Academic publishing requires linguistically inclusive policies
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Significance

The dominant use of English seriously impedes the fair participation of non-native English speakers in
science and transfer of knowledge across the globe. Journals play an irreplaceable role in addressing
this issue. We surveyed policies of 736 journals in biological sciences and found that most journals
make minimal efforts to overcome such language barriers in academic publishing. Society-owned
journals were more likely to have policies that are inclusive for non-native English speakers and
promote the multilingualization of scientific knowledge. By providing a set of actions that can be
implemented by journals, this article will raise awareness about linguistic equity in academic
publishing and urge publishers and journals to act immediately to overcome those barriers.

Abstract

Scientific knowledge is produced in multiple languages but is predominantly published in English. This
academic publishing practice creates a language barrier to the generation and transfer of scientific
knowledge between communities with diverse linguistic backgrounds, hindering the ability of scholars
and communities to address global challenges and achieve diversity and equity in science,
technology, engineering, and mathematics (STEM). To overcome those barriers, publishers and
journals should provide a fair system that supports non-native English speakers and disseminates
knowledge across the globe. We surveyed policies of 736 journals in biological sciences to assess
their linguistic inclusivity, identify predictors of inclusivity, and propose actions to overcome language
barriers in academic publishing.

Introduction

Sharing scientific knowledge across the globe is key to addressing many global challenges and
achieving Sustainable Development Goals (Target 17.6). Yet circulation of scientific knowledge
remains geographically restricted. The academic publishing culture has created a language barrier for
knowledge transfer, where scientific knowledge is produced in multiple languages but hegemonically
pushed to be published in English. Consequently, scholars from countries where English is not widely
spoken expend more cost and effort when publishing in English than scholars from countries where
English dominates (1-3). They also face the dilemma of achieving global visibility by publishing their
work in English or making their work accessible to local communities by publishing in their native
language. This tradeoff hinders the ability of scholars and communities to address both regional and
global issues, such as the conservation of biodiversity (4). It also hampers efforts to achieve diversity
and equity in STEM.

As gatekeepers of scientific knowledge, academic publishers and journals are responsible for
providing a fair system that supports non-native English speakers and disseminates knowledge
across geographic and linguistic borders (5). However, individual publishers and journals have



different values, incentives, and resources to strive towards linguistic inclusivity. Here we survey
policies of 736 journals in biological sciences to assess their linguistic inclusivity, identify predictors of
inclusivity, and highlight areas where publishers and journals can act to increase diversity and equity
in STEM.

Results and Discussion

Panorama of linquistic policies

Our assessment of author guidelines and surveys to editors-in-chief revealed that most journals are
making minimal efforts to overcome language barriers in publishing (Figure 1). As of late-2021, less
than 7% of the journals included in this study allowed authors to publish articles in languages other
than English. Publishing abstracts in an additional language was permitted by 33% of the journals
according to editors-in-chief, but only 18% of all journals mentioned this possibility in their author
guidelines. Only two of the 736 journals stated that manuscripts would not be rejected solely on the
grounds of the perceived English standard and just 8% had their complete author guidelines
accessible in at least one additional language. Although most editors-in-chief indicated that they allow
or encourage citing non-English-language references, only 10% of the journals explicitly mentioned
this in the author guidelines. Nearly half of the editors-in-chief considered free English-editing services
to entail grammatical corrections or directing authors to English-language tutorials, yet only 1% of the
journals offered in-depth assistance to authors through English-language mentoring programs free of
charge. Furthermore, only 6% and 4% of the journals instructed their reviewers and editors,
respectively, to avoid assessing manuscripts solely based on the perceived English quality. Only 11%
of the journals, most of which were archived on BioOne Complete, implemented machine translation
on their websites. Overall, journal support for non-native English-speaking authors and readers was
limited and, in some instances, author guidelines did not reflect the intentions of editors-in-chief to
assist authors during the editorial process.
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Figure 1. Linguistic policies of journals as communicated in author guidelines (N=736, the upper half
of the donut) and answered in our survey by editors-in-chief (N=262, the lower half) alongside the
predictors that are associated either positively (upward arrow) or negatively (downward arrow) with
the level of linguistic inclusiveness in policies.

Predictors of linguistic inclusivity

Higher Impact Factor (IF) journals were more likely to refer authors to commercial English-editing
services than lower IF journals. This practice appears to be associated with the publishers’ business
model; higher IF journals tended to be published by for-profit publishers, which advertised their own,
or their commercial partners’, English-editing services. Higher IF journals were, however, more likely
to have reviewer and editor instructions about the importance of linguistically inclusive assessment of
manuscripts. Despite this, higher IF journals were less likely to publish manuscripts and abstracts in
non-English languages, allow or encourage citing non-English-language references, and implement
machine translation on their websites. This indicates that higher IF journals implicitly target an
English-proficient readership only.

Open Access (OA) publishing is generally perceived as a move towards inclusivity in STEM.
However, our findings reveal that OA is not necessarily a key predictor of linguistic inclusivity in
journals. OA had a significant association only with the use of non-English-language references,
where the editors-in-chief of journals with a higher proportion of OA articles were more likely to allow
or encourage them. This finding, along with the fact that the cost of OA publishing represents a major
barrier for scholars from lower-income countries (6), casts doubts on the contribution of OA models to
reducing disparities in the global dissemination of scientific knowledge.

The linguistic diversity of editorial boards may also be viewed as a driver of inclusivity in journals,
since editors who have faced language barriers in their own career may be more aware of the impacts
of such barriers. However, linguistically diverse editorial boards were positively associated only with



the provision of author guidelines in multiple languages. In contrast, journals with linguistically diverse
editors were less likely to publish abstracts in non-English languages, offer English editing services,
and implement machine translation on their websites. This apparent paradox might reflect a lack of
power of editorial boards to shape a journal’s linguistic policies. For instance, in economics, some
major publishers have set general English language use policies for all their journals (7). Alternatively,
editors who have overcome language barriers might endorse established practices as a way to attain
acceptance within a dominant scientific community and circumvent criticism from colleagues for
promoting “disruptive” policies (8).

