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Abstract

Some scholars add authors to their research papers or grant proposals even when those
individuals contribute nothing to the research effort. Some journal editors coerce authors to
add citations that are not pertinent to their work and some authors pad their reference lists
with superfluous citations. How prevalent are these types of manipulation, why do scholars
stoop to such practices, and who among us is most susceptible to such ethical lapses? This
study builds a framework around how intense competition for limited journal space and
research funding can encourage manipulation and then uses that framework to develop
hypotheses about who manipulates and why they do so. We test those hypotheses using
data from over 12,000 responses to a series of surveys sent to more than 110,000 scholars
from eighteen different disciplines spread across science, engineering, social science, busi-
ness, and health care. We find widespread misattribution in publications and in research
proposals with significant variation by academic rank, discipline, sex, publication history, co-
authors, etc. Even though the majority of scholars disapprove of such tactics, many feel
pressured to make such additions while others suggest that it is just the way the game is
played. The findings suggest that certain changes in the review process might help to stem
this ethical decline, but progress could be slow.

Introduction

The pressure to publish and to obtain grant funding continues to build [1-3]. In a recent sur-
vey of scholars, the number of publications was identified as the single most influential compo-
nent of their performance review while the journal impact factor of their publications and
order of authorship came in second and third, respectively [3]. Simultaneously, rejection rates
are on the rise [4]. This combination, the pressure to increase publications coupled with the
increased difficulty of publishing, can motivate academics to violate research norms [5]. Simi-
lar struggles have been identified in some disciplines in the competition for research funding
[6]. For journals and the editors and publishers of those journals, impact factors have become
a mark of prestige and are used by academics to determine where to submit their work, who
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earns tenure, and who may be awarded grants [7]. Thus, the pressure to increase a journal’s
impact factor score is also increasing. With these incentives it is not surprising that academia
is seeing authors and editors engaged in questionable behaviors in an attempt to increase their
publication success.

There are many forms of academic misconduct that can increase an author’s chance for
publication and some of the most severe cases include falsifying data, falsifying results, oppor-
tunistically interpreting statistics, and fake peer-review [5, 8-12]. For the most part, these
extreme examples seem to be relatively uncommon; for example, only 1.97% of surveyed aca-
demics admit to falsifying data, although this probably understates the actual practice as these
respondents report higher numbers of their colleagues misbehaving [10].

Misbehavior regarding attribution, on the other hand, seems to be widespread [13-18]; for
example, in one academic study, roughly 20% of survey respondents have experienced coercive
citation (when editors direct authors to add citations to articles from the editors’ journals even
though there is no indicated lack of attribution and no specific articles or topics are suggested
by the editor) and over 50% said they would add superfluous citations to a paper being submit-
ted to a coercive journal in an attempt to increase its chance for publication [18]. Honorary
authorship (the addition of individuals to manuscripts as authors, even though those individu-
als contribute little, if anything, to the actual research) is a common behavior in several disci-
plines [16, 17]. Some scholars pad their references in an attempt to influence journal referees
or grant reviewers by citing prestigious publications or articles from the editor’s journal (or
the editor’s vita) even if those citations are not pertinent to the research. While there is little
systematic evidence that such a strategy influences editors, the perception of its effectiveness is
enough to persuade some scholars to pad [19, 20]. Overall, it seems that many scholars con-
sider authorship and citation to be fungible attributes, components of a project one can alter
to improve their publication and funding record or to increase journal impact factors (JIFs).

Most studies examining attribution manipulation focus on the existence and extent of mis-
conduct and typically address a narrow section of the academic universe; for example, there
are numerous studies measuring the amount of honorary authorship in medicine, but few in
engineering, business, or the social sciences [21-25]. And, while coercive citation has been
exposed in the some business fields, less is known about its prevalence in medicine, science,
or engineering. In addition, the pressure to acquire research funding is nearly as intense as
publication pressures and in some disciplines funding is a major component of performance
reviews. Thus, grant proposals are also viable targets of manipulation, but research into that
behavior is sparse [2, 6]. However, if grant distributions are swayed by manipulation then
resources are misdirected and promising areas of research could be neglected.

There is little disagreement with the sentiment that this manipulation is unethical, but there
is less agreement about how to slow its use. Ultimately, to reverse this decline of ethics we need
to better understand the factors that impact attribution manipulation and that is the focus of
this manuscript. Using more than 12,000 responses to surveys sent to more than 110,000 aca-
demics from disciplines across the academic universe, this study aims to examine the preva-
lence and systematic nature of honorary authorship, coercive citation, and padded citations in
eighteen different disciplines in science, engineering, medicine, business, and the social sci-
ences. In essence, we do not just want to know how common these behaviors are, but whether
there are certain types of academics who add authors or citations or are coerced more often
than others. Specifically, we ask, what are the prevailing attributes of scholars who manipulate,
whether willingly (e.g., padded citation) or not (e.g., coercive citation), and we consider attri-
butes like academic rank, gender, discipline, level of co-authorship, etc. We also look into the
reasons scholars manipulate and ask their opinions on the ethics of this behavior. In our
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opinion, a deeper understanding of manipulation can shed light on potential ways to reduce
this type of academic misconduct.

Background

As noted in the introduction, the primary component of performance reviews, and thus of
individual research productivity, is the number of published articles by an academic [3]. This
number depends on two things: (i) the number of manuscripts on which a scholar is listed as
an author and (ii) the likelihood that each of those manuscripts will be published. The pressure
to increase publications puts pressure on both of these components. In a general sense, this
can be beneficial for society as it creates incentives for individuals to work harder (to increase
the quantity of research projects) and to work better (to increase the quality of those projects)
[6]. There are similar pressures and incentives in the application for, and distribution of,
research grants as many disciplines in science, engineering, and medicine view the acquisition
of funding as both a performance measure and a precursor to publication given the high
expense of the equipment and supplies needed to conduct research [2, 6]. But this publication
and funding pressure can also create perverse incentives.

Honorary authorship

Working harder is not the only means of increasing an academic’s number of publications. An
alternative approach is known as “honorary authorship” and it specifically refers to the inclu-
sion of individuals as authors on manuscripts, or grant proposals, even though they did not
contribute to the research effort. Numerous studies have explored the extent of honorary
authorship in a variety of disciplines [17, 20, 21-25]. The motivation to add authors can come
from many sources; for instance, an author may be directed to add an individual who is a
department chair, lab director, or some other administrator with power, or they might volun-
tarily add such an individual to curry favor. Additionally, an author might create a reciprocal
relationship where they add an honorary author to their own paper with the understanding
that the beneficiary will return the favor on another paper in the future, or an author may just
do a friend a favor and include their name on a manuscript [23, 24]. In addition, if the added
author has a prestigious reputation, this can also increase the chances of the manuscript receiv-
ing a favorable review. Through these means, individuals can raise the expected value of their
measured research productivity (publications) even though their actual intellectual output is
unchanged.

Similar incentives apply to grant funding. Scholars who have a history of repeated funding,
especially funding from the more prestigious funding agencies, are viewed favorably by their
institutions [2]. Of course, grants provide resources, which increase an academic’s research
output, but there are also direct benefits from funded research accruing to the university: over-
head charges, equipment purchases that can be used for future projects, graduate student sup-
port, etc. Consequentially, “rainmakers” (scholars with a record of acquiring significant levels
of research funding) are valued for that skill.

As with publications, the amount of research funding received by an individual depends on
the number and size of proposals put forth and the probability of each getting funded. This
metric creates incentives for individuals to get their names on more proposals, on bigger pro-
posals, and to increase the likelihood that those proposals will be successful. That pressure
opens the door to the same sorts of misattribution behavior found in manuscripts because
honorary authorship can increase the number of grant proposals that include an author’s
name and by adding a scholar with a prestigious reputation as an author they may increase
their chances of being funded. As we investigate the use of honorary authorship we do not
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focus solely on its prevalence; we also question whether there is a systematic nature to its use.
First, for example, it makes sense that academics who are early in their career have less funding
and lack the protection of tenure and thus need more publications than someone with an
established reputation. To begin to understand if systematic differences exist in the use of hon-
orary authorship, the first set of empirical questions to be investigated here is: who is likely to
add honorary authors to manuscripts or grant proposals? Scholars of lower rank and without
tenure may be more likely to add authors, whether under pressure from senior colleagues or in
their own attempt to sway reviewers. Tenure and promotion depend critically on a young
scholars’ ability to establish a publication record, secure research funding, and engender sup-
port from their senior faculty. Because they lack the protection of rank and tenure, refusing to
add someone could be risky. Of course, senior faculty members also have goals and aspirations
that can be challenging, but junior faculty have far more on the line in terms of their career.

Second, we expect research faculty to be more likely to add honorary authors, especially to
grant proposals, because they often occupy positions that are heavily dependent on a contin-
ued stream of research success, particularly regarding research funding. Third, we expect that
female researchers may be less able to resist pressure to add honorary authors because women
are underrepresented in faculty leadership and administrative positions in academia and lack
political power [26, 27]. It is not just their own lack of position that matters; the dearth of
other females as senior faculty or in leadership positions leave women with fewer mentors,
senior colleagues, and administrators with similar experiences to help them navigate these
political minefields [28, 29]. Fourth, because adding an author waters down the credit received
by each existing author, we expect manuscripts that already have several authors to be less
resistant to additional “credit sharing.” Simply put, if credit is equally distributed across
authors then adding a second author would cut your perceived contribution in half, but adding
a sixth author reduces your contribution by only 3% (from 20% to 17%).

Fifth, because academia is so competitive, the decisions of some scholars have an impact
on others in the same research population. If your research interests are in an area in which
honorary authorship is common and considered to be effective, then a promising counter-
policy to the manipulation undertaken by others is to practice honorary authorship yourself.
This leads us to predict that the obligation to add honorary authors to grant proposals and/or
manuscripts is likely to concentrate more heavily in some disciplines. In other words, we do
not expect it to be practiced uniformly or randomly across fields; instead, there will be some
disciplines who are heavily engaged in adding authors and other disciplines less so engaged.
In general, we have no firm predictions as to which disciplines are more likely to practice hon-
orary authorship; we predict only that its practice will be lumpy. However, there may be rea-
sons to suspect some patterns to emerge; for example, some disciplines, such as science,
engineering, and medicine, are much more heavily dependent on research funding than other
disciplines, such as the social sciences, mathematics, and business [2]. For example, over 70%
of the NSF budget goes to science and engineering and about 4% to the social sciences. Simi-
larly, most of the NIH budget goes to doctors and a smaller share to other disciplines [30].
Consequently, we suspect that the disciplines that most prominently add false investigators to
grant proposals are more likely to be in science, engineering, and the medical fields. We do
not expect to see that division as prominent in the addition of authors to manuscripts submit-
ted for publication.

There are several ways scholars may internalize the pressure to perform, which can lead to
different reasons why a scholar might add an honorary author to a paper. A second goal of this
paper is to study who might employ these different strategies. Thus, we asked authors for the
reasons they added honorary authors to their manuscripts and grants; for example, was this
person in a position of authority, or a mentor, did they have a reputation that increased the
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chances for publication or funding, etc? Using these responses as a dependent variable, we
then look to find out if these were related to the professional characteristics of the scholars in
our study. The hypotheses to be tested mirror the questions posed for honorary authors. We
expect junior faculty, research faculty, female faculty, and projects with more co-authors to be
more likely to add additional coauthors to manuscripts and grants than professors, male fac-
ulty, and projects with fewer co-authors. Moreover, we expect for the practice to differ across
disciplines. Focusing specifically on honorary authorship in grant proposals, we also explore
the possibility that the use of honorary authorship differs between funding opportunities and
agencies.

Coercive citation

Journal rankings matter to editors, editorial boards, and publishers because rankings affect
subscriptions and prestige. In spite of their shortcomings, impact factors have become the
dominant measure of journal quality. These measures include self-citation, which creates an
incentive for editors to direct authors to add citations even if those citations are irrelevant, a
practice called “coercive citation” [18, 27]. This behavior has been systematically measured in
business and social science disciplines [18]. Additionally, researchers have found that coercion
sometimes involves more than one journal; editors have gone as far as organizing “citation car-
tels” where a small set of editors recommend that authors cite articles from each other’s journal
[31].

When editors make decisions to coerce, who might they target, who is most likely to be
coerced? Assuming editors balance the costs and benefits of their decisions, a parallel set of
empirical hypotheses emerge. Returning to the various scholar attributes, we expect editors to
target lower-ranked faculty members because they may have a greater incentive to cooperate
as additional publications have a direct effect on their future cases for promotion, and for assis-
tant professors on their chances of tenure as well. In addition, because they have less political
clout and are less likely to openly complain about coercive treatment, lower ranked faculty
members are more likely to acquiesce to the editor’s request. We predict that editors are more
likely to target female scholars because female scholars hold fewer positions of authority in aca-
demia and may lack the institutional support of their male counterparts. We also expect the
number of coauthors to play a role, but contrary to our honorary authorship prediction, we
predict editors will target manuscripts with fewer authors rather than more authors. The ratio-
nale is simple; authors do not like to be coerced and when an editor requires additional cita-
tions on a manuscript having many authors then the editor is making a larger number of
individuals aware of their coercive behavior, but coercing a sole-authored paper upsets a single
individual. Notice that we are hypothesizing the opposite sign in this model than in the honor-
ary authorship model; if authors are making a decision to add honorary authors then they pre-
fer to add people to articles that already have many co-authors, but if editors are making the
decision then they prefer to target manuscripts with few authors to minimize the potential
pushback.

As was true in the model of honorary authorship, we expect the practice of coercion to be
more prevalent in some disciplines than others. If one editor decides to coerce authors and if
that strategy is effective, or is perceived to be effective, then there is increased pressure for
other editors in the same discipline to also coerce just to maintain their ranking—if one jour-
nal climbs up in the rankings, others, who do nothing, fall. Consequently, coercion begets
additional coercion and the practice can spread. But, a journal climbing up in the rankings in
one discipline has little impact on other disciplines and thus we expect to find coercion prac-
ticed unevenly; prevalent in some disciplines, less so in others. Finally, as a sub-conjecture to
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this hypothesis, we expect coercive citation to be more prevalent in disciplines for which jour-
nal publication is the dominant measure for promotion and tenure; that is, disciplines that rely
less heavily on grant funding. This means we expect the practice to be scattered, and lumpy,
but we also expect relatively more coercion in the business and social sciences disciplines.

We are also interested in the types of journals that have been reported to coerce and to
explore those issues we gather data using the journal as the unit of observation. As above, we
expect differences between disciplines and we expect those discipline differences to mirror the
discipline differences found in the author-based data set. We also expect a relationship
between journal ranking and coercion because the costs and benefits of coercion differ for
more or less prestigious journals. Consider the benefits of coercion. The very highest ranked
journals have high impact factors; consequently, to rise another position in the rankings
requires a significant increase in citations, which would require a lot of coercion. Lower-
ranked journals, however, might move up several positions with relatively few coerced cita-
tions. Furthermore, consider the cost of coercion. Elite journals possess valuable reputations
and risking them by coercing might be foolhardy; journals deep down in the rankings have
less at stake. Given this logic, it seems likely that lower ranked journals are more likely to have
practiced coercion.

We also look to see if publishers might influence the coercive decision. Journals are owned
and published by many different types of organizations; the most common being commercial
publishers, academic associations, and universities. A priori, commercial publishers, being
motivated by profits, are expected to be more interested in subscriptions and sales, so the
return to coercion might be higher for that group. On the other hand, the integrity of a journal
might be of greater concern to non-profit academic associations and university publishers, but
we don’t see a compelling reason to suppose that universities or academic associations will
behave differently from one another. Finally, we control for some structural difference across
journals by including each journal’s average number of cites per document and the total num-
ber of documents they publish per year.

Padded citations

The third and final type of attribution manipulation explored here is padded reference lists.
Because some editors coerce scholars to add citations to boost their journals’ impact factor
score and because this practice is known by many scholars there is an incentive for scholars
to add superfluous citations to their manuscripts prior to submission [18]. Provided there is
an incentive for scholars to pad their reference lists in manuscripts, we wondered if grant
writers would be willing to pad reference lists in grants in an attempt to influence grant
reviewers.

As with honorary authorship, we suspect there may be a systematic element to padding
citations. In fact, we expect the behavior of padding citations to parallel the honorary author
behavior. Thus we predict that scholars of lower rank and therefore without tenure and female
scholars to be more likely to pad citations to assuage an editor or sway grant reviewers. Because
the practice also encompasses a feedback loop (one way to compete with scholars who pad
their citations is to pad your citations) we expect the practice to proliferate in some disciplines.
The number of coauthors is not expected to play a role, but we also expect knowledge of other
types of manipulation to be important. That is, we hypothesize that individuals who are aware
of coercion, or who have been coerced, are more likely to pad citations. With grants, we simi-
larly expect individuals who add honorary authors to grant proposals to also be likely to pad
citations in grant proposals. Essentially, the willingness to misbehave in one area is likely
related to misbehavior in other areas.
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Table 1. Timing and coverage of surveys.

Medicine
Nursing
Biology
Chemistry
Physics
Mathematics

Computer
Science

Engineering
Ecology
Accounting
Finance
Management
Marketing

Information
Systems

Economics
Psychology
Sociology

Political Science

Honorary authors:
Manuscripts

2012
2012
2012
2012
2012
2012
2012

2012
2012
2014
2014
2014
2014
2014

2014
2012
2012
2012

Methods

The data collection method of choice for this study is survey because to it would be difficult to
determine if someone added honorary authors or padded citations prior to submission with-
out asking that individual. As explained below, we distributed surveys in four waves over five
years. Each survey, its cover email, and distribution strategy was reviewed and approved by the
University of Alabama in Huntsville’s Institutional Review Board. Copies of these approvals
are available on request. We purposely did not collect data that would allow us to identify indi-
vidual respondents. We test our hypotheses using these survey data and journal data. Given
the complexity of the data collection, both survey and archival journal data, we will begin with
discussing our survey data and the variables developed from our survey. We then discuss our
journal data and the variables developed there. Over the course of a five-year period and using
four waves of survey collection, we sent surveys, via email, to more than 110,000 scholars in
total from eighteen different disciplines (medicine, nursing, biology, chemistry, computer sci-
ence, mathematics, physics, engineering, ecology, accounting, economics, finance, marketing,
management, information systems, sociology, psychology, and political science) from univer-
sities across the U.S. See Table 1 for details regarding the timing of survey collection. Survey
questions and raw counts of the responses to those questions are given in S1 Appendix: Statis-
tical methods, surveys, and additional results. Complete files of all of the data used in our esti-
mates are in the S2, S3 and S4 Appendices.

Honorary Authors:Grant | Padding Citations: Grant Padding Citations: Coercive
proposals Proposals Manuscripts citations
2012 2012 2012 2012
2012 2012 2012 2012
2012 2012 2013 2013
2012 2012 2013 2013
2012 2012 2013 2013
2012 2012 2013 2013
2012 2012 2013 2013
2012 2012 2013 2013
2012 2012 2013 2013
2014 2014 2010 2010
2014 2014 2010 2010
2014 2014 2010 2010
2014 2014 2010 2010
2014 2014 2010 2010
2014 2014 2010 2010
2012 2012 2010 2010
2012 2012 2010 2010
2012 2012 2010 2010

Four waves of surveys were sent to these 18 disciplines over a five year period. First wave (shaded orange) focused on coercive citation in business and the
social sciences. Some of these data were used in a published study on coercive citation [18]. Second wave (pink) was early in the spring of 2012 and
surveyed the health care disciplines. Third wave (green) was distributed in the fall of 2012 and asked about honorary authorship in STEM disciplines and the
social sciences. The fourth wave (shaded blue) filled in the rest of the data; collecting honorary authorship data from business and coercive citation data

from the sciences.

https://doi.org/10.1371/journal.pone.0187394.t001
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Potential survey recipients and their contact information (email addresses) were identified
in three different ways. First, we were able to get contact information for management scholars
through the Academy Management using the annual meeting catalog. Second, for economics
and physicians we used the membership services provided by the American Economic Associ-
ation and the American Medical Association. Third, for the remaining disciplines we identi-
fied the top 200 universities in the United States using U.S. News and World Report’s “National
University Rankings” and hand-collected email addresses by visiting those university websites
and copying contact information for individual faculty members from each of the disciplines.
We also augmented the physician contact list by visiting the web sites of the medical schools
in these top 200 school as well. With each wave of surveys, we sent at least one reminder to par-
ticipate. The approximately 110,000 surveys yielded about 12,000 responses for an overall
response rate of about 10.5%. Response rates by discipline can be found in Table A in S1
Appendix.

Few studies have examined the systematic nature of honorary authorship and padded cita-
tion and thus we developed our own survey items to address our hypotheses. Our survey items
for coercive citation were taken from prior research on coercion [18]. All survey items and the
response alternatives with raw data counts are given in S1 Appendix. The complete data are
made available in S2-S4 Appendices.

Our first set of tests relate to honorary authorship in manuscripts and grants and is made
up of several dependent variables, each related to the research question being addressed. We
begin with the existence of honorary authorship in manuscripts. This dependent variable is
composed of the answers to the survey question: “Have YOU felt obligated to add the name
of another individual as a coauthor to your manuscript even though that individual’s contri-
bution was minimal?” Responses were in the form of yes and no where “yes” was coded asa 1
and “no” coded as a 0. The next dependent variable addresses the frequency of this behavior
asking: “In the last five years HOW MANY TIMES have you added or had coauthors added
to your manuscripts even though they contributed little to the study?” The final honorary
authorship dependent variables deal with the reason for including an honorary author in
manuscripts: “Even though this individual added little to this manuscript he (or she) was
included as an author. The main reason for this inclusion was:” and the choices regarding
this answer were that the honorary author is the director of the lab or facility used in the
research, occupies a position of authority and can influence my career, is my mentor, is a col-
league I wanted to help out, was included for reciprocity (I was included or expect to be
included as a co-author on their work), has data I needed, has a reputation that increases the
chances of the work being published, or they had funding we could apply to the research.
Responses were coded as 1 for the main reason given (only one reason could be selected as
the “main” reason) and 0 otherwise.

Regarding honorary authorship in grant proposals, our first dependent variable addresses
its existence: “Have you ever felt obligated to add a scholar’s name to a grant proposal even
though you knew that individual would not make a significant contribution to the research
effort?” Again, responses were in the form of yes and no where “yes” was coded as a 1 and “no”
coded as a 0. The remaining dependent variables regarding honorary authorship in grant pro-
posals addresses the reasons for adding honorary authors to proposals: “The main reason you
added an individual to this grant proposal even though he (or she) was not expected to make a
significant contribution was:” and the provided potential responses were that the honorary
author is the director of the lab or facility used in the research, occupies a position of authority
and can influence my career, is my mentor, is a colleague I wanted to help out, was included
for reciprocity (I was included or expect to be included as a co-author on their work), has data
I needed, has a reputation that increases the chances of the work being published, or was a
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person suggested by the grant reviewers. Responses were coded as 1 for the main reason given
(only one reason could be selected as the “main” reason) and 0 otherwise.

Our next major set of dependent variables deal with coercive citation. The first coercive
citation dependent variable was measured using the survey question: “Have YOU received a
request from an editor to add citations from the editor’s journal for reasons that were not
based on content?” Responses were in the form of yes (coded as a 1) and no (coded as 0). The
next question deals with the frequency: “In the last five years, approximately HOW MANY
TIMES have you received a request from the editor to add more citations from the editor’s
journal for reasons that were not based on content?”

Our final set of dependent variables from our survey data investigates padding citations in
manuscripts and grants. The dependent variable that addresses an author’s willingness to pad
citations for manuscripts comes from the following question: “If I were submitting an article
to a journal with a reputation of asking for citations to itself even if those citations are not criti-
cal to the content of the article, I would probably add such citations BEFORE SUBMISSION.”
Answers to this question were in the form of a Likert scale with five potential responses
(Strongly Disagree, Disagree, Neutral, Agree, and Strongly Agree) where Strongly Disagree
was coded as a 1 and Strongly Agree coded as a 5. The dependent variable for padding cita-
tions in grant proposals uses responses to the statement: “When developing a grant proposal I
tend to skew my citations toward high impact factor journals, even if those citations are of
marginal import to my proposal.” Answers were in the form of a Likert scale with five poten-
tial responses (Strongly Disagree, Disagree, Neutral, Agree, and Strongly Agree) where
Strongly Disagree was coded as a 1 and Strongly Agree coded asa 5.

To test our research questions, several independent variables were developed. We begin by
addressing the independent variables that cut across honorary authorship, coercive citation,
and padding citations. The first is academic rank. We asked respondents their current rank:
Assistant Professor, Associate Professor, Professor, Research Faculty, Clinical Faculty, and
other. Dummy variables were created for each category with Professor being the omitted cate-
gory in our tests of the hypotheses. The second general independent variable is discipline:
Medicine, Nursing, Accounting, Economics, Finance, Information Systems, Management,
Marketing, Political Science, Psychology, Sociology, Biology, Chemistry, Computer Science,
Ecology, and Engineering. Again, dummy variables were created for each discipline, but
instead of omitting a reference category we include all disciplines and then constrain the sum
of their coefficients to equal zero. With this approach, the estimated coefficients then tell us
how each discipline differs from the average level of honorary authorship, coercive citation, or
padded citation across the academic spectrum [32]. We can conveniently identify three catego-
ries: (i) disciplines that are significantly more likely to engage in honorary authorship, coercive
citation, or padded citation than the average across all disciplines, (ii) disciplines that do not
differ significantly from the average level of honorary authorship, coercive citation, or padded
citation across all of these disciplines, and (iii) those who are significantly less likely to engage
in honorary authorship, coercive citation, or padded citation than the average. We test the
potential gender differences with a dummy variable male = 1, females = 0.

