ANCOVA analysis. When comparing the
means of citations between two groups we observe in the descriptive statistics that items
with total clicks above the median have a higher citation mean than those for which the
number of clicks from SERP is below or equal to the median.

To measure the relationship between citation rates and types of OA, we categorized the
independent variables into groups. We categorized groups differently due to the differences
in overall frequency of items hosted by different types of OA repositories. When analyzing
items based on the total number of OA copies and the count of items hosted by IR, items
were categorized into groups relative to the median number of items hosted by services
within these categories. Of 13,452 items in our sample, 8571 (64%) have a total of 1-2
OA copies available, and 4881 (36%) have 3 or more OA copies available. Of 13,452 items
hosted in institutional repositories in our sample, 10,963 (81%) have 1 copy hosted in IR
and 2489 (19%) have copies available from 2 or more IR. Recall that OA availability infor-
mation is harvested from Unpaywall, and the count of copies of items available from IR is
not limited to RAMP participating IR but instead includes any IR indexed by Unpaywall at
the time of data collection.

Because of the lower overall number of items in our dataset with additional cop-
ies available from disciplinary repositories, publisher provided OA, and other types
of OA providers, items for corresponding analyses were categorized by whether there
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Table 6 Average annual citation

lick Esti 1 P
rates by click groups Click group stimate  Standard error ¢ value r(>1tl)
(Intercept) 3.700 0.065 56.875  0.0000%**
Above median  0.246 0.097 2.525  0.0116*

Residual standard error: 5.589 on 13,352 degrees of freedom
Multiple R-squared: 0.0004772, Adjusted R-squared: 0.0004024
F-statistic: 6.375 on 13,352 and 1 DF, p-value: 0.0116

Signif. codes: 0< ="%%¥"<(0.00] <’** <0.01 <’* <0.05<"."<0.1
<7<l

were zero copies available from these types of OA providers or whether there were one
or more copies. Descriptive citation statistics based on OA availability of items in our
dataset are provided in Table 5.

When examining differences in citation means across the different types of OA
repositories and services, the overall trend is that an increase in the number of copies
in different types of OA repositories corresponds positively with the citation mean. For
example, as shown in Table 5, items that have a total number of OA copies higher than
the median of 2 copies have a citation mean (M =6.79, SD =22.04) that is almost twice
as high as the citation mean for items for which the total number of OA copies falls
below the median (or 1 to 2 copies) (M =3.38, SD=28.09). There is one exception to
the overall trend, which is other types of OA repositories that we were unable to defini-
tively categorize as institutional, disciplinary, or publisher provided OA. When items
with copies hosted in other types of repositories are split into two groups, a “zero” copy
group and a “1 or more” copy group, the citation mean for the latter group (M =4.42,
SD =16.18) is lower than that for the former group (M =4.70, SD=14.31).

The linear and multiple linear regression models provide further evidence of the
trends illustrated by the descriptive statistics. Clicks were consistently related to higher
annual citation rates when used as the main predictor in all the linear regression mod-
els as the one-way ANOVA models. Clicks were likewise related to higher annual cita-
tion rates when used as the covariate in the multiple linear regression models as the
ANCOVA models. For example, taking the dataset as a whole, the results from the lin-
ear regression test show that there is a significantly higher citation rate of 0.25 citations
per year for a manuscript in the group that has clicks above the mean (r=2.5, p <0.05).
Details of the linear regression model results are presented in Table 6.

Multiple linear regressions were conducted to examine the citation effects of the
number of copies of an item available from different types of repositories. When con-
trolling for the effects of clicks, we see that the total number of OA copies has a posi-
tive correlation with citations. To be more specific, the change from the number of total
OA copies from median or below (1-2 copies) to a total number above the median (3
or more copies) is correlated with a higher annual mean citation rate of 2.29 citations
per year (t=22.611, p<0.001). That is, the mean of the annual citation rate of items
for which the number of OA copies is greater than the median number of OA copies
(M=4.97, SE=0.10) was 85% higher than the mean of those with a total number of
OA copies equal to the median or below (M =2.69, SE=0.08). Results for citation cor-
relations across types of OA repositories are provided in Table 7 and described in more
detail below. ANCOVA tests showed similar results.
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Citation correlation for institutional repositories

A change in the number of copies of an item hosted by IR from less than or equal to the
median of 1 copy to a count of IR availability above the median (2 or more copies) is
correlated with a higher annual mean citation rate of 1.42 citations per year (r=11.352,
p<0.001). The mean of the annual citation rate of items with a count of IR hosted OA cop-
ies above the median (M =4.81, SE=0.13) was 42% higher than that of the mean annual
citations of those with a total IR OA availability equal to or below the median (M =3.40,
SE=0.07).

