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Abstract

Given the importance of Google Search in generating visits to institutional repositories
(IR), a lack of visibility in search engine results pages can hinder the possibility of their
publications being found, read, downloaded, and, eventually, cited. To address this, institu-
tions need to evaluate the visibility of their repositories to determine what actions might be
implemented to enhance them. However, measuring the search engine optimization (SEO)
visibility of IRs requires a highly accurate, technically feasible method. This study consti-
tutes the first attempt to design such a method, specifically applied here to measuring the
IR visibility of Spain’s national university system in Google Search based on a set of SEO-
based metrics derived from the Ubersuggest SEO tool. A comprehensive dataset spanning
three months and comprising 217,589 bibliographic records and 316,899 organic keywords
is used as a baseline. Our findings show that many records deposited in these repositories
are not ranked among the top positions in Google Search results, and that the most vis-
ible records are mainly academic works (theses and dissertations) written in Spanish in the
Humanities and Social Sciences. However, most visits are generated by a small number of
records. All in all, our results call into question the role played by IRs in attracting read-
ers via Google Search to the institutions’ scientific heritage and serve to underscore the
prevailing emphasis within IRs on preservation as opposed to online dissemination. Poten-
tial improvements might be achieved using enhanced metadata schemes and normalized
description practices, as well as by adopting other actionable insights that can strengthen
the online visibility of IRs. This study increases understanding of the role played by web
indicators in assessing the web-based impact of research outputs deposited in IRs, and
should be of particular interest for a range of stakeholders, including open access and open
science advocates, research agencies, library practitioners, repository developers, and web-
site administrators.
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Introduction

Institutional repositories (IRs) allow individual researchers, especially those without repos-
itories in their own disciplines, to make their research openly accessible (Jones et al., 2006)
and permit institutions to operate as stewards of all types of digital materials produced
by staff and students (Lynch, 2003; Pinfield et al., 2014). As such, IRs preserve intellec-
tual property by collecting, describing, and making available digital assets on behalf of the
institutions that generate them (Crow, 2002).

Considering IRs a core component of the institutions’ academic communication sys-
tems, pivotal in disseminating research results (Ruiz-Conde & Calderon-Martinez, 2014),
any decrease in IR visibility might limit the number of visitors to an IR’s website and hin-
der the findability of publications, reducing their chances of being read and, eventually,
cited. Simply stated, the visibility of IRs in search engine results is of particular relevance.

While various methods can be exploited to drive traffic to websites (e.g., direct, refer-
ral, paid search, organic search, social media, email, and display, etc.), clicks from a search
engine’s organic results (i.e., non-paid) are critical. For example, according to Similarweb,
69% of visits to DSpace@MIT originate from organic results.!

Among available search engines, Google Search today predominates, having cornered
91.61% of the search engine market share worldwide as of December 2023, according to
StatCounter.” Thanks to its simplicity and speed, Google Search plays a leading role in
searching for and finding scholarly material (DeRosa, 2010; Gardner & Inger, 2021; Grif-
fiths & Brophy, 2005; Haglund & Olsson, 2008; Markland, 2006; Niu & Hemminger,
2012).

Thus, the presence of the content of IRs in Google Search results is pivotal in ensuring
that this IR-hosted content is visited. This presence can be measured using a range of web-
based metrics and, in this way, researchers are able to obtain broad insights into the role of
repositories in promoting the use of scholarly information, while institutions are informed
as to whether they need to implement actions of improvement.

However, measurement requires a highly accurate, technically feasible method for col-
lecting and processing metrics related not only to the IR’s primary domain name (e.g.,
riunet.upv.es) but also to each URL, especially those linked to bibliographic records (e.g.,
riunet.upv.es/handle/10251/105556).

The present study attempts for the first time to design and apply a search engine opti-
mization (SEO) method to ascertain the visibility of IRs in Google Search and, to do so, it
employs Spain’s national university system as a baseline.

The rest of the paper is structured as follows. “Research Background” section describes
academic SEO (A-SEO) and highlights its applications in relation to institutional reposito-
ries. “Method” section defines the SEO-based metrics and describes the data collection and
cleaning processes. “Results” section presents our main findings, including the number of
URLs ranked for each IR, the number of search expressions that result in these URLs being
ranked, and the number of visits that the ranked URLSs drive to their respective IR websites.
URLSs linked to publications are described according to their year of publication, language,
type, and subject. “Discussion” section outlines the practical implications of the results
obtained, provides recommendations for repository managers to enhance IR visibility, and

! https://www.similarweb.com/es/website/dspace.mit.edu/#traffic-sources.
2 https://gs.statcounter.com/search-engine-market-share.
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discusses the limitations of the method. “Conclusions” section draws together the main
conclusions to be reached by the study.

Research background

Online searches have changed the way people (including researchers) learn and read (van
Dijck, 2010). At the core of this disruptive event lies the search engine (Enge et al., 2015).

Search engines display a limited number of results for a given query, ordered by rel-
evance, the latter being determined by a unique algorithm specific to each search engine
that exploits a range of different factors (Lewandowski, 2023). Thus, users tend to click
on the results that appear on the first search engine results page (SERP) (Hochstotter &
Lewandowski, 2009; Malaga, 2008; Pan et al., 2007), while results ranked outside the top
100 are unlikely to be seen and even less likely to be clicked on. This generates competi-
tion between websites in their efforts to attract attention.