Ownership by a scientific society was the clearest positive predictor of linguistic inclusivity in scientific
publishing. Society journals were more likely to publicly allow or encourage citing non-English-
language references, instruct editors to assess the manuscripts regardless of the perceived English
standard, and implement machine translation on their websites. Furthermore, society journals
preceded, for several years, non-society journals in allowing the publication of non-English content
(Figure 2). As organisations with the capacity to define disciplinary norms and shape culture within
academic communities (9,10), scientific societies are uniquely positioned to reform academic
publishing towards linguistic inclusivity. Societies’ greatest assets are their membership. Therefore,
they have the responsibility to revise discriminatory practices and commit resources that support
greater opportunities for members from historically marginalised groups including scholars with limited
English proficiency. Furthermore, membership can also be a driver of change towards inclusivity by
establishing the foundation of English-mentoring programs offered to potential authors of society
journals (5).
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Figure 2. Cumulative plot of the year in which journals started to publish content in languages other
than English. Information is based on answers by editors-in-chief in our survey (N=77). Five journals
adopted those policies before 1920.



A roadmap to overcome language barriers in academic publishing

To promote equitable participation of historically marginalised groups in STEM and maximise the
dissemination of scientific knowledge across the globe, academic publishing must undergo a cultural
change and scientific societies can play a critical role in fostering this shift. Beyond the adoption of the
linguistically inclusive policies surveyed in this study (5,11-13; see Supporting Information), we
propose a set of actions that can further advance linguistic inclusivity in publishing: i) Journals should
scrutinise and revise author guidelines to communicate their linguistic policies in a clear manner and
reconcile author guidelines with the perception of editors (5,14). ii) The use of discriminatory language
in author guidelines and arbitrary requests against authors with limited English proficiency (e.g.,
requesting certificates of professional English-editing services) must be discouraged (7), as those
exclusionary practices could impose a significant economic burden to scholars from lower-income
countries. iii) Authors should be allowed to use artificial intelligence tools to proofread their
manuscripts (15). iv) Scholars, editors, and scientific societies should keep assessing the power
dynamics between publishers and journal editorial boards in the development of linguistically inclusive
policies and re-negotiate their policies whenever necessary. v) Journals should implement mandatory
double-blind peer review for a fair assessment of manuscripts regardless of authors’ linguistic
backgrounds (3).

Overcoming language barriers in academic publishing is feasible and necessary, but it requires an
understanding of the issues faced by scholars with limited English proficiency and a firm commitment
from publishers, journals, and scientific societies to develop and implement linguistically inclusive
policies. We urge academic publishers and journals to revise their policies to identify any linguistic
discrimination, educate themselves on scientific evidence related to language barriers (4,5,11) and
the experience of their readers and potential authors (1), and commit resources to implementing
linguistically inclusive policies.

Materials and Methods

We examined the author guidelines of 736 journals indexed by the 2020 Journal Citation Report™
under biological sciences to assess the inclusivity of their policies, and also surveyed editors-in-chief
to capture journal policies that are not apparent from author guidelines. To assess predictors of
linguistically inclusive policies, we collected information about the IF of the journal, the proportion of
OA articles, linguistic diversity of editorial boards, and ownership by a scientific society, and
conducted regression analyses (see Supporting Information). The datasets used in these analyses
are archived on Zenodo (DOI 10.5281/zenodo.7828391).
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Summary

Scientific knowledge is produced in multiple languages but it is predominantly published in English.
This academic publishing practice creates a language barrier to transfer scientific knowledge between
communities with diverse linguistic backgrounds, hindering the ability of scholars and communities to
address global challenges and achieve diversity and equity in science, technology, engineering, and
mathematics (STEM). To overcome those barriers, publishers and journals should provide a fair
system that disseminates knowledge across geographic and linguistic borders. We surveyed practices
and policies of 736 journals in biological sciences to i) assess their linguistic inclusivity, ii) identify
predictors of inclusivity, and iii) highlight areas where publishers and journals can take action to
increase diversity and equity in STEM. Some of the policies that we evaluated included the publication
of content in multiple languages, assistance to authors through English editing services, instructing
reviewers and editors to be aware of linguistic biases, citing references in multiple languages, and
implementing machine translation tools in websites. Our assessment revealed a grim landscape
where most journals were making minimal efforts to overcome language barriers in academic
publishing. The Impact Factor of journals was negatively associated with the adoption of a number of
inclusive policies whereas the ownership by a scientific society tended to have a positive association.
Counter to our expectations, the linguistic diversity of editorial boards and the Open Access model did
not have a major positive association with the adoption of linguistically inclusive policies. We
proposed a set of actions to overcome language barriers in academic publishing. Some of them
include the revision of exclusionary practices, clear communication of linguistic policies in author
guidelines, and renegotiation of power dynamics between publishers and editorial boards. Academic
publishing requires a change to support scholars and communities with limited English proficiency and
scientific societies are well positioned to lead this cultural shift.

Resumen

La publicaciéon académica necesita politicas de inclusidn linglistica

El conocimiento cientifico se produce en multiples idiomas, pero se publica predominantemente en
inglés. Esta practica de publicacién académica crea una barrera lingliistica para la transferencia de
conocimientos cientificos entre comunidades con diferencias linglisticas. Esto a su vez impide a
académicos y comunidades responder a desafios globales y alcanzar diversidad y equidad en la
ciencia, tecnologia, ingenieria y matematicas (STEM). Para superar estas barreras, las editoriales y
revistas deben ofrecer un sistema justo que difunda conocimiento mas alla de fronteras geograficas y
linguisticas. Estudiamos las practicas y politicas de 736 revistas de ciencias bioldgicas para i) evaluar
su inclusividad linglistica, ii) identificar variables predictoras de inclusividad vy iii) destacar areas en
las que las editoriales y revistas pueden tomar medidas para aumentar la diversidad y equidad en
STEM. Algunas de las politicas que evaluamos fueron la publicacion de contenido en varios idiomas,
el apoyo a autores a través de servicios de edicidn en inglés, los lineamientos para que revisores y
editores sean conscientes de sesgos linglisticos, la citacion de referencias en varios idiomas y la
implementacion de herramientas de traduccion automatica en los sitios web. Nuestra evaluacion
revel6 un panorama sombrio en el que la mayoria de las revistas estan haciendo pocos esfuerzos
para superar barreras linguisticas en la publicaciéon académica. El factor de impacto de las revistas se
asocio negativamente con la adopcién de varias politicas inclusivas, mientras que la pertenencia a
una sociedad cientifica se asocié positivamente. Contrario a nuestras expectativas, la diversidad
linglistica de los comités editoriales y el modelo de acceso abierto no presentaron una asociacion
positiva importante con la adopcion de politicas linglisticamente inclusivas. Proponemos un conjunto
de acciones para superar las barreras linguisticas en la publicacién académica. Algunas de ellas son
la revision de practicas excluyentes, comunicacioén clara de las politicas linglisticas en las



instrucciones para autores y la renegociacion de dinamicas de poder entre editores y comités
editoriales. La publicacion académica requiere un cambio para apoyar a académicos y comunidades
con un dominio limitado del inglés y las sociedades cientificas estan bien posicionadas para liderar
este cambio cultural.