Additional independent variables were developed for specific research questions. In our
tests of honorary authorship, there is an independent variable addressing the number of co-
authors on a respondent’s most recent manuscript. If the respondent stated that they have
added an honorary author then they were asked “Please focus on the most recent incidence in
which an individual was added as a coauthor to one of your manuscripts even though his or
her contribution was minimal. Including yourself, how many authors were on this manu-
script?” Respondents who had not added an honorary author were asked to report the number
of authors on their most recently accepted manuscript. We also include an independent
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variable regarding funding agencies: “T'o which agency, organization, or foundation was this
proposal directed?” Again, for those who have added authors, we request they focus on the
most recent proposal where they used honorary authorship and for those who responded that
they have not practiced honorary authorship, we asked where they sent their most recent pro-
posal. Their responses include NSF, HHS, Corporations, Private nonprofit, State funding,
Other Federal grants, and Other grants. Regarding coercive citation, we included an indepen-
dent variable regarding number of co-authors on their most recent coercive experience and
thus if a respondent indicated they’ve been coerced we asked: “Please focus on the most recent
incident in which an editor asked you to add citations not based on content. Including your-
self, how many authors were on this manuscript?” If a respondent indicated they’ve never
been coerced, we asked them to state the number of authors on their most recently accepted
manuscript.

Finally, we included control variables. In our tests, we included the respondent’s perfor-
mance or exposure to these behaviors. For those analyses focusing on manuscripts we used
acceptances: “Within the last five years, approximately how many publications, including
acceptances, do you have?” The more someone publishes, the more opportunities they have to
be coerced, add authors, or add citations; thus, scholars who have published more articles are
more likely to have experienced coercion, ceteris paribus. And in our tests of grants we used
two performance indicators: 1) “In the last five years approximately how many grant proposals
have you submitted for funding?” and 2) “Approximately how much grant money have you
received in the last five years? Please write your estimated dollars in box; enter 0 if zero.”

We also investigate coercion using a journal-based dataset, Scopus, which contains infor-
mation on more than 16,000 journals from these 18 disciplines [33]. It includes information
on the number of articles published each year, the average number of citations per manuscript,
the rank of the journal, disciplines that most frequently publish in the journal, the publisher,
and so forth. These data were used to help develop our dependent variable as well as our inde-
pendent and control variables for the journal analysis. Our raw journal data is provided in $4
Appendix: Journal data.

The dependent variables in our journal analysis measure whether a specific journal was
identified as a journal in which coercion occurred, or not, and the frequency of that identifica-
tion. Survey respondents were asked: “To track the possible spread of this practice we need to
know specific journals. Would you please provide the names of journals you know engage in
this practice?” Respondents were given a blank space to write in journal names. The majority
of our respondents declined to identify journals where coercion has occurred; however, more
than 1200 respondents provided journal names and in some instances, respondents provided
more than one journal name. Among the population of journals in the Scopus database, 612 of
these were identified as journals that have coerced by our survey respondents, some of these
journals were identified several times. The first dependent variable is binary, coded as 1 ifa
journal was identified as a journal that has coerced, and coded as 0 otherwise. The frequency
estimates uses the count, how many times they were named, as the dependent variable.

The independent variables measure various journal attributes, the first being discipline.
The Scopus database identifies the discipline that most frequently publishes in any given jour-
nal, and that information was used to classify journals by discipline. Thus, if physics is the
most common discipline to publish in a journal, it was classified as a physics journal. We look
to see if there is a publisher effect using the publisher information in Scopus to create four cate-
gories: commercial publishers, academic associations, universities, and others (the omitted ref-
erence category).

We also control for differing editorial norms across disciplines. First, we include the num-
ber of documents published annually by each journal. All else equal, a journal that publishes
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more articles has more opportunities to engage in coercion, and/or it interacts with more
authors and is more likely to be reported in our sample. Second, we control for the average
number of citations per article. The average number of citations per document controls for
some of the overall differences in citation practices across disciplines.

Given the large number of hypotheses to be tested, we present a compiled list of the depen-
dent variables in Table 2. This table names the dependent variables, describes how they were
constructed, and lists the tables that present the estimated coefficients pertinent to those
dependent variables. Table 2 is intended to give readers an outline of the arc of the remainder
of the manuscript.

Results
Honorary authorship in research manuscripts

Looking across all disciplines, 35.5% of our survey respondents report that they have added an
author to a manuscript even though the contribution of those authors was minimal. Fig 1 dis-
plays tallies of some raw responses to show how the use of honorary authorship, for both man-
uscripts and grants, differs across science, engineering, medicine, business, and the social
sciences.

To begin the empirical study of the systematic use of honorary authorship, we start with the
addition of honorary authors to research manuscripts. This is a logit model in which the
dependent variable equals one if the respondent felt obligated to add an author to their manu-
script, “even though that individual’s contribution was minimal.” The estimates appear in
Table 3. In brief, all of our conjectures are observed in these data. As we hypothesized above,
the pressure on scholars to add authors “who do not add substantially to the research project,”
is more likely to be felt by assistant professors and associate professors relative to professors
(the reference category). To understand the size of the effect, we calculate odds ratios () for
each variable, also reported in Table 3. Relative to a full professor, being an assistant professor
increases the odds of honorary authorship in manuscripts by 90%, being an associate professor
increases those odds by 40%, and research faculty are twice as likely as a professor to add an
honorary author.

Consistent with our hypothesis, we found support that females were more likely to add
honorary authors as the estimated coefficient on males was negative and statistically signifi-
cant. The odds that a male feels obligated to add an author to a manuscript is 38% lower than
for females. As hypothesized, authors who already have several co-authors on a manuscript
seem more willing to add another; consistent with our hypotheses that the decrement in indi-
vidual credit diminishes as the number of authors rises. Overall, these results align with our
fundamental thesis that authors are purposively deciding to deceive, adding authors when the
benefits are higher and the costs lower.

Considering the addition of honorary authors to manuscripts, Table 3 shows that four disci-
plines are statistically more likely to add honorary authors than the average across all disci-
plines. Listing those disciplines in order of their odds ratios and starting with the greatest
odds, they are: marketing, management, ecology, and medicine (physicians). There are five
disciplines in which honorary authorship is statistically below the average and starting with
the lowest odds ratio they are: political science, accounting, mathematics, chemistry, and eco-
nomics. Finally, the remaining disciplines, statistically indistinguishable from the average, are:
physics, psychology, sociology, computer science, finance, engineering, biology, information
systems, and nursing. At the extremes, scholars in marketing are 75% more likely to feel an
obligation to add authors to a manuscript than the average across all disciplines while political
scientists are 44% less likely than the average to add an honorary author to a manuscript.
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Table 2. List of dependent variables, a description of how those variables are constructed, and the

table in which they appear.

Dependent variable

Description

Honorary Authorship: Manuscripts

Added honorary author to
manuscript

Number of times added
authors to manuscripts

Binary variable = 1 if respondent has added an honorary
author to a research manuscript in the last five years; = 0
otherwise

Count variable; number of times have added honorary
author to manuscripts in the last five years

Honorary Authorship: Grant Proposals

Added honorary author to
grant proposal

Binary variable = 1 if respondent has added an honorary
author to a grant proposal in the last five years; = 0
otherwise

Reasons added Honorary Authors to Manuscripts

Director

Authority

Mentor

Binary variable = 1 the primary reason this honorary author
was added to a manuscript; “was the Director of the lab or
facility used in the research.” = 0 otherwise

Binary variable = 1 the primary reason this honorary author
was added to a manuscript; “occupies a position of
authority and can influence my career.” = 0 otherwise.

Binary variable = 1 the primary reason this honorary author
was added to a manuscript, “this is my mentor.” =0
otherwise

Reasons added Honorary Authors to Grant Proposals

Reputation

Director

Authority

Binary variable = 1 the primary reason this honorary author
was added to a grant proposal, “their reputation increases
the chances of receiving funding.” = 0 otherwise

Binary variable = 1 the primary reason this honorary author
was added to a grant proposal, “was the Director of the lab
or facility used in the research.” = 0 otherwise

Binary variable = 1 the primary reason this honorary author
was added to a grant proposal, this individual, “occupies a
position of authority and can influence my career.” =0
otherwise

Coercive Citations: individual data

Existence of coercive
citation

Frequency of coercive
citation

Binary variable = 1 if respondent was coerced by an editor
to add superfluous citations to the editor’s journal in the last
five years. = 0 otherwise

Count variable; number of times respondent was coerced
by editors to add superfluous citations to the editors’
journals in the last five years.

Coercive Citations: journal data

Journals that have coerced

Frequency journals coerced
authors

Padded Citations

Padded citations in
manuscripts

Padded citations in grant
proposals

Binary data = 1 if journal was named as having coerced; = 0
otherwise

Count variable; number of times a journal was identified as
one that practiced coercion in the last five years

Ordered categorical variable; Response to the statement,
“If | were submitting an article to a journal with a reputation
of asking for citations to itself even if those citations are not
critical to the content of the article, | would probably add
such citations BEFORE SUBMISSION.” Strongly

agree = 5; agree = 4; neutral = 3; disagree = 2; strongly
disagree = 1

Ordered categorical variable; response to the statement,
“When developing a grant proposal | tend to skew my
citations toward high impact factor journals even if those
citations are of marginal impact to my proposal.” Strongly
agree = 5; agree = 4; neutral = 3; disagree = 2; strongly
disagree = 1

https://doi.org/10.1371/journal.pone.0187394.t1002
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Fig 1. Manipulation of authorship and citation across academia. Percentage of respondents who report
that honorary authors have been added to their research projects, they have been coerced by editor to add
citations, or who have padded their citations, sorted by field of study and type of manipulation.

https://doi.org/10.1371/journal.pone.0187394.9001

To bolster these results, we also asked individuals to tell us how many times they felt obli-
gated to add honorary authors to manuscripts in the last five years. Using these responses as
our dependent variable we estimated a negative binomial regression equation with the same
independent variables used in Table 3. The estimated coefficients and their transformation
into incidence rate ratios are given in Table 4. Most of the estimated coefficients in Tables 3
and 4 have the same sign and, with minor differences, similar significance levels, which sug-
gests the attributes associated with a higher likelihood of adding authors are also related to the
frequency of that activity. Looking at the incidence rate ratios in Table 4, scholars occupying
the lower academic ranks, research professors, females, and manuscripts that already have
many authors more frequently add authors. Table 4 also suggests that three additional disci-
plines, Nursing, Biology, and Engineering, have more incidents of adding honorary authors to
manuscripts than the average of all disciplines and, consequently, the disciplines that most fre-
quently engage in honorary authorship are, by effect size, management, marketing, ecology,
engineering, nursing, biology, and medicine.

Another way to measure effect sizes is to standardize the variables so that the changes in the
odds ratios or incidence rate ratios measure the impact of a one standard deviation change of
the independent variable on the dependent variable. In Tables 3 and 4, the continuous vari-
ables are the number of coauthors on the particular manuscripts of interest and the number of
publications of each respondent. Tables C and D (in S1 Appendix) show the estimated coeffi-
cients and odds ratios with standardized coefficients. Comparing the two sets of results is
instructive. In Table 3, the odds ratio for the number of coauthors is 1.035, adding each addi-
tional author increases the odds of this manuscript having an honorary author by 3.5%. The
estimated odds ratio for the standardized coefficient, (Table C in S1 Appendix) is 1.10, mean-
ing an increase in the number of coauthors of one standard deviation increases the odds that
this manuscript has an honorary author by 10%. Meanwhile the standard deviation of the
number of coauthors in this sample is 2.78, so 3.5% x 2.78 = 9.73%; the two estimates are very
similar. This similarity repeats itself when we consider the number of publications and when
we compare the incidence rate ratios across Table 4 and Table D in S1 Appendix. Standardiza-
tion also tells us something about the relative effect size of different independent variables and
in both models a standard deviation increase in the number of coauthors has a larger impact
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Table 3. Adding honorary authors to manuscripts: Estimate coefficients and odds ratios.

Variables Estimated coefficients Std. error Odds ratio Std. error
Academic Ranks

Assistant Professor 0.642** 0.061 1.901%* 0.117
Associate Professor 0.341** 0.056 1.407%* 0.079
Lecturer 0.085 0.137 1.089 0.150
Research Faculty 0.716** 0.129 2.046%* 0.265
Clinical Faculty 0.411* 0.169 1.508* 0.255
Other rank 0.504** 0.127 1.655%* 0.211
Gender and number of co-authors

Male -0.471%* 0.050 0.624** 0.031
# co-authors 0.034** 0.008 1.035%* 0.009
Disciplines

Medicine 0.191** 0.055 1.211%* 0.068
Nursing 0.148 0.084 1.161 0.098
Accounting -0.615%* 0.200 0.541** 0.108
Economics -0.218* 0.094 0.804* 0.075
Finance -0.105 0.195 0.900 0.175
Info systems 0.377 0.209 1.458* 0.305
Management 0.491** 0.089 1.634%* 0.146
Marketing 0.561** 0.149 1.752%* 0.262
Political Science -0.819** 0.141 0.441** 0.062
Psychology 0.056 0.076 1.058 0.080
Sociology 0.052 0.101 1.054 0.107
Biology 0.123 0.068 1.131 0.077
Chemistry -0.352** 0.103 0.703** 0.073
Computer Sci 0.040 0.131 1.041 0.136
Ecology 0.300** 0.113 1.349%* 0.153
Engineer 0.145 0.088 1.156 0.101
Mathematics -0.527** 0.170 0.590** 0.100
Physics 0.151 0.110 1.163 0.128
Publication history

Publications 0.014** 0.002 1.014** 0.002
Constant -0.986** 0.063 0.373** 0.023

n=9910; % = 524.11

Logit regression, dependent variable is binary: 1 = felt obligated to add an author, 0 = did not feel obligated. Independent variables include academic ranks,
disciplines, gender, number of co-authors, and the number of publications. Discipline estimates compare each discipline to the overall average across all
disciplines.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t1003

on the likelihood of adding another author than a standard deviation increase in additional
publications.

Honorary authorship in grant proposals

Our next set of results focus on honorary authorship in grant proposals. Looking across all dis-
ciplines, 20.8% of the respondents reported that they had added an investigator to a grant pro-
posal even though the contribution of that individual was minimal (see Fig 1 for differences
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Table 4. Number of times authors added to manuscripts: Estimated coefficients and incidence rate ratios.

Faculty Ranks
Assistant Professor
Associate Professor
Lecturer

Research Faculty
Clinical Fac.

Other rank

Gender and number of co-authors

Male

Number of co-authors

Disciplines
Medicine
Nursing
Accounting
Economics
Finance

Info systems
Management
Marketing
Political Science
Psychology
Sociology
Biology
Chemistry
Computer Science
Ecology
Engineering
Mathematics
Physics

Other controls
Publications
Constant

Estimated coefficient

0.658**
0.343**
0.147
0.801**
0.175
0.501**

-0.266**
0.084**

0.138**
0.201*
-0.650**

-0.072
-0.070
0.254
0.515%**
0.398**
-0.718**
0.044
0.010
0.149*
-0.587**
0.111
0.325%*
0.299**
-0.317*
0.078

0.025**
-1.086**

Standard Error

0.059
0.054
0.135
0.123
0.173
0.122

0.049
0.010

0.054
0.083
0.199
0.089
0.189
0.209
0.087
0.150
0.134
0.074
0.101
0.066
0.104
0.126
0.109
0.083
0.154
0.107

0.002
0.063

n=9929;>=731.5

Incidence rate ratio

1.931%**
1.409**
1.159
2.227**
1.192
1.650**

0.766**
1.088**

1.148**
1.223**
0.552**
0.930
0.932
1.289
1.674%**
1.488**
0.487**
0.957
0.990
1.161*
0.555%**
1.118
1.383**
1.348**
0.728*
1.081

1.025**
0.337%*

0.113
0.076
0.157
0.274
0.206
0.201

0.037
0.010

0.062
0.102
0.104
0.083
0.176
0.269
0.146
0.222
0.065
0.071
0.100
0.076
0.058
0.141
0.150
0.112
0.112
0.115

0.002
0.021

Standard error

Negative binomial regression, the dependent variable is the number of times the respondent added honorary authors to manuscripts in the last five years.
Independent variables include academic ranks, disciplines, gender, number of co-authors, and the number of publications. Discipline estimates compare
each discipline to the overall average across all disciplines.

* Indicates significance at the 5% level;
** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t1004

across disciplines). To more deeply probe into that behavior we begin with a model in which
the dependent variable is binary, whether a respondent has added an honorary author, or not,
to a grant proposal and thus use a logit model. With some modifications, the independent vari-
ables include the same variables as the manuscript models in Tables 3 and 4. We remove a con-

trol variable relevant to manuscripts (total number of publications) and add two control

variables to measure the level of exposure a particular scholar has to the funding process: the
number of grants funded in the last five years and the total amount of grant funding (dollars)

in that same period.
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Table 5. Adding honorary authors to grant proposals: Estimated coefficients and odds ratios.

Variables Estimated coefficients Std. error Odds ratio Std. error
Faculty Ranks
Assistant Professor 0.523** 0.076 1.687%* 0.128
Associate Professor 0.424%* 0.071 1.528%* 0.108
Lecturer 0.814** 0.203 2.258%* 0.459
Research Faculty 0.966** 0.148 2.628%* 0.388
Clinical Faculty 0.004 0.247 1.004 0.248
Other rank 0.799%* 0.182 2.223** 0.405
Disciplines
Medicine 0.792%* 0.068 2.208** 0.151
Nursing 0.786** 0.104 2.195%* 0.229
Accounting 0.139 0.280 1.149 0.322
Economics 0.158 0.128 1.171 0.150
Finance 0.014 0.336 1.014 0.341
Info systems -0.032 0.335 0.968 0.325
Management 0.306** 0.131 1.358%* 0.178
Marketing -0.077 0.283 0.926 0.262
Political Sci -0.729** 0.202 0.482%* 0.097
Psychology 0.234* 0.097 1.264%* 0.123
Sociology -0.013 0.140 0.987 0.138
Biology -0.453** 0.099 0.636** 0.063
Chemistry -0.385%* 0.138 0.680** 0.094
Computer Sci 0.061 0.171 1.063 0.181
Ecology -0.264 0.154 0.768 0.118
Engineer 0.238* 0.110 1.269* 0.140
Mathematics -0.457 0.243 0.633 0.154
Physics -0.317* 0.155 0.728* 0.113
Gender and other control variables
Male -0.252** 0.063 0.777%* 0.049
# grants 0.032** 0.004 1.032 0.004
Grant dollars -2.40E-10 2.8E-10 1.00 2.8E-10
Constant -1.710%* 0.079 0.181** 0.014

n = 7524; y? = 437.01

Logit regression, dependent variable is binary: 1 = added author, 0 = did not add author to research. Independent variables include academic ranks,
disciplines, gender, number of grants received, and total grant money received in last 5 years.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t1005

The results appear in Table 5 and, again, we see significant participation in honorary
authorship. The estimates largely follow our predictions and mirror the results of the models
in Tables 3 and 4. Academic rank has a smaller effect, being an assistant professor increases
the odds of adding an honorary author to a grant by 68% and being an associate professor
increases those odds by 52%. On the other hand, the impact of being a research professor is
larger in the grant proposal models than the manuscripts model of Table 3 while the impact of
sex is smaller. As was true in the manuscripts models, the obligation to add honorary authors
is also lumpy, some disciplines being much more likely to engage in the practice than others.
We find five disciplines in the “more likely than average” category: medicine, nursing,
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management, engineering, and psychology. The disciplines that tend to add fewer honorary
authors to grants are political science, biology, chemistry, and physics. Those that are indistin-
guishable from the average are accounting, economics, finance, information systems, sociol-
ogy, ecology, marketing, computer science, and mathematics.

We speculated that science, engineering, and medicine were more likely to practice honor-
ary authorship in grant proposals because those disciplines are more dependent on research
funding and more likely to consider funding as a requirement for tenure and promotion. The
results in Tables 3 and 5 are somewhat consistent with this conjecture. Of the five disciplines
in the “above average” category for adding honorary authors to grant proposals, four (medi-
cine, nursing, engineering, and psychology) are dependent on labs and funding to build and
maintain such labs for their research.

Reasons for adding honorary authors

Our next set of results looks more deeply into the reasons scholars give for adding honorary
authors to manuscripts and to grants. When considering honorary authors added to manu-
scripts, we focus on a set of responses to the question: “what was the major reason you felt
you needed to add those co-author(s)?” When we look at grant proposals, we use responses
to the survey question: “The main reason you added an individual to this grant proposal even
though he (or she) was not expected to make a significant contribution was. . .” Starting with
manuscripts, although nine different reasons for adding authors were cited (see survey in S1
Appendix), only three were cited more than 10% of the time. The most common reason
our respondents added honorary authors (28.4% of these responses) was because the added
individual was the director of the lab. The second most common reason (21.4% of these
responses), and the most disturbing, was that the added individual was in a position of
authority and could affect the scholar’s career. Third among the reasons for honorary author-
ship (13.2%) were mentors. “Other” was selected by about 13% of respondents. The percent-
age of raw responses for each reason is shown in Fig 2.

To find out if the three most common responses were related to the professional character-
istics of the scholars in our study, we re-estimate the model in Table 3 after replacing the

Director Authority Mentor Colleague Reciprocity Data Reputation Funding Reviewers

® manuscripts ¥ grants

Fig 2. Reasons for adding honorary authors to grants and manuscripts. Each pair of columns presents
the percentage of responses who selected a particular reason for adding an honorary author to a manuscript
or a grant proposal. Director refers to responses stating, “this individual was the director of the lab or facility
used in the research.” Authority refers to responses stating, “this individual occupies a position of authority
and can influence my career.” Mentor, “this is my mentor”; colleague, “this a colleague | wanted to help”;
reciprocity, “l was included or expect to be included as a co-author on their work”; data, “they had data |
needed”; reputation, “their reputation increases the chances of the work being published (or funded)”; funding,
“they had funding we could apply to the research”; and reviewers, “the grant reviewers suggested we add co-
authors.”

https://doi.org/10.1371/journal.pone.0187394.g002

PLOS ONE | https://doi.org/10.1371/journal.pone.0187394 December 6, 2017 17/34


https://doi.org/10.1371/journal.pone.0187394.g002
https://doi.org/10.1371/journal.pone.0187394

@° PLOS | ONE

Attribution manipulation in academic research

Table 6. Reasons authors added to manuscripts: Estimated coefficients.

Academic Ranks
Assistant Professor
Associate Professor
Lecturer

Research Faculty
Clinical Faculty
Other Rank

Gender and number of coauthors
Male

Number of Co-authors
Disciplines
Medicine

Nursing
Accounting
Economics

Finance

Info systems
Management
Marketing

Political Science
Psychology
Sociology

Biology

Chemistry
Computer Science
Ecology
Engineering
Mathematics
Physics

Publication history
Publications
Constant

Director of Laboratory

Coef.

-0.004
0.047
-0.369
0.414
0.352
0.325

0.084
0.004

0.863**
0.371*
-0.907
-0.469
-1.635
0.110
-0.344
-0.267
-0.877
0.850**
0.100
0.961**
0.858**
-0.919*
0.694**
0.704**
-0.228
0.100

0.005
-1.883**

Std. err

0.116
0.110
0.331
0.211
0.309
0.238

0.094
0.015

0.125
0.187
0.698
0.259
0.965
0.435
0.218
0.350
0.500
0.154
0.233
0.142
0.213
0.412
0.207
0.172
0.463
0.242

0.003
0.137

n=23158; %= 138.1

Position of Authority

Coef.

0.464**
0.383**
0.374
0.487*
-0.373
0.249

-0.075
-0.035

0.517%*
0.748**
0.378
0.067
0.219
0.327
0.508**
-0.053
0.256
-0.327
-0.227
-0.726**
-0.916**
0.393
-0.104
-0.246
-0.483
-0.333

-0.006
-1.663**

Std. err

0.128
0.126
0.298
0.251
0.372
0.268

0.106
0.021

0.116
0.162
0.419
0.212
0.441
0.389
0.162
0.309
0.318
0.182
0.241
0.193
0.354
0.265
0.253
0.209
0.506
0.290

0.004
0.142

n=23158; %= 136.4

Coef.

0.925%**
0.208
1.373**
0.539
1.148**
0.488

-0.0207
-0.214%*

0.374*
0.846**
-0.578
0.441
-0.165
1.032**
0.691**
0.541*
-0.721
0.338
-0.511
-0.453
-0.505
0.093
0.320
-0.374
-1.30
-0.074

-0.005
-1.955%*

n=3158; x> =192.75

0.161
0.176
0.291
0.324
0.347
0.304

0.134
0.036

0.167
0.200
0.703
0.238
0.593
0.391
0.190
0.323
0.573
0.207
0.345
0.256
0.416
0.374
0.313
0.304
0.965
0.389

0.006
0.203

Std. err

Logit regression, dependent variable is binary: 1 = added director of laboratory as co-author, or someone in position of authority, or a mentor (even though

they were not materially involved in the research), 0 = some other reason for adding author. Independent variables include academic ranks, disciplines,

gender, number of co-authors, and number of publications in last five years.
* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t006

dependent variable with the reasons for adding an author. In other words, the first model dis-
played in Table 6, under the heading “Director of Laboratory,” estimates a regression in which
the dependent variable equals one if the respondent added the director of the research lab in
which they worked as an honorary author and equals zero if this was not the reason. The sec-
ond model indicates those who added an author because he or she was in a position of author-
ity and so forth. The estimated coefficients appear in Table 6 and the odds ratios are reported
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in S1 Appendix, Table E. Note the sample size is smaller for these regressions because we
include only those respondents who say they have added a superfluous author to a manuscript.

The results are as expected. The individuals who are more likely to add a director of a labo-
ratory are research faculty (they mostly work in research labs and centers), and scholars in
fields in which laboratory work is a primary method of conducting research (medicine, nurs-
ing, psychology, biology, chemistry, ecology, and engineering). The second model suggests
that the scholars who add an author because they feel pressure from individuals in a position
of authority are junior faculty (assistant and associate professors, and research faculty) and
individuals in medicine, nursing, and management. The third model suggests assistant pro-
fessors, lecturers, research faculty, and clinical faculty are more likely to add their mentors as
an honorary author. Since many mentorships are established in graduate school or through
post-docs, it is sensible that scholars who are early in their career still feel an obligation to
their mentors and are more likely to add them to manuscripts. Finally, the disciplines most
likely to add mentors to manuscripts seem to be the “professional” disciplines: medicine,
nursing, and business (economics, information systems, management, and marketing). We
do not report the results for the other five reasons for adding honorary authors because few
respondent characteristics were statistically significant. One explanation for this lack of sig-
nificance may be the smaller sample size (less than 10% of the respondents indicated one of
these remaining reasons as being the primary reason they added an author) or it may be that
even if these rationales are relatively common, they might be distributed randomly across
ranks and disciplines.