The fact that a web page is ranked among the top 100 has two possible and co-existing
explanations: natural—e.g., the content is relevant, newsworthy, etc.—and artificial—e.g.,
the content has been created or promoted to optimize its relevance in relation to certain
search expressions (i.e., organic keywords). This has given rise to SEO, that is, the design
and application of strategies oriented to driving web traffic to websites from search engines
via organic search results for targeted search terms (own definition, inspired by Davis,
2006; Enge et al., 2015; Ledford, 2015; Serrano-Cobos, 2015).

The application of SEO practices to scholarly publications (Academic-SEO or A-SEO)
can likewise be defined as the creation, publication, dissemination, and promotion of schol-
arly literature in a way that makes it easier for search engines to crawl and index it, favoring
its appearance in the first positions of the SERP for the most significant number of search
terms possible (own definition, inspired by Beel et al., 2010).

A number of seminal works (Beel & Gipp, 2010; Beel et al., 2010) have described
A-SEO and report the outcome of various tests of the effects of SEO practices on Google
Scholar, identifying both ethical—e.g., quality metadata and rich abstracts—and unethi-
cal—e.g., link spam, content spam and duplicate spam—strategies.

The A-SEOQ literature has evolved into various branches among which we find studies
focused on how ranking algorithms operate (Martin-Martin et al., 2017; Rovira et al., 2019,
2021); on the SERPs generated by academic-related search terms (Gonzalez-Llinares et al.,
2020); and on scholarly objects, including theses and dissertations (Coates, 2014), journals
(Gonzalez-Alonso & Pérez-Gonzalez, 2015; Lopezosa & Vallez, 2023), research institu-
tions (Park, 2018), and universities (Kaur et al., 2016; Olaleye et al., 2018).

The A-SEO scholarly literature has also turned its attention to repositories in an effort
to determine how many records hosted by IRs are actually indexed on search engines. In
general, they typically find low indexing ratios. For example, Arlitsch and O’Brien (2012)
reported the low indexing ratios of US repositories in Google Scholar, while Ordufia-
Malea and Delgado Lépez-Coézar (2015) found neither Google Search nor Google Scholar
to be accurate and representative of the content available in Latin American IRs. Similar
results were reported by Alhuay-Quispe et al. (2017) when analyzing Peruvian IRs, while
Yang (2016) concluded that PDF files not supplemented with metadata were not crawled,
and so not discovered, by search engines.

However, the above findings are based on tailored searches (i.e., by title or URL men-
tion) and, as such, fail to show how visible the repositories are, regardless of the search
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term used. To address these shortcomings, the present study proposes and applies a method
based on collecting and cleaning data from professional SEO tools equipped with func-
tionalities and metrics that can exhaustively characterize the presence of IR websites on
Google Search and approximate the web traffic that the search engine results actually drive
to the IR websites.

Method

This study employed a three-step methodological approach: identifying the Spanish IRs,
collecting web metrics (at the repository- and keyword-levels) using an SEO tool, and
describing the bibliographic records collected. Each step is detailed below.

The first step involved locating all the Spanish IRs. To do so, the official websites of
all of Spain’s higher education institutions (HEIs) registered in the Registry of Universi-
ties, Centers, and Degrees (RUCT)3 were manually accessed as of October 2022 to check
for the existence of a repository. Additionally, the ROAR and OpenDOAR databases were
consulted. The exercise yielded 86 HEIs with a total of 73 repositories (84.9% of the insti-
tutions), considering CEU (Cardenal Herrera, San Pablo, and Abat Oliva) and Europea
(Madrid, Valencia, Canary Islands) as unique multi-site HEIs sharing the same IR.

The second step involved collecting web-based metrics for each repository using an
SEO tool. We opted for the premium version of Ubersuggest* given its ease of use and
additional features. Interestingly, for our purposes here, Ubersuggest, which has been pre-
viously used in the A-SEO literature (Dadkhah et al., 2022), offers the possibility of ana-
lyzing domain names and obtaining a wide range of metrics related to the search terms for
which a domain name appears in the top 100 results (i.e., organic keywords). It also ranks
specific URLs.

Ubersuggest was set up to obtain data from the Spanish search engine market.’ (Note,
however, that as SEO tools only operate with domains or subdomains, all the repositories
with URL syntaxes, including subdirectories and dynamic URLs, were excluded from the
analysis.®)

Each repository’s domain name was included as the domain under analysis (e.g., riunet.
upv.es), Spanish was marked as the language, and Spain was marked as the country. Then,
the “Keywords by Traffic” and “Top Pages by Traffic” features were selected to collect all
the search terms for which a given repository’s domain name appears in the top 100 posi-
tions and all the domain name’s URLs with a ranking, respectively. Additionally, a pair of
metrics (number of search terms and number of visits) were also collected at a global scale.

We also chose to design a new indicator—keyword strength—to measure the relevance
of a search term for an IR, establishing a minimum monthly volume of searches (1000) and
a minimum number of visits to the repository (10), and ranking the repository URL in a rel-
evant position on the SERP (top 10). All these metrics were collected using Ubersuggest.

The third step involved describing each repository’s URLs ranked in the top 100 posi-
tions for at least one search term in Google Search. This process involved cleaning and
normalizing all the URLSs, for which the Debug-Validate-Access-Find (DVAF) method was

3 https://www.educacion.gob.es/ruct.