Souhrn

Akademické publikovani vyzaduje jazykové inkluzivni opatfeni

Védecké poznatky jsou publikovany v riznych jazycich, ale pfevazné v angli¢tiné. Tato akademicka
publika¢ni praxe vytvari jazykovou bariéru pro pfenos védeckych poznatk( mezi komunitami s riznym
jazykovym zazemim, coz brani schopnosti védcl a komunit Fesit globalni vyzvy a dosahnout
rozmanitosti a rovnosti v oblasti védy, technologii, inzenyrstvi a matematiky (STEM). K pfekonani
téchto bariér by vydavatelé a ¢asopisy mély poskytnout spravedlivy systém, ktery Sifi znalosti napfi¢
geografickymi a jazykovymi hranicemi. Provedli jsme prizkum postupUl a opatfeni 736 ¢asopisu v
oblasti biologickych véd s cilem i) posoudit jejich jazykovou inkluzivitu, ii) identifikovat prediktory
inkluzivity a iii) upozornit na oblasti, v nichzZ mohou vydavatelé a Casopisy pfijmout opatfeni ke
zvySeni diverzity a rovnosti v STEM. Mezi opatfeni, které jsme hodnotili, patfilo zvefejfiovani obsahu
ve vice jazycich, pomoc autorlm prostfednictvim sluzeb pro korekturu angli¢tiny, pouceni recenzentt
a editor(, aby si byli védomi jazykovych zkresleni, citovani zdrojli ve vice jazycich a zavedeni nastroju
pro strojovy preklad na webovych strankach. Nase hodnoceni odhalilo neradostnou situaci, kdy
vétSina ¢asopisl vyviji minimalni Usili k pfekonani jazykovych bariér v akademickém publikovani.
Impakt faktor ¢asopisl byl negativné asociovan s pfijetim fady inkluzivnich opatfeni, zatimco
vlastnictvi Casopisu védeckou spole€nosti mélo spisSe pozitivni vliv. V rozporu s nasim oekavanim
neméla jazykova rozmanitost redak&nich rad a publikaéni model s otevienym pfistupem (open
access) vyznamnéjsi pozitivni souvislost s pfijetim jazykové inkluzivnich opatfeni. Navrhli jsme
soubor opatfeni k pfekonani jazykovych bariér v akademickém publikovani. Néktera z nich zahrnuji
revizi neinkluzivnich praktik, jasné sdéleni jazykovych praktik v pokynech pro autory a opétovné
prerokovani mocenské dynamiky mezi vydavateli a redak&nimi radami. Akademické publikovani
vyzaduje zménu podporujici védce a komunity s omezenou znalosti angli¢tiny a védecké spoleénosti
maji dobré pfedpoklady k tomu, aby tuto kulturni zménu vedly.

Zhrnutie

Akademické publikovanie vyZaduje jazykovo inkluzivne opatrenia

Vedecké poznatky su publikované v réznych jazykoch, ale vaésinou v angli¢tine. Tato prax
akademického publikovania vytvéra jazykovu bariéru pri prenose vedeckych poznatkov medzi
komunitami s réznym jazykovym zazemim, €o brani schopnosti vedcov a komunit riesit’ globalne
vyzvy a dosiahnut rozmanitost’ a rovnost v oblasti vedy, techniky, inZinierstva a matematiky (STEM).
Na prekonanie tychto bariér by vydavatelia a ¢asopisy mali poskytnat spravodlivy systém, ktory by
Siril poznatky naprie¢ geografickymi a jazykovymi hranicami. UskutoCnili sme prieskum postupov a
opatreni 736 ¢asopisov v oblasti biologickych vied s ciefom (i) posudit’ ich jazykovu inkluzivitu, (ii)
identifikovat prediktory inkluzivity a (iii) poukazat na oblasti, v ktorych mézu vydavatelia a Casopisy
prijat opatrenia na zvy$enie rozmanitosti a rovnosti v STEM. Medzi hodnotené opatrenia patrilo
publikovanie obsahu vo viacerych jazykoch, pomoc autorom prostrednictvom sluzieb na korekturu
angli¢tiny, poucenie recenzentov a redaktorov, aby si boli vedomi jazykovych skresleni, citovanie
zdrojov vo viacerych jazykoch a zavedenie nastrojov na strojovy preklad na webovych strankach.
Na$e hodnotenie odhalilo neradostnu situaciu, ked vaésina Casopisov vynaklada minimalne Usilie na
prekonanie jazykovych bariér v akademickom publikovani. Impakt faktor Easopisov bol negativne
asociovany s prijatim viacerych inkluzivnych opatreni, zatial ¢o vlastnictvo ¢asopisu vedeckou
spolo&nostou malo skér pozitivny vplyv. V rozpore s nasimi o€akavaniami jazykova rozmanitost



redak&nych rad a publikaCny model s otvorenym pristupom (open access) nemali vyznamnu pozitivnu
suvislost s prijatim jazykovo inkluzivnych opatreni. Navrhli sme subor opatreni na prekonanie
jazykovych bariér v akademickom publikovani. Niektoré z nich zahffiaju reviziu neinkluzivnych
postupov, jasnu komunikaciu jazykovych praktik v pokynoch pre autorov a opatovné prerokovanie
mocenskej dynamiky medzi vydavatelmi a redakénymi radami. Akademické publikovanie si vyZzaduje
zmeny, ktoré podporia vedcov a komunity s obmedzenou znalostou angli¢tiny, a vedecké spolo¢nosti
maju dobru poziciu na to, aby viedli tuto kultirnu zmenu.