Turning to grant proposals, the dominant reason for adding authors to grant proposals
even though they are not actually involved in the research was reputation. Of the more than
2100 individuals who gave a specific answer to this question, 60.8% selected “this individual
had a reputation that increases the chances of the work being funded.” The second most fre-
quently reported reason for grants was that the added individual was the director of the lab
(13.5%), and third was people holding a position of authority (13%). All other reasons gar-
nered a small number of responses.

We estimate a set of regressions similar to Table 6 using the reasons for honorary grant pro-
posal authorship as the dependent variable and the independent variables from the grant pro-
posal models of Table 5. Before estimating those models we also add six dummy variables
reflecting different sources of research funding to see if the reason for adding honorary cita-
tions differs by type of funding. These dummy variables indicate funding from NSF, HHS
(which includes the NIH), research grants from private corporations, grants from private,
non-profit organizations, state research grants, and then a variable capturing all other federally
funded grants. The omitted category is all other grants. The estimated coefficients appear in
Table 7 and the odds ratios are reported in Table F in S1 Appendix.

The first column of results in Table 7 replicates and adds to the model in Table 5, in which
the dependent variable is: “have you added honorary authors to grant proposals.” The reason
we replicate that model is to add the six funding sources to the regression to see if some agen-
cies see more honorary authors in their proposals than other agencies. The results in Table 7
suggest they do. Federally funded grants are more likely to have honorary authorships than
other sources of grant funding as the coefficients on NSF, NIH, and other federal funding are
all positive and significant at the 0.01 level. Corporate research grants also tend to have honor-
ary authors included.

The remaining columns in Table 7 suggest that scholars in medicine and management are
more likely to add honorary authors to grant proposals because of the added scholar’s reputa-
tion, but there is little statistical difference across the other characteristics of our respondents.
Exploring the different sources of funds, adding an individual because of his or her reputation
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Table 7. Reasons authors are added to grant proposals: Estimated coefficients.

Variables

Academic Ranks and Gender

Assistant
Associate
Lecturer

Res. faculty
Clinic faculty
Other rank
Male
Disciplines
Medicine
Accounting
Economics
Finance

Info systems
Management
Marketing
Poly science
Psychology
Sociology
Biology
Chemistry
Comp Science
Ecology
Engineer
Mathematics
Physics
Grant history
Number Grants
Grant dollars
NSF

HHS
Corporation $
Nonprofit
State funding

Otr. FED Grants

Constant

Added author
Coef. Std. err
0.54** 0.09
0.46** 0.08
0.97** 0.23
0.87** 0.16
-0.12 0.38
0.91** 0.19
-0.30** 0.07
1.37** 0.09
0.40 0.28
0.34** 0.13
0.25 0.34
-0.11 0.34
0.53** 0.17
0.09 0.29
-0.56%* 0.20
-0.07 0.10
-0.06 0.14
-0.70%* 0.10
-0.53** 0.14
-0.01 0.17
-0.24 0.16
0.17 0.11
-0.53* 0.25
-0.34% 0.16
0.03** 0.01
-.15E-9 .23E-9
0.54** 0.11
.15 0.12
0.45* 0.21
0.03 0.13
0.26 0.15
0.63** 0.14
-2.11%* 0.12

n = 6343; y* = 893.4

Coef.

0.31*
0.22
0.36
-0.15
-0.60
0.24
0.07

0.28
0.01
0.18
-0.48
0.04
0.73**
-0.16
0.59
0.06
0.02
-0.23
-0.31
0.05
-0.30
0.02
-0.30
-0.13

0.01
-4.4E-9
-0.09
0.63**
-0.92%*
-0.09
-0.03
-0.20
-0.20

Reputation
Std. err

0.14
0.13
0.37
0.24
0.53
0.31
0.11

0.15
0.50
0.23
0.62
0.61
0.24
0.52
0.40
0.19
0.26
0.19
0.26
0.31
0.29
0.19
0.46
0.29

0.01
4.7E-9
0.21
0.21
0.34
0.24
0.27
0.26
0.21

n=1711; y*=109.0

Coef.

-0.45*%
-0.27
-1.23
0.68*
0.09
-0.08
-0.06

0.04
-1.03
-0.03
0.45
0.36
-0.70
1.72%*
-0.15
0.34
-0.58
0.01
0.70*
-0.84
0.04
0.03

-0.27

-0.02
1.7E-9
0.49
-0.09
1.24**
0.62
0.58
0.41

_1 8**

Director

Std. err

0.21
0.19
0.76
0.28
0.67
0.43
0.16

0.21
0.98
0.34
0.77
0.76
0.41
0.54
0.60
0.26
0.46
0.29
0.32
0.59
0.40
0.28
omitted
0.44

0.01
1.E-9
0.33
0.34
0.44
0.38
0.40
0.39
0.35

n=1693;y*>=70.6

Authority
Coef. Std. err
0.20 0.22
0.26 0.20
0.24 0.57
-0.22 0.43
1.02 0.68
0.46 0.43
-0.12 0.17
-0.06 0.23
-0.71 0.99
-0.67 0.43
0.69 0.77
1.01 0.67
-0.15 0.37
-0.79 0.99
0.13 0.53
-0.52 0.34
-0.44 0.46
0.11 0.28
0.06 0.41
0.16 0.42
0.14 0.40
0.21 0.27
0.64 0.56
0.31 0.39
-0.01 0.01
-4E-9 1.4E-8
0.11 0.30
-0.60 0.33
0.39 0.45
-0.23 0.38
-0.64 0.47
0.33 0.36
-1.94 0.33

n=1711;%>=44.6

Logit regression, dependent variable is binary: 1 = added an author to a grant proposal because of his or reputation, or added the director of laboratory as

co-author, or someone in position of authority (even though they were not materially involved in the research), 0 = some other reason for adding author.

Independent variables include academic ranks, disciplines, gender, funding agency, number of grants, and total grand funding received in last five years.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t1007

is more likely to be practiced with grants to the Department of Health and Human Services

(probably because of the heavy presence of medical proposals and honorary authorship is

common in medicine) and it is statistically less likely to be used in grant proposals directed

towards corporate research funding.
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Table 7 shows that lab directors tend to be honorary authors in grant proposals with assis-
tant professors and for grant proposals directed to private corporations. While position of
authority (i.e., political power) was the third most frequently cited reason to add someone to a
proposal, its practice seems to be dispersed across the academic universe as the regression
results in Table 7 do not show much variation across rank, discipline, their past experience
with research funding, or the funding source to which the proposal was directed. The remain-
ing reasons for adding authors garnered a small portion of the total responses and there was
little significant variation across the characteristics measured here. For these reasons, their
regression results are not reported.

Coercive citations

There is widespread distaste among academics concerning the use of coercive citation. Over
90% of our respondents view coercion as inappropriate, 85.3% think its practice reduces the
prestige of the journal, and 73.9% are less likely to submit work to a journal that coerces. These
opinions are shared across the academic spectrum as shown in Fig 3, which breaks out these
responses by the major fields, medicine, science, engineering, business, and the social sciences.
Despite this disapproval, 14.1% of the overall respondents report being coerced. Similar to the
analyses above, our task is to see if there is a systematic set of attributes of scholars who are
coerced or if there are attributes of journals that are related to coercion.

Two dependent variables are used to measure the existence and the frequency of coercive
citation. The first is a binary dependent variable, whether respondents were coerced or not,
and the second counts the frequency of coercion, asking our respondents how many times they
have been coerced in the last five years. Table 8 presents estimates of the logit model (coerced
or not) and their odds ratios and Table 9 presents estimates of the negative binomial model
(measuring the frequency of coercion) and their accompanying incident rate ratios. With but
a single exception (the estimated coefficient on female scholars was opposite our expectation)
our hypotheses are supported. In this sample, it is males who are more likely to be coerced, the
effect size estimates that being a male raises the odds ratio of being coerced by 18%. In the fre-
quency estimates in Table 9, however, there was no statistical difference between male and

Engineering Business Health Care Science Social sciences

female scholars.

» Inappropriate ™ Lowers prestige m Less likely to submit

Fig 3. Disapproval of coercive citation by major academic group. The first column in each cluster
presents the percentage of respondents from each major academic group who either strongly agree or agree
with the statement the coercive citations, “is inappropriate.” The second column is the percentage that agrees
to, “[it] reduces the prestige of the journal.” The third column reflects agreement to, “are less likely to submit
work to a journal that coerces.”

https://doi.org/10.1371/journal.pone.0187394.g003
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Table 8. Existence of coercive citation: Estimated coefficients and odds ratios.

Variables Estimated coefficient Std. error Odds ratio Std. error
Academic Ranks
Assistant professor 0.357** 0.076 1.429%* 0.109
Associate professor 0.195%* 0.073 1.215%* 0.089
Lecturer -0.538* 0.212 0.584* 0.124
Other faculty 0.051 0.117 1.052 0.123
Gender and number of coauthors
Male 0.164* 0.068 1.178* 0.080
Number coauthors -0.096** 0.018 0.908** 0.016
Disciplines
Medicine -0.493** 0.089 0.610** 0.055
Nursing -0.524** 0.153 0.592** 0.090
Accounting 0.535%* 0.157 1.708** 0.268
Economics 0.235* 0.102 1.265% 0.129
Finance 1.281** 0.131 3.601** 0.472
Info systems 1.306** 0.099 3.691** 0.364
Management 1.166** 0.088 3.208** 0.281
Marketing 1.364** 0.093 3.911%* 0.362
Political science -0.942%* 0.235 0.390** 0.091
Psychology -0.621** 0.116 0.537** 0.062
Sociology -0.377* 0.138 0.686** 0.094
Biology -0.114 0.198 0.892 0.177
Chemistry -0.886** 0.154 0.412** 0.063
Computer science -0.448* 0.173 0.639** 0.111
Ecology 0.778** 0.158 2.178** 0.344
Engineering 0.582** 0.090 1.789%** 0.160
Mathematics -1.625%* 0.321 0.197%** 0.063
Physics -1.215%* 0.225 0.297** 0.067
Publication history
Total publications 0.028** 0.002 1.028%* 0.002
Constant -2.190** 0.099 0.112 0.011%**

n=11567; %= 1022.9

Logit regression, dependent variable is binary: 1 = have been coerced to add citations, 0 = have not been coerced. Independent variables include academic
ranks, disciplines, gender, number of co-authors, and number of publications in last five years.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.1008

Consistent with our hypotheses, assistant professors and associate professors were more
likely to be coerced than full professors and the effect was larger for assistant professors. Being
an assistant professor increases the odds that you will be coerced by 42% over a professor
while associate professors see about half of that, a 21% increase in their odds. Table 9 shows
assistant professors are also coerced more frequently than professors. Co-authors had a nega-
tive and significant coefficient as predicted in both sets of results. Consequently, comparing
Tables 3 and 8 we see that manuscripts with many co-authors are more likely to add honorary
authors, but are less likely to be targeted for coercion. Finally, we find significant variation
across disciplines. Eight disciplines are significantly more likely to be coerced than the average
across all disciplines and ordered by their odds ratios (largest to smallest) they are: marketing,
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Table 9. Frequency of coercive citation: Estimated coefficients and incidence rate ratios.

Variables
Academic Ranks
Assistant professor
Associate professor
Lecturer
Other faculty
Gender and number of coauthors
Male
Number coauthors
Disciplines
Medicine
Nursing
Accounting
Economics
Finance
Info systems
Management
Marketing
Political science
Psychology
Sociology
Biology
Chemistry
Computer science
Ecology
Engineering
Mathematics
Physics
Publication history
Total publications
Constant

Estimated Coefficient

0.281**

0.094
-0.148

0.055

0.067
-0.037*

1.946**
1.839**
0.233
0.051
0.987**
0.930%**
0.882**
1.015%*
-1.115%*
-0.848**
-0.590**
-0.477**
-0.923**
-0.736**
0.211
0.280**
-2.010%*
-1.676**

0.032**
-1.659**

Std. error IncidenceRate Ratio
0.074 1.324**
0.070 1.099
0.179 0.862
0.114 1.056
0.064 1.070
0.018 0.964*
0.135 7.004**
0.252 6.287**
0.149 1.262
0.094 1.052
0.125 2.684**
0.094 2.535%*
0.083 2.415%*
0.088 2.760%*
0.205 0.328**
0.101 0.428%*
0.123 0.554**
0.175 0.621**
0.121 0.397**
0.152 0.479**
0.151 1.235
0.082 1.323**
0.274 0.134**
0.200 0.187**
0.002 1.032**
0.098 0.190**

n=8951; y*=1071.1

Std. error

0.097
0.077
0.155
0.120

0.069
0.017

0.948
1.584
0.188
0.099
0.336
0.239
0.200
0.242
0.067
0.043
0.068
0.109
0.048
0.073
0.187
0.108
0.037
0.037

0.002
0.019

Negative binomial regression, dependent variable is number of times respondents report being coerced for citations in last five years. Independent variables
include academic ranks, disciplines, gender, number of co-authors, and number of publications in last five years.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.1009

information systems, finance, management, ecology, engineering, accounting, and economics.
Nine disciplines are less likely to be coerced and ordered by their odds ratios (smallest to larg-
est) they are: mathematics, physics, political science, chemistry, psychology, nursing, medicine,
computer science, and sociology. Again, there is support for our speculation that disciplines in
which grant funding is less critical (and therefore publication is relatively more critical) experi-
ence more coercion. In the top coercion category, six of the eight disciplines are business disci-
plines, where research funding is less common, and in “less than average” coercion disciplines,
six of the nine disciplines rely heavily on grant funding. The anomaly (and one that deserves
greater study) is that the social sciences see less than average coercion even though publication
is their primary measure of academic success. While they are prime targets for coercion, the
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editors in their disciplines have largely resisted the temptation. Again, this same pattern
emerges in the frequency model. In the S1 Appendix, these models are re-estimated after stan-
dardizing the continuous variables. Results appear in Table G (existence of coercion) and
Table H (frequency of coercion.)

Coercive citations: Journal data

To achieve a deeper understanding of coercive citation, we reexamine this behavior using aca-
demic journals as our unit of observation. We analyze these journal-based data in two ways: 1)
alogit model in which the dependent variable equals 1 if that journal was named as having
coerced and 0 if not and 2) a negative binomial model where the dependent variable is the
count of the number of times a journal was identified as one where coercion occurred. As
before, the variance of these data substantially exceeds the mean and thus Poison regression is
inappropriate. To test our hypotheses, our included independent variables are the dummy var-
iables for discipline, journal rank, and dummy variables for different types of publishers. We
control for some of the different editorial practices across journals by including the number of
documents published annually by each journal and the average number of citations per article.

The results of the journal-based analysis appear in Table 10. Once again, and consistent
with our hypothesis, the differences across disciplines emerge and closely follow the previous
results. The discipline journals most likely to have coerced authors for citations are in business.
The effect of a journal’s rank on its use of coercion is perhaps the most startling finding. Mea-
suring journal rank using the h-index suggests that more highly rated journals are more likely
to have coerced and coerced more frequently, which is opposite our hypothesis that lower
ranked journals are more likely to coerce. Perhaps the chance to move from being a “good”
journal to a “very good” journal is just too tempting to pass. There is some anecdotal evidence
that is consistent with this result. If one surfs through the websites of journals, many simply do
not mention their rank or impact factor. However, those that do mention their rank or impact
tend to be more highly ranked journals (a low-ranked journal typically doesn’t advertise that
fact), but the very presence of the impact factor on a website suggests that the journal, or more
importantly the publisher, places some value on it and, given that pressure, it is not surprising
to find that it may influence editorial decisions. On the other hand, we might be observing the
results of established behavior. If some journals have practiced coercion for an extended time
then their citation count might be high enough to have inflated their h-index. We cannot dis-
cern a direction of causality, but either way our results suggest that more highly ranked jour-
nals end up using coercion more aggressively, all else equal.

There seems to be publisher effects as well. As predicted, journals published by private,
profit oriented companies are more likely to be journals that have coerced, but it also seems to
be more common in the academic associations than university publishers. Finally, we note
that the total number of documents published per year is positively related to a journal having
coerced and the impact of the average number of citations per document was not significantly
different than zero.

The result that higher-ranked journals seem to be more inclined than lower-ranked jour-
nals to have practiced coercion warrants caution. These data contain many obscure journals;
for example, there are more than 4000 publications categorized as medical journals and this
long tail could create a misleading result. For instance, suppose some medical journals ranked
between 1000-1200 most aggressively use the practice of coercion. In relative terms these are
“high” ranked journals because 65% of the journals are ranked even lower than these clearly
obscure publications. To account for this possibility, a second set of estimates was calculated
after eliminating all but the “top-30” journals in each discipline. The results appear in Table 11
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Table 10. Journals that have coerced: Estimated coefficients, odds ratios, and incident rate ratios (all journals).

Coerced Authors (logit) Frequency Coerced Authors (negative binomial)
Coefs. Std. Error Odds ratios Std. Error Coefs. Std. error IRR Std. Error
Journal Attributes
TotDocs 0.0002** 0.000 1.000** 0.0001 0.0002 0.0001 1.000 0.0001
RefperDoc 0.001 0.001 1.001 0.001 0.004 0.002 1.004 0.002
University 1.909 1.074 6.750 7.252 1.597 1.120 4.940 5.533
Academic 2.386* 1.062 10.867* 11.548 2.183* 1.108 8.870* 9.830
Private 2.625* 1.060 13.812* 14.639 2.421* 1.103 11.254* 12.419
Disciplines
Medicine -1.633** 0.136 0.195%* 0.026 -1.862** 0.143 0.155%* 0.022
Nursing 0.271 0.281 1.311 0.369 -0.070 0.335 0.932 0.313
Accounting 1.097 0.587 2.994 1.759 1.656%* 0.608 5.240** 3.188
Economics 0.570%** 0.204 1.768%* 0.362 0.922** 0.210 2.515%* 0.529
Finance 1.693** 0.205 5.437%* 1.113 1.662** 0.266 5.272** 1.402
Info Sys 1.669** 0.259 5.307** 1.376 1.592%** 0.342 4.914** 1.680
Management 1.111** 0.148 3.037** 0.449 0.966** 0.180 2.628** 0.473
Marketing 2.110** 0.382 8.251%*% 3.156 2.871** 0.508 17.651*%* 8.977
Polysci -1.056 0.561 0.348 0.195 -0.528 0.415 0.590 0.245
Psychology -0.040 0.185 0.961 0.178 -0.077 0.198 0.925 0.183
Sociology -0.836** 0.179 0.433** 0.078 -0.950** 0.182 0.387** 0.070
Biology -1.850** 0.176 0.157** 0.028 -2.209** 0.191 0.110** 0.021
Chemistry -0.913** 0.222 0.401%** 0.089 -1.191** 0.254 0.304** 0.077
CompSci -0.321 0.196 0.725 0.142 0.140 0.188 1.151 0.216
Ecology -0.476** 0.180 0.621** 0.112 -0.731** 0.192 0.481** 0.092
Engineering -0.416** 0.149 0.659** 0.098 -0.384* 0.152 0.681* 0.104
Mathematics -0.400 0.213 0.670 0.143 -0.670** 0.231 0.511** 0.118
Physics -0.580** 0.198 0.560** 0.111 -1.138** 0.248 0.320** 0.080
Journal Rankings
h-Index 0.022** 0.001 1.022%** 0.001 0.031** 0.002 1.000** 0.0002
Constant -6.128** 1.063 0.002** 0.002 -6.033** 1.106 1.004** 0.002
N =16,651; x* = 873.42 N =16,651; %% = 778.55

The unit of observation is a journal. The dependent variable for the logit model is binary: 1 = journal named as having coerced, 0 = not so named, and for the
frequency model the dependent variable is the number of times a journal was named as one that has coerced. Independent variables include the total
number of documents published by the journal in a year, the average references per document, the type of publisher, academic disciplines, and the journal’s
ranking as measured by the h-index.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t1010

and generally mirror the results in Table 10. Journals in the business disciplines are more likely
to have used coercion and used it more frequently than the other disciplines. Medicine, biol-
ogy, and computer science journals used coercion less. However, even concentrating on the
top 30 journals in each field, the h-index remains positive and significant; higher ranked jour-
nals in those disciplines are more likely to have coerced.

Padded reference lists

Our final empirical tests focus on padded citations. We asked our respondents that if they
were submitting an article to a journal with a reputation of asking for citations even if those
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Table 11. Journals that have coerced, top 30 journals: Estimated coefficients, odds ratios, and incident rate ratios.

Coerced Authors (logit)

Coefs. Std. Error Odds Ratio
Journal Attributes
TotDocs 0.001 0.001 1.000
RefperDoc -0.008* 0.004 0.992*
University -0.049 0.433 0.952
Academic 0.297 0.250 1.346
Disciplines
Medicine -2.780%* 0.757 0.062**
Nursing 0.565 0.460 1.760
Accounting 0.073 0.650 1.075
Economics -0.295 0.543 0.744
Finance 1.998** 0.400 7.373%*
Info systems 1.108** 0.423 3.027**
Management 2.207** 0.406 9.093**
Marketing 1.504** 0.439 4.502**
Polysci -0.556 0.734 0.574
Psychology 0.037 0.441 1.038
Sociology 0.212 0.463 1.236
Biology -2.108** 0.687 0.121**
Chemistry -0.445 0.458 0.641
CompSci -2.577** 0.979 0.076**
Ecology 0.129 0.404 1.137
Engineering 0.273 0.395 1.314
Mathematics 0.315 0.427 1.371
Physics 0.339 0.438 1.403
Journal Ranking
h-Index 0.011** 0.003 1.011**
Constant -2.073** 0.351 0.126

N = 540; x* = 73.87

Std. Error

0.001
0.004
0.412
0.337

0.047
0.810
0.699
0.404
2.953
1.282
3.692
1.975
0.421
0.457
0.572
0.083
0.293
0.074
0.459
0.520
0.585
0.615

0.003
0.044

Frequency Coerced Authors (negative binomial)

Coefs.

0.001
-0.009
-0.471

0.248

2.461%*
0.052
0.678

-0.794
1.991%*
1.675%*
2.019%*
2.823%*

-0.068

-0.441
0.120

-1.974%*

-1.046*

-3.009%*
1.027%*
0.051

-0.203

-0.442

0.012**
-1.705

Std. Error

0.001
0.005
0.458
0.248

0.662
0.499
0.533
0.598
0.370
0.371
0.362
0.353
0.573
0.479
0.444
0.669
0.479
1.011
0.360
0.384
0.446
0.458

0.003
0.388

IRR

1.000
0.991
0.624
1.282

0.085%**
1.054
1.969
0.452
7.324%*
5.339**
7.531%*
16.836**
0.934
0.643
1.128
0.139%**
0.351*
0.049%**
2.794%**
1.052
0.816
0.643

1.012**
0.182

N = 540; x® = 127.21

Std. Error

0.001
0.005
0.286
0.317

0.056
0.526
1.050
0.270
2.709
1.984
2.723
5.944
0.536
0.308
0.501
0.093
0.168
0.050
1.007
0.404
0.364
0.294

0.003
0.071

Table 11 repeats analysis in Table 10 cutting sample to include only the top 30 journals in each discipline as measured by the h-index. The dependent
variable for the logit model is binary: 1 = journal named as having coerced, 0 = not so named, and for the frequency model the dependent variable is the
number of times a journal was named as one that has coerced. Independent variables include the total number of documents published by the journal in a
year, the average references per document, the type of publication, academic disciplines, and the journal’s ranking as measured by the h-index.

* Indicates significant at the 5% level;
** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.t011

citations are not critical to the content of the article, would you “add such citations BEFORE
SUBMISSION.” Again, more than 40% of the respondents said they agreed with that senti-
ment. Regarding grant proposals, 15% admitted to adding citations to their reference list in

grant proposals “even if those citations are of marginal import to my proposal.”

To see if reference padding is as systematic as the other types of manipulation studied
here, we use the categorical responses to the above questions as dependent variables and

estimate ordered logit models using the same descriptive independent variables as before.

The results for padding references in manuscripts and grant proposals appear in Tables 12

and 13, respectively. Once more, with minor deviation, our hypotheses are strongly

supported.

PLOS ONE | https://doi.org/10.1371/journal.pone.0187394 December 6, 2017

26/34


https://doi.org/10.1371/journal.pone.0187394.t011
https://doi.org/10.1371/journal.pone.0187394

o @
@ : PLOS | ONE Attribution manipulation in academic research

Table 12. Padding citations in manuscripts: Estimated coefficients and odds ratios.

Variables Estimated coefficients Std. error Odds ratios Std. error
Academic Ranks
Assistant Professor 0.752** 0.047 2.121** 0.100
Associate Professor 0.479%* 0.045 1.615%* 0.073
Lecturer 0.593** 0.109 1.810%* 0.196
Other faculty 0.420** 0.062 1.5622%* 0.094
Gender and number of co-authors
Male -0.325%** 0.040 0.722** 0.028
Coauthors 0.008 0.008 1.007 0.008
Disciplines
Medicine -0.913** 0.044 0.401** 0.018
Nursing -1.168** 0.071 0.311** 0.022
Accounting 0.968** 0.113 2.632*%* 0.298
Economics 0.628** 0.066 1.874%* 0.123
Finance 0.551** 0.111 1.734%* 0.192
Information Systems 0.539** 0.081 1.714%* 0.139
Management 0.862** 0.071 2.367%* 0.167
Marketing 0.913** 0.078 2.493** 0.195
Political Science 0.440%** 0.101 1.553** 0.156
Psychology 0.280** 0.058 1.323** 0.076
Sociology 0.562** 0.072 1.754** 0.126
Biology -0.704** 0.105 0.495** 0.052
Chemistry -0.452** 0.065 0.636** 0.042
CompSci -0.450** 0.090 0.637** 0.057
Ecology -0.169 0.105 0.844 0.089
Engineering -0.384** 0.062 0.618** 0.042
Mathematics -0.752%* 0.094 0.471%* 0.044
Physics -0.750** 0.082 0.472%* 0.039
Publication history
Publications -0.003* 0.001 0.997* 0.001
Aware of coercion 0.398** 0.042 1.489%* 0.062
Coerced 0.451** 0.058 1.570%* 0.091

n=11,518; 4° = 2262.9

Ordered logit regression, dependent variable is categorical: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree; to the likelihood of
padding citations (see survey in supplemental materials). Independent variables include academic ranks, disciplines, gender, number of co-authors,
number of publications, and awareness of editorial coercion.