4 https://neilpatel.com/es/ubersuggest.

> The selection of one country/language market is complimentary in SEO analyses.
® The following URL was discarded: biblioteca.nebrija.es/cgi-bin/repositorio.
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followed (Orduiia-Malea et al., 2023). The protocols (e.g., http, https) and all URL param-
eters (i.e., the characters to the right of the "?" symbol) were removed from each URL. All
duplicate URLs and URLSs pointing to different manifestations of the same record (e.g., full
text, bibliographic description) were then merged.

This process yielded a range of URLSs, some of them related to informative content (e.g.,
repository’s homepage, search pages, statistics, group or researcher profiles, comments,
reviews, tags, categories, recent submissions), others directly related to publications (bibli-
ographic records and full-text publications), which include persistent identifiers (i.e., PID-
based URLs). The analysis of PID-based URLs is relevant as the latter reflect the presence
of links to publications in Google Search results, and help to determine whether the IRs are
indexed because of the publications hosted or because of other content.

A Python script was designed to access automatically the PID-based URLs and to
extract the DC metadata embedded in the corresponding HTML page. Among the available
metadata, the year of publication (DCTERMS.issued), type of document (DC.type), lan-
guage (DC.language), and subject (DC.subject) were statistically analyzed. Three reposi-
tories were discarded as they did not include DC metadata in their bibliographic records.’

The document types included in the DC.type metadata fields were categorized into 26
broad subjects due to the impossibility of determining the meaning behind some categories
(e.g., “Conference objects” might contain presentations, posters, conference papers or con-
ference abstracts), and the use of different terms in application to the same document type
(e.g., Bachelor’s thesis, TFG, or final degree project).

As for the DC.subject metadata field, the process found identical terms in lower/upper
case (e.g., “Nursing Care” and “nursing care”), with/without diacritics (e.g., “Educacién”
and “Educacion”), with/without spaces (e.g., “Counting” and “Counting”), singular/plural
(e.g., “Farmhouse” and “Farmhouses”), numerical codes at the beginning or end of the
subject (e.g., “6201 Architecture”), all/part cases (“coastal zone management” and “coastal
zone management—Mexico”), equivalent terms in different languages (e.g., “educacién
social”, “educaci6 social” and “social education”), and even descriptive phrases (e.g., “bio-
logical control of plant diseases”).

We opted to conduct the thematic analysis by characterizing each publication based on
its keywords instead of counting their frequency. ChatGPT v4 was employed to preproc-
ess the data for October 2022 as a sample (143,306 records with metadata) and classify
them into broad thematic areas, allowing the inclusion of up to two broad disciplines in
each publication to consider interdisciplinary publications. Two prompts were designed
and tested (see supplementary material). The results obtained were subsequently reviewed
manually.

The data were subsequently analyzed to extract metrics at the repository level. Specifi-
cally, the search terms making each repository visible in Google Search (i.e., number of
organic keywords), the web traffic generated by those searches (i.e., number of visits), and
the repository coverage (i.e., number of bibliographic records per repository) were com-
puted. Table 1 offers detailed information on all the metrics collected, including the quanti-
fied event, the unit of measurement, the metric, the corresponding performance indicator,
and the different filters considered.

The measures were applied monthly for three months (October, November, and Decem-
ber 2022), from which we obtained 217,589 unique bibliographic records and 316,899

7 zaguan.unizar.es, addi.ehu.es, and summa.upsa.es.

@ Springer



Scientometrics

sipuowt ¢ uredg ST Paseq-Id 03 SUSIA
squuow ¢ uredg ST I[ 03 SUSIA K1oypsoder
squow 7| [eqo[D ST I[& 03 SUSIA oY} 0 SINSAI Y2UDIS 2]300L) WOIJ SJSIA  AOUAPNY SJISIA JO IoquUnN SYPID  USIA
sqpuowr ¢ uredg SJISIA OU [)IM SPI0OY
sqpuowr ¢ uredg SIISIA ()] 1S€9] J& YIIM SPIOIIY synsax oo doy oy ur readde
sqpuowr ¢ uredg SPIOMADY [[& J0J SPI0OAI [V ey K103150d01 9} UT PoISOY SPI009Y  95BIdA0)) Sp100a1 Jo ToquinyN  sprode1 omyderSorqrg  yuey
sqpuowr ¢ uredS STy Paseq-gId pue spiomAay Suong B g —
syjuowr ¢ uredg STIN Paseq-QId pue SpIomASY [V yoreas oo doy oy ur sxeadde T K101
syiuow 7] [eqo[D ST I8 pue SpIomAY [V  -150da1 9UO ISL9[ J8 YOIyM JOJ SULI0) YoIedS AJJIQISIA  SWLIA) YOIeas JO JoqUuInN SULI0) YoIBdS  Yuey
ueds owr], 09D STV odoog  I103EROIPUT OLNOJA  JUSWIQINSEAW JO JTU() JUSAH

SOLNQW [9A[-A1031s0doy | 3|qel

pringer

Qs



Scientometrics
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Fig.1 Number of visits received by Spanish institutional repositories in 2022. Source: Based on data
obtained from Ubersuggest and created with Scimago Graphica (https://www.graphica.app)

unique search terms. While the metrics related to the PID-based URLSs are limited to these
three months, the remaining repository-level metrics cover the whole of 2022.