Riassunto

L'editoria accademica necessita di politiche di inclusione lingquistica

La conoscenza scientifica € prodotta in piu lingue, ma viene pubblicata prevalentemente in inglese.
Questa pratica editoriale crea una barriera linguistica al trasferimento delle conoscenze scientifiche
tra comunita che parlano lingue diverse, ostacolando la capacita degli studiosi e delle comunita di
affrontare le sfide globali e di raggiungere la diversita e I'equita nella scienza, nella tecnologia,
nell'ingegneria e nella matematica (STEM). Per superare queste barriere, gli editori e le riviste
dovrebbero fornire un sistema equo che diffonda le conoscenze superando i confini geografici e
linguistici. In questo lavoro, abbiamo analizzato le pratiche e le politiche editoriali di 736 riviste legate
alle scienze biologiche per i) valutare la loro inclusivita linguistica, ii) identificare i fattori predittivi
dell'inclusivita, ed iii) evidenziare le aree in cui gli editori e le riviste potrebbero intervenire per
aumentare la diversita e l'equita nelle discipline STEM. Alcune delle politiche che abbiamo valutato
includevano la pubblicazione di contenuti in piu lingue, I'assistenza fornita agli autori attraverso servizi
di revisione in inglese, l'istruzione di revisori ed editori perché siano pit consapevoli dei pregiudizi
linguistici, la possibilita di inserire citazioni bibliografiche in piu lingue e l'implementazione di strumenti
di traduzione automatica nei siti web delle riviste. La nostra indagine ha rivelato un panorama
desolante in cui la maggior parte delle riviste compie sforzi minimi per superare le barriere linguistiche
nell'editoria accademica. Il Fattore d'impatto (Impact Factor) delle riviste € risultato essere associato
negativamente all'adozione di una serie di politiche inclusive, mentre la proprieta delle riviste da parte
di societa scientifiche tende ad essere associato positivamente con una maggiore inclusivita.
Contrariamente alle nostre aspettative, la diversita linguistica dei comitati editoriali e il modello Open
Access non sono risultate associate positivamente con l'adozione di politiche inclusive dal punto di
vista linguistico. Proponiamo quindi una serie di azioni per superare le barriere linguistiche
nell'editoria accademica. Alcune di queste includono la revisione delle pratiche di esclusione, la
comunicazione chiara delle politiche linguistiche nelle linee guida per gli autori e la rinegoziazione
delle dinamiche decisionali tra case editrici e comitati editoriali. L'editoria accademica ha bisogno di
un cambiamento per sostenere gli studiosi e le comunita con una conoscenza limitata dell'inglese e le
societa scientifiche sono nella posizione ideale per guidare questo cambiamento culturale.

Streszczenie

Publikacje akademickie powinny by¢ jezykowo inkluzyjne

Wiedza naukowa jest tworzona w wielu jezykach, ale publikowana jest gtéwnie w jezyku angielskim.
Ta akademicka praktyka wydawnicza stwarza bariere jezykowg w przekazywaniu wiedzy naukowej
miedzy spotecznosciami o réznym pochodzeniu jezykowym, utrudniajgc naukowcom i
spotecznosciom wspodlne stawianie czofa globalnym wyzwaniom. Réwnoczesnie, ogranicza
reprezentatywno$c, réznorodnosc¢ i rownos¢ w naukach scistych i przyrodniczo — techniczno —
matematycznych (STEM). Aby pokonac¢ te bariery, wydawcy i czasopisma powinni zapewni¢
sprawiedliwy system rozpowszechniania wiedzy ponad granicami geograficznymi i jezykowymi.
Przebadalismy praktyki i polityke 736 czasopism z dziedziny nauk biologicznych, aby i) ocenic ich
inkluzywno$¢ jezykowa, ii) zidentyfikowa¢ wskazniki inkluzywno$ci oraz iii) wskaza¢ obszary, w
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ktérych wydawcy i czasopisma mogtyby podjgé dziatania w celu zwiekszenia réznorodnosci i
dostepnosci w STEM. Niektére z analizowanych przez nas praktyk, obejmowaty publikowanie tresci w
wielu jezykach, pomoc autorom za posrednictwem ustug edycji w jezyku angielskim, instruowanie
recenzentow i redaktoréw, aby byli Swiadomi uprzedzen jezykowych, cytowanie odniesien w wielu
jezykach oraz wdrazanie narzedzi do ttumaczenia maszynowego na stronach internetowych. Nasza
analiza ujawnita ponury krajobraz, w ktérym wiekszos¢ czasopism podejmuje minimalne wysitki w
celu przezwyciezenia barier jezykowych w publikacjach akademickich. Impact Factor czasopism byt
negatywnie skorelowany ze stosowaniem przez redakcje szeregu praktyk inkluzywnych. Natomiast
powigzanie czasopisma z towarzystwem naukowym miato zazwyczaj efekt pozytywny. Wbrew
naszym oczekiwaniom réznorodnos¢ jezykowa redakcji i model otwartego dostepu nie miaty istotnego
zwigzku z przyjeciem praktyk inkluzywnych jezykowo. Proponujemy zestaw dziatan majgcych na celu
przezwyciezenie barier jezykowych w publikacjach naukowych. Niektdre z nich obejmuja rewizje
praktyk wykluczajgcych, jasne komunikowanie zasad jezykowych w wytycznych dla autoréw oraz
renegocjacje dynamiki zaleznosci miedzy wydawcami a redakcjami. Publikowanie akademickie
wymaga zmian, aby wspiera¢ naukowcdw i spotecznosci o ograniczonej znajomosci jezyka
angielskiego, a towarzystwa naukowe majg dobrg pozycje, aby tej zmianie kulturowej przewodzic.

BE

FARHBREFEERES TEMNEE

MEARUSHIESHE , EEEURFHR, XHFRERIBNEEFTRESERNEXZE
FRENZARFEESES , BS TE2ENEXEN S RBEUARKARZE, FR, TENHZ
(STEM) SUEH SHMNM L FHEED, N TRBRIXLES , HRENHHNZRE - DL FHRERE
BB AE SO RABAR, RIMNBEET 736 HMEYRZHTIMKBRMBER |, i) TEENNESS
2 i) BESRMENTNE R | BUK iii) 588 H ARE AT 0 LAREYT 3 AE R STEM SHMERM LT
HRGE,. BIMNTEN-LBEREFEUASHESHRRE. BERERERSNEERHUTLY. ES
FRANFEIZESRAL. USHESSIASEXEMUREMEPEEIZEETE, RIOINTEE
R, RKEBHBHERBRFRLRFOESESTEMTEN. BHEREFSEXASBUBEKEAM
x, MBEHELAEREREARX. STHAR , FEZASNIES SHENTHIRIEXERAE
SERMBFRRAEEANRMEKR. BNARRIFRBERFEESESMRENTHEEET HHbE
oE, EFEEETHBARESER  URERENFBEZRARZEARDHSHER K. FARH
REFERE , AXFREFEKFERNZENGX , MNZHLBRDEIFXFEE,