Citation correlation for disciplinary repositories

A change from zero availability of additional copies of an item from disciplinary repos-
itories to having at least 1 additional copy available is correlated with a higher average
citation rate of 3.27 citations per year (+=29.236, p<0.001). This means that the aver-
age annual citation rate of items for which at least one other copy is available from dis-
ciplinary repositories (M=5.86, SE=0.11) was more than twice as high as the mean of
those for which no additional copies are hosted by disciplinary repositories DR (M =2.59,
SE=0.08).

Citation correlation for publisher OA repositories

For items with additional copies available through publisher OA, the change from zero
copies to having at least 1 additional copy hosted by publisher OA is correlated with a
higher average citation rate of 1.47 citations per year (t=13.782, p<0.001). This means
that the average annual citation rate of items with at least one copy available via publisher
OA (M=4.64, SE=0.11) was 46% higher than the mean of the those for which additional,
publisher provided OA is unavailable (M =3.17, SE=0.08).

Citation correlation for other OA services

Contrary to the aforementioned repository types, the change from zero additional copies of
an item being available from other types of OA services to having at least 1 additional copy
hosted by those services is correlated with a lower rate of — 0.319 average annual citations
between the two groups (r=—2.959, p<0.01).

Given the uneven distribution of items within our sample across disciplinary reposi-
tories, the reported impact on citations of OA availability from these repositories should
be treated with caution. This uneven distribution may not only bias the citation effect of
disciplinary repositories themselves, but also the disciplines they represent. Though the
disciplinary repositories included as OA hosts within our sample were randomly selected,
most of the data correspond to items available from health-related repositories (2439
items, 68.63%), followed by STEM related repositories (1052 items, 29.6%). Data from
other types of repositories account for a small fraction of our disciplinary data (63 items,
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Table 8 Citation mean differences by discipline

Dependent variable

Per-year citation rates of items avail-
able from disciplinary repositories, by
discipline

Intercept (STEM disciplines) 7.136
(0.327)
t=21.837%%*
Medical and Health Sciences 0.917
(0.394)
1=2.329%*
Others —4.024
(0.605)
t=— 6.652%%%*

Note *p**p**¥p < (.01

1.77%).° This may result from disciplinary differences in the perceived value of OA, the
availability of OA repositories, mandates, and norms around sharing pre and post-prints.
It may also indicate that our disciplinary sample is not representative and therefore, the
results may be biased and cannot be generalized for all disciplinary repositories.

A second ANOVA analysis of citation rates across disciplines covered by the discipli-
nary repositories in our sample further suggests a difference in citation practices across
disciplines. Results are provided in Table 8. Within our sample, health related reposito-
ries show an average annual rate of 0.917 (r=2.329, p<0.01) citations more than STEM
related repositories, with a rate of 7.136 annual average citations (r=21.837, p<0.01).
Other disciplines represented within our sample of disciplinary repositories have an annual
average citation rate that is — 4.024 citations lower than the STEM repositories in our sam-
ple (t=— 6.652, p<0.01). The degree to which disciplinary citation effects are impacted
by the prevalence of health science repositories in our sample, or whether they result from
other factors, is an area of further study.

Discussion

Our findings are suggestive of an overall OA citation advantage, since it is primar-
ily through open access that multiple copies of an article can be made available to begin
with. We reiterate that our analyses do not test for the existence of an overall OA cita-
tion advantage, as every item within our dataset is openly accessible from at least one IR.
However, the results of our analysis with regard to citations of items held by IR, discipli-
nary repositories, and publisher repositories indicate that open availability of multiple cop-
ies of research articles from different kinds of OA providers is correlated with increased

® Note that these counts include 58 items for which copies were available from multiple disciplinary reposi-
tories covering different disciplines, so the count of 3,554 items here is greater than the deduplicated count
of 3,496 items given in Tables 2 and 5.
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citations. By classifying green OA hosts into subcategories of institutional repository, dis-
ciplinary repository, and “other,” the current analysis suggests that any actual green OA
citation advantage, and indeed any OA citation advantage in general, is largely correlated
with the self-archiving of manuscripts in specialized disciplinary repositories.