Finally, the variability rates of the bibliographic records and search terms were designed
to measure data variability. They were computed as the average of new records/keywords
in month X concerning the records/keywords visible in month X-1.

Results
Repositories

In 2022, Spain’s IRs received, on average, around 3.2 million monthly visits derived from
clicks on the top 100 organic search results in Google Search, with October (3,624,923
visits) and November (3,672,485) figuring as the most active months and April (2,651,577)
the least (Fig. 1). The total number of visits received from Google Search during the year
amounted to 38,662,526.

While data corresponding to a broader span of years are needed to determine whether
the results in Fig. 1 present a degree of seasonality, the fact that visibility dropped in
April and was maintained in the boreal summer months (July and August) was, however,
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Table 2 Global audience and visibility of Spain’s institutional repositories in 2022

Repository domain Audience (global) Visibility (global)
name

Visits (sum) Visits (month Avg.) Top 100 terms Top 10 terms Top 3 terms
(month Avg.) (month Avg.) (month Avg.)

eprints.ucm.es 3,842,367 320,197 507,841 10,596 937
rua.ua.es 3,494,298 291,192 395,696 10,424 995
dadun.unav.edu 2,317,350 193,113 195,642 3574 250
riunet.upv.es* 2,012,325 167,694 299,033 6481 659
oa.upm.es* 1,582,906 131,909 269,646 7449 546
addi.ehu.es 1,516,526 126,377 149,962 1646 219
repositori.uji.es 1,507,663 125,639 105,437 2539 306
digitum.um.es 1,471,070 122,589 182,128 3828 260
e-spacio.uned.es 1,453,702 121,142 220,744 3990 296
upcommons.upc.edu® 1,444,263 120,355 309,747 5930 545
ddd.uab.cat 1,193,282 99,440 233,277 3620 341
gredos.usal.es 1,058,971 88,248 249,209 2959 211
idus.us.es 1,045,856 87,155 283,281 3045 213
repositorio.uam.es 1,024,808 85,401 264,510 2927 212
diposit.ub.edu 918,196 76,516 172,183 3730 335
uvadoc.uva.es 911,626 75,969 227,482 3014 223
ruc.udc.es 849,973 70,831 201,986 2673 140
accedacris.ulpgc.es 712,777 59,398 150,200 2316 164
digibug.ugr.es 685,303 57,109 134,419 1889 155
zaguan.unizar.es 673,216 56,101 214,969 2178 181

*Technical universities. Source: Based on data from Ubersuggest

unexpected. Sporadic falls in the number of visits to Google Search might, in part, explain
these results.

The number of visits to the IRs presents a skewed distribution, with 14 repositories
(18.9%) obtaining more than one million visits each from Google Search in 2022. The IRs
of the Universidad Complutense de Madrid (UCM) and the Universitat d’Alacant (UA)
had the most accumulated visits in 2022 (Table 2).

The ranking achieved by UCM’s repository can be attributed to the size of the univer-
sity: the UCM is the third largest in Spain with 66,144 students enrolled in 2022/2023
(according to the Integrated University Information System [SIIU]) and the second largest
in terms of scientific productivity with 107,217 publications (according to Scopus). Yet,
the presence of medium-sized (UA, UPV) and small universities (UNAV) at the top of the
ranking indicates that institutional size and productivity alone cannot account for the num-
ber of visits received from Google Search.

The UCM and UA also hold the repositories with the highest visibility in terms
of organic keywords in Google Search’s SERPs (top 100, top 10, and top 3). Indeed,
the Spearman correlation between the number of search terms for which a repository

8 According to SEMRush (semrush.com), the number of organic visits to google.es dropped in March 2022
(from 47.6 million in February to 19.1 million in March), increasing again in April.
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Fig.2 Number of records by year of publication. Source: Based on the IRs’ Dublin Core metadata and cre-
ated with Scimago Graphica (https://www.graphica.app). Records taken from a sample of three months:
October, November, and December 2023

appears in the top 100 results and the number of visits received after clicking on the
link on the SERP is statistically significant (R,=0.97%; p-value <0.0001). However,
some exceptions should be noted, most noticeably the technical universities, which
have a relatively low number of total visits received from Google Search results com-
pared to the number of search terms for which the repositories of these institutions are
visible within the top 100 results.

The outcomes, however, vary significantly when the analysis is restricted to PID-
based URLs (data from the Spain/Spanish filter). Thus, as Table 3 shows, two tradi-
tional, large, face-to-face institutions, the Universidad de Sevilla (US) and the Univer-
sitat de Valéncia (UV) achieve, on average, the highest coverage. Meanwhile, the IRs
of the UCM and UA fall well down the rankings (26th and 30th, respectively).

Our analysis of the Google Search results from Spain yields a number of relevant
findings. First, 84.9% of visits to Spanish IR websites come from PID-based URLs
(i.e., publications are relevant in driving visits to the IRs). Second, visits from Spain
in Spanish account for just 16.4% of the total visits from Google Search (i.e., there is a
primary international audience).

The number of indexed publications that do not generate any visits to the reposi-
tory is also quite remarkable (51.3%). Indeed, this proportion exceeds 80% for 26 IRs
and is significantly higher in private universities. The UA (9%) and UCM (12%) are
among the universities with the lowest percentage of bibliographic records with no
visits, which may in part explain the results in Table 2.