Résumé

Les publications académiques requirent des politiqgues d'inclusion linguistique

Les connaissances scientifiques sont produites dans de nombreuses langues, mais elles sont
principalement publiées en anglais. Cette pratique de publication académique crée une barriére
linguistique pour le transfert des connaissances scientifiques entre les communautés de diverses
origines linguistiques, ce qui entrave la capacité des chercheurs et des communautés a relever les
défis mondiaux et a respecter la diversité et I'équité dans les sciences, les technologies, l'ingénierie et
les mathématiques (STEM). Pour surmonter ces obstacles, les éditeurs et les réviseurs devraient
mettre en place un systéme équitable permettant de diffuser les connaissances au-dela des frontiéres
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géographiques et linguistiques. Nous avons étudié les pratiques et les politiques de 736 revues en
sciences biologiques pour i) évaluer leur inclusivité linguistique, ii) identifier les prédicteurs de
l'inclusivité et iii) mettre en évidence les domaines dans lesquels les éditeurs et les revues peuvent
prendre des mesures pour accroitre la diversité et I'équité dans le domaine des STEM. Parmi les
politiques que nous avons évaluées figurent la publication de contenus en plusieurs langues,
I'assistance aux auteurs par le biais de services d'édition en anglais, la sensibilisation des réviseurs et
des éditeurs aux préjugés linguistiques, la citation de références en plusieurs langues et la mise en
ceuvre d'outils de traduction automatique sur les sites web. Notre évaluation a révélé un paysage
sombre ou la plupart des revues ne font que des efforts minimes pour surmonter les barriéres
linguistiques dans I'édition universitaire. Le facteur d'impact des revues était négativement associé
avec l'adoption d'un certain nombre de politiques d'inclusion, tandis que la propriété par une société
scientifique tendait a avoir une association positive. Contrairement a nos attentes, la diversité
linguistique des comités de rédaction et le modéle de libre accés n'ont pas eu d'association positive
majeure avec l'adoption de politiques d'inclusion linguistique. Nous avons proposé une série d'actions
pour surmonter les barriéres linguistiques dans I'édition universitaire. Certaines d'entre elles
comprennent la révision des pratiques d'exclusion, la communication claire des politiques
linguistiques dans les lignes directrices destinées aux auteurs et la renégociation de la dynamique du
pouvoir entre les éditeurs et les comités éditoriaux. L'édition universitaire doit changer pour soutenir
les chercheurs et les communautés dont la maitrise de I'anglais est limitée, et les sociétés
scientifiques sont bien placées pour mener ce changement culturel.

D

FMHRICESENCEBENEAHAILETHD

BENNBEZHOSEICE > TERENS N, TCKEBTHRE "D, COFMEROEZ K, &
FEFEAEENTREE DOI 1T ATRENABECETZ L TOSERREZEAEL, 2&
AIITFAAFIRREORBICTQRL . B BT T%- B¥ (STEM) LB F33HKRME-
THERRITREZGTD, ChSOEREFYVHBRIZLHIC, HIRRED v —FILE, HIEH-
EEMNERZHATHRELODDNERSATLAZRMBINETH D, Ke . £EPYRZEODT v—F
IL736FHENEB E HetZFAN, i) SRNSELZFTML . i) SEHEOFRAERFZRFEL. ii) STEMIC
BH32Z2HE M AN EEORILEHICHIREEDS Y —F I RIERZRND CENTE R EEZHS H
CU%e RLAHAFMEL A, OVTUYNSZEEFTOLM. KEREY—EREZBULEEA
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Extended Materials and Methods

Surveyed linguistically inclusive policies

In this paper we identified and assessed seven broad categories of journals’ policies that can support
scholars who are not native English speakers and facilitate the transfer of scientific knowledge across
countries with different linguistic backgrounds (1).

i) Language of manuscripts: Publishing manuscripts and abstracts in other relevant languages would
enhance the accessibility of scientific knowledge to communities in countries where English is not
widely spoken.

i) Linguistic inclusivity statement: A public statement declaring that manuscripts will be fairly assessed
regardless of the perceived standard of English would signal the commitment of journals to overcome
language barriers.

iii) Language of guidelines: Providing author guidelines in multiple languages would assist authors in
the preparation of their manuscripts and further signal that the journal values submissions from
authors based in regions where English does not dominate.

iv) Non-English-language references: Non-English-language literature can provide unique information,
and encouraging authors to use this resource would enable comprehensive and globally relevant
research not possible when only citing English-language literature (2,3).

v) English editing services: Helping authors to improve the readability of their manuscripts through
English-language mentoring programs or commercial English editing services free of charge to
authors would improve the editorial experience for authors, reviewers, and editors.

vi) Linguistic instructions to reviewers and editors: Instructing both reviewers and editors to be aware
of language biases and assess manuscripts based on their research attributes alone would contribute
to a fairer assessment of manuscripts from authors that are non-native English speakers.

vii) Machine translation tools: Implementing machine translation tools would improve the accessibility
of published papers for non-native English-speakers (4). This is a non-exhaustive list and additional
linguistically inclusive policies will complement the efforts of journals to overcome language barriers in
academic publishing.

Selection of journals and predictor variables

We examined the 2020 Journal Citation Reports™ from Clarivate Analytics and selected all the
journals listed under the following disciplines: Biodiversity Conservation, Ecology, Entomology,
Evolutionary Biology, Ornithology, Plant Sciences, and Zoology. We also added to our sample six
transdisciplinary journals that regularly publish articles in biological sciences: Nature, Science, PNAS,
PLOS Biology, Current Biology, and eLife. We excluded 26 out of 762 titles for any of the following
reasons: i) They did not publish content in English (N=3), ii) they were a book series (N=3), iii) their
author guidelines were unavailable in their website (N=3), iv) their website was corrupted (N=3), v)
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they were out of the scope of their nominal discipline (N=10), vi) they were out of circulation (N=2), or
vii) they only allowed submissions from members of a particular organisation (N=2).