Referring to Table 2, we recall that every item in the dataset is available from at least
one IR, whereas the proportions of items with additional copies available from disciplinary
repositories and publisher provided OA is much lower, at 26% and 30%, respectively. As
noted below, this is not an indication of the underutilization of disciplinary repositories
and publisher OA, but rather a probable bias toward IR content resulting from the nature
of RAMP data as an IR metrics service. But even with significantly lower representation
within our dataset, the citation effects of both disciplinary repositories and publisher pro-
vided OA were higher than the citation effect of IR. The difference between IR and disci-
plinary repositories is especially marked, with the citation effect of disciplinary reposito-
ries being more than twice as much as that of IR.

We further note that the citation effect within our sample is not only driven predomi-
nantly by disciplinary repositories but also that the vast majority of items in our sample
with copies in disciplinary repositories are available from variants of PubMed Central and
arXiv. Along with a higher citation effect, this suggests stronger overall search engine per-
formance of and interest in the content available from these repositories. Importantly, our
sampling method was not inherently biased toward these specific disciplinary repositories.
Although our data collection was initiated by aggregating Google Search Console data for
35 RAMP participating IR, the sample is otherwise random with regard to which items
have additional copies hosted by other, non-RAMP IR or other types of OA services. Fur-
ther research is warranted in order to more fully explore the uneven distribution of disci-
plinary repositories within our sample, including consideration of the effects of funder OA
mandates in the case of repositories like PubMed Central as well as cultures of open sci-
ence and the corresponding adoption of preprint servers like arXiv.

The dominance of PubMed Central and arXiv within our sample of disciplinary repos-
itories raises questions about sustainability within the disciplinary repository ecosystem
that also merit further research. While the RAMP service and related research are oriented
toward IR metrics in the interest of the sustainability of these platforms and services, it
is understood—as underscored by our findings—that disciplinary repositories play a vital
role in the dissemination of open access research products. However, the different mis-
sions, funding sources, organizational affiliations and other variations among disciplinary
repositories make it difficult to generalize bibliometric findings, even across a more diverse
sample than ours. The heterogeneous nature of disciplinary repositories, in contrast with
general purpose services like IR, suggest that the development of more weighted measures
of impact accounting for the different characteristics of disciplinary repositories is needed.

Similarly, an implication of our findings as they relate to IR is the limitation of citations
as measures of scholarly impact and the importance to the IR value proposition of iden-
tifying and measuring indicators of broader, community impacts. IR often contain many
items that are non-scholarly, or at least are not peer reviewed. Items of this type may be
used in support of policy development or community-based initiatives—worthwhile uses
of IR content that do not necessarily lead to citations. By contrast, disciplinary repositories
provide a focused and convenient access point for primarily scholarly literature specific to
certain fields and have been shown, when analyzed independently, to drive citations (Fraser
et al., 2020).

It is worth noting the positive correlation between clicks and citations, and this makes
a case for search engine optimization (SEO) in repositories. Without doubt, the largest
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single factor driving discoverability and use of IR content is a presence of that content in
search engine indices. Proper implementation of SEO techniques, as well as monitoring
and managing search engine performance using tools like Google Search Console, con-
tinues to be crucial in helping to make repository content discoverable. While we do not
make a causal connection to the effect that accessing OA items as demonstrated by clicks
in SERP leads to citations, the correlation suggests that IR are fulfilling their valued role
of providing open access to research. Conceivably, a download of a manuscript as recorded
by click activity leads to a citation of that manuscript, or alternatively, a highly cited item
receives clicks because the corresponding research is a focus of popular news stories or
other heightened interest. Also, OA content available from IR may often be used in teach-
ing as an alternative to using copies that are paywalled or subject to prohibitive license
restrictions. In either case, IR make high-interest content available to the general public,
researchers, and educators without subscriptions. Here, the nature of IR as general-purpose
repositories provides a net benefit, since not every discipline is served by an established
disciplinary repository.

The question of whether and how often researchers use IR copies but then cite the pub-
lisher’s “version of record” remains difficult to assess. However, the modest but significant
correlation between citations and the count of OA copies held by IR suggests that at least
some use of IR content is research oriented. Further, we note that the slightly higher corre-
lation between publisher provided OA and citations may indicate that increasing uptake of
OA models among publishers could result in less use of IR content for scholarly research
over time. This smaller correlation should not be understood as an argument against the
value of IR, but rather that outside of supporting research for peer reviewed scholarship the
ongoing value of IR may more directly lie in providing access to unique collections includ-
ing electronic theses and dissertations, administrative records, and various types of institu-
tional grey literature. The value of electronic theses and dissertations as potential drivers of
IR use has been previously reported in (Arlitsch et al., 2020).