These results corroborate the limited number of records with a minimum visit
threshold (i10 visits index), shown in Table 3. Even though the correlation between the
i10 visits index and the number of PID-based URLs is positive and strong (R=0.87;
p-value <0.0001), this relationship is marked by a number of key exceptions. For
example, the universities of Cérdoba (UCQO), Oviedo (UNIOVI), and Huelva (UHU)
hold repositories with many PID-based URLs, but they have low il10 visit values
(Table 3).
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As for the vocabulary of the keywords that triggers the appearance of PID-based
URLSs, the results show an average of 3596 (SD=1551) terms, with similar values
being recorded by those IRs that enjoy a higher coverage (4600-4800 search terms).
Otherwise, the number of “strong keywords” is limited (Mean =20; SD =24.6).

Records

Considering all 72 IRs analyzed herein, the number of PID-based URLSs visible in Google
Search results (top 100) for the Spain/Spanish filter totals 217,589. However, the actual
number of publications is smaller, since a given publication might be deposited in more
than one repository under a different “unique” identifier.

The distribution of publications according to the year of publication is shown in Fig. 2.
This highlights the concentration of recent publications reflecting the increase in scientific
production, the legal and institutional regulations that require the deposit of publications
in Spain, and the annual deposit of students’ academic output. Older publications illustrate
the retrospective deposit of publications in IRs, even when these were not published by
staff affiliated to the institution.

Most publications are written in Spanish (79.4%), followed by English (7.1%), and Cat-
alan (4.1%). The presence of Spain’s regional languages, including Catalan, Galician and
Euskera, has grown significantly recently (Fig. 3). A plausible explanation for this is the
increase in students’ academic work and doctoral theses written in vernacular languages.

Journal articles constitute the most frequent type (29.7%), followed by students’ aca-
demic work (27.8%) and doctoral theses (14.9%). While the distribution is similar to that
of total records deposited in Spain’s IRs according to OpenDoar data (Fernidndez, 2018),
student academic work and theses are overrepresented (Fig. 4).

Number of records Language
100k @ Spanish
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1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
Year of publication
Fig.3 Number of records per language. Source: Based on the IRs’ Dublin Core metadata and created with

Scimago Graphica (https://www.graphica.app). Records taken from a sample of three months: October,
November, and December 2023
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Records Visits Visits/Record
0 40K 80K 0 400k 800k 0 40 80
Journal articles . l 64.6K | ‘ 354.4K J 5.5
Student academic works _ 60.6K _ 450K . 7.4
Doctoral theses 324K 143.4K 44
[metadata not found] [ 194 B 10951 Bs7
Conference objects . 82K l 52.8K l 6.4
Books [l 7.9K ek fss
Book chapters 7.3K 422K 5.8

Other material JJ] 5.4K | 2R | P

Leaming objects | 3.5K B 526k | B

Reports & Working Papers | 2.3K J2s52x M 00
Image records ] 1.9K \ 8K ]43
Book Reviews | 1.2K 1.5K |13

Texts | IK 29K 29
Reviews | 653 [3.8k
Newspapers 5316 | S.IK
Journals 157 309
Patents 144 193
Prelims 138 296
Ancient heritage 131 848
Sound records 127 1.6K
Teaching guides 120 644
Video records 85 330
Annotations 78 6.2K 79.5
Teaching projects = 69 1.2K
Data 65 409
Other projects 16 472
Software 2 7

Fig. 4 Number of records and visits per document type. Source: Based on the IRs’ Dublin Core metadata
and created with Scimago Graphica (https://www.graphica.app). Records taken from a sample of three
months: October, November, and December 2023. For each record, all visits from the three months are
aggregated. Visits from Ubersuggest (Spain/Spanish filter used)

As for the accumulated number of visits by type, student academic output constitutes
the most popular document type, with around 450,000 visits on average. Learning objects
(38.4 visits per record on average) and Annotations (79.5 visits per page) also record a
notable impact. Overall, our results point to the importance of the academic material and
output created by students.

The audience attracted by students’ academic work and by teaching materials is con-
firmed by the results reported in Table 4. This shows the 20 publications with the most
visits accumulated during the three months of measurement, led by an undergraduate
dissertation reporting the use of Instagram in the sports media (15,850 visits), followed
by a conference paper (tagged as a journal article) on linguistics (13,798) and a lan-
guage teaching text (also tagged as an article) for use by students wishing to perform a
text commentary exercise (11,141). This discrepancy between metadata labels and doc-
ument types is discussed in detail below.