To assess what predictors might have contributed to the adoption of linguistically inclusive policies,
we collected the following information from the 2020 Journal Citation Reports™ for each journal:
Discipline, Impact Factor (IF), percentage of Open Access (OA) articles, publication frequency (issues
per year), and country of publication. We further searched in the journals’ website for information
about whether the journal was owned by a scientific society, whether the journal aimed at a global or
regional readership, and whether the journal was self-published or published by either a for-profit or
non-profit organisation.

To test for the contribution of additional predictors related to the language spoken in the regions
where either the journals were published or the editors were based in, we used information from (5) to
categorise countries as either English-speaking or non-English-speaking. We only scored a country or
territory as English-speaking if their most widely spoken language was English. We estimated the
proportion of editors whose primary institution of affiliation was in non-English-speaking countries as a
proxy of the linguistic diversity of editorial boards. Whereas we acknowledge that this metric does not
necessarily reflect whether the editors are native English-speakers or not, we expect that scholars
working in regions where English is not predominantly spoken are well aware of the struggles
associated with practising science in languages other than English.

Data collection

We collected all the information used in this study from the journals’ websites, author guidelines, and
enquiries to editors-in-chief between September 2 and November 22, 2021. Each co-author of this
study collected information for a subset of journal titles following a data collection protocol. One
person compiled and cleaned the databases, cross-checking the information in the instances where
an observation was deemed odd, ambiguous, or absent.

We categorised the different policies and practices, herein questions, depending on what stage of the
editorial process they affect. We briefly describe them here. The information to answer each question
could come from either author guidelines (G) or surveys to editors-in-chief (S) or both. Please note the
levels of the variable that we considered for hypothesis testing in brackets (see below), where their
order goes from least inclusive answers to most inclusive ones.

1. Pre-submission stage
1.1 (G,S) Language of manuscripts and abstracts: Does the journal publish the main text
of articles or abstract in languages other than English? [Only English, Additional
languages]
1.1.1. (G) If so, what languages are allowed?

1.1.2. (S) If so, when did the journal adopt that policy?

1.1.3. (G) If so, does the journal proofread the non-English content?

1.1.4. (G,S) If so, in what format is the non-English content published?

1.1.5. (G,S) What other sections are published in languages other than English?

1.2. (G) Linguistic inclusivity statement: Does the journal state that manuscripts will not be
rejected solely based on the perceived quality of English language? [No, Yes]

1.3. (G) Language of guidelines: Are the journal guidelines available in languages other
than English? [Only English, Additional languages in some sections, English and
additional languages]

1.3.1. (G) If so, in what languages are they available?

14. (G,S) Citing non-English references: Does the journal publish references in

languages other than English? [Prohibited/No mention, Allowed, Encouraged]
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Submission stage
21. (G,S) English editing services: What is the most inclusive English language editing
service that the journal provides? [None, Commercial, Free]
2.1.1. (S) If it provides free editing service, at what stage of the publishing process
is it offered to authors?
2.1.2. (G) What other kind of support does the journal provide to authors?

Revision stage

3.1. (S) Linguistic instructions to reviewers: Does the journal instruct reviewers to not
recommend the rejection of manuscripts solely on the basis of the perceived standard
of English language? [No, Yes]

3.2. (S) Linguistic instructions to editors: Does the journal instruct editors to not reject
manuscripts solely on the basis of the perceived standard of English language? [No,
Yes]

Publication stage
4.1. (G) Machine translation tools: Does the journal website provide machine translation
tools to read the published articles in other languages?

Author guidelines. We examined the author guidelines of all journals in search of their linguistic
policies and practices. We also examined other sections of the journal websites to determine whether
the journal was owned by a scientific society or whether the published articles could be translated to
other languages using machine translation tools. We assumed that a particular policy or practice was
lacking if it was not explicitly mentioned. When more than one option applied to a question, we only
recorded the most inclusive one. For instance, if a journal both directed authors to commercial English
editing services to improve the quality of English language and offered free English-language
mentoring services to authors, we only recorded the latter.

These is the information collected from author guidelines with their respective scoring options in
parenthesis:

Journal's 2020 Impact Factor

Percentage of Golden Open Access articles

Journal's discipline

Region (country) of publication

Regularity as number of issues published per year

Name of journal's publisher

Whether the publisher is a commercial company, an university, a museum, another non-profit
institution, or a self-published journal (PROFIT, UNIVERSITY, MUSEUM, OTHER-NON-
PROFIT, SELF-PUBLISHED)

Whether the journal is published on behalf of a scientific society (YES, NO)

What are the official languages of the journal?

Is the journal explicitly targeted to a regional audience? If yes, which region? (REGIONAL,
GLOBAL)

Does the journal provide or direct authors to English editing services? If yes, which service?
(YES (journal free editing service), YES (journal discounted editing service), YES (journal
commercial editing service), YES (external free editing service), YES (external discounted
editing service), YES (external commercial editing service), NO, UNCLEAR)

Does the journal offer any other support for non-native English scholars, such as a mentoring
system? (Categorical: YES (short description), NO)

Are the instructions to authors available in a language other than English? If yes, which
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languages? (YES, YES SOME SECTIONS, NO)

Does the journal clearly state that a paper will not be rejected solely by the perceived quality
of English? (YES, NO)

Does the journal allow to publish a title and abstract in a language other than English? If yes,
where is published this content? (YES (both online and PDF version), YES (online version
only), YES (Supplementary Information only), YES (unclear where), EXPLICITLY NOT
ALLOWED, NO-MENTION)

Does the journal allow to publish the main text of a manuscript in a language other than
English? If yes, where is published this content? (YES (both online and PDF version), YES
(online version only), YES (Supplementary Information only), YES (unclear where),
EXPLICITLY NOT ALLOWED, NO-MENTION)

If any part of the manuscript is allowed to be published in a language other than English, is
that text proofread? (YES, NO, UNCLEAR, NA)

Does the journal implement a machine translation tool to assist reading the paperin a
language other than English? (YES, NO)

Does the journal clearly either encourage or prohibit citations of non-English literature?
(ENCOURAGE, PROHIBIT, NO-MENTION, ALLOW)

Number of editors per country (affiliation's country)

Survey to Editors-in-Chief. We designed a survey to enquire to editors about some of the linguistic
policies and practices of journals described above. We examined the Editorial Board section of
journals websites to identify who was the editors-in-chief and searched for their email address either
on the same website or elsewhere (i.e., the website of their institution of affiliation). In the instances
where we could not retrieve this information, we searched for the contact details of an editor next in
hierarchy (i.e., Senior Editor, Speciality Chief Editor, Handling Editor) or, as a last resource, the
Managing Editor or a representative of the editorial office. We emailed a standard message to all
editors describing the aims of this study and asking them to complete the survey on behalf of the
journal they represented. We also offered them the possibility to delegate this responsibility to other
members of the editorial board or editorial office. We sent up to two reminders if the editors did not
reply to the original message or complete the survey within two weeks.