Nonetheless, even if the citation effect of IR is outpaced by other forms of OA, it
remains true that providing green open access to scholarly research is a foundation of the
IR value proposition and a key part of IR service models. We advocate for the citation of
IR copies of research articles when they are used, in addition to citing the publisher’s copy,
as an ethical way to support and recognize the contribution of IR to research and the open
scholarly record.

Limitations

The findings reported here are based on an analysis of a dataset that is limited in scope in
several ways. First, the subset of RAMP data used for the analysis was limited to 35 IR, of
which the data for five repositories was dropped for reasons described in the methods sec-
tion. Although the repositories represent a variety of institutional sizes, levels of research
activity, and organizational structures (including consortia, technical institutes, and large
research universities), the set may not be representative of the variety of repositories in the
US or internationally. Further, the set is not culturally representative and consists primar-
ily of institutions from the US, Canada, Europe, and Australia. The majority of the content
hosted by the 35 repositories is in English.

A second limitation inherent in the data is RAMP’s use of Google Search Console
as the sole data source. While this enables baseline comparison of consistent IR search
performance metrics across repository platforms, information about access and use of
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IR content through other means besides searches on Google properties is not available.
For example, use of IR hosted content in MOOCS, or shared via social media or aca-
demic social media services including ResearchGate and Academia.edu, would not be
counted within RAMP data. However, as recently reported by Macgregor (2019), the
vast majority of IR traffic is driven by Google properties.

The frequency of groups in Table 5 reveals that the majority of the manuscripts in
our sample have only 1 copy hosted by institutional repositories (10,963, 81%). Disci-
plinary repositories, publisher repositories, and other repositories are less fully repre-
sented within our sample. This does not imply that these types of repositories are under-
utilized but is a further limitation of the scope of RAMP as a service for IR to measure
their search engine performance. We note however that RAMP is available without cost
to any repository that wishes to register, and that it may be used equally by disciplinary
repositories, publisher OA repositories, and other types of OA services. Participation in
RAMP from a larger variety of repository types and OA services can broaden the data-
set and strengthen further research into correlations between search engine performance
and citation effects.

Differences in citation activity across disciplines may also have impacted our analysis,
as more recently published items within the RAMP dataset may not have reached their
peak rate of citation. For example, any items in the RAMP data that are related to research
in the STEM fields and which were published before 2014 or 2015 may well have leveled
off in terms of overall citation rates. In this case, they will have received the majority of
citations ahead of the 2017 cutoff date used in our analysis. However, items published in
non-STEM fields as early as 2010 or 2011 may not have reached their peak citation rate or
received a majority of their citations before January, 2017. Breaking down the analysis by
discipline was not possible using available metadata, but we note that any bias resulting
from this limitation would logically understate rather than overstate the impact of IR avail-
ability on citations received by items across the overall RAMP dataset.

Conclusions

This study suggests that a citation effect is most correlated with specialized disciplinary
repositories, although the availability of manuscripts in IR and publisher OA reposi-
tories also has a positive, but smaller effect on the number of times the manuscript is
cited. The results regarding availability of manuscripts in IR and the positive correla-
tion with citations should be encouraging to proponents of IR. However, citations are
only one measure of impact and may not provide the most effective means of assessing
the value of IR. Further investigation of how IR content is used to support economic
development, local and regional policymaking, and the publication and preservation of
unique collections is warranted through the use of altmetrics and analysis of citations
within grey literature. As noted above, the public availability of electronic theses and
dissertations via IR is a potentially significant contribution to open scholarship and is a
subject worthy of more detailed study.

One objective of the research reported here has been to identify publicly available
data that could be merged with RAMP data in order to enable the definition and analysis
of new metrics describing the contribution of IR to the open scholarly record. The bib-
liometric analysis described in this article included the following external data sources:
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e Descriptive metadata for items that received one or more clicks in Google SERP during
the five-month period of study. Although only dates of IR publication and DOI meta-
data were used for the analysis, additional metadata about authors, titles, keywords, and
abstracts may be useful for further analysis of search engine performance relative to
metadata, and variation in metadata use across repositories and platforms.

Crossref bibliographic and citation metadata.
Unpaywall data about OA availability of individual items.

All Crossref and Unpaywall data necessary to reproduce or replicate the reported analy-
sis have been aggregated into the published dataset. Complete or more current data are
available from the public APIs of both services.

We encourage our colleagues to make use of the RAMP datasets we have published.
Six datasets of IR use and performance data, spanning 2017-2021 are freely available on
the Dryad data repository. Institutional repositories continue to be a significant endeavor of
many research institutions and we believe the data produced by RAMP will contribute to
our understanding of their value through measurement of their performance and analysis of
their content.
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