No publications published in 2022 appear among the top twenty most visited records
during the three months analyzed. This might indicate that the records require time to
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Table 4 Most visited records from the Top 100 Google Search results

PID-based URL Year Type Visits

uvadoc.uva.es/handle/10324/33101 2018  Student work 15,850
repositori.uji.es/xmlui/handle/10234/80348 1997 Journal article [Conference paper]* 13,798
digitum.um.es/digitum/handle/10201/28456 2012 Journal article [Learning object]* 11,141
rua.ua.es/dspace/handle/10045/61250 2017 Journal article 7310
upcommons.upc.edu/handle/2099.1/3319 2006  Student work 5506
riuma.uma.es/xmlui/handle/10630/20862 2021 Other material [Learning object]* 5326
eprints.ucm.es/id/eprint/45917 2018 Learning object 5086
eprints.ucm.es/id/eprint/45916 2018 Learning object 5023

dugi-doc.udg.edu/handle/10256/4195 2012 Conference object 4754
riuma.uma.es/xmlui/handle/10630/7299 2014  Other material [Learning object]* 4050
rua.ua.es/dspace/handle/10045/3834 2008 Report 3519
eprints.ucm.es/id/eprint/45915 2018 Learning object 3406
rua.ua.es/dspace/handle/10045/4298 2008 Learning object 3220
digibug.ugr.es/handle/10481/70294 2021 Book 3178
riunet.upv.es/handle/10251/30383 2013 Learning object 2990
eprints.ucm.es/id/eprint/45914 2018 Learning object 2936
repositorio.comillas.edu/xmlui/handle/11531/1038 2015  Student work 2896
repositorio.uam.es/handle/10486/681172 2017 Doctoral thesis 2834
minerva.usc.es/xmlui/handle/10347/7353 2011 Journal article 2715
digitum.um.es/digitum/handle/10201/86422 2020 Journal article 2478

*In brackets, the actual document type following manual inspection. Visits from Ubersuggest (Spain/Span-
ish filter used)

60,000
50,000 45,640
5
§ 40,000 32,568
b B
= 30,000
[T
2 19,697
& 20000 16736 44 694
g e
10,000
z = 2,422
0
Applied Arts Formal Human Medicine  Natural Social
sciences sciences sciences and health sciences sciences
Subjects

Fig.5 Number of records per discipline. Source: Based on the IRs” Dublin Core metadata and created with
Google Drive. Note: Records can be classified into more than one discipline

accumulate visits. However, data covering a broader time span are required to confirm
this phenomenon.

Our analysis classified 112,091 records (73%) thematically. The disciplines with the
most significant presence were the Social Sciences (40.7% of records) and the Human
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Sciences (29%), while the presence of the Natural and Applied Sciences, as well as that
of Medicine and Health, was smaller. The remaining disciplines can be deemed residual
(Fig. 5).

Discussion

The present study has defined A-SEO metrics for non-aggregate (bibliographic records)
and aggregate (repositories) online research objects and applied them to 217,589 biblio-
graphic records and 316,899 organic keywords. As such, this is the first large-scale A-SEO
analysis to be conducted of IRs to date and one that, moreover, provides comprehensive
coverage of an entire national university system. In short, the study has served to enrich the
evaluation of IRs using standard evaluation criteria (Serrano-Vicente et al., 2018).

Our findings indicate that many records deposited in the repositories are not ranked
among the top positions in Google Search results and that most visits are generated by a
small number of records.

Further studies are needed to determine whether these limitations are also evident in
other countries. However, this effect may well be enhanced by the massive use of non-
optimized repository software and the progressive transformation of Google Search into a
centripetal website, offering the most significant amount of information possible to prevent
the user from navigating to another site (Scolari, 2008).

Given the importance of Google Search in generating website traffic, these results point
to the broad invisibility of scientific publications hosted by Spanish IRs to searches made
in Spain, especially in Medicine, the Natural Sciences, and Engineering. This undermines
considerably the dissemination function of the IRs and may limit the use and impact of
the OA access hosted content and be a disservice to the academic reputation of Spain’s
universities.

For example, the Universidad de Sevilla is home to the repository with the largest num-
ber of PID-based URLs (4146, of which around 30% are journal articles), a number that
pales in comparison with the 91,100 records that this institution had indexed in Google
Scholar as of 3 January 2023 and the 120,300 total records deposited in the IR on that
date,’ and the 64,550 publications indexed in Scopus.

It should be borne in mind that the size of the repositories represents a fraction of a
university’s actual scholarly output due to low self-archiving rates, which is a consequence
of various factors, including the use of thematic repositories and academic networking
sites (Borrego, 2017; Xia, 2008), copyright conflicts and publishing practices that affect
the percentage of OA repository deposits, despite the existence of institutional policies
and national and supranational mandates (Abadal et al., 2013; De Filippo & Mafiana-Rod-
riguez, 2022).

Low self-archiving rates combined with low indexation rates in Google Search means
that the majority of publications from Spanish universities never appear in the top positions
of Google Search results for searches conducted in Spain, at least as far as those versions
hosted in the IRs are concerned. Indeed, this calls into question the role played by IRs in
attracting readers to the institutions’ scientific heritage via Google Search.

% https://guiasbus.us.es/ld.php?content_id=34832070.
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A potential explanation for the low visibility recorded here is the general absence of
repository website optimization, which would appear to include inadequate bibliographic
descriptions and the creation of websites of limited usability and poor navigability.

The IRs” weak web authority (i.e., lack of external links from reputable sites)—an
aspect widely recognized in the literature (Zuccala et al., 2008; Aguillo et al., 2010; Smith,
2012, 2013; Orduiia-Malea, 2013; Fan, 2015; Ordufia-Malea & Delgado Lépez-Cozar,
2015; Aguillo, 2020)—can also lead to lower ranking positions in Google Search results,
thus further reducing the chances of attracting visits.