* Indicates significance at the 5% level;

** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.1012

Tables 12 and 13 show that scholars of lesser rank and those without tenure are more likely
to pad citations to manuscripts and skew citations in grant proposals than are full professors.
The gender results are mixed, males are less likely to pad their citations in manuscripts, but
more likely to pad references in grant proposals. It is the business disciplines and the social
sciences that are more likely to pad their references in manuscripts and business and medicine
who pad citations on grant proposals. In both situations, familiarity with other types of
manipulation has a strong, positive correlation with the likelihood that individuals pad their
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Table 13. Padding citations in grant proposals: Estimated coefficients and odds ratios.

Variables
Academic Ranks
Assistant Professor
Associate Professor
Lecturer
Other faculty
Research fac.
Clinical fac.
Gender
Male
Disciplines
Medicine
Nursing
Accounting
Economics
Finance
Information Systems
Management
Marketing
Political Science
Psychology
Sociology
Biology
Chemistry
CompSci
Ecology
Engineering
Mathematics
Physics
Grant history
# grants
Grant dollars
Added authors

Estimated coefficients

0.346**
0.072
0.615**
-0.154
0.209
0.584**

0.213**

0.050
-0.272%**
0.437*
0.536**

1.277%**
-0.114
0.752**
0.668**
0.182
-0.496%*
-0.244*
-0.190%**
-0.183*
-0.421%**
-0.270**
-0.434%*
-0.728**
-0.550**

-0.002
0.000
0.798**

Std. error

0.059
0.053
0.169
0.148
0.126
0.196

0.049

0.054
0.087
0.204
0.092
0.235
0.249
0.102
0.200
0.116
0.074
0.101
0.065
0.090
0.129
0.106
0.085
0.153
0.102

0.003
0.000
0.052

n=7487; ° = 620.6

Odds ratios

1.413**
1.075
1.849**
0.857
1.232
1.793**

1.238**

1.051
0.762**
1.547*
1.710**
3.588**
0.892
2.121%**
1.951%**
1.199
0.609**
0.784*
0.827**
0.833*
0.656**
0.763**
0.648**
0.483**
0.577**

0.998
1.000
2.221**

Std. errors

0.084
0.057
0.313
0.127
0.155
0.352

0.061

0.057
0.066
0.315
0.158
0.844
0.222
0.216
0.390
0.139
0.045
0.079
0.053
0.075
0.085
0.080
0.055
0.074
0.059

0.003
1.1E-09
0.116

Ordered logit regression, dependent variable is categorical: 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, 5 = strongly agree; to the likelihood of
padding citations (see survey in supplemental materials). Independent variables include academic ranks, disciplines, gender, number of co-authors,

number of grants received, total grant money received in last 5 years, and awareness of editorial coercion.
* Indicates significance at the 5% level;
** significant at the 1% level.

https://doi.org/10.1371/journal.pone.0187394.1013

reference list. That is, respondents who are aware of coercive citation and those who have
been coerced in the past are much more likely to pad citations before submitting a manuscript
to a journal. And, scholars who have added honorary authors to grant proposals are also more

likely to skew their citations to high-impact journals. While we cannot intuit the direction of
causation, we show evidence that those who manipulate in one dimension are willing to

manipulate in another.
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Discussion

Our results are clear; academic misconduct, specifically misattribution, spans the academic
universe. While there are different levels of abuse across disciplines, we found evidence of hon-
orary authorship, coercive citation, and padded citation in every discipline we sampled. We
also suggest that a useful construct to approach misattribution is to assume individual scholars
make deliberate decisions to cheat after weighing the costs and benefits of that action. We can-
not claim that our construct is universally true because other explanations may be possible,
nor do we claim it explains all misattribution behavior because other factors can play a role.
However, the systematic pattern of superfluous authors, coerced citations, and padded refer-
ences documented here is consistent with scholars who making deliberate decisions to cheat
after evaluating the costs and benefits of their behavior.

Consider the use of honorary authorship in grant proposals. Out of the more than 2100
individuals who gave a specific reason as to why they added a superfluous author to a grant
proposal, one rationale outweighed the others; over 60% said they added the individual
because of they thought the added scholar’s reputation increased their changes of a positive
review. That behavior, adding someone with a reputation even though that individual isn’t
expected to contribute to the work was reported across disciplines, academic ranks, and indi-
viduals” experience in grant work. Apparently, adding authors with highly recognized names
to grant proposals has become part of the game and is practiced across disciplines and rank.

Focusing on manuscripts, there is more variation in the stated reasons for honorary author-
ship. Lab directors are added to papers in disciplines that are heavy lab users and junior faculty
members are more likely to add individuals in positions of authority or mentors. Unlike grant
proposals, few scholars add authors to manuscripts because of their reputation. A potential
explanation for this difference is that many grant proposals are not blind reviewed, so grant
reviewers know the research team and can be influenced by its members. Journals, however,
often have blind referees, so while the reputation of a particular author might influence an edi-
tor it should not influence referees. Furthermore, this might reflect the different review process
of journals versus funding agencies. Funding agencies specifically consider the likelihood that
aresearch team can complete a project and the project’s probability of making a significant
contribution. Reputation can play a role in setting that perception. Such considerations are
less prevalent in manuscript review because a submitted work is complete—the refereeing
question is whether it is done well and whether it makes a significant contribution.

Turning to coercive citations, our results in Tables 8 and 9 are also consistent with a model
of coercion that assumes editors who engage in coercive citation do so mindfully; they are
influenced by what others in their field are doing and if they coerce they take care to minimize
the potential cost that their actions might trigger. Parallel analyses using a journal data base
are also consistent with that view. In addition, the distinctive characteristics of each dataset
illuminate different parts of the story. The author-based data suggests editors target their
requests to minimize the potential cost of their activity by coercing less powerful authors and
targeting manuscripts with fewer authors. However, contrary to the honorary authorship
results, females are less likely to be coerced than males, ceteris paribus. The journal-based data
adds that it is higher-ranked journals that seem to be more inclined to take the risk than lower
ranked journals and that the type of publisher matters as well. Furthermore, both approaches
suggest that certain fields, largely located in the business professions, are more likely to engage
in coercive activities. This study did not investigate why business might be more actively
engaged in academic misconduct because there was little theoretical reason to hypothesize this
relationship. There is however some literature suggesting that ethics education in business
schools has declined [34]. For the last 20-30 years business schools have turned to the mantra
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that stock holder value is the only pertinent concern of the firm. It is a small step to imagine
that citation counts could be viewed as the only thing that matters for journals, but additional
research is needed to flesh out such a claim.

Again, we cannot claim that our cost-benefit model of editors who try to inflate their jour-
nal impact factor score is the only possible explanation of coercion. Even if editors are follow-
ing such a strategy, that does not rule out additional considerations that might also influence
their behavior. Hopefully future research will help us understand the more complex motiva-
tions behind the decision to manipulate and the subsequent behavior of scholars.

Finally, it is clear that academics see value in padding citations as it is a relatively common
behavior for both manuscripts and grants. Our results in Tables 12 and 13 also suggest that the
use of honorary authorship and padding citations in grant proposals and coercive citation and
padding citations in manuscripts is correlated. Scholars who have been coerced are more likely
to pad citations before submitting their work and individuals who add authors to manuscripts
also skew their references on their grant proposals. It seems that once scholars are willing to
misrepresent authorship and/or citations, their misconduct is not limited to a single form of
misattribution.

It is difficult to examine these data without concluding that there is a significant level of
deception in authorship and citation in academic research and while it would be naive to sup-
pose that academics are above such scheming to enhance their position, the results suggest oth-
erwise. The overwhelming consensus is that such behavior is inappropriate, but its practice is
common. It seems that academics are trapped; compelled to participate in activities they find
distasteful. We suggest that the fuel that drives this cultural norm is the competition for
research funding and high-quality journal space coupled with the intense focus on a single
measure of performance, the number of publications or grants. That competition cuts both
ways, on the one hand it focuses creativity, hones research contributions, and distinguishes
between significant contributions and incremental advances. On the other hand, such compe-
tition creates incentives to take shortcuts to inflate ones’ research metrics by strategically
manipulating attribution. This puts academics at odds with their core ethical beliefs.

The competition for research resources is getting tighter and if there is an advantage to be
gained by misbehaving then the odds that academics will misbehave increase; left unchecked,
the manipulation of authorship and citation will continue to grow. Different types of attribu-
tion manipulation continue to emerge; citation cartels (where editors at multiple journals
agree to pad the other journals’ impact factor) and journals that publish anything for a fee
while falsely claiming peer-review are two examples [30, 35].

It will be difficult to eliminate such activities, but some steps can probably help. Policy
actions aimed at attribution manipulation need to reduce the benefits of manipulation and/or
increase the cost. One of the driving incentives of honorary authorship is that the number of
publications has become a focal point of evaluation and that number is not sufficiently dis-
counted by the number of authors [36]. So, if a publication with x authors counted as 1/x pub-
lications for each of the authors, the ability to inflate one’s vita is reduced. There are problems
of course, such as who would implement such a policy, but some of these problems can be
addressed. For example if the online, automated citation counts (e.g., h-index, impact factor,
calculators such as SCOPUS and Google Scholar) automatically discounted their statistics by
the number of authors, it could eventually influence the entire academe. Other shortcomings
of this policy is that this simple discounting does not allow for differential credit to be given
that may be warranted, nor does it remove the power disparity in academic ranks. However, it
does stiffen the resistance to adding authors and that is a crucial step.

An increasing number of journals, especially in medicine, are adopting authorship guide-
lines developed by independent groups, the most common being set forth by the International
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Committee of Medical Journal Editors (ICMJE) [37]. To date, however, there is little evidence
that those standards have significantly altered behavior; although it is not clear if that is
because authors are manipulating in spite of the rules, if the rules are poorly enforced, or if
they are poorly designed from an implementation perspective [21]. Some journals require
authors to specifically enumerate each author’s contribution and require all of the authors to
sign off on that division of labor. Such delineation would be even more effective if authorship
credit was weighted by that division of labor. Additional research is warranted.

There may be greater opportunities to reduce the practice of coercive citation. A funda-
mental difference between coercion and honorary authorship is the paper trail. Editors write
down such “requests” to authors, therefore violations are easier to document and enforcement
is more straightforward. First, it is clear that impact factors should no longer include self-cita-
tions. This simple act removes the incentive to coerce authors. Reuters makes such calcula-
tions and publishes impact factors including and excluding self-citations. However, the
existence of multiple impact factors gives journals the opportunity to adopt and advertise the
factor that puts them in the best light, which means that journals with editors who practice
coercion can continue to use impact factors that can be manipulated. Thus, self-citations
should be removed from all impact factor calculations. This does not eliminate other forms of
impact factor manipulation such as posting accepted articles on the web and accumulating
citations prior to official publication, but it removes the benefit of editorial coercion and other
strategies based on inflating self-citation [38]. Second, journals should explicitly ban their edi-
tors from coercing. Some journals are taking these steps and while words do not insure prac-
tice, a code of ethics reinforces appropriate behavior because it more closely ties a journal’s
reputation to the practices of its editors and should increase the oversight of editorial boards.
Some progress is being made on the adoption of editorial guidelines, but whether they have
any impact is currently unknown [39, 40].

These results also reinforce the idea that grant proposals be double blind-reviewed. Blind-
review shifts the decision calculus towards the merit of a proposal and reduces honorary
authorship incentives. The current system can inadvertently encourage misattribution. For
example, scholars are often encouraged to visit granting agencies to meet with reviewers and
directors of programs to talk about high-interest research areas. Such visits make sense, but it is
easy for those scholars to interpret their visit as a name-collecting exercise; finding people to
add to proposals and collecting references to cite. Fourth, academic administrators, Provosts,
Deans, and Chairs need to have clear rules concerning authorship. Far too many of our respon-
dents said they added a name to their work because that individual could have an impact on
their career. They also need to have guidelines that address the inclusion of mentors and lab
directors to author lists. Proposals that include name-recognizable scholars for only a small
proportion of the grant should be viewed with suspicion. This is a consideration in some grant
opportunities, but that linkage can be strengthened. Finally, there is some evidence that men-
toring can be effective, but there is a real question as to whether mentors are teaching compli-
ance or how to cheat [41].

There are limitations in this study. Although surveys have shortcomings such as self-report-
ing bias, self-selection issues, etc., there are some issues for which surveys remain as the data
collection method of choice. Manipulation is one of these issues. It would be difficult to deter-
mine if someone added honorary authors or padded citations prior to submission without ask-
ing that individual. Similarly, coercion is most directly addressed by asking authors if editors
coerced them for citations. Other approaches, such as examining archival data, running exper-
iments, or building simulations, will not work. Thus, despite its shortcomings, survey is the
method of choice.
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Our survey was sent via email and the overall response rate was 10.5%, which by traditional
survey standards may be considered to be low. We have no data on how many surveys were
filtered as spam or otherwise ended up in junk mail folders or how many addresses were obso-
lete. We recognize however that there is a rising hesitancy by individuals to click on an emailed
link and that is what we were asking our recipients to do. For these reasons, we anticipated
that our response rate may be low and compensated by increasing the number of surveys sent
out. In the end, we have over 12,000 responses and found thousands of scholars who have par-
ticipated in manipulation. In the S1 appendix, Table A presents response rates by discipline
and while there is variation across disciplines, that variation does not correlate with any of the
fundamental results, that is, there does not seem to be a discipline bias arising from differential
response rates.

A major concern when conducting survey research is that the sample may not represent the
population. To address this possible issue in our study, we perform various statistical analyses
to determine if we encountered sampling bias. First, we compared two population demograph-
ics (sex and academic rank) to the demographics of our respondents (see Table B in S1 Appen-
dix). The percentage of males and females in each discipline was very close to the reported sex
of the respondents. There was greater variation in academic ranks with the rank of full profes-
sor being over-represented in our sample. One should keep this in mind when interpreting
our findings. However, our hypotheses and results suggest that professors are the least likely to
be coerced, use padded citations, and use honorary authorship, consequently our results may
actually under-estimate the incidence of manipulation. Perhaps the greatest concern of poten-
tial bias innate in surveys comes from the intuition that individuals who are more intimately
affected by a particular issue are more likely to respond. In the current study, it is plausible
that scholars who have been coerced, or felt obligated to add authors to manuscripts, or have
added investigators to grants proposals, are upset by that consequence and more likely to
respond. However, if that motivation biased our responses it should show up in the response
rates across disciplines, i.e., disciplines reporting a greater incidence of manipulation should
have higher percentage of their population experiencing manipulation and thus higher
response rates. The rank correlation coefficient between discipline response rates and the pro-
portion of scholars reporting manipulation is r; = -0.181, suggesting virtually no relationship
between the two measures.

In the end, we cannot rule out the existence of bias but we find no evidence that suggests it
affects our results. We are left with the conclusion that scholars manipulate attribution adding
honorary authors to their manuscripts and false investigators to their grant proposals, and
some editors coerce scholars to add citations that are not pertinent to their work. It is unlikely
that this unethical behavior can be totally eliminated because academics are a competitive,
intelligent, and creative group of individuals. However, most of our respondents say they want
to play it straight and therefore, by reducing the incentives of misbehavior and raising the
costs of inappropriate attribution, we can expect a substantial portion of the community to go
along. With this inherent support and some changes to the way we measure scientific contri-
butions, we may reduce attribution misbehavior in academia [42].
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1. Introduction

The disclosure of scientific misbehavior usually causes great
indignation by other scientists, the media, and the public. Even
though scandals are rare, their existence fundamentally questions
the image of science as a quest for truth. Scientific fraud distorts
scholarly knowledge, thereby hampering and misleading scientific
progress. However, trust in scientific research is also grounded on
the assumption that it is unbiased by the researchers’ presump-
tions or strategic behavior. In recent years, the focus on plagiarism
and falsification has been given up in favor of an approach that also
deals with questionable or “normal misbehavior” (De Vries et al.,
2006). This includes practices applicable to a researcher’s every-
day tasks and goals. They can be as damaging to scientific progress
as outright fraud. The aim of this paper is to provide evidence on
fraudulent and questionable research practices in economics.

Any attempt to quantify the extent of scientific misbehavior
must account for the issue that researchers have strong incen-
tives to hide misbehavior. A popular approach is asking scientists
directly. To the author’s knowledge, four surveys gather evidence
on certain types of misbehavior in economics (List et al., 2001;
Enders and Hoover, 2004, 2006; Wilhite and Fong, 2012). The
studies show that economics is subject to misbehavior. However,

* Correspondence to: University of Freiburg, Platz der alten Synagoge 1, 79098
Freiburg, Germany. Tel.: +49 761 790970.
E-mail address: sarah.necker@vwl.uni-freiburg.de

http://dx.doi.org/10.1016/j.respol.2014.05.002
0048-7333/© 2014 Elsevier B.V. All rights reserved.

a broader knowledge of the research practices that economists
consider unjustifiable and the prevalence of these practices is
lacking.

Animportant question is why unaccepted research practices are
employed. The most frequently cited cause is pressure to “publish
or perish” (e.g., Frey, 2003; De Rond and Miller, 2005). Science has
been compared to a winner-take-all market in which rewards are
only granted to those first to make a discovery and therefore obtain
recognition from peers (Stephan, 1996). The publication record
has become increasingly important for survival in academia (e.g.,
Graber and Walde, 2008). At the same time, competition for publi-
cation space in top-journals has strongly increased (Franzoni et al.,
2011; Card and DellaVigna, 2013). The economic theory of crime
predicts that fierce competition increases the benefits of cheating
(Becker, 1968). Fanelli(2010a) and Schwieren and Weichselbaumer
(2010) provide evidence that cheating is more common in competi-
tive environments. However, little is known about the link between
pressure perceived by researchers and their misbehavior.

In autumn 2010, an anonymous online survey was conducted
among the 2520 members of the European Economic Associa-
tion (EEA), the professional body of economists from European
and other countries.! In order to better understand which prac-
tices constitute scientific misbehavior, economists were asked to

1 A description of the results from a follow-up survey of German economists that

had not participated in the survey of EEA members is provided in Necker (2012).
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assess the justifiability of a wide range of behaviors. Respondents
were surveyed about their own research practices and the expected
and observed behavior of colleagues. The survey inquired into
economists’ perception of pressure and professional situation. A
total of 631 economists responded to the survey; 426 continued
until the last page.

This study examines the survey responses. Economists’ accep-
tance of various research practices, the admitted use of those
practices and evidence of misbehaving colleagues, as well as the
perception of pressure are reported. The study provides the first
examination of the link between perceived pressure and admitted
misbehavior.

2. Previous literature

Extrapolating scientific misbehavior from disclosures is likely to
capture only the tip of the iceberg (e.g., Steneck, 2006). The preva-
lence of positive or statistically significant results may be indicative
of the use of questionable practices (e.g., Fanelli, 2010b; Brodeur
et al,, 2013). However, studies detecting irregularities only hint
at anomalies and allow no inferences as to which practices were
employed. A popular approach is the survey of researchers (e.g.,
Martinson et al., 2005; Titus et al., 2008).

The first survey of economists was conducted by List et al.
(2001). The authors gathered information from the participants
of the 1998 meetings of the American Economic Association. Fal-
sification of data is admitted by 4.5% of the respondents. Up to
10% report having committed other misdemeanors such as hav-
ing accepted or given unjustified co-authorship. The participants
believe that 5-7% of research in the top 30 journals are falsified and
that 13-17% are affected by other misdemeanors. List et al. (2001)
cite the “Muhammad Ali effect” as an explanation for the discrep-
ancy between admitted own behavior and the expected behavior
of others. The term originates from the psychological literature. It
is used to describe the finding that people see themselves as more
moral than others (Allison et al., 1989).

The nature and extent of plagiarism are investigated by Enders
and Hoover (2004). The authors surveyed editors from various eco-
nomic journals. About 80% answer that unattributed sentences or
the use of privately collected data without permission constitute
plagiarism. Even more agree that this applies to unattributed proofs
from working or published papers. In a typical year, a case of plagia-
rism is experienced by 29% of the responding editors. In a follow-up
survey of “rank and file” economists almost one quarter reports
that they have been plagiarized (Enders and Hoover, 2006). How-
ever, the authors stress that this number is likely to be biased by a
disproportionately high participation rate of victims of plagiarism.

Wilhite and Fong (2012) analyze the prevalence of coercive cita-
tion. The authors surveyed researchers in economics, sociology,
psychology, and multiple business disciplines in the US. Citation
requests which are not based on a perceived omission in the aca-
demic content but on the desire to increase citations to the editor’s
home journal are considered inappropriate by 86% of the respon-
dents. Having been asked to add citations for that reason is reported
by 19.7%. Only 10% of those rejected the request. While the occur-
rence of coercion by journals in the fields of economics, psychology,
and sociology is similar, journals in the business disciplines coerce
more.

3. The survey
3.1. Survey methodology

When designing a survey on a topic like scientific misbehav-
ior, it is important to minimize the likelihood that factors like

perceived intrusiveness, fear of disclosure, or reluctance to admit
socially undesirable attitudes or behavior affect the responses.
Self-administration of questionnaires, in particular the privacy
offered by an online survey, has been shown to decrease social
desirability-biases (compared to personal interviews or paper
forms) (Tourangeau and Yan, 2007). Confidentiality assurances
have been found to increase unit and item response rates as well
as the response quality when the requested data are sensitive
(however, when the topic is non-sensitive assurances may arouse
suspicion and backfire) (Singer et al., 1992, 1995).

The survey was administered online via SoSci Survey. The
committee of the EEA sent an email to all members of the orga-
nization, inviting them to participate. The message included a
non-personalized link to the questionnaire. Access was granted
without a password. The invitation and introduction to the sur-
vey contained a confidentiality assurance in which anonymity was
guaranteed. It was emphasized that the data would only be used
in statistical analyses. The survey was accessible for eight weeks.
Four weeks after the initial invitation a reminder was sent.

The first part of the survey dealt with the justifiability of dif-
ferent research practices. To get a broad picture of unacceptable
behavior, various research practices were selected for evaluation.
To explore the prevalence of misbehavior, respondents were asked
whether they “have ever” engaged these practices and how many
cases of researchers committing scientific misconduct they had
direct evidence of. Finally, the perception of the research condi-
tions and details on the personal situation were surveyed. The text
of the questionnaire can be found in Section A of the Supplementary
material (available online).

3.2. Non-response and representativeness

The population of the survey consists of all registered members
of the EEA, i.e., 2520 individuals (assuming that all email addresses
were available and correct). The questionnaire was started 631
times; 426 respondents continued until the last page. This amounts
to a response rate of 25%, or 16.9% if dropouts are not counted. The
sample is restricted to respondents who proceeded until the last
page.

To check the representativeness of the sample, survey partici-
pants are compared to EEA members. Information on the location
of workplace and gender are available for the sample and the
population.? The sample is largely representative with respect to
both characteristics. While 23% of survey participants are females,
the EEA has 26.8% female members. The fraction of respondents
working in a country corresponds to the fraction of members from
that country, the correlation is 0.98.

An established procedure to check for biases caused by unit
non-response is the comparison of responses from early and late
respondents. The approach rests on the assumption that early
respondents have a particular interest in the topic and answer the
questionnaire immediately. Late respondents are assumed to be
more similar to non-respondents since they would have fallen into
that category if the reminder had not been sent (Armstrong and
Overton, 1977). Two sample mean comparison tests show that the
answers of the first and last quintile of respondents are similar.

The same result is obtained if responses from participants that
continued until the last page and those that dropped out are com-
pared. Two sample mean comparison tests show that with few

2 The information on EEA members was kindly provided by Gemma Prunner-
Thomas, EEA.
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exceptions the justifiability of research practices is not significantly
different between those that finished and those that dropped out.?

Two subsequent waves of the survey were conducted among
members of the German and French economic associations.* In
these waves, the questions on own (mis-)behavior were not posed
to one sixth of randomly selected participants. The aim of this setup
was to study whether surveying own behavior biases the answers.
A comparison of responses from the randomly selected respon-
dents to those from respondents answering all questions shows
no significant differences (Necker, 2012).

Another issue is item non-response. Since item non-response
rates are rather low (average missing rate 2.8%), all descriptive
statistics are based on observed data. However, deleting obser-
vations with missing values implies an up to 14% smaller sample
available for the empirical analysis. The missing values are filled
in using an iterative multiple imputation (MI) procedure (Rubin,
1987,1996). Five complete data sets were created. The details of the
imputation are provided in Section B of the Supplementary material
(available online).

4. Description of the data
4.1. Economists’ norms

Respondents were asked “On a scale from 1 to 6 where 1
means “not at all justifiable (strongly agree)” and 6 means “highly
justifiable (strongly disagree),” how do you assess the following
behavior?” To test the internal consistency of the scale (interre-
latedness of items), Cronbach’s alpha is calculated. The « is 0.82.
According to common rules of thumb, the value indicates high reli-
ability of the scale.

Table 1 summarizes the responses. The survey reveals
widespread agreement on how economists should choose a
research topic. Intrinsic motivation is considered highly impor-
tant; 85% (95% confidence interval (CI): 82-89%) agree that a topic
should be chosen based on one’s personal interest. Extrinsic moti-
vation also plays an important role; 60% (Cl: 55-64%) agree that
the prospects for publication should be taken into account. With
respect to topics for empirical research economists seem to follow
a pragmatic approach; only 19% (Cl: 16-23%) think that it is not
acceptable to “define the research question according to data avail-
ability.”

Economists clearly condemn behavior that misleads the scien-
tific community or causes harm to careers. The least justifiable
action is “copying work from others without citing.” Respondents
unanimously (Cl: 99-100%) agree that this behavior is unjustifiable.
Fabricating or correcting data as well as excluding part of the data
are rejected by at least 97% (Cl: 96-99%). “Using tricks to increase
t-values, R?, or other statistics” is rejected by 96% (CI: 94-98%), 93%
(CI: 90-95%) consider “incorrectly giving a colleague co-authorship
who has not worked on the paper” unjustifiable. Accordingly, some
research norms are indeed fundamental and universal.