The survey was in accordance with the University of Queensland’s Institutional Human Research
Ethics Approval (2021/HE001813) and was implemented on Qualtrics XM Platform. Here, we present
the structure of the survey:

1.

Journal name.

2. Does the journal provide any English editing support to authors? Please choose all that apply.

a. No.

b. Yes - Journal provides free English editing support.

c. Yes - Journal provides commercial English editing support.

d. Yes - Journal provides commercial English editing support at reduced prices.

e. Yes - Journal directs authors to free English editing support.

f.  Yes - Journal directs authors to commercial English editing support (i.e., service

provided by an English editing company).
g. Yes - Journal directs authors to commercial English editing support at reduced prices
(i.e., service provided by an English editing company)
h. Yes - Other.
(If “b”, “c”, “d”, “e”, “f", or “g”) Is the English editing support available for all submitted
manuscripts or only for accepted manuscripts?
i Submitted
ii. Accepted
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iii. Other

(If “iii”) Please describe.
(If “h”) Please describe the type of English editing support provided.

Does the journal provide any other type of support to authors for improving their English
writing (e.g., mentoring or a buddy system)?
a. Yes.
b. No.
(If “@”) Please describe it briefly.

Does the journal have any written policies/guidelines (e.g., instructions to editors) on how
editors should handle manuscripts with poor English writing?

a. No.
b. Yes.
c. Not sure.

(If “b”) What is described in the journal policy/guidelines on how editors should handle
manuscripts with poor English? Please select any relevant options.
i.  The editor should describe a specific way for improving English writing.
ii. The editor should ask the author(s) to have the manuscript checked by a
native-English speaker or a professional English editing service.
iii. The editor can reject a paper if English is poorly written.
iv. Other.
(If “iv”) Please describe.

Does the journal have any written policies/guidelines (e.g., instructions to reviewers) on how
reviewers should handle manuscripts with poor English writing?

a. No.
b. Yes.
c. Not sure.

(If “b”) What is described in the journal policy/guidelines on how reviewers should
handle manuscripts with poor English? Please select any relevant options.
i The reviewer should not recommend rejecting any paper only due to poor
English
ii. The reviewer should describe a specific way for improving English writing.
iii. The reviewer should ask the author(s) to have the manuscript checked by a
native-English speaker or a professional English editing service.
iv. The reviewer can recommend rejecting a paper if English is poorly written.
V. Other.

[Tl

(If “v") Please describe.

Does the journal allow or encourage authors to publish the title, abstract, or main text of their
English-language papers in a non-English language?
a. Yes - actively encourages authors to do so (e.g., encouraged in instructions to
authors) and it is explicitly stated on the website.
b. Yes - allows authors to do so if requested.
No.
d. Other.
(If “@” or “b”) Please select the manuscript section(s) that the journal allows authors to
publish in a non-English language.
i. Title.
ii. Abstract.
iii. Main text.

3]
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iv.  Other
(If 7, “ii”, or “iii”) Please select the format in which the abstract/title/main text
is published in a non-English language.
A. HTML (i.e., on the journal’s website).
B. Within PDF.
C. Within Online Supplementary Information.
D. Other.
(If “D”) Please describe.
(If “iv”) Please describe.
(If “d”) Please describe.

7. When did the journal start allowing authors to publish the title, abstract or main text of their
English-language papers in a non-English language?

8. Does the journal allow or encourage authors to cite non-English-language literature?
a. Yes - actively encourages authors to do so (e.g., encouraged in instructions to
authors) and it is explicitly stated on the website.
b. Yes - allows authors to do so if requested.
No.
d. Other.
(If “d”) Please describe.

3]

We gathered responses from 262 editors (36%) to our survey. Overall, the journals whose editors
completed the survey seemed to represent an unbiased sample in terms of the distribution of the
values of most predictor variables (Figure S1). However, editors of the journals with the highest IF did
not accept our invitation to complete the survey. Conversely, editors of society journals were more
likely to complete the survey than editors of non-society journals (X?1 = 5.96, P-value = 0.01).

Data analysis

We conducted all the analysis of this study on R v4.2.2 (6).

To prevent potential statistical artefacts due to collinearity, we examined the correlation patterns
among the proposed predictor variables (see above) and selected a subset of them that displayed
least correlation among themselves for further analyses. For comparisons among pairs of continuous
variables, we estimated the Pearson correlation coefficient implemented in the function pairs.panels
(7). For comparisons among pairs of categorical variables, we conducted Chi-square tests on
contingency tables using the function chisq.test (6). For comparisons between pairs of continuous and
categorical variables, we conducted Kruskal-Wallis tests using the function kruskal.test (6).

To test whether the predictor variables contributed to the adoption of linguistically inclusive policies
and practices, we conducted regression analysis for each question and dataset separately. We could
not test hypotheses on question 1.2 about the linguistic inclusivity statement because variation in
responses was insufficient.

For questions with two-level (binomial) answers (questions 1.1; 3.1; 3.2; 4.1), we fitted a logistic
regression model. For the guidelines dataset, we conducted the analysis in a mixed effect logistic
regression framework to include the identity of the collaborator as a random effect and, thus, account
for potential biases in data collection using the function glmer (family = binomial, control =
glmerControl(optimizer = "bobyqa"), NnAGQ = 20) (8). For the survey dataset, we implemented the
logistic regression using the function glm (family = binomial) (6). Least inclusive answers were coded
as 0 and most inclusive answers were coded as 1. For questions with three-level answers (questions
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1.3; 1.4; 2.1), we fitted an ordinal logistic regression model implemented in the function clmm (link =
"logit") (9). We coded the least inclusive answer as 0, the next more inclusive answer as 1, and the
most inclusive answer as 2.

We conducted the regression analysis using only four predictor variables: IF, OA, linguistic diversity of
editors, and society ownership. We selected this set of variables because they display the lowest
levels of correlation among themselves and, intuitively, they seem natural promoters or antagonists of
linguistic inclusivity.