Among the potential limitations of studies of this type, the use of inappropriate meta-
data schemes stands out, an issue first highlighted by Arlitsch and O’Brien (2012). Our
study goes one step further by analyzing all PID-based URLSs ranked in Google Search top
results for all Spanish IRs. By accounting for the number of visits these results drive to the
IRs’ websites, we are able to corroborate not only the low indexation rates, but also the
limited traffic generated to these repositories.

Arguably, the bibliographic records hosted in the IRs cannot compete in terms of
ranking with other more popular web pages as regards the search terms used by users in
Google Search, which we assume are likely to be more general and less specialized than
search queries conducted in other bibliographic databases, such as Google Scholar. How-
ever, given the not insignificant number of visits that Google Search can drive to the IRs’
websites, this issue should be addressed to make research results as visible to society as
possible.

The best-positioned records are, to a large extent, academic studies and doctoral theses,
mainly in the Social and Human Sciences. Given that the web pages of a given repository
all use the same template, style sheet, and metadata scheme, it would appear that publi-
cations addressing social issues and the humanities, especially those written by students,
employ a language that is less technical in nature, and which aligns better with the lan-
guage employed by the majority of users of Google Search. This implies that more scien-
tific works (or their metadata) should seek to include additional content that is more suited
to a non-academic public, thereby favoring the transfer of their results to society.

Despite applications of SEO aimed at making academic content more readily available
(Beel & Gipp, 2010), its use remains controversial. Indeed, some members of the academic
community consider it a means to deceive academic search engines by artificially promot-
ing low-quality content (Baeza-Yates, 2018), and, thus, it might undermine the relevance of
search results.

SEQ, it is claimed, takes advantage of the trust that users have in search engines (Euro-
pean Commission, 2016) and who would typically consider less credible works that are
ranked lower (Ma, 2022) due to the relevance notion (i.e., ranking algorithm) built by
search engines in their process of social platformization (Ma, 2023; van Dijck et al., 2018).
This argument may well account for the few attempts made to date to improve or fund the
online visibility of IRs.

Limitations

The method employed herein to collect bibliographic records and associated SEO metrics
in Google Search presents a series of limitations, which we discuss below.

First, SEO analyses might be biased towards the larger universities. To check for a
potential bias, we collected official staff data from SIIU and compared them with the SEO-
metrics obtained (Table 5).
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Table 5 Correlation matrix Variables 1 5 3 4 5 6
between Faculty staff,
publications, and records indexed

1 1 0.88 0.76 0.60 0.68 0.71
2 0.88 1 0.81 0.74 0.75 0.75
3 0.76 0.81 1 0.75 0.93 0.89
4 0.60 0.74 0.75 1 0.72 0.80
5 0.68 0.75 0.93 0.72 1 0.93
6 0.71 0.75 0.89 0.80 0.93 1

All values are different from 0 with a significance level of
alpha=0.001

Legend: (1) Number of faculty staff (obtained from SIIU, course
2022/2023); (2) Number of publications (obtained from Scopus, his-
torical data until 2022); (3) Number of records indexed in Google
Scholar (obtained from Transparency Ranking); (4) Number of PID-
based URLs ranked in Google Search (obtained from Ubersuggest);
(5) Number of visits from Google Search (obtained from Ubersug-
gest); (6) Number of visits from Google Search, only from PID-based
URLs (obtained from Ubersuggest)

Our results show that universities with the greatest number of research staft publish
most and have the most records indexed in Google Scholar (see strong correlations of
around 0.8). However, the largest universities do not present the highest number of PID-
based URLs (R=0.6). Likewise, although strong, the correlation between the number of
publications and PID-based URLSs points to a number of relevant exceptions (R=0.7).

The presence of small universities with IR websites that enjoy greater visibility in
Google Search than those of their larger counterparts might be attributed, among other
potential factors, to better A-SEO strategies.

Second, the analysis of the repositories employs a URL-based approach. For this rea-
son, some repositories cannot be analyzed since they do not fulfil the technical req-
uisites (e.g., having a domain or subdomain) and, as such, they compromise data col-
lection. The method is also subject to the problems associated with URL changes and
redirections. For example, “eprints.ucm.es” was redirected to a different domain, that
of “docta.ucm.es”, several months after data collection. Furthermore, a multiplicity of
PID-based URL syntaxes was detected due to a lack of standardization in the URL con-
figuration process in DSpace, including URL aliases that hinder the process of identify-
ing bibliographic records and collecting SEO metrics.

Third, while the method based on collecting DC metadata has its advantages (access-
ing all records en masse from the outside), it introduces a series of limitations. These
are derived primarily from the total lack of standardization of these metadata in Spain’s
IRs, being implemented by default in DSpace, the most common repository software
used by Spanish universities (Fernidndez, 2018).

The non-standard use of DCTERMS.issue (field dedicated to the publication date)
and of DC.date (date of record incorporation into the repository) tags was detected,
even within the same repository. Here, we used “DCTERMS.issue” metadata as the
publication date when detected, while the DC.date metadata field was only used when
the DCTERMS.issue metadata field was not present. As for document types, ambiguous
categories (e.g., “Others”), synonymy (e.g., TFM, Master’s thesis, final Master’s work,
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coursework), and polysemy (“lectures” referring on occasions to conferences and, on
others, to faculties’ teaching presentations) were detected.