In the European Code of Conduct for Research Integrity (ESF
and ALLEA, 2011) it is emphasized that there is a “thin borderline
between some violations of [questionable research] practices and
the serious types of misconduct.” The survey shows that behav-
ior typically listed as questionable are indeed only slightly more

3 Of those starting the survey, 17% left after visiting the first page (the introduc-
tion). Questions of “Part I: Norms” were answered by 56-38 dropouts.

4 The aim was to reach economists that had not yet participated. Since follow-
up surveys are only available for two countries, these data are disregarded in the
analysis. Including the responses implies that about two thirds of the sample are
either German or French. Results are largely unchanged when the observations are
included, see Tables C.3 and C.4 of the Supplementary material (available online).

accepted. Not checking the contents of the works cited or not cit-
ing others’ results if not in line with the analysis or from lower
ranked journals is rejected by 86-91%. Practices such as searching
for control variables until the desired result is found or selective
presentation of those empirical findings that confirm one’s argu-
ment are unaccepted by 81-85%. “Copying from own previous work
without citing” is rejected by 80% (CI: 77-84%). Thus, it is much
more accepted than plagiarism.

Strategic behavior in the publication process is also rejected but
more accepted than practices applicable when analyzing data or
writing papers. Citing strategically or maximizing the number of
publications by slicing into the smallest publishable unit is rejected
by 64% (ClI: 60-69%). Complying with suggestions by referees even
though one thinks they are wrong is considered unjustifiable by
61% (CI: 56-66%).

4.2. Economists’ admitted own research practices

Participants were asked which research practices they had
“ever” employed in the past. The responses are summarized in
Table 2. Almost all economists (96%, Cl: 94-97%) state that per-
sonal interest determined the choice of their research topic. The
publication prospects were reported to have been decisive for 67%
(CI: 62-71%).

The responses confirm the finding by List et al. (2001) that seri-
ous misbehavior exists in economics. The correction, fabrication,
or partial exclusion of data, incorrect co-authorship, or copying of
others’ work is admitted by 1-3.5%. The use of “tricks to increase t-
values, R?, or other statistics” is reported by 7%. Having accepted or
offered gifts in exchange for (co-)authorship, access to data, or pro-
motion is admitted by 3%. Acceptance or offering of sex or money
is reported by 1-2%. One percent admits to the simultaneous sub-
mission of manuscripts to journals.

About one fifth admits to having refrained from citing others’
work that contradicted the own analysis or to having maximized
the number of publications by slicing their work into the smallest
publishable unit. Having at least once copied from their own pre-
vious work without citing is reported by 24% (CI: 20-28%). Even
more admit to questionable practices of data analysis (32-38%),
e.g., the “selective presentation of findings so that they confirm
one’s argument.” Having complied with suggestions from referees
despite having thought that they were wrong is reported by 39%
(CI: 34-44%). Even 59% (Cl: 55-64%) report that they have at least
once cited strategically to increase the prospect of publishing their
work.

According to their responses, 6.3% of the participants have never
engaged in a practice rejected by at least a majority of peers. John
et al. (2012) report almost the same fraction for psychologists. The
authors find that 94% engaged in at least one questionable research
practice (behavior similar to the ones considered here).

Table 2 also shows the average justifiability of research practices
by respondents’ own behavior. The results suggest a clear tendency
of respondents who admit to a behavior to assign a higher level
of justifiability to the research practice. The average difference is
roughly one scale unit. John et al. (2012) report a similar difference.

4.3. Economists’ reports of misbehaving colleagues

Respondents were asked which fraction of research in the top
general and top field journals (A+or A) they believe to be subject to
different types of misbehavior (“up to. .. %,” scale given in deciles).
The fabrication of data is expected to be the least widespread. The
median response is “up to 10%.” Respondents believe that incor-
rect handling of others’ ideas, e.g., plagiarism, is more common;
the median is “up to 20%” of published research. The “incorrect
reporting of results, e.g., using tricks to improve statistics” as well
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Table 1
Economists’ norms.
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No. On ascale from 1to6... Obs. Ordinal variable Binary variable
Mean Std. dev. [95% CI] Mean Std. dev. [95% CI]
General research approach: agreement
1 A research topic should be chosen 426 2.39 1.15 2.28 2.50 0.85 0.36 0.82 0.89
according to one’s personal interest (in
contrast to career concerns)
2 A research topic should be chosen with 426 3.33 1.20 3.21 3.44 0.60 0.49 0.55 0.64
respect to publication prospect
3 A researcher should give credit to any 424 1.80 1.27 1.68 1.92 0.88 0.32 0.85 0.91
published and unpublished idea by
someone else (i.e., colleagues,
journalists, students)
4 Results should be generalized if the 420 244 1.13 233 2.54 0.84 0.37 0.81 0.88
theoretical framework or the research
design for empirical analysis allows for
it.
Research practices: justifiability
5 Copying parts from the work of others 426 1.06 0.30 1.03 1.09 1.00 0.05 0.99 1.00
without citing
6 Fabricating some data 417 1.19 0.74 1.12 1.26 0.97 0.17 0.96 0.99
7 Correcting data to fit the theory 423 1.23 0.65 1.17 1.30 0.98 0.14 0.96 0.99
8 Excluding part of the data (e.g., 423 1.52 0.78 1.44 1.59 0.98 0.14 0.96 0.99
outliers) without reporting this
9 Using tricks to increase t-values, RZ, or 424 1.61 0.86 1.53 1.69 0.96 0.20 0.94 0.98
other statistics
10 Incorrectly giving a colleague 425 1.83 1.04 1.73 1.93 0.93 0.26 0.90 0.95
co-authorship who has not worked on
the paper
11 Not citing results that are not in line 426 2.01 1.17 1.90 2.12 0.89 0.31 0.86 0.92
with own analysis
12 Not checking the contents of the works 424 2.07 0.99 1.97 2.16 0.91 0.29 0.88 0.94
cited
13 Not citing work in lower ranked 425 2.16 1.16 2.05 227 0.86 0.35 0.82 0.89
journals, i.e., which in a ranking from
A+to C rank lower than A
14 Presenting empirical findings 424 2.19 1.17 2.08 2.30 0.84 0.37 0.81 0.88
selectively so that they confirm one’s
argument
15 Searching for control variables until 422 2.21 1.18 2.10 2.32 0.85 0.36 0.82 0.88
you get the desired results
16 Stopping statistical analysis when you 423 2.45 1.24 233 2.56 0.81 0.40 0.77 0.84
have a desired result
17 Copying from your own previous work 425 2.47 1.33 2.34 2.59 0.80 0.40 0.77 0.84
without citing
18 Not citing work from other disciplines 421 2.58 1.27 2.46 2.70 0.77 0.42 0.73 0.81
19 Citing strategically to raise publication 426 3.00 1.31 2.87 3.12 0.64 0.48 0.60 0.69
prospects (e.g., to please editors or
possible referees)
20 Maximizing the number of 426 3.06 1.26 2.94 3.18 0.64 0.48 0.60 0.69
publications by dividing the work into
the smallest publishable units,
meaning several individual articles
covering similar topics and differing
from each other only slightly
21 Complying with suggestions from 424 3.09 1.39 2.96 3.23 0.61 0.49 0.56 0.66
referees or editors when you think
they are wrong
22 Defining the research question 422 4,51 1.23 4.39 4.63 0.19 0.40 0.16 0.23

according to data availability

The scale was given as agreement (strongly agree: 1 — strongly disagree: 6) with respect to the general research approach (items 1-4). For research practices (items 5-22) it
was given as justifiability (not at all justifiable: 1 - highly justifiable: 6). Items 5-22 are listed in increasing order of justifiability. Binary variable is set to unity if respondent

chose responses 1-3 of the rating scale. Based on observed data.

as “incorrect application of empirical methods, e.g., data mining”
are assumed to be more prevalent. The median is “up to 30%.”
Having observed at least one case of “scientific misconduct” in
the department or institute is reported by 146 persons (34%, CI:
29-38%). About half of those observed only one case, two cases
were observed by 18%, three cases by 6% and 22.6% report hav-
ing observed more than three cases. To decrease the likelihood
of duplicate reporting, respondents were asked about the cases
they had observed “in their department or institute.” To increase

the comparability across researchers, the restriction “in the past
3 years” was given. The question did not define “scientific mis-
conduct.” Affirmative responses are based on the respondent’s
assessment.

Respondents that answered affirmatively were asked about the
details of their observation. With regard to the type of misconduct,
18% (based on all respondents) report that the problem they had
observed was unsound handling of others’ ideas. Fourteen percent
report that they had observed unsound application of empirical
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Table 2
Economists’ admitted own research behavior.
No. Have you ever ... Obs. Percent Std. dev. [95% CI] Norms by behavior A Difference
“Yes” significant?
Not Admitted
admitted
General research approach
1 Chosen a research topic according to your 423 95.51 20.74 93.53 97.49 3.32 235 -0.97
personal interests
2 Chosen a research topic with respect to 423 66.90 4711 62.40 71.41 3.92 3.05 -0.87 )
publication prospect
3 Built your research on someone else’s idea 420 1.90 13.69 0.59 3.22 1.80 1.63 -0.17 -
without giving credit
4 Generalized your results even though the 419 13.13 33.81 9.88 16.37 242 2.49 0.07 -

theoretical framework or the research
design for empirical analysis did not allow

for it
Research practices
5 Copied parts from work of others without 422 2.13 14.46 0.75 3.52 1.05 1.67 -0.62 N
citing
6 Fabricated some data 348 2.59 15.90 0.91 4.26 1.14 3.22 -2.09
7 Corrected data to fit the theory 348 1.15 10.67 0.02 2.27 1.21 1.21 -0.79
8 Excluded part of the data (e.g., outliers) 348 3.45 18.27 1.52 5.37 147 3.08 -1.62 )
without reporting this
9 Used tricks to increase t-value, R?, or other 348 7.18 25.86 4.46 9.91 1.52 2.64 -1.12
statistics
10 Failed to correctly give a colleague 423 1.42 11.84 0.29 2.55 1.82 1.50 0.32 -
co-authorship who has worked on the
paper
11 Refrained from citing results or opinions 422 21.09 40.84 17.18 25.00 1.83 2.67 -0.85
that are not in line with your own analysis
12 Refrained from checking the contents of 422 51.90 50.02 47.11 56.68 1.62 2.48 —0.86
the works cited
13 Refrained from citing work in lower ranked 421 19.95 40.01 16.12 23.79 1.94 2.94 -1.00

journals, which in a ranking from A+to C
rank lower than A

14 Presented empirical findings selectively so 348 32.18 46.79 27.25 37.12 1.82 2.99 -1.17
that they confirm one’s argument

15 Searched for control variables until you got 348 36.49 48.21 3141 41.58 1.75 2.94 -1.20 -
the desired results

16 Stopped statistical analysis when you had 348 37.93 48.59 32.81 43.05 1.94 3.23 -1.28
a desired result

17 Copied from your own previous work 423 23.64 42.54 19.58 27.71 2.18 3.37 -1.20 )
without citing

18 Refrained from citing work from other 419 19.57 39.72 15.76 23.38 2.40 3.24 —0.84
disciplines

19 Cited strategically to raise publication 420 59.29 49.19 54.57 64.00 2.35 3.43 -1.08
prospects (e.g., to please editors or possible
referees)

20 Maximized the number of publications by 423 19.86 39.94 16.04 23.68 2.84 3.89 -1.05

dividing the work to the smallest
publishable unit, meaning several
individual articles covering similar topics
and differing from each other only slightly
21 Complied with suggestions by referees or 420 39.05 48.84 34.36 43.73 2.67 3.74 -1.07
editors when you thought that they are
wrong
22 Defined the research question according to 345 79.13 40.70 74.82 83.44 3.90 4.72 —0.82
data availability
23 Submitted a manuscript simultaneously to 424 1.18 10.81 0.15 2.21 - - - -
two or more journals violating journal
policies
24 Accepted or offered gifts in exchange for 425 3.29 17.87 1.59 4.99 - - - -
(co-)authorship, access to data or
promotion of particular persons
25 Accepted or offered money in exchange for 424 141 11.82 0.28 2.54 - - - -
(co-)authorship, access to data or
promotion of particular persons
26 Accepted or offered sex in exchange for 425 1.88 13.61 0.58 3.17 - - - -
(co-)authorship, access to data or
promotion of particular persons

The research practices are listed in increasing order of justifiability. The number of observations is roughly 17% lower with respect to items 6-9, 14-16, and 22 as those
respondents indicated that they do not work empirically. The justifiability of practices 23-26 was not inquired. Some institutions, e.g., journals or grant giving institutions,
have introduced respective codes of conduct. Based on observed data.

* Significance level: 10%

x* Significance level: 5%.

™" Significance level: 1%.
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methods in their environment. Twelve percent accuse colleagues
of having inappropriately presented results. Four percent report
having witnessed the fabrication of data. Five percent report that
the problem was incorrect co-authorship.

Fifty percent (based on affirmative responses) report that the
researcher suspected of scientific misbehavior was a full professor.
Compared to their fraction in the sample (27%), full professors are
disproportionally often accused of misconduct. The involvement of
PhD students is reported by 22%, of assistant/junior professors by
20%, of associate professors by 12%, and of post docs or researchers
by 10%.

Twenty-four percent respond that they reported the suspected
misconduct. Notification to the governing body of the institution
is reported by 31% (based on those that made allegations). Having
shared the observation with the media is reported by 25%. Twenty
percent state that they took action by talking informally to other
scholars about the issue. Notification to an ethics committee is
reported by one respondent — supporting the view that statistics
published by those institutions capture only the tip of the iceberg.

The suspicions of misbehavior are reported to have proved accu-
rate in 62.5% of allegations. Participants report that instances of
misconduct led to consequences most often when the governing
body of the institution was informed (10 in 11 cases). Only 5 of
the 14 cases in which colleagues were informed resulted in conse-
quences.

Respondents indicating that they did not report the observed
misconduct were asked for their reason. Thirty percent of those that
refrained from allegations state that they did not know to whom
they should report. Consequences for themselves were feared by
24%. For 18% the reason was loyalty towards the offender.

Respondents were asked more specifically whether they had
observed certain types of misbehavior. A complaint of having been
incorrectly excluded as co-author is voiced by 18%. The same frac-
tion reports having observed others simultaneously submitting a
manuscript to more than one journal, thus violating publication
rules. A remarkable finding is that the majority of researchers that
report having observed these behaviors respond negatively when
asked whether they had observed “misconduct.” While economists
strongly agree on the importance of giving due credit to the contri-
bution of others, the results may be taken as an indication that some
tolerate the exploitation of their own ideas. However, as described
in Section 2, the survey by Enders and Hoover (2004) shows that
editors’ agreement that an action constitutes the serious offense
of plagiarism depends on the material that is unattributed. For
example, unattributed sentences are considered less serious. The
incorrect exclusion as co-author may be considered not serious
enough to be classified as “misconduct.”

4.4. Economists’ perception of pressure

Economists were surveyed regarding their perception of the
pressure to publish and to raise external funds. The respondents
almost unanimously agree that publication pressure exists. Publi-
cation pressure is perceived to be “very high” by 38.9%, and “high”
by 44.3%, as shown in the upper panel of Fig. 1. The lower panel
of the figure shows that the perceived pressure to raise external
funds is lower but still substantial. It is “very high” for 11%, “high”
for 35.6%, and “moderately high” for 36.5%. Ten percent state that
they do not perceive pressure to raise external funds.

Economists strongly agree that pressure has increased over the
last decade, as shown in Fig. 2. A fraction of 45.5% (46.8%) believes
that publication pressure (pressure to raise external funds) has
“increased”; 33.7% (21.5%) even perceive a “strong increase.” Con-
stant pressure to publish (raise external funds) is reported by 7.2%
(9.6%). Hardly any respondent states that pressure has decreased.

Perceived level of publication pressure
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Fig. 1. Perceived level of pressure. Note: Based on 422/419 observations.
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Fig. 2. Perceived change of pressure. Note: Based on 405/406 observations.
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Fig. 3. Violations of research norms by perceived publication pressure. Note: Based
on 422 observations. Violation of own norms=number of admitted misbehav-
ior/number of rejected behavior; misbehavior classified as such if economist himself
rejects the practice (responses 1-3 on a scale from 1=not at all justifiable to
6=highly justifiable). Violation of others’ norms=same calculation; misbehavior
classified as such if majority of peers reject the practice (at least 50% chose responses
1-3).
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Fig. 3 plots perceived publication pressure against two vari-
ables indicating the respondent’s admitted misbehavior. The first
variable captures how many behavior the economist reports to
have engaged in on the behavior he rejects, i.e., the violations of
the economist’s own convictions. The second variable captures an
economist’s violations of peers’ research norms, i.e., engagement
in practices rejected by at least 50% of participants. The figure
indicates that the fraction of violated research norms is always
lower if based on an economist’s own convictions. The highest frac-
tion of violations of own and others’ research norms is reported
by economists perceiving “no — moderately low” pressure. How-
ever, only a small fraction reports such low pressure. With regard
to economists perceiving higher pressure, a positive relationship
between pressure and violating research norms is indicated. The
fraction of research norms (own and peers’) that is reported to have
been violated is slightly higher among respondents that perceive
stronger pressure. With regard to peers’ norms, the fractions are
statistically different from each other.

5. Empirical analysis
5.1. Empirical approach

The relationship between economists’ perception of pressure
and scientific misbehavior is studied in an empirical analysis. Per-
ceptions might be related to the reported research practices as well
as the norms that researchers hold. In the one case, the dependent
variable is the justifiability the respondent assigns to a behavior
(ordinal variable, 1="“not at all justifiable,” ..., 6="highly justifi-
able”). In the other case, admitted own research behavior is used as
the dependent variable (binary variable, set to unity if the respon-
dent reports having engaged in behavior, zero otherwise).

The models are estimated for the justifiability and own use of all
research practices that are rejected by a majority (rejection rates
shown in Table 1). However, low variance of the dependent vari-
ables prevents convergence of the models estimated for practices
5-10 or causes perfect prediction of several observations. These
practices are summarized in one variable “(justifiability of) serious
misbehavior.”

The main explanatory variable is the respondent’s perception of
publication pressure. Being evaluated based on the scientific per-
formance and having a tenured position are included as indirect
measures of publication pressure. The economic theory of crime
assumes that the decision to cheat is influenced by the expected
probability of detection (Becker, 1968). The expectation of oth-
ers’ behavior has been found to also determine the likelihood of
cheating (List et al., 2001) The regressions control for the expected
probability of detection and the expected prevalence of misbehav-
ior.

To explain the decision to cheat, economists have paid increas-
ing attention to norms and internal rewards (e.g., Elster, 1989).
Merton (1979) stresses that researchers internalize norms of sci-
ence and act on them. Wilhite and Fong (2012)and Johnetal.(2012)
report a positive link between the acceptance of a research practice
and its admission. The respondent’s stated view on the justifiability
of a behavior is included in regressions on admitted own behavior.
It is of course difficult to establish causality. Rather than behaving
according to norms, people might equally well have adjusted their
values to their behavior (Akerlof and Dickens, 1982).

All regressions control for the respondent’s gender, year of birth,
the academic position, country of workplace, and the fraction of
time aresearcher indicates as available for doing research. The ordi-
nal and nominal controls are included as a set of dummies. The
reference group is the highest or lowest category in case of ordered
alternatives, among these the more frequent category is chosen.

The reference group of unordered alternatives is the mode. Descrip-
tions and summary statistics of all control variables are provided
in Table C.1 of the online Supplementary material.

The five multiply imputed complete data sets are used sepa-
rately for the analysis, the results are combined using Rubin’s rule,
i.e., such that they reflect the uncertainty due to the imputation.®
The determinants cannot be said to be truly exogenous. It is impos-
sible to make claims about the direction of causality.

5.2. Results from regressions explaining economists’ norms

Table 3 provides results from ordered probit regressions on the
justifiability the respondent assigns to the different unaccepted
research practices. Shown are average marginal effects on the out-
come “not at all justifiable.” The results suggest that perceived
pressure is negatively related to the justifiability of some misbe-
havior. The reference group is respondents perceiving “very high”
pressure. Respondents perceiving less publication pressure assign
higher justifiability to several research practices. For example, the
probability that a respondent assesses “copying one’s owns work”
to be “not at all justifiable” is 2 ppts lower if he perceives “high”
pressure, 7 ppts lower if he perceives “moderately high” pressure
and 14 ppts lower if he perceives “no - moderately low” pressure.
Most effects are statistically insignificant. Nonetheless, the result
contradicts expectations.® However, the main hypothesis is that
perceived pressure causes dishonest behavior, not a dishonest atti-
tude.

Table 3 shows that being evaluated based on the scientific per-
formance, i.e., having actual pressure to publish, increases the
acceptance of some research practices. For example, the probability
that a respondent strongly rejects “searching for control variables
until the desired result is found” is 16.9 ppts lower if he is evaluated
based on the scientific performance. Research norms are unrelated
to having tenure.

Economists’ normative convictions are significantly related to
gender and year of birth (age and cohort cannot be distinguished).
The probability that men find the analyzed behavior “not at all jus-
tifiable” is on average 5.7 ppts lower (results not reported, available
upon request). Men have been found to respond more strongly to
the competitiveness of their environment (e.g., Croson and Gneezy,
2009) and to be more likely to cheat (e.g., Friesen and Gangadharan,
2012). Fig. 4 depicts the marginal effects of year of birth in box
plots. It shows that, compared to those born after 1979, economists
born earlier are increasingly likely to find the listed behavior unjus-
tifiable. Little evidence is found for cross-country differences in
economists’ norms (compared to Germany, i.e., the largest group,
results available upon request).

5.3. Results from regressions explaining admitted research
behavior

Table 4 shows average marginal effects from probit regres-
sions on admitted own research behavior. The results suggest that
the admission of several research practices is positively related to

5 The MI estimate of 8 is By = (1/5)2;,3,-. The variance-covariance matrix
of By is T=U+(1+(1/5))B where U = Zil(ﬁi/S) is the within-imputation

variance-covariance matrix and B = Zi]((ﬁi —BM)(ﬂ,» —BM)/)/(S —1) is the
between-imputation variance-covariance matrix. Results are largely unchanged if
only observed data are used. Available upon request.

6 To check the robustness of the finding, the set of dummies capturing perceived
publication pressure is replaced by different variables, e.g., an ordinal or binary vari-
able capturing pressure. The results point to the same conclusion as the reported
ones. The modifications are described in detail in Section 5.3 with respect to admit-
ted behavior. Results available upon request.
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Table 3
Regressions on economists’ norms.

Description Dependent variable

Serious misbehavior  Disregard results  No check of content  Cite low ranked  Present selectively  Search controls

No. of behavior 5-10 11 12 13 14 15
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
Perceived publication pressure. . .
...no - moderately low —0.062 —-0.075 -0.231" —0.053 —0.090 -0.204""
(0.045) (0.100) (0.058) (0.089) (0.078) (0.062)
...moderately high -0.013 0.020 —-0.086 —0.008 0.009 -0.104
(0.013) (0.068) (0.059) (0.070) (0.063) (0.057)
...high -0.010 0.069 0.023 0.008 0.012 0.024
(0.007) (0.046) (0.047) (0.046) (0.042) (0.047)
...very high (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Has tenured position —0.003 —0.053 0.037 0.036 0.060 —0.012
(0.011) (0.074) (0.066) (0.066) (0.056) (0.063)
Scientific performance is evaluated —-0.016 —-0.000 —-0.050 —0.097 —-0.078 -0.169™"
(0.010) (0.061) (0.048) (0.056) (0.052) (0.050)
Perceived probability of detection. . .
...very low (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
. low 0.003 0.070 -0.013 0.035 0.042 0.030
(0.013) (0.065) (0.076) (0.075) (0.063) (0.072)
..moderately low —0.006 0.052 0.015 0.014 0.021 -0.026
(0.014) (0.063) (0.074) (0.071) (0.065) (0.068)
..high 0.006 -0.011 0.032 0.133 0.125 0.082
(0.014) (0.085) (0.090) (0.088) (0.084) (0.084)
Expects high prevalence of misbehavior = —0.009 —0.009 0.027 0.047 -0.033 —0.001
(0.007) (0.043) (0.041) (0.040) (0.037) (0.039)
Other controls? Yes Yes Yes Yes Yes Yes
Chi? 67.08 40.93 70.76 50.85 78.06 47.00
Pseudo R? 0.04 0.03 0.05 0.04 0.06 0.04
N 426 426 426 426 426 426
Description Dependent variable
Stop analysis Copy own work Cite oth. disc. Cite strategic. Max. publications Comply suggestions
No. of behavior 16 17 18 19 20 21
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
Perceived publication pressure. . .
...no - moderately low —-0.141" -0.142" —-0.054 —-0.039 0.010 —0.040
(0.057) (0.064) (0.061) (0.045) (0.046) (0.047)
...moderately high -0.014 —0.066 0.064 0.002 0.029 -0.017
(0.052) (0.051) (0.057) (0.036) (0.032) (0.037)
...high 0.056 —0.021 0.021 0.008 0.032 -0.012
(0.038) (0.040) (0.036) (0.027) (0.022) (0.024)
...very high (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Has tenured position —0.028 0.009 0.008 -0.027 0.034 0.016
(0.055) (0.053) (0.054) (0.042) (0.033) (0.036)
Scientific performance is evaluated —-0.079' 0.042 0.015 —-0.037 —0.001 —0.067"
(0.046) (0.051) (0.044) (0.031) (0.029) (0.031)
Perceived probability of detection. . .
...very low (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
. low 0.021 0.068 -0.018 0.052 0.015 0.041
(0.059) (0.059) (0.053) (0.032) (0.031) (0.036)
..moderately low -0.018 0.006 0.046 0.073" 0.045 0.025
(0.057) (0.058) (0.053) (0.032) (0.032) (0.034)
..high 0.084 0.066 0.059 0.151" 0.060 0.092°
(0.073) (0.074) (0.068) (0.053) (0.042) (0.050)
Expects high prevalence of misbehavior -0.016 -0.075" 0.074" 0.012 —0.030 —0.021
(0.034) (0.035) (0.033) (0.024) (0.020) (0.023)
Other controls? Yes Yes Yes Yes Yes Yes
Chi? 51.12 43.38 46.14 67.25 71.79 70.34
Pseudo R? 0.04 0.03 0.03 0.05 0.05 0.05
N 426 426 426 426 426 426

Ordered probit estimates, reported are average marginal effects (AME) on the outcome “not at all justifiable.” The variable “justifiability of serious misbehavior” assumes the
value of 0 if all of the practices 5-10 are considered “not at all justifiable,” the value of 1 if one of these behaviors is considered justifiable, and so on. All 5 imputations are
used, results combined using Rubin’s rule. Hypothesis tests based on robust standard errors. Measures of fit are the lowest statistic among results from the five imputations.
(ref.), category is reference group. Other controls: location of workplace, male, year of birth, rank, fraction of research time.
" Significance level: 10%.
™ Significance level: 5%.
™" Significance level: 1%.
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Table 4
Regressions on admitted research behavior.