After removing journals with missing data, guidelines dataset comprised 689 titles and survey dataset
comprised 249 titles for hypothesis testing purposes. |IF was associated with variation in most
questions whereas OA was only associated with variation in one question (Table S1). Linguistic
diversity of editors and society journals were associated with variation in four and three questions,
respectively. Overall, regression coefficients tended to be positive for OA and society journals and
negative for IF and linguistic diversity of editors. The curated datasets used in these analyses are
archived on Zenodo (DOI 10.5281/zenodo.7828391) at https://doi.org/10.5281/zenodo.7828391
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Supplementary Tables and Figures
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Figure S1. Distributions of values of selected predictor variables in the author guidelines dataset and
the survey to editors dataset. A. Impact Factor. B. Percentage of Open Access articles. C. Proportion
of editors based in non-English speaking countries. D. Ownership by a scientific society.
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Table S1. Results from regression analyses. Estimated regression coefficients (Est) are on log odds scale. SE are Standard Errors. The intercept
values for ordinal models represent the threshold coefficients.

Question Dataset Model Intercept Impact Factor Open Access Linguistic diversity of  Society journal
editors
Language of Guidelines Binomial Est=-6.11e-01 Est=-2.20 Est = 6.45e-03 Est = 2.92e-01 Est = -3.89e-01
manuscripts SE =6.72e-01 SE = 4.25e-01 SE =5.22e-03 SE = 5.86e-01 SE =4.11e-01
P-value = 3.64e-01  P-value =2.11e-07  P-value = 2.17e-01 P-value = 6.18e-01 P-value = 3.44e-01
Survey Binomial Est=-4.17 Est = 9.83e-02 Est = 6.83e-01 Est=1.15 Est = -1.50e-01
SE=1.12 SE = 1.178e-01 SE = 7.54e-01 SE=1.18 SE = 6.46e-01
P-value = 1.94e-04 P-value =4.04e-01  P-value = 3.65e-01 P-value = 3.31e-01 P-value = 8.16e-01
Language of Guidelines Binomial Est=-1.05 Est = -2.50e-01 Est = 3.41e-03 Est = -5.58e-01 Est = 2.14e-01
abstracts SE = 3.19e-01 SE =7.57e-02 SE = 2.86e-03 SE = 3.32e-01 SE = 2.20e-01
P-value = 1.05e-03 P-value =9.81e-04  P-value = 2.33e-01 P-value = 9.26e-02 P-value = 3.31e-01
Survey Binomial Est =-6.30e-02 Est =-1.02e-01 Est=1.27e-01 Est=-1.24 Est = 3.81e-01
SE = 4.14e-01 SE = 6.62e-02 SE = 3.89e-01 SE = 4.61e-01 SE = 2.92e-01
P-value = 8.79e-01  P-value = 1.25e-01  P-value = 7.43e-01 P-value = 7.01e-03 P-value = 1.92e-01
Language of Guidelines Ordinal  0]1 =2.06 Est =-1.94e-02 Est = 1.32e-03 Est=1.28 Est =-3.16e-01
guidelines SE = 2.94e-01 SE = 4.30e-02 SE = 2.52e-03 SE = 3.41e-01 SE = 2.02e-01
112 =3.09 P-value = 6.53e-01  P-value = 5.99e-01 P-value = 1.72e-04 P-value = 1.17e-01
SE = 3.14e-01
Non-English Guidelines Ordinal 0|1 =2.10 Est = -2.99e-01 Est =-2.27e-03 Est = 5.03e-01 Est = 5.16e-01
language SE =3.91e-01 SE = 1.09e-01 SE = 3.55e-03 SE = 4.03e-01 SE = 2.62e-01
references 112=2.92 P-value = 5.94e-03  P-value = 5.22e-01 P-value = 2.12e-01 P-value = 4.91e-02

SE =4.13e-01




Survey Ordinal 0|1 =-3.18 Est = -6.04e-02 Est =1.04 Est = -9.95e-01 Est = 1.05e-01
SE = 5.44e-01 SE =7.01e-02 SE =4.29e-01 SE = 5.34e-01 SE = 3.31e-01
112=1.50 P-value = 3.88e-01  P-value = 1.50e-02 P-value = 6.25e-02 P-value = 7.52e-01
SE =4.77e-01
English editing Guidelines Ordinal  0]1 = -4.83e-01 Est = 1.10e-01 Est = -3.65e-03 Est = -2.19e-01 Est =-2.51e-01
services SE = 2.04e-01 SE = 2.98e-02 SE = 2.08e-03 SE = 2.50e-01 SE = 1.58e-01
112=4.53 P-value = 2.39e-04  P-value = 7.90e-02 P-value = 3.81e-01 P-value = 1.11e-01
SE = 4.24e-01
Survey Ordinal 0|1 =-1.54 Est =-8.73e-02 Est = 3.52e-01 Est=-1.26 Est = 4.26e-01
SE = 3.87e-01 SE =5.00e-02 SE = 3.34e-01 SE =4.18e-01 SE = 2.49e-01
1|2 = -3.58e-01 P-value = 8.06e-02 P-value = 2.92e-01 P-value = 2.54e-03 P-value = 8.71e-02
SE = 3.76e-01
Linguistic Survey Binomial Est=-3.74 Est = 2.29e-01 Est = 1.06e-01 Est = -5.35e-01 Est = 7.40e-01
instructions to SE = 8.98e-01 SE = 7.66e-02 SE = 8.56e-01 SE =9.87e-01 SE = 6.29e-01
reviewers P-value = 3.09e-05 P-value =2.83e-03  P-value = 9.02e-01 P-value = 5.88e-01 P-value = 2.39¢e-01
Linguistic Survey Binomial Est=-5.91 Est = 2.55e-01 Est = -1.54e-01 Est =-2.51e-02 Est =2.41
instructions to SE =1.56 SE = 1.04e-01 SE=1.19 SE=1.23 SE =1.21
editors P-value = 1.58e-04 P-value = 1.47e-02 P-value = 8.98e-01 P-value = 9.84e-01 P-value = 4.64e-02
Machine Guidelines Binomial Est=9.52e-01 Est=-1.55 Est =-9.82e-03 Est=-2.38 Est = 7.96e-01
translation SE =4.67e-01 SE = 2.42e-01 SE =5.28e-03 SE = 4.56e-01 SE = 3.18e-01

tools

P-value = 4.14e-02

P-value = 1.30e-10

P-value = 6.31e-02

P-value = 1.80e-07

P-value = 1.24e-02