The analysis of subjects was even more challenging due to a complete absence of
standardization, the field being used to insert keywords rather than subjects. ChatGPT
solved the issue appropriately by characterizing each record with at least one subject.
However, a manual inspection was still required, as the classification system failed to
categorize some 63,711 records owing to the ambiguity of terms used (e.g., “leasing”
was uncategorized rather than being associated with the “Social Sciences”). In other
cases, the classification was erroneous due to misunderstandings (e.g., silviculture [for-
estry] was assigned to the Human Sciences) or an incapacity to categorize subjects writ-
ten in languages other than those provided as examples in the prompt, written in Span-
ish. Although opting to use seven broad disciplines facilitated the classification process,
the results should still only be considered a rough indication of subject.

Empty or incomplete records were also found: 22,746 (10.5%) records without a year of
publication, 19,377 (8.9%) records without a typology, and 17,191 (7.9%) without a sub-
ject. Occasionally, this was due to the extraction parser, which could not correctly extract
the metadata from the HTML. On other occasions, the content was void because the PID-
based URLs corresponded to aggregates (journals, repository categories) without biblio-
graphic metadata, or the repository was unavailable online. Finally, human mistakes need
also to be taken into consideration, given the need for manual inspection to check validity.

Fourth, the use of web search engines for data collection also poses a series of technical
challenges, especially as regards issues of coverage (Bar-Ilan, 2004; Vaughan & Thelwall,
2004; Lewandowski & Mayr, 2006; van den Bosch et al., 2016), the generation of unstable
and rounded metrics (Font-Julian et al., 2018), and the bias of the user’s search and loca-
tion history (Badgett et al., 2015).

Fifth, the high degree of SEO data variability constitutes a notable limitation due to
the high variability of web-based data between data samples. To verify this limitation, the

October October

153,556 PIDs 205,568 terms

December
152,197 PIDs

52,781

110,725

November
November December

f L.145.623 203,773 terms f 204,104 terms

Permanent Identifiers Search terms
217,589 316,899
unique PIDs unique terms

Fig. 6 Unique and shared records (left) and search terms (right) per month for Spain’s institutional reposito-
ries. Source: Based on data from Ubersuggest
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variability of PID-based URLSs and keywords was measured between October and Decem-
ber 2022. This constitutes the first coverage analysis of its kind to be performed to date
(Fig. 6).

Of the unique bibliographic records, 42% remained visible in the top 100 Google Search
results across the three months in which evidence was collected, indicating a high degree
of variability. For example, 32,235 (14.8%) records were identified uniquely in December,
outside, that is, the top 100 results recorded in the previous two months (Fig. 6; left).

The search terms ensuring the records appeared in the top 100 Google Search results
also presented a high degree of variability, with only 40% of the terms (110,725) appearing
in all three months (Fig. 6; right).

For this reason, considering larger samples comprising more than 12 months’ worth of
data to verify possible annual patterns is recommended, as is obtaining more frequent sam-
ples (preferably on a weekly basis). However, the corresponding data collection and clean-
ing processes are technologically demanding.

Sixth, the data were obtained using a professional SEO tool (Ubersuggest). This means
the methodology employed by the tool is dependent on the collection and computing of
SEO data, which could differ from those offered by similar tools, such as SEMRUsh, Sis-
trix, or Ahrefs. However, this effect is minimized as all SEO tools collect data from the
Google API, and tend to differ from each other in terms of other added-value features.

Seventh, the results reported herein are mainly limited to the Spain/Spanish area and
Google’s search engine. However, other regions and languages should be included to
obtain a broader view of the online visibility of IRs. Considering search engines beyond
that of Google Search, especially for studies of IRs in other countries and demographic
areas, is also necessary.

Conclusions

In light of our results, we conclude that Spain’s institutional repositories need to improve
their visibility in Google Search so as to facilitate the findability of publications. To
achieve this goal, repository policies must be just as concerned with dissemination as they
are with preservation. Indeed, actions are needed to boost the number of PID-based URLs
that appear among search results, especially as far as journal articles in the Applied sci-
ences, Engineering, and Medicine are concerned.

The method designed herein has proved to be somewhat time-consuming and is char-
acterized by certain technical limitations in the collecting of metrics (dependent on the
coverage of the tool) and the quality of the metadata (dependent on the policy adopted by
each repository). Nevertheless, the method can be optimized, adapted, and extrapolated to
analyze IRs from other regions, thematic repositories, publishers, journals, and any other
online research resource and, as such, this constitutes a key contribution of the present
study. Meanwhile, the consideration of other SEO tools, the design and application of addi-
tional SEO-based metrics, and the acquisition of standardized bibliographic descriptions
constitute future challenges.

This work contributes to integrating SEO-based metrics into the array of alternative
metrics, which should serve as valuable tools for assessing new dimensions of the dissemi-
nation and impact of online research objects, both individual (publications) and aggregate
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(repositories), which are of interest to the field of the Science of Science, in general, and to
A-SEQ, in particular.

To conclude, it is our belief that IRs should transition from infrastructures focused on
hosting content to become true platforms of dissemination. A trigger here might be pro-
vided by the development of web-based and SEO-based indicators that move beyond the
characteristics afforded by standard evaluation criteria. The present study, we believe, con-
tributes to that end by facilitating the transition towards a new scenario in the quantitative
and qualitative evaluation of IRs.
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