Description Dependent variable

Serious misbehavior Disregard results No check of content Cite low ranked Present selectively Search controls

No. of behavior 5-10 11 12 13 14 15
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
Perceived publication pressure. . .
...no - moderately low 0.017 -0.034 -0.029 0.071 -0.124 —0.080
(0.075) (0.089) (0.100) (0.100) (0.084) (0.100)
...moderately high ~0.056 ~0.083 -0.169"" -0.127" —0.142" -0.083
(0.045) (0.054) (0.061) (0.052) (0.061) (0.076)
...high 0.035 0.012 —0.033 -0.023 -0.110" —0.028
(0.040) (0.043) (0.048) (0.041) (0.050) (0.049)
...very high (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Has tenured position 0.042 -0.077 0.046 0.020 0.010 0.060
(0.052) (0.059) (0.068) (0.055) (0.075) (0.066)
Scientific performance is evaluated 0.024 —-0.083 0.079 0.087 -0.010 0.028
(0.051) (0.052) (0.061) (0.061) (0.055) (0.059)
Perceived probability of detection. . .
...very low (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
.low 0.049 0.011 0.012 0.048 —0.045 —0.108
(0.050) (0.070) (0.079) (0.053) (0.069) (0.085)
..moderately low 0.062 -0.047 0.031 0.096 0.013 -0.109
(0.054) (0.070) (0.080) (0.053) (0.070) (0.084)
..high —0.009 -0.145" —0.004 0.012 —0.105 —0.078
(0.055) (0.074) (0.089) (0.064) (0.082) (0.101)
Expects high prevalence of misbehavior 0124 —-0.025 —0.068 0.036 0.005 0.058
(0.036) (0.040) (0.045) (0.039) (0.044) (0.043)
Justifiability of practice (1=not at all, 6=high)  0.047 " 0.092"" 0233 0.106"" 0.146" 0.183""
(0.011) (0.014) (0.019) (0.014) (0.017) (0.017)
Other controls? Yes Yes Yes Yes Yes Yes
Chi2 56.11 60.10 121.97 77.54 101.97 92.83
Pseudo R? 0.16 0.15 0.23 0.18 0.30 0.26
N 387 426 426 426 353 352
Description Dependent variable
Stop analysis Copy own work Cite oth. disc. Cite strategic. Max. publications Comply suggestions
No. of behavior 16 17 18 19 20 21
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
Perceived publication pressure. . .
...no - moderately low —0.050 0.000 -0.024 -0.125 -0.076 -0.029
(0.119) (0.091) (0.084) (0.105) (0.079) (0.116)
...moderately high -0.188"" -0.048 —0.044 -0.130° 0.023 —0.036
(0.060) (0.054) (0.057) (0.069) (0.060) (0.067)
...high —0.062 —0.008 0.018 —0.108" 0.006 0.021
(0.048) (0.041) (0.043) (0.047) (0.038) (0.048)
...very high (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Has tenured position —0.040 0.072 0.058 -0.034 —0.004 -0.034
(0.067) (0.054) (0.057) (0.070) (0.056) (0.065)
Scientific performance is evaluated —0.084 0.010 0.024 0.001 0.144" 0.079
(0.059) (0.048) (0.051) (0.057) (0.054) (0.065)
Perceived probability of detection. ..
...very low (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
. low 0.009 0.041 0.090 —0.094 -0.033 -0.188"
(0.078) (0.061) (0.061) (0.074) (0.066) (0.083)
..moderately low 0.054 0.028 0.072 -0.138’ -0.003 -0251"
(0.082) (0.061) (0.061) (0.074) (0.065) (0.083)
..high —~0.159 0.025 -0.033 —0.184" —0.002 —~0.286""
(0.087) (0.072) (0.062) (0.091) (0.078) (0.095)
Expects high prevalence of misbehavior -0.039 0.103"" 0.009 0.024 0.090" 0.101"
(0.044) (0.037) (0.039) (0.045) (0.036) (0.044)
Justifiability of practice (1=not at all, 6=high) 0172 0.103 0.078" 0.135 0.105 0117
(0.015) (0.012) (0.014) (0.015) (0.014) (0.014)
Other controls? Yes Yes Yes Yes Yes Yes
Chi2 117.48 115.14 69.45 118.93 86.80 94.27
Pseudo R? 0.32 0.24 0.15 0.25 0.22 0.18
N 353 426 426 426 426 426

Probit estimates, reported are average marginal effects (AME). The variable “serious misbehavior” is set to unity if the respondent employed at least one serious misbehavior
(practices 5-10), and zero otherwise. All 5 imputations are used, results combined using Rubin’s rule. Hypothesis tests based on robust standard errors. Measures of fit are
the lowest statistic among results from the five imputations. (ref.), category is reference group. Other controls: location of workplace, male, year of birth, rank, fraction of
research time. Number of observations lower for behavior where respondent could indicate “I do not work empirically.”
" Significance level: 10%.
™ Significance level: 5%.
™" Significance level: 1%.
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Fig. 4. Year of birth and rejection of misbehavior. Note: Each box plot based on 12
average marginal effects from the 12 regressions shown in Table 3. Average marginal
effects on the outcome “not at all justifiable.” Reference group is respondents born
after 1979.

perceived publication pressure. Compared to respondents perceiv-
ing “very high” pressure, the perception of only “high” pressure
implies, e.g., an 11 ppts lower probability of admitting to have
“selectively presented results” or “cited strategically.” The proba-
bility that respondents perceiving only “moderately high” pressure
admit some behavior is even lower. For example, reporting to have
“selectively presented results” is 14 ppts less likely, the effect is
17 ppts with respect to “not having checked a work’s contents”
and 19 ppts with respect to having “stopped the analysis when the
desired result was found” (significant at 1/5% level).

The effects of lower perceived publication pressure are largely
negative and of similar magnitude also with regard to other behav-
ior. While these effects are only partially statistically significant,
it has to be kept in mind that most respondents perceive some
degree of high pressure (see Fig. 1). Few observations in a cate-
gory, e.g., respondents perceiving “no” or “low” pressure, decrease
the statistical power of the result. Results that are based on few
observations are unlikely to be statistically significant. The sample
sizes corresponding to each combination of perceived publication
pressure and behavior are shown in Table C.2 of the Supplementary
material (available online).

To check the robustness of the finding, first, the set of dummies
capturing perceived publication pressure is replaced by the corre-
sponding ordinal variable. Second, the set of dummies is replaced
by a binary variable which is set to unity if the respondent perceives
“very high” pressure, zero otherwise. The results, shown in Table 5,
indicate again a positive association between perceived pressure
and admitted misbehavior. The pattern of results resembles the
one shown in Table 4.

To analyze whether the change in publication pressure over the
past decade is related in a similar way to admitted misbehavior,
the perception of the change is included instead of the perceived
level. As shown in Table 5, the perception of a higher increase in
pressure is positively related to admitting misbehavior. The effects
are again only partially statistically significant. However, it has to
be considered that economists agree largely also about the change
of pressure (see Fig. 2). In line with previous results, a statistically
significant link is found, e.g., with respect to the practices of early
stopping of the empirical analysis and citing strategically.

Furthermore, the perceived pressure to raise external funds is
included instead of the pressure to publish. The results, shown
in Table 5, indicate a positive link also between perceived pres-
sure to raise external funds and admitted misbehavior. However,
the effects differ across practices to a larger extent and indicate a

different pattern. For example, a relationship to admitting serious
misbehavior is indicated which is not the case for publication pres-
sure. Admitting strategic citation is positively related to publication
pressure but not to the pressure to raise external funds.

Table 4 shows that the justifiability a respondent assigns to a
behavior is clearly positively related to his admitted own behav-
ior. A one standard deviation-increase in justifiability increases the
likelihood that a respondent reports not having checked contents,
having searched for control variables, or having stopped the anal-
ysis when the desired result was found by 21-23 ppts. An effect
of 16-18 ppts is found with respect to the selective presentation
of results, the compliance with unconvincing referee suggestions,
or strategic citation. Admitting to not having cited lower-ranked
journals, having maximized the number of publications, or hav-
ing copied one’s own work is 12-13 ppts more likely. The effect
is 10-11 ppts with respect to not having cited other disciplines or
results not in line with one’s own analysis. The lowest relationship
is found with respect to serious misbehavior (7 ppts).

In line with the results by List et al. (2001), the expectation of a
high prevalence of misbehavior is significantly positively related to
the admission of several practices. Results on respondents’ location
of workplace (not reported, available upon request) suggest that
admission to misbehavior differs to some extent across countries.

6. Discussion

The survey contained several provisions to increase the accu-
racy of responses. Compared to other surveys of economists on the
same topic, the generated response rate (17%) is in the middle of
the range. While the paper-based surveys by List et al. (2001) and
Enders and Hoover (2004) yielded a rate of 23 and 28% of usable
responses, the web-based surveys by Enders and Hoover (2006)
and Wilhite and Fong (2012) yielded a lower return (7 and 9-12%
of usable responses, respectively). The response rates of web sur-
veys have been found to be usually lower than those of other survey
modes (Kaplowitz et al., 2004; Manfreda et al., 2008). However, as
emphasized by Krosnick (1999), “it is not necessarily true that rep-
resentativeness increases monotonically with increasing response
rate. [...] surveys with very low response rates can be more accu-
rate than surveys with much higher response rates.”

The examination of the representativeness of the sample and
the responses does not indicate systematic biases. However, this
does not prove that unit non-response, self-deception, or dishon-
est answers do not affect the results. For questions that allow a
direct comparison, self-reports are much lower than observations
of others’ behavior (affirmative answers: 1% versus 18%). To some
extent, this may be the consequence of duplicate reporting of cases.
The fraction of reported misbehavior is usually found to be much
larger when it is asked about others’ than about the researcher’s
own behavior (e.g., John et al., 2012). However, the difference
may also be caused by dishonest responses or the “Muhammad
Ali effect.” Fanelli (2009) argues that “while surveys asking about
colleagues are hard to interpret conclusively, self-reports system-
atically underestimate the real frequency of scientific misconduct.”

In their study of questionable research practices in psychol-
ogy, John et al. (2012) provide a truth-telling incentive (donation
to a charity depending on the truthfulness of responses) to two-
thirds of respondents. Respondents without those incentives less
often admit some questionable research practices. The difference to
respondents with incentives is high for falsifying data, moderate for
practices such as premature stopping of data collection, and negli-
gible for six other, more accepted practices. It would be plausible if
biases were larger with respect to less accepted actions.

Respondents were asked whether they have “ever” engaged
in the listed activity. Frequency of engagement was not inquired
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Description

Dependent variable

Serious misbehavior

Disregard results

No check of content

Cite low ranked

Present selectively

Search controls

No. of behavior 5-10 11 12 13 14 15
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
L. Perceived publication pressure as ordinal variable (no-very high)
Ordinal publication pressure 0.006 0.021 0.042* 0.018 0.061** 0.033
(0.020) (0.024) (0.025) (0.023) (0.025) (0.028)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 52.01 57.92 113.13 66.76 100.20 92.73
Pseudo R? 0.15 0.15 0.22 0.17 0.29 0.26
N 387 426 426 426 353 352
II. Perceived publication pressure binary: “very high” vs. less pressure
Perceived publ. pressure “very high”  —0.016 0.010 0.057 0.035 0.116** 0.044
(0.037) (0.039) (0.044) (0.038) (0.046) (0.047)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 52.00 57.92 113.13 75.86 100.20 92.73
Pseudo R? 0.15 0.15 0.22 0.17 0.29 0.26
N 387 426 426 426 353 352
II1. Perceived change of publication pressure. . .
...unchanged/decreased —0.141*** -0.097 0.050 0.038 -0.120 —0.232%**
(0.047) (0.066) (0.083) (0.082) (0.105) (0.088)
...slightly increased -0.020 —0.002 —0.041 —0.086 -0.125* —0.040
(0.060) (0.067) (0.069) (0.056) (0.065) (0.078)
...increased -0.073* —-0.002 -0.013 —-0.061 —0.050 —-0.070
(0.040) (0.047) (0.050) (0.045) (0.050) (0.051)
...strongly increased (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 56.11 60.10 121.97 73.74 101.97 92.83
Pseudo R? 0.16 0.15 0.23 0.18 0.29 0.26
N 382 425 425 425 352 351
IV. Perceived pressure to raise external funds. . .
...no - moderately low -0.169** —0.001 0.048 0.007 -0.074 —0.009
(0.077) (0.082) (0.086) (0.071) (0.091) (0.089)
...moderately high -0.123 —-0.030 -0.017 0.016 —0.096 -0.017
(0.075) (0.075) (0.079) (0.065) (0.076) (0.076)
...high -0.175** —0.060 0.038 0.055 —0.056 -0.014
(0.072) (0.073) (0.077) (0.063) (0.078) (0.076)
...very high (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 62.83 59.89 111.19 67.75 101.53 95.84
Pseudo R? 0.18 0.15 0.22 0.17 0.28 0.26
N 387 426 426 426 352 352
Description Dependent variable
Stop analysis Copy own work Cite oth. disc. Cite strategic. Max. publications Comply suggestions
No. of behavior 16 17 18 19 20 21
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
I Perceived publication pressure as ordinal variable (no-very high)
Ordinal publication pressure 0.060** 0.011 0.011 0.058** 0.009 0.010
(0.027) (0.023) (0.023) (0.026) (0.023) (0.028)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 113.86 112.35 66.91 114.90 85.94 90.73
Pseudo R? 0.31 0.24 0.15 0.25 0.22 0.18
N 353 426 426 426 426 426
II. Perceived publication pressure binary: “very high” vs. less pressure
Perceived publ. pressure “very high” 0.085* 0.016 —0.004 0.113** —0.001 —0.006
(0.045) (0.038) (0.040) (0.044) (0.036) (0.045)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 113.86 112.35 47.71 114.90 36.03 90.73
Pseudo R? 0.31 0.24 0.15 0.25 0.09 0.18
N 353 426 426 426 426 426
111 Perceived change of publication pressure
...unchanged/decreased -0.075 -0.116* -0.104 -0.072 0.117 —0.060
(0.110) (0.067) (0.075) (0.089) (0.081) (0.086)
...slightly increased -0.153** -0.023 —-0.100* -0.210*** -0.019 —0.051
(0.069) (0.061) (0.060) (0.075) (0.058) (0.069)
...increased -0.139*** —0.041 —0.045 -0.100** —0.033 0.039
(0.050) (0.044) (0.046) (0.047) (0.041) (0.052)
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Description Dependent variable
Stop analysis Copy own work Cite oth. disc. Cite strategic. Max. publications Comply suggestions
No. of behavior 16 17 18 19 20 21
AME/SE AME/SE AME/SE AME/SE AME/SE AME/SE
...strongly increased (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 117.48 113.26 69.15 118.93 86.80 94.27
Pseudo R? 0.32 0.24 0.15 0.25 0.22 0.18
N 352 425 425 425 425 425
IV. Perceived pressure to raise external funds. . .
...no - moderately low -0.159** 0.003 —0.159** -0.026 0.000 —0.194**
(0.077) (0.070) (0.080) (0.087) (0.068) (0.087)
...moderately high -0.033 0.018 —0.093 0.008 —0.052 -0.077
(0.067) (0.062) (0.072) (0.079) (0.059) (0.081)
...high -0.021 —-0.002 —0.150** 0.095 —0.036 -0.125
(0.067) (0.062) (0.070) (0.079) (0.056) (0.080)
...very high (ref.) (ref.) (ref.) (ref.) (ref.) (ref.)
Other controls as in Table 4 Yes Yes Yes Yes Yes Yes
Chi? 95.84 114.47 75.20 108.22 87.58 94.52
Pseudo R? 0.31 0.22 0.17 0.22 0.23 0.19
N 352 426 426 426 426 426

Panels I: include ordinal pressure variable instead of set of dummies, higher value = higher pressure. Panels II: include binary variable that is set to unity if respondent perceives
“very high” publication pressure instead of set of dummies. Panels III: include perceived change of publication pressure instead of level. Panels IV: include perceived pressure
to raise external funds instead of pressure to publish. Other explanations: see notes to Table 4.

about. Johnetal.(2012)report that when frequency response scales
are used, 64% of affirmative responses fall into the “once/twice”
category, 26% fall into “occasionally,” and 10% report employing
practices “frequently.” The authors find that frequency scales more
often lead to affirmative answers than dichotomous ones. This pro-
vides another reason why self-reports are a conservative estimate
of the prevalence of misbehavior.

Regarding others’ behavior it was broadly asked whether
respondents had observed “scientific misconduct.” Respondents
that did not classify colleagues’ behavior as “misconduct” did
not answer subsequent questions. The responses suggest that
economists had serious misbehavior in mind when responding
affirmatively. From that perspective, others’ misbehavior may also
be underreported.

To get an idea of whether economists report misbehavior more
often than other researchers, the results are compared to stud-
ies from other disciplines. It has to be taken into account that the
variance between studies may partly be due to different modes
of delivery, objects of study (self or others), and wording (Fanelli,
2009).

Self-reports and reports on others’ behavior indicate that, rel-
ative to other practices, falsification and fabrication are a rare
phenomenon in economics (1-4%). At least with respect to self-
reports, high consistency seems to exist across studies (List et al.,
2001; John et al., 2012; Fanelli, 2009). However, the meta-analysis
by Fanelli (2009), covering surveys from different disciplines,
shows that on average 14.1% accuse colleagues. Scientists from
the management disciplines “observed or heard about” 27% of col-
leagues employing data falsification (Bedeian et al., 2010).

Having engaged in questionable research practices is reported
by 20-59% of economists. The prevalence of comparable practices
is similar in psychology (36-78%, John et al., 2012). Between 50
and 91% of management scholars report knowledge of colleagues
employing questionable research practices (Bedeian et al., 2010).
The surveyed economists relatively often admit strategic behav-
ior in the publication process (39-59%). Only 25% of management
scholars report that they made revisions to conform to editors’ or
referees’ preferences (Bedeian, 2003). Having given in to coercive
citation is reported by 18% of social scientists (Wilhite and Fong,
2012).

An important question is what should and can be done to tackle
scientific misbehavior in economics. Even though institutions have
been established that handle allegations of scientific misbehavior,
the survey reveals that half of the respondents that report having
observed misconduct either did not know to whom to report or
feared consequences for themselves. While complainants may not
directly accrue rewards, they face costs and the potential conse-
quences of accusing a colleague. Deficiencies in the protection of
whistle blowers are, e.g., reported by Reich (2011). Hoover (2006)
shows in a model that due to the low chance of success, opportunity
and legal costs, fighting is unlikely to be worthwhile for the orig-
inal author of a plagiarized article. As emphasized also by Hoover
(2006), increasing the awareness of independent bodies that hear
complaints about misbehavior and the protection for whistle blow-
ers seem to be important steps to fight scientific misconduct.

With respect to questionable research practices, it has to be con-
sidered that the actions do not necessarily represent intentional
bias. Researchers have to make several decisions while analyz-
ing data or writing down results. Stopping the analysis when the
desired result has been found may be the consequence of ambiguity
about the most reliable model. Some decisions are unforesee-
able and impossible to make beforehand. “Not citing work from
other disciplines” may be due to carelessness rather than deliber-
ate neglect. However, malleable categorization has been found to
facilitate the re-interpretation of behavior in a self-serving man-
ner (Mazar et al., 2008). The difference in the strength of the link
between justifiability and admitted behavior found in the analysis
across practices may be explained by the possibility to categorize
an action in terms that are compatible with good conduct.

Glaeser (2006) proposes that “researcher initiative bias” should
be accepted and results be adjusted accordingly. The strong rejec-
tion of several research practices voiced by the survey participants
casts doubts on whether this is a desirable strategy. The simulations
by Simmons et al. (2011) show how easily “researcher degrees of
freedom” can translate into statistically significant evidence for a
false hypothesis. Some research practices may be used due to a lack
of awareness that they are highly rejected. Mazar et al. (2008) and
Pruckner and Sausgruber (2013) show experimentally that moral
reminders increase honest behavior. The prevalence of question-
able practices may be limited by reminding researchers, e.g., in



S. Necker / Research Policy 43 (2014) 1747-1759 1759

submission procedures, that engaging in those practices represents
scientific misbehavior.

7. Conclusion

To the author’s knowledge, this is the first study provid-
ing evidence for the justifiability and prevalence of a variety of
research practices in economics. The survey reveals a broad con-
sensus among professional economists about the norms that should
guide researchers’ behavior. The extent to which economists admit
having employed unaccepted behavior is noteworthy. As in any
other study of this topic, it has to be considered that the survey
requested sensible information. The prevalence of misbehavior is
likely to be biased - probably downward. The most frequently cited
cause for scientific misbehavior is publication pressure. The sur-
veyed economists strongly agree that high publication pressure
exists. The study provides the first examination of the relation-
ship between perceived pressure and admitting misbehavior. The
results indicate that the perception of pressure is positively related
to the admission of several research practices rejected by a majority
of economists.
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The absence of electrical resistance exhibited by superconducting materials would
have enormous potential for applications if it existed at ambient temperature and

pressure conditions. Despite decades of intense research efforts, such astate has yet
to be realized"?. Atambient pressures, cuprates are the material class exhibiting
superconductivity to the highest critical superconducting transition temperatures
(T), up to about 133 K (refs. >). Over the past decade, high-pressure ‘chemical

precompression’®’

of hydrogen-dominant alloys has led the search for high-

temperature superconductivity, with demonstrated 7. approaching the freezing
point of water in binary hydrides at megabar pressures® . Ternary hydrogen-rich
compounds, such as carbonaceous sulfur hydride, offer an even larger chemical space
to potentially improve the properties of superconducting hydrides** 2. Here we
report evidence of superconductivity on a nitrogen-doped lutetium hydride with a
maximum 7,0f 294 K at 10 kbar, that is, superconductivity at room temperature and
near-ambient pressures. The compound was synthesized under high-pressure
high-temperature conditions and then—after full recoverability—its material and
superconducting properties were examined along compression pathways. These
include temperature-dependent resistance with and without an applied magnetic
field, the magnetization (M) versus magnetic field (H) curve, a.c. and d.c. magnetic
susceptibility, as well as heat-capacity measurements. X-ray diffraction (XRD), energy-
dispersive X-ray (EDX) and theoretical simulations provide some insightinto the
stoichiometry of the synthesized material. Nevertheless, further experiments and
simulations are needed to determine the exact stoichiometry of hydrogen and
nitrogen, and their respective atomistic positions, in a greater effort to further
understand the superconducting state of the material.

Dense elemental hydrogen has long been predicted to be a
very-high-temperature superconductor??, yet the extremely high
pressuresrequired have presented challengesin confirming those super-
conducting phases®*. The superhydride materials offer the promise
ofretaining the superconducting properties of dense elemental hydro-
genbutat much lower pressures. The prediction ofa220-235-K super-
conducting transition temperature (7,) in CaH, at 150 GPa (ref.?®) and
the watershed discovery of a 203-K T, for H,S at 155 GPa (ref. %) have
instigated a materials discovery boon in which, at present, almost all
possible binary systems of high-pressure hydride systems have been
modelled®. The recent observation of an anomalously high 7 in YH,
showed that high-temperature superconductivity can be achieved
with lower hydrogen content and more modest pressures than previ-
ously understood®. As the main discoveries have all been at greater
than megabar pressures, the goal has shifted to further lowering the
pressure required, with a focus on the vast sample space of ternary

hydride compounds. One direction is a third, light element acting as
adopant in the metal hydrides, which is predicted to have two main
beneficial effects?. First, there is a predicted increase in T, as seen in
proposed examples such as critical temperatures approaching 500 Kin
the Li-Mg-H system, although still in the megabar regime”, and virtual
crystal approximation simulations and recent experimental evidence
indicatinganincrease of the transitiontemperature by atleast 25 K from
doping the LaH,, framework’"**°, Second, the addition of a third ele-
mentcangreatly enhance the stability of a hydrogen-rich lattice, thereby
lowering the pressure range over whichitis stable. LaBHis predicted to
be stable down to 20-40 GPa while maintaining its high-temperature
superconductivity?®?, and ametal-boron-carbon clathrate s predicted
to retain its superconducting properties at ambient pressures. The
presence of stability combined with increasing 7. by introducing the
third element opens the possibility of pushing the hydride supercon-
ductorsto higher values of T, at sub-megabar pressures.
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As there is an overwhelming amount of phase space unexplored by
simulation in ternary rare-earth hydrides, rational chemical design is
needed at present to identify the next candidate material. The Laand
Y binary superhydrides are predicted and measured to adopt similar
high-pressure stoichiometries and phases with the Y-based ones exhib-
iting higher T, at equivalent pressures® %2, The smaller size of the Y*'
cation offers asimple chemical rationale for this behaviour. However,
the Schydrides withaneven smallerionicradiusare predicted to have
completely different structures and lower T, (ref. *?). Owing to the lan-
thanoid contraction, the lanthanoids heavier than Dy offer comparable
or smaller trivalent ionic radii than Y but with the complication of f
electrons® . Although the 4felectrons in lanthanoid compounds
are often atom-localized and semivalent at ambient conditions, the
inherent magnetism of partially occupied 4f states**~*® or migration
towards the Fermi level under pressure could be detrimental to the
superconducting properties®®. Although synthesis efforts for the
high-pressure YbH, system have produced structures distinct fromits
LaandY counterparts, probably owing to the transfer of d electrons
tounoccupiedfstates*, predictions indicate that hydrides of the two
heaviestlanthanoids should be able to achieve T, > 145 Kby amegabar
owing to the strong electron correlation of the 4f electrons near the
Fermilevel*. Causes of the high T, achieved in the sub-megabar regime
are believed to be twofold. First, the over half-filled valence 4f states
suppress the phonon softening and second they provide some enhance-
mentto the electron-phonon coupling relative to the transition metal
(YandLa)rare earths. Combining the benefits of light atom doping and
the presence of 4felectrons in the valance states should increase the
stability of ahydrogen-rich rare-earth hydride to lower pressures while
potentially enhancing its superconducting properties.

In this paper, we present experimental evidence of superconduc-
tivity at 294 K and 10 kbar pressure in a ternary lutetium-nitrogen-
hydrogen compound in which the combination of a full 4fshell along
with the electron donation and chemical pressure of the nitrogen drive
the T.and pressure stability of nitrogen-doped lutetium hydride into the
near-ambient regime. The measured superconducting properties are
the observation of zero resistance, a.c. magnetic susceptibilityand d.c.
magnetic susceptibility with zero field and field cooling, magnetization
M-~-H curve, heat capacity, voltage-current (V-/) curves and the reduction
of T.under an external magnetic field with an upper critical magnetic
field of about 88 teslabased on the Ginzburg-Landau (GL) model at zero
temperature (see Extended Data Fig.15). The composition and structure
are explored with elemental analysis, EDX measurements, XRD,Raman
spectroscopy and density functional theory (DFT) simulations.

Temperature-pressure relations and visual change

The near-ambient superconducting stability regime of the ternary
lutetium-nitrogen-hydrogen system extends from about 3 kbar to
about 30 kbar (Fig. 1a) and is accompanied by a marked visual trans-
formation over just a few kbar of pressure (Fig. 1b). The recovered
sampleisinitially in anon-superconducting metallic phase with alus-
trous bluish colour, denoted here as phase I. Compression to about
3 kbar drives the progression of the system into phase Il, leading to
the onset of the superconducting regime, and this transformation
is associated with a sudden change in colour from blue to pink. T. as
determined by electrical-resistance, magnetic-susceptibility and heat
capacity-measurements increases with pressure from171 K at around
5 kbar until it peaks at 294 K at around 10 kbar. The 10-kbar turning
pointin the superconducting dome is followed by areductionin 7, to
approximately 200 K before about 30 kbar. Compression above the
highest pressure T.showninFig.1a drives the sample through another
phase transition into phase Ill. Phase Illis a non-superconducting metal-
licstate thatisonce againdistinctincolour, being bright red inappear-
ance. The colour changes are for reflected light only and the sample is
completely opaque for transmitted light.
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Fig.1|Superconductivity in lutetium-nitrogen-hydrogen at near-ambient
pressures. a, Evolution of the superconducting transition temperature (T,) of
recompressed nitrogen-doped lutetium hydride asa function of pressure (P),
illustrating a clear dome-shaped peak around 10 kbar witha 7. 0f 294 K.
Superconductivity (SC) isonly observed in phase llbetween about 3 kbar and
about30 kbar of pressure. p, electrical resistance; x’ (a.c.), dynamic magnetic
susceptibility; x’ (d.c), static magnetic susceptibility; ¢, heat capacity.

b, Microphotographs of asample using only reflected light recovered froma
metallicsample from high-pressure high-temperature synthesis before being
loadedinto the diamond anvil cell (i) and after loading at ambient pressure,
showingaremarkableblue colour (ii). Scale bar, 10 pm. The sampleis completely
opaqueto transmitted light. Under pressure, the sample transformed from
blue to pink at about 3 kbar (iii) and to red at about 30 kbar (iv).

Temperature-dependent electrical resistance

The superconducting transitions of phase Il are evidenced by a sharp
dropinresistance within atemperature change of afew degrees kelvin
(Fig. 2a). The temperature-dependent resistance data were acquired
during the natural warming cycle (about 0.25 K min™) with a current
of100 pAto2 mA. The accuracy of the temperature probeis+0.1 Kand
the transition temperature was determined from the onset of supercon-
ductivity. Inall experiments, the reported pressure was measured using
ruby fluorescence. The transition width inzero applied magneticfield,
asobservedin other high-T_ hydride systems, hasa AT/T.valueranging
from 0.005 to 0.036, and such features are readily explained within
thedirty limitas described by GL theory*2. The V-/relations are simul-
taneously measured along with the four-probe electrical-resistance
measurements. Figure 2b shows the V-/ characteristics with steadily
increasing current measured in zero applied magnetic field. At atem-
perature above the superconducting transition (7=297 K > T.= 294 K),
alinear V-Iresponse following Ohm'’s law was observed for the metallic
state of nitrogen-doped lutetium hydride at 10 kbar. As the temperature
isreduced below T, (T=30K) at the same pressure, the voltage drop is
immeasurably low (essentially zero) and shows a nonlinear, V< 289
response. The V-/datawere obtained from the V,/pair, shownin Fig. 2b.

Magnetic susceptibility

Another key criterion for asuperconducting material isthe demonstra-
tion of the Meissner effect. Inatype I superconductor, this should—in
principle—equate to perfect diamagnetism below the critical field,
whereas in a type Il superconductor, there exists perfect diamagnet-
ismbelow the lower critical field and a vortex state between the upper
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Fig.2| Temperature-dependent and field-dependent electrical resistance
and V-Ibehaviour of the lutetium-nitrogen-hydrogen system.

a, Temperature-dependentelectrical resistance of nitrogen-doped lutetium
hydride at high pressures, showing the superconducting transitions as high as
294 Kat10 + 0.1kbar, the highest transition temperature measuredin all
experimental runs. The colours represent the transition at different pressures.
Therightyaxisrepresents the 10-kbar resistance versus temperature in blue
colour for adifferent pair of Vand/contacts. The data were obtained during the

and lower critical fields. The temperature dependence of the magnetic
moments and M-H curves at different temperatures were measured on
aQuantum Design Physical Property Measurement System (PPMS) by
using the Vibrating Sample Magnetometer (VSM) method. Figure 3a
shows the d.c. magnetic susceptibility (y = M/H, in which M is mag-
netizationand His magnetic field) as afunction of temperature, under
conditions of zero field cooling (ZFC) and field cooling (FC) at 60 Oe.
The existence of the superconducting phase was then confirmed by
measuring the Meissner effect on cooling in amagnetic field. The onset
of awell-defined Meissner effect was observed at about 277 K at around
8 kbar. The M-H data were recorded using a PPMS with VSM option
(see Fig. 3b). We used an HMD high-pressure cell and Daphne oil as
the medium for applying pressure. Compared with a diamond anvil
cell (DAC), the maximum pressure achievable is considerably lower
ina HMD high-pressure cell. The HMD high-pressure cell is rated to
reach amaximum pressure of 13 kbar, although we have not been able
to achieve such a pressure. Because the filling factor of the sample is
small (limited by the synthesis procedure), achieving the rated 10 kbar
willrequire substantially greater pressure-cell compression. The maxi-
mum pressure we were able to generate was about 8 kbar. The pressure
dependence of T, is approximately 30 K kbar™ from about 3 kbar to
about 10 kbar. The broad transition is most probably because of the
pressure gradient caused by the high-pressure cell and/or by chemical
inhomogeneities in the main sample. The temperatures observed for
the onset of diamagnetism with ZFC are commensurate with those
from the electrical-resistance measurements.

The diamagnetic response of nitrogen-doped lutetium hydrideis also
seenbya30-50-nV dropinthereal part of temperature-dependenta.c.
susceptibility, x’(T), for different pressures across the superconducting
stability range of phase Il (Fig. 3¢). The techniques for measuring a.c.
susceptibility were similar to those of Snider et al.*" and with respect
to background subtraction; here we have used a cubic polynomial (see
Extended DataFig.5). Given that the trivalent rare-earth elements are
extremely reactive, the synthesis can be tricky and, consequently, the
amount of superconducting sample can vary and thus the strength of
the signalis dependent on volume. On average, sample sizesare onthe
orderof 70-100 pmindiameter and10-20 umthick. For larger samples,
thestrength of the diamagnetic response increases by nearly five times
in magnitude (see Extended Data Fig. 6). The transition width (AT,),
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warming cycle to minimize the electronic and cooling noise. The inset
illustrates the experimental setup for the electrical resistance at around

10 kbar using platinum (Pt) metal probesin a four-probe configuration.

b, V-Icharacteristics measured at temperatures of 297 Kand 30 Kat 10 kbar.
Thetransition temperature (T,) is294 Kand above that temperature, the
sample exhibits typical linear behaviour. Below T, (T =294 K), well within the
superconducting regime, at the same pressure, anonlinear, V= P response
isshown. Theinset highlights the power law V-/dependence.

as observed in other high-T_ hydride systems, has a value of approximately
0.8K,2Kand5Kat 7. 0f 294 K (at 10 kbar), 269 K (16 kbar) and 238 K
(22 kbar), respectively, indicating the pressure broadening. Extended
Data Fig. 12 shows the a.c. susceptibility, with the electrical resistance
showing similar critical temperatures and very similar transition widths.

a.c. calorimetry of lutetium-nitrogen-hydrogen

The specific heat (C) is an important thermodynamic quantity and is
extensively used at ambient pressures to confirm bulk superconductiv-
ity. TheBCS model superconductors have an energy gap associated with
the formation of Cooper pairs, resulting in a spike in the specific heat
of asuperconductor at T.. However, detecting such heat anomalies at
high pressure is difficult because of the highly thermally conductive
environment of the diamonds. In this study, we have used anew setup
of the a.c. calorimetric technique for measuring the specific heat*.
Thesampleisthermally excitedbyana.c.applied at frequency w/2toa
resistance heater, leadingto ana.c. heat power at frequency w to deter-
mine the specific heat capacity (C) of the sample (see Methods for more
information). Using the well-known superconducting transitionin MgB,
asatest case (Extended DataFig. 4), we find that the higher-frequency
value onthe falling edge of the plateau provides the cleanest response
for measurements. A frequency sweep above T easily identifies the
falling edge of the plateau, and the resultant heat capacity of MgB, at
15 kbar shows the distinctive discontinuity of the specific heat capac-
ityat32 K. Replicating this procedurein the superconducting stability
regime of phase Il yields specific-heat-capacity curves exhibiting the
distinctive discontinuity (Fig. 4a—c). The T values identified in this man-
ner are very similar to those found through both electrical resistance
and a.c. susceptibility, identifying a bulk nature for the transition and
the shape of the superconducting dome shown in Fig. 1a. The highest
T.we have observed using thismethod is 292 Kat about 10 kbar. These
measurements are also subject to asample-size dependency, and the
typical samples here are about 60-100 um in diameter.

Composition and structure

The composition of the superconducting ternary lutetium-nitrogen-
hydrogen compound was identified by using a combination of
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Fig.3|Magnetic susceptibility. a, Magnetic susceptibility (y = M/H,in which
Mis magnetization and His magnetic field) as afunction of temperature (T)
under conditions of zero field cooling (ZFC) and field cooling (FC) atad.c. field
of 60 Oe.b, M-H curvesrecorded closeto zerofield. ¢, a.c. susceptibility (x)
innanovolts versus temperature at select pressures, showing marked
diamagnetic shielding of the superconducting transition for pressures of
10-22 kbar. The superconducting transition shifts rapidly under pressure to
lower temperatures. T.is determined from the temperature at the onset of
the transition. A cubic or quadratic fit of the background signal has been
subtracted from the data. We have applied aten-point adjacent average
smoothing for all d.c. magnetization data.

elemental analysis and EDX analysis on the synthesized sample at ambi-
ent pressures. The bulk material consistently shows the presence of
nitrogen with an average weight percent of 0.8-0.9%N using elemental
analysis. EDX, although qualitative, provides evidence of nitrogen in
various domains of the overall sample, which we related to partial inho-
mogeneity in our samples (see Extended Data Fig. 7). The atomic
arrangement of these elements is the crux of why the material super-
conducts, and both XRD and Raman spectroscopy (see Extended Data
Fig.1) showthe presence of two distinct hydride compoundsin nearly
all samples. Both compounds have the same chemical construct of a
face-centred cubic (fcc) metal sublattice but with varying contents of
hydrogen and nitrogen and a distinct difference in colour. Compound
Aisindexed as Fm3mwithalattice constant of a = 5.0289(4) A, whereas
compound B has a = 4.7529(9) A, both of which are indicative of lan-
thanoid hydride and nitride compounds, respectively®***** (Fig. 5a).
The mononitride of lutetiumis known and reported to adopt arock-salt
(RS) structure with a lattice constant of a = 4.76 A (ref. **), very similar
towhatis measured here for compound B. DFT optimization of the RS
and a hypothetical zincblende (ZB) mononitride yields a = 4.767 and
5.144 A, respectively. In the same lattices, the hypothetical RS and ZB
structure Lu monohydrides have DF T-optimized lattice constants of
a=4.800and5.027 A, respectively. Altering the Hand N concentration

in the RS structure causes the lattice constant to vary between the
limits set by the two parent compounds. Forming fully stoichiometric
monohydrides and mononitrides is knownto be difficult, so compound
Bistentatively assigned as the RS mononitride with potential hydrogen
substitution/intercalation, thatis, LuN,_sH,.

The electronic and structural evolutions of compound A are code-
pendent and evolve synchronously. Raman spectroscopy of the start-
ing material shows a linear-like progression with compression as modes
hardenassociated withbond stiffening. A gradient change in the mode
progression is observed above 3 kbar, in step with the onset of super-
conductivityin phasell (see Extended Data Fig.1). Thereis noregistered
changeintheindexed Fm3msymmetry as the phase I to phase llbound-
aryiscrossed, indicative of an isostructural second-order phase tran-
sition, at least in relation to the cation positions. Compressing phase
Ilinto non-superconducting phase Illis a first-order structural phase
transition with a roughly 0.3% volume discontinuity and a reduction
insymmetry of the metal sublattice to the orthorhombic /mmm space
group. Diminishing quantum properties as the loss of the supercon-
ductivity can be associated with a sudden increase in the degrees of
freedom associated with phonon propagation through the lattice, yet
there is no pronounced change in the Raman spectra other than the
expected hardening of modes with compression and the disappearance
of one of the low-frequency modes.

Atambient, the dihydrideis ablue compound that takes on the fluo-
rite structure (CaF,, a fcc metal sublattice and the hydrogens almost
entirely occupying the tetrahedral interstices), with a lattice constant
0of 5.033 A (refs. ¥7*%), Although 5.033 Ais larger than what is measured
here for compound A, the lanthanoid dihydrides including Lu form
solid solutions, LnH,.,, that contract the lattice with further hydrogen
uptake**#%45° The presence of impurities such as O or Nenables LuH,,,,
to take on extra hydrogen compared with purer metal samples,
althoughthat contractionis only10% that of other Ln hydrides and not
enough to explain the lattice constant observed for phase I of com-
pound A (refs. ***°). The ambient trihydride adopts a hexagonal P3¢l
phase®; however, a cubic trihydride phase begins to form under com-
pressionaround 12 GPaand is recoverable to ambient®. DFT optimiza-
tions of the cubic Lu dihydride and trihydride give a = 5.025and 5.012 A,
respectively, and analternative higher-energy model of the dihydride
with 50% of the hydrogens occupying all the octahedral sites and the
other50% occupying the tetrahedral interstices asinthe ZB structure
givesa=4.960 A. The disagreement between the computed and exper-
imental lattice constant for the dihydride allows an estimate for the
error in the DFT lattice predictions, but—more importantly—the dif-
ference in the computed lattice constants corroborates the expected
lattice contraction onincreasing hydrogen content from the dihydride
to the trihydride. We interpret the ZB monohydride structure having
anearly identical lattice constant to the dihydride to mean that little
change in the lattice should be anticipated when occupying further
tetrahedralinterstices with Hbeyond the ZB structure. For Nincorpo-
rationinto thelattice, as opposed to ingrain boundaries as in the stud-
ies on further H uptake in the dihydride***°, DFT predicts a = 4.949 A
foraddingasingle Natanoctahedralintersticeinthe cubic dihydride
lattice, LuH,N, 5, and a = 5.034 A for complete N occupation of the
octahedralssites, LuH,N. In the cubic-trihydride structure, replacinga
single H for aN gives a = 5.028 and 5.146 A for octahedral and tetrahe-
dral interstices, respectively, which reduces to a = 5.021 and 5.080 A,
respectively, ifthe single Nreplacementisina2 x 2 x 2supercell of the
primitive rhombohedral cell.

In the harmonic approximation, the dihydride is the only stoichio-
metric low-H cubic Lu hydride found to be dynamically stable at ambi-
ent pressure (see Extended Data Fig. 8). The temperature-dependent
conductivity of ambient-pressure LuH,,, is known*****3and electron-
phonon calculations corroborate O-kbar LuH, as non-superconducting
with low values of 1=0.189 and w,,, =363 K. ZB LuH has a weak insta-
bility, with the acoustic phonons at X precluding a calculation of its
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Fig. 4 |Specific-heat-capacity measurement on the superconducting
lutetium-nitrogen-hydrogensystem. a-c, Specific heat capacity of
nitrogen-doped lutetium hydride at 10 kbar (a), 10.5 kbar (b) and 20 kbar

(c), showing the superconducting transition as highas292Kat10.5kbarinb.
Thedrive frequency (f,,.) and frequency sweeps of each measurementare

electron-phonon properties without a treatment for anharmonicity,
but—because of the similarity between its and LuH,’s phonon band
structure—we do not believe it to be astrong candidate for compound
A.The larger harmonic dynamic instability at I' in LuH; is a T,, optical
phonon mode that splits, with one branch becoming more unstable
in other parts of the Brillouin zone. As this lattice could potentially
be metastably recovered to ambient conditions®***, the stabilization
of the material could also be attributed to anharmonic effects. Simu-
lated compressionto15 GPa, at which LuH; hasbeen observed experi-
mentally, quenches the harmonic instabilities at the zone centre but
not away fromit, further indicating that anharmonicity playsarolein
stabilizing cubic LuH; against the harmonicinstabilities of the optical
modes. Anoptical phononmode of RS LuH also exhibits large harmonic
dynamic instabilities, indicating that unstable optical modes arise
from hydrogens in the octahedral fcc interstices. This observation is
inline with neutron-diffraction results for cubic NdD, ¢;, inwhich the D
inthe octahedralssite shifts away from the 4b Wyckoff site to a partially
occupied, lower-symmetry 32f site®.

Single N substitutionin the cubic cell of LuH; at both types of inter-
stitial site increases the (harmonic) dynamic instability atI'; however,
they both split the highly degenerate zone-centred phonon modes of
LuH;, making more of them Raman active, inline with whatis observed
experimentally. Substitution at the tetrahedral site was found to be
more enthalpically favourable than at the octahedral site (not vibration-
ally corrected), whereas Rietveld refinements provided similar patterns
for Nsubstitutionat either site (see Extended DataFig.9). The LuH, to
LuH; transformationis a metal to semimetal transition, wherein the Lu
delectrondriving the metallicity in LuH, donates to/interacts with the
octahedral hydrogens in LuH,, leading to a van Hove singularity*® just
below the Fermilevel (see Extended DataFig.10). Nincorporationatan
octahedralinterstice sees anincrease in metallic character versus LuH,,
with the N p states being metallic, as well as an increased density of H
states at the Fermi level. Conversely, N incorporation at a tetrahedral
interstice drives the system into a semiconducting state. Although
N is more electronegative than H, it does not go to N* in either case
as N p states are in the conduction band, implying M-N covalencies.
Also, N being more electronegative will prevent the formation of only
H™ anions in the lattice, and H™ anions are known to be unfavourable
for superconductivity. The primary reason for the difference in the
electronicbehaviours of the two types of substitutionis that octahedral
substitution hasaminimalimpact onthe parentlattice, whereas tetra-
hedral substitution pushes the octahedral hydrogensinto the opposite
octant of the cube, similar to the packing seen in LaBH; (ref's. 2°758)
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depictedintheinsets. Thestrength of the heat-capacity anomaly associated
with superconductivity varied owing to volume fraction asshowninc. The
dashedlineis aguide tothe eyeto distinguish the trend of the heat-capacity
anomaly before and after the transition.

(see Extended Data Fig. 11), which—in turn—leads to disordering of
the Lu atoms and an approximately 0.12-A expansion of the lattice
distortions, well beyond what is measured by XRD. A lower N content
suppresses the magnitude of the distortions seen for the tetrahedral
substitution, and likewise its deviation away from metallicity, but not
to the extent to provide a better match with experimental results as
compared with octahedral substitution.

Preliminary investigations into adding H-vacancy defects into the
cubic cell of the trihydride structure show that, as with the introduc-
tion of N, there is a varied response to the lattice, with the removal of
an octahedral H giving a =5.007 A and the removal of a tetrahedral
Hgiving a=5.065 A. These models both reduce in magnitude but do
not remove the optical harmonic dynamic instability at . Aswith N
substitution, these structures split the phonon modes of the parent
lattice at I, making many of them Raman active, such as whatis observed
experimentally. Considering that the ground-state structure of sev-
eral of the ambient rare-earth trihydrides are hexagonal lattices, yet
surface defects can metastably trap the high-pressure cubic phase
down to ambient conditions as with YH, (ref. **), the anharmonicity
of the hydrogenic phonons® along with a combination of N substitu-
tions and H-vacancy defects are probably promoting the formation
of asuperconducting nitrogen-doped lutetium hydride with higher
H content than the dihydride.

Discussion

Clearly, state-of-the-art experiments are needed to determine the exact
crystal structure and stoichiometry of nitrogen-doped lutetium hydride
and similar materials showing such high-temperature superconduct-
ing states. The use of techniques such as neutron diffraction and X-ray
spectroscopy, as supported by simulations, are the most likely to pro-
vide aroute to directly investigating the light elemental content of
doped-metal hydrides and to build reliable atomistic descriptions of
their chemical environments. A better detailed structural descriptor
will enable theoretical modelling of these non-stoichiometric metal
hydrides and improved theoretical understanding. Animportant dis-
tinction to make is that XRD was not satisfactorily authoritative for
these hydrides even at ambient conditions, a shortcoming of such a
technique that we have already highlighted in our work on carbona-
ceous sulfur hydride™ . The fact that, in this study, we experience a
lack of accuracy at ambient conditions confirms our concerns of using
XRD techniques for determining hydrogen stoichiometry at more
extreme conditions. The inability to accurately measure defect
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densities and fractional occupancies of the lightest elements is mostly
aconsequence of extremely complex synthesis techniques and which
inturnlimits the accurate boundary conditions to aid theoretical meth-
ods for modelling and predicting the quantum properties of such
materials. In summary, the most remarkable result of this study is the
evidence for the near-ambient superconducting state observed in
N-doped lutetium hydride with T, of 294 K at 10 kbar. On the basis of
the measured XRD and Raman spectra, the observed superconducting
properties can most probably be attributed to Fm3m LuH,_sN,, for
which different non-stoichiometric values are used to indicate the
possibility of both N-substitution and H-vacancy defects. The physical
properties of the superconducting N-doped lutetium hydride will
be better constrained by magnetic-field-dependence resistance,
susceptibility and heat-capacity measurements. Whilst all other
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showninwhiteand thosein tetrahedralinterstitial sites are in pink. The lutetium
atomsareingreenand the coordination polyhedronis shownabout the central
Luatom. Thecellis shifted by (0.5, 0.5, 0.5) fractional coordinates from the
standard setting to better represent the coordination polyhedron. c, The
lattice constant as afunction of pressure for the Fm3m main phase. The Le Bail
method was used for the refinement of the high-pressure XRD data. The equation
of state was fitted using the Birch-Murnaghan method, as shown by the dashed
lines for two pressureranges, 0 kbar < P<40 kbar (black) and P>42.7 kbar (red),
and the corresponding K, (bulk modulus at P=0), V, (reference volume at
P=0)andK,’ (derivative of the bulk modulus with respect to pressure at P=0)
areshown.

high-temperature superconducting metal hydrides have been observed
at multi-megabar pressure conditions, our discovery of a21 °C super-
conducting material at 10 kbar will certainly lead to the emergence of
anew field of materials science, as such conditions are substantially
more accessible to amultitude of new researchers outside the field of
high-pressure physics.
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Methods

High-pressure experiments

This study was based onalarge number of experiments, with more than
ahundred samples. The samples were loaded onto amembrane-driven
diamond anvil cell (m-DAC), using 1/3-carat, type la diamond anvils
witha 0.2-mm, 0.4-mm, 0.6-mm and 0.8-mm (for low pressures) culet.
A 0.25-mm-thick rhenium gasket was pre-indented to 15-100 pm
(depending on the pressure and experiment) and a 120-pum hole (or
280 pm or 600 um for low pressures) was electrospark drilled at the
centre of the gasket. We used a high-pressure gas loader to compress
gasses to high densities. The m-DACs were first loosely closed and
mounted into a gearbox. The DAC and gearbox were then placed into
ahigh-pressure gasloader (Top Industries). The system was first flushed
withgasses to purge the circuit ofimpurities and then the sample cham-
ber was pressurized. A100-um Lu foil was compressed between two
diamonds to make it thinner than 100 pm and then loaded into a DAC
withthe H,/N, gas mixture (99:1) and pressed to 2 GPa. We have not used
any other gasratiosin our synthesis. All of the prepared samples were
keptinaglovebox, closed and reopened toload withgasinapre-purged
hydrogen-richenvironment. The glovebox environment was operated
at levels at which O, and H,O were each less than 0.5 ppm. The sam-
ple was heated in an oven overnight at 65 °C. After 24 h, the DAC was
released to recover the sample. The samples were characterized using
Raman and XRD studies. We have also used commercially available
LuH,/LuH,. Owing to extremely complex synthesis techniques, control-
ling the correct stoichiometry with the right amount of hydrogen and
nitrogen percentages was extremely challenging. The success rate of
measuringasample with superconducting properties was about 35%.

Raman spectroscopy, pressure and temperature determination
Raman spectroscopy was carried out using a custom micro-Raman
setup in back-scattering geometry, along with Bragg notch filters,
using a 532-nm Millennia eV laser, a Princeton Instruments HRS-500
spectrometer and a Pylon camera. Pressure determination was pre-
dominantly carried out using ruby fluorescence with the pressure
gauge of Shen et al.® and the temperature correction of Datchi et al.®".
Furthermore, pressure was also measured from the observed Raman
peak location following several calibrations runs to determine the
pressure dependence of the Raman modes. Pressure was measured
during both cooling and heating. DT-670 silicon diodes were used to
measure the temperature to five digits with our temperature controller
(thatis, two decimal places above 100 K or three decimal places below
100 K). The temperature uncertainty is larger than that precision as the
diodes cannotbe placed directly on the sampleina DAC and are placed
outside the sample chamber and onthe mechanical assembly around
the DAC. Thus, the temperature uncertainty is dominated by thermal
gradients between the temperature probes and the samplein the DAC,
which are large while cooling down but much smaller while warming
owing to the associated cooling and warming rates.

Electrical-resistance measurements

Theresistance measurements were performed using standard DAC tech-
niques with astandard four-probe technique similar to Dias et al.** that
was used to measure theresistance of the sample. Either Al,0; or diamond
powder was packed into an insulating shell in which sample is loaded.
Platinum foil (5 um in thickness) cut electrodes are placed in contact
with the sample, leading out of the pressure cell, allowing for transport
measurements of the samples under pressure. Electrical resistance is
thus measuredinafour-probe configuration. The resistance measured
onbothwarmingand cooling at about 10 kbar is shown in Extended Data
Fig.13. A Keithley 6221 current source is used to apply a low-frequency
(13 0r17 Hz) currentacross two of the probes and a SR860 lock-in ampli-
fier witha 500x preamplifier measures the resulting voltage across the
remaining two probes. For relatively high (on the order of about kQ or

more) resistance samples, a d.c. configuration is used, whereby ad.c.
current is applied across two of the probes using a SRS CS580 current
source, whereas the resulting voltage on the remaining two probes is
measured with a DMM6500. In some cases, small residual resistance
from the instrument offsets was subtracted from the measured volt-
age. We used a custom-built BeCu DAC for magnetic-field-dependent
electrical-resistance studies using a custom-designed magnet from
ColdEdge Inc. The V-I curves were obtained by supplying an a.c. cur-
rentbetween 0 and 4 mA across the sample and measuring the voltage
response, at temperatures above and below the critical temperature T..
Above T, a current sweep from 0 to 4 mA was performed in 50 equally
spaced steps and alinear response inthe V-/curve is observed.

a.c.calorimetry measurements

For measurement of the specific heat capacity, a modified version of
the conductivity setup is used*’. Two sets of two probes are shorted
in contact with the sample. The first, Ti, nichrome or Pt, serves as the
heater. The second uses a pair of materials with differing Seebeck coef-
ficients, either Pt/Ag or the standard alumel/chromel thermocouple
pair. Typically, a NaClinsulating insert was used to isolate the sample
better thermally. Extended Data Fig. 2, top shows the schematic rep-
resentation of the setup and Extended Data Fig. 2, bottom shows the
actual setup inthe DAC.

Tomake measurements, the heateris driven at frequency f (typically
between 50 and 500 Hz). The sample is thus ohmically heated and
modulated at frequency 2 x f. Then the DAC is externally cooled or
heated and the voltage measured across the thermocouple, using a
lock-in amplifier reading at frequency 2 x f, which was shown to
inversely proportional to the specific heat of the sample at any given
temperature®. To verify appropriate behaviour, both current and fre-
quency sweeps of the drive are performed, as shown in Extended Data
Fig.3.Frequency dependenceis shownto exhibit acharacteristicdome
shape with a wide plateau, and the current sweep shows a quadratic
dependence, as expected from ohmic heating. For this type of
a.c. calorimetric measurements, the governing equation is given
by®:C, .= wf F (w), with C, . being the a.c. heat capacity, Pthe driving
power, ® thea'él'riving frequency, T, . the modulationin temperature of
the sample and F(w) the frequency response curve. The details of the
frequency response curve are described elsewhere®*¢*but it depends
ontherelation between the three timescales of the system: 7, = 1/w, is
the timescale over which the sample thermalizes with the environment,
thatis, how fast heat dissipates from the sample to the NaCl in which
the sample is sitting; 7, = 1/w, is the timescale over which the heater,
sample and thermocouple thermalize with each other; and 7; = 1/w; is
the timescale of the driving heater. The first two timescales, w, and w,,
are determined by the exact details of the experimental setup and will
vary betweenruns, although careis taken so that w, < w,and the sample
is able to thermalize with the heater and thermocouple before heat
dissipates into the environment. This is accomplished by using the
thermally insulating NaCl medium.

Thethird timescaleis chosen by the frequency of the driving current
andis an experimental parameter. Before performing an experiment,
care is taken so that an appropriate driving frequency, or w,, is cho-
sen. This is best seen by performing a frequency sweep of the drive,
as shown in Extended Data Fig. 3, and shows the frequency response
curve, F(w). The response falls into three regions: an initial rise, a flat
plateau and a final decline. The first region corresponds to w; < w;;
low-frequency drive results in heat dissipating to the environment,
reducing the change in temperature of the sample. The third region
corresponds to w; > w,; the sample is not able to thermalize with the
heater/thermocouple because the drive is too fast. The intermediate
plateau between these two regions is where the response function is
relatively constant with frequency, and thereis good coupling between
the heater, sample and thermocouple, with minimized loss to the envi-
ronment. The final consideration is experimental. By using higher
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frequencies, the signal-to-noise ratio is improved and so a frequency
between regions two and three is typically chosen.

Because the heater is driven at frequency f, the sample will experi-
ence temperature oscillations at frequency 2 x f and the thermocou-
ple will produce a voltage at 2 x f. The heat capacity is then inversely
proportional to the measured voltage. As extra verification, a current
sweep is performed to make sure the expected quadratic behaviouris
produced, as shownin Extended Data Fig. 3, inset. A currentis chosen
atwhichacceptable signalis measured, but high currents are avoided
to minimize d.c. heating that may occur on the sample. An example
measurement and frequency sweep are shown in Extended DataFig. 4.

a.c. magnetic-susceptibility measurements

All experiments were performed using a side-by-side double-coil tech-
niqueas described by Debessai et al.®>. Inasingle-coil setup, the measured
voltage will be proportional to the average magnetic susceptibility of the
volume contained in the coil. Owing to the geometry of the diamonds
usedwithinaDAC, the sampleis necessarily asmall fraction of the volume
contained in the coil. We therefore use a double-coil setup whereby a
second coil is connected in series but reversed relative to the first coil.
We call the coil surrounding the sample the ‘primary’ coil and the second
coil the ‘dummy’ coil. When connected in reverse, the signal from both
coils essentially subtracts. Because the coils are near identical, when
subtracted, the remaining difference should be because of the sample.
In practice, the coils are never perfectly identical. The coils are hand
woundinhouseto be asidentical as possible, before being balanced for
useinanexperiment. To balance a pair of coils, first the pickup from the
primary coilis measured and then the second coil is connected inreverse.
While monitoring the pickup, one of the coilsis slowly unwound until the
measured pickupis as small as possible. The balancing is done until the
signalisless than1% of the single-coil reference value and most coils are
balancedto 0.1-0.5%. This residual signalis what is measured as the (rela-
tively) large background as compared with the signal strength coming
fromthe sample. Forimproved resolution of the small signal voltages, a
500x preamplifier (SR554 Transformer Preamplifier) is often used. After
dividing out the 500x preamplifier, the signal strengths arein the range
of approximately 10-200 nV, depending on the sample and conditions.
Owing to the small sample size, a large temperature-dependent back-
ground signalis observed, butthe transitionis clearly visible despite the
large magnitude of the background. A background must be subtracted
from the real part, yielding the final susceptibility signal. In this work,
cubicor quadratic polynomial backgrounds were used (Extended Data
Fig.5), taking the measured voltage eitherimmediately before orimme-
diately after the transition.

d.c. magnetic susceptibility

We used the non-membrane-driven clamp-style pressure cell manu-
factured by HMD, aleadingJapanese supplier of pressure cells for mag-
netometry. A schematic and actual picture of the HMD-13 cell can be
foundinthe cellmanual. This simplified design requires neither copper
sealing rings nor a hydraulic press to achieve the pressure. The HMD-
13 cellis designed with a BeCu construction and affords a minimized,
uniform magnetic background, typically 4 x 107 e.m.u. gauss ™. This
pressure cellis a clamp cell, in which the sample is loaded with Daphne
7373 pressure medium inside a Teflon tube and closed using a Teflon
capsule. Measurements were performed by directly measuring the HMD
cell, whichdoesnotrequireadiamond or gasket. The samples that we use
for this measurementare much larger compared with the DAC measure-
ments. We have loaded large (approximately 150 pm x 100 pm) pieces
intothe Teflon capsule. The sample centre is known from the dimensions
and pressure-cell compression, which is very standard in these experi-
ments. The magnetization measurement was performed using a VSM
option. The VSM optionincludes alinear motor transport for vibrating
the sample, acoil set and the software application. Anempty cell without
the sample while keeping everything else the same was also performed to

identify the cell background. The empty cell background is mostly con-
stantwith temperature. Alinear or cubic background response was sub-
tracted fromthe data, and we have applied aten-point adjacent-average
smoothing for all of the data (see Extended Data Fig. 14). The HMD-13
high-pressure cellisrated to reachamaximum pressure of up to13 kbar.
Toachieve the highest pressure rated for this cell, the Teflon sample tube
should be filled with as much sample as possible, with the minimum
amount of pressure-transmitting medium required to fill the Teflon
sample chamber. If the filling factor of the sample is small (limited by
the synthesis procedure), achieving the rated pressure of 10 kbar will
require substantially greater pressure-cell compression.

XRD and elemental analysis

Forambient X-ray powder diffraction measurements, microgram poly-
crystalline samples with typical sizes (0.07 x 0.05 x 0.02 mm?) were
placed onto a nylon loop and mounted in a Rigaku XtaLAB Synergy-S
Dualflex diffractometer equipped with a HyPix-6000HE Hybrid X-ray
Photon Counting area detector. The full data collection was carried
outusing a Photonjet (Cu Ko X-ray source with adetector distance of
34.0 mm. Data collection was performed using Gandolfi scans, which
randomize the sample orientation in the beam by driving both phiand
omega circles simultaneously. The scans were repeated for different
kappasettings. CrysAlis Pro software was used to process and evaluate
powder measurements. The Rietveld refinements of the ambient XRD
datawere performed using FullProf. High-pressure XRD measurements
were performed using the Rigaku high-pressure kit designed for the
Rigaku XtaLAB Synergy-S Dualflex diffractometer. Pressure was gen-
erated in custom-made PEAS-Q36 DACs. Two-hundred-micrometre
conical diamonds were mounted on tungsten carbide bases with 70°
opening angle. Data collection was carried out using a PhotonJet (Mo
Ka) X-ray source with a detector distance of 80 mm. Samples were
placed into either arhenium or a tungsten gasket with a glycerine or
methanol/ethanol pressure medium. Ag pieces (roughly 20 x 20 pm)
were placed with the samples as a pressure marker. Pressure was esti-
mated using the equation of state of Ag at 295 K. The pressure depend-
ence of the lattice parameters was obtained from Le Bail refinement
for the high-pressure XRD data using FullProf.

Elemental analysis was carried out using a PerkinElmer 2400 Series
ITCHNS/O Elemental Analyzer instrument for rapid determination of
the carbon, hydrogen and nitrogen contentin our samples. Theinstru-
mentuses a helium carrier gas with an accuracy of about 0.3% for each
element. The samples are crimp-sealed in special tin capsules before
beingloaded and burnedinthe instrument. Several different samples
were prepared in an Ar glovebox to compare the elemental analysis
results with samples that were prepared in air. Similar N content was
detected inthe samples tested in Ar atmosphere and air.

Simulations

Plane-wave DFT simulations using the Perdew-Burke-Ernzerhof®®
generalized gradient approximation functional were performed with
Quantum ESPRESSO"8, The convergence threshold for self-consistent
field energies was 10 Ry, the convergence for forces was10™® Ry Bohr™
and the stress convergence was 107 kbar. Gaussian smearing was used
with asmearing width of 0.015 Ry. The phonons of cubic unit cells were
calculated on 4 x 4 x 4 §-grids and those of rhombohedral primitive
cellswere calculated on 6 x 6 x 63-gri_§s. Rhombohedral primitive cells
were used whenever possible. The k-grid density for the structural
optimizations and phonon simulations was double that of the Z])-grid
ineachdirection, and the denser k-grid for electron-phonon couplings
was four times as dense as the g-grid in each direction. In all visualiza-
tions and electron-phonon calculations, the ‘simple’ acousticsumrule
correction implemented in Quantum ESPRESSO was applied to the
computed phonons. The PseudoDojo norm-conserving pseudopoten-
tials were used with a kinetic energy cutoff of 100 Ry and charge density
cutoffof 400 Ry (ref. *°). Norm-conserving pseudopotentials were used



to performthe electron-phonon calculations, along with a simplified
Hubbard correction (DFT+U) applied to the felectrons’®”. AHubbard
U of 5.5 eV was selected in a similar fashion to the pseudopotential
formulation of Topsakal and Wentzcovitch’, that is, comparing the
optimized lattice constants of the metal mononitride to experiment
ona 0.5-eVinterval. Those pseudopotentials were not used because
they are at present incompatible with Quantum ESPRESSO density
functional perturbation theory phonon calculations witha+U correc-
tion. The importance of describing the felectrons with DFT+U was
tested by performing structural optimizations with the felectrons in
core (using the pslibrary’”> PAW” pseudopotential for the metal) and
with no Hubbard correction applied. Inboth of those cases, we found
thelattice constants of all evaluated compounds to be underestimated
compared with the available literature and experimental results. Nei-
ther of those two approaches were found to eliminate the dynamic
instabilities of the trihydride (Extended Data Fig. 8b), although the
instability at I was reduced in magnitude with the felectrons placed
in core. To explore the dynamic instability of the trihydride, the dis-
placements of NdD, (ref. *°) were tested, as well as adding noise to each
H position in the cubic unit cell in line with the displacements along
oneof the unstable optical phononmodes atT. The resulting structure
was lower in energy and determined to be of the Pmnm space group, a
subgroup of the XRD-determined /mmm phaselll structure (Extended
DataFig.11b).Substitution ofaNinto atetrahedralssite of the distorted
cubicrepresentation of the Pmnm structure strongly reduced the dis-
tortions away from cubic (that is, cell edges that differ by less than
0.001 A rather than 0.640 A). The lighter lanthanoid hydrides LnH(D),
are known to tetragonally distort above x > 2.3 (refs. ), so it is pos-
sible that the phase Il to Il transformation is driven by the harmonic
dynamicinstabilities of the cubic trihydride. As there is no other hydro-
gen present and the transformation into phase Ill is recoverable to
phasel, itis notlikely that the sampleis undergoing disproportionation
to form avariant of the predicted tetragonal LuH, lattice*.

Itshould be noted that LuH, has a particularly low uncorrected acous-
tic phonon frequency of about -110 cm™atT, which is not improved
by doubling the size of the k-grid in each direction or increasing the
wavefunction cutoff. We found that, instead of representing the prim-
itive cell of LuH, with the more highly symmetric lattice vectors of a
fcc system, using a triclinic representation with x along @ and z along
c*(whichuses aD;electronic point group as opposed to O,) has aneg-
ligible effect on the optimized lattice but alleviates the very negative
uncorrected frequency atT. However, this creates weak dynamicinsta-
bilities of the acoustic phonons just off of T (see Extended DataFig. 8),
implying thatanharmonic contributions may play arole in stabilizing
thelattice, similar to how they were found to stabilize Im3mH,S below
175 GPa (ref. ””). Changing between the triclinic or more symmetric
representation of the primitive unit cell’s lattice vectors does not alle-
viate the optical dynamicinstabilities of LuH,. Inaddition, the phonon
band dispersions for LuH, and ZB LuH in the highly symmetric lattice
vectors were evaluated as afunction of pressure up to 50 kbar. However,
no notable change to their phonon band structures was observed,
including the instability at X for ZB LuH (Extended Data Fig. 16).
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Extended DataFig.11|Distorted structures predicted by DFT. a, The
distortionsto the octahedral hydrogens observed by substituting a Natom for
atetrahedralatominasingle unit cell of Fm3mLuH,. b, The PmnmLuH,
structure found by perturbing the cubic Fm3munit cell of LuH;, which suggests
possiblelight-atom positionsin phaselll. ¢, The lattice distortions from
substitutingaNintoatetrahedralintersticeina2 x 2 x 2supercell of the

rhombohedral primitive of LuH;. d, The lattice distortions from substituting a
Nintoanoctahedralintersticeina2 x 2 x 2supercell of the rhombohedral
primitive of LuH;. The lutetium atoms are green, the nitrogen atoms are
lavender and the hydrogen atomsin octahedral interstitial sites are white and
thoseintetrahedralinterstitial sites are pink. Inb, there is no distinction made
between the hydrogen atomsites, so they are all white.
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Extended DataFig.15|Electrical-resistance behaviour under magnetic
field. Low-temperature electrical-resistance behaviour under magnetic fields
of H=0T,1Tand 3T (increasing fromright to left) at 15 kbar. In this study, the
superconductivity of nitrogen-doped lutetium hydride is suppressed by the
application of a3-T external magnetic field, reducing 7.by about 5 K at 15 kbar,
further confirming asuperconducting transition. Thetemperature dependence
of theresistance of asimple metal is written as: R(T) =R, + aT* + bT°. Wefit the
databelow T'<220 K foreachfield, at which theresistance goes to the minimum
value, to that function and subtracted itout. Inset top, the superconducting
transitionwidth, AT, at15 kbar slightly increases under external magnetic
fields. The AT.hasagood linear relationship with the applied magnetic field, as
expected fromthe percolation model. The superconducting transition width is
defined here as AT, = Tygy — T1oy, in Which Too, and Ty, are the temperatures

corresponding to 90% and 10% of the resistance at 292 K, respectively.
Fittingtothelinear relation of AT, = AT.(0) + kH.,, in which AT(0) is the width
atzeroexternal field and kisa constant, provides the values AT, (0) =36.3K
and k=0.07KT . Thelarge transition width at zero field indicates sample
inhomogeneities, whichis typical for high-pressure experiments. Insetbottom,

2
thetemperature dependence of the upper critical field, H, (T') = H,. (0) {1 - (%) }

canbeexpressed using GL theory or the conventional Werthamer-Helfand-
Hohenberg model. The GL modelin the limit of zero temperature yields
H(0) =88 T.From the Werthamer-Helfand-Hohenberg modelin the

dirty limit, H.,(0) canbe extrapolated from the slope of the H-T curve as

H.,(0) =0.693 “1’1’7;2 . T whichyieldsroughly 122 T.
=Ic
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ones forafcccell. Negligible change in the computed electron-phonon
couplings or logarithmic frequency is seen for LuH, on pressurization.
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Summary

Recently near-ambient superconductivity was claimed in nitrogen-doped lutetium
hydridet. This stimulates a worldwide interest about exploring room temperature
superconductivity under low pressures. By using a high pressure and high
temperature synthesis technique, we have successfully obtained the nitrogen
doped lutetium hydride (LuH2:xNy) with a dark-blue color and a structure with
the space group of Fm3m evidenced by x-ray diffraction. This structure is the
same as that reported in ref. 1, with a dight difference in lattice constant. The
Raman spectroscopy also shows similar patter ns between our samplesand that in

ref. 1. The energy dispersive X-ray spectroscopy (EDS) confirmed the existence of
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nitrogen in the samples. At ambient pressure, we witness a metallic behavior from
350 down to 2 K. By applying pressuresfrom 2.1 to 41 GPa, we observe a gradual
color change from dark-blue, toviolet, to pink-red. By measuring theresistance at
pressures from 0.4 to 40.1 GPa, we have seen a progressively improved metallic
behavior without showing superconductivity down to 2 K. Temperature
dependence of magnetization under high pressures shows a very weak positive
signal between 100 and 320 K, and the magnetization increaseswith magnetic field
at 100 K, all these are not expected for superconductivity at 100 K. Thus, we
conclude the absence of near-ambient superconductivity in this nitrogen-doped

lutetium hydride under pressures below 40.1 GPa.

Main text

Metallic hydrogen and hydrogen-rich materials provide interesting platforms for
searching room temperature superconductivity since it was proposed theoretically by
Ashcroft’>. However, experimentally it is difficult to achieve high temperature
superconductivity (HTS) under low pressures® *. Then theorists proposed that the
polyhydrides may have the potential to realize HTS due to the effect of internal
chemical pressure’. Later, HTS was observed by experiments in H3S with a transition
temperature (7c) above 200 K under a high pressure (~200 GPa) as predicted by the
theories®®. After that, more and more hydrogen-rich superconductors have been
discovered, such as LaHio, CaHs, etc.”'>. However, according to the basic

understanding on the theory of Bardeen-Cooper-Schrieffer (BCS), HTS would rely on
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very strong electron-phonon coupling with a very high Debye temperature. According
to the McMillan’s formula, if we assume a Debye temperature of 500 K, the Coulomb
screening constant £ = 0.13, the requested electron-phonon coupling constant A would
be as large as 12.2 for 7c = 100 K. This huge A cannot allow a stable lattice structure,
thus this HTS can only be achieved in such systems when they are protected by
extremely high pressures.

Recently, superconductivity at about 294 K in N-doped Lu hydride under only 1 GPa
was reported!, which is extremely interesting and important if the observation could be
repeated. As reported by Dasenbrock-Gammon et al!, the dark-bluish ternary
compound (with the formula LuH3-sNe used by them) can be tuned to a near-ambient
superconductor by a relatively low pressure (1-2 GPa), accompanied with a color
change from blue to pink and red. Actually,in previous experiments, superconductivity
with much lower 7. was reported by other groups under high pressures in Lu
hydrides'®!”. Thus, comparing with above results of Lu hydrides, the discovery of near-
ambient superconductivity in N-doped lutetium hydride is really striking. It generates
great curiosity whether room temperature superconductivity really exists in this N-
doped lutetium hydride under relatively low pressures.

Physical properties at ambient pressure

Figure 1a shows the X-ray diffraction (XRD) pattern and Rietveld refinement for the
LuH2:xNy sample. As we can see, the experimental data can be well fitted by the
structure of LuH> with the space group of Fm3m and lattice parameter a = 5.032(3)

A. Tt is known that the LuH3 with a face-centered cubic structure is not stable at ambient
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pressure, but a hexagonal structure with a space group of P3c1 was reported'®!%. As
shown in Fig. 1b, the main reflections of XRD data in our sample SX1 and that
downloaded from ref. 1 almost coincide, indicating that they have similar structure. The
lattice constant of our sample SX1 is about @ = 5.032(3) A, which is a bit larger than a
=5.0289 A reported in ref.1, but is very close to 5.033 A determined previously!*?’ in
LuHoa. For checking the lattice constants of our samples more carefully, we did a series
of XRD measurements on different samples and found that the lattice constant ranges
from 5.029(2) to 5.033(3) A, see Extended Data Fig.1. Comparing with that in ref. 1,
our samples show much less amount of impurities. Therefore, according to our XRD
data, we obtained the compounds which have almost the same structure as that reported
inref. 1.

The energy dispersive X-ray spectroscopy (EDS) is used to analyze the element
composition in the sample. The inset (left-hand side) in Fig. 1¢ displays a SEM image
of LuH2+Ny with randomly measured 10 spots marked by the black crosses. The
compositions of nitrogen at these spots are given in the Extended Data Table I. The
typical EDS of spot 1 is shown in the main panel of Fig. 1c, a weak peak from nitrogen
can be identified. The right-hand side inset of Fig. 1¢c shows the spatial distribution of
nitrogen, it looks wide-spreading in the whole area, but locally inhomogeneous. Since
it is impossible to detect the hydrogen atoms by EDS, while XRD shows that the
structure is quite consistent with LuHz, we define the chemical formula of our samples
as LuH2+Ny. Figure 1d displays the temperature dependence of resistivity (p-7) for

three samples of LuH2+xNy at ambient pressure. All samples show a metallic behavior
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down to 2 K. The magnetization was measured for the sample at 10 Oe in the zero-
field-cooling (ZFC) and field-cooling (FC) modes. The signal is positive and generally
very small, see Extended Data Fig.2.

Raman spectroscopy

We also collected Raman spectra of our LuH2:+xNy samples at ambient pressure by using
two different instruments both with 532 nm laser excitations. We name these
instruments as Raman spectrometer #1 and #2 (see Methods). The Raman spectra
measured on three of our samples at ambient pressure are displayed in Fig. 2a, the data
from ref.1 is shown together for comparison (red curve). The Raman spectra of our
samples (SR1-SR3) almost coincide with each other, indicating the uniform
crystallinity. Moreover, the band positions of Raman spectra at around 150 cm™!, 190
cm’!, 250 cm!, and 1200 cm! (as shown by the dashed lines in Fig. 2a) in our samples
are highly consistent with that reported by Dasenbrock-Gammon et al.!. The good
consistency on Raman spectrum indicates that our samples are very similar to that
reported in ref. 1. We also notice that the spectra collected by using Raman spectrometer
#1 on samples SR1 and SR2 below 140 cm™! deviate from that in ref. 1. In their work,
the authors observed only one peak in the range from 100 to 140 cm, but in our
samples SR1 and SR2, there exist several tiny peaks. After taking a careful check on
our Raman spectrometer #1, we find that these tiny peaks below 140 cm'are extrinsic
and due to the instrument (see Extended Data Fig.3). To further prove that, we used
Raman spectrometer #2 to measure on another sample (SR3), which is shown as the

green curve in Fig. 2a. We can see that the Raman spectrum of sample SR3 is very
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similar to that reported in ref. 1. Unfortunately, the Raman spectrometer #2 is not
suitable for measurements involving a high pressure cell due to the limitation by its
objective lens with a short working distance.

Figure 2b shows the Raman spectrum of the LuH2+xNy sample (SR1) under various

pressures up to 33.4 GPa. Because the Raman band of 1200 c¢cm™!

overlaps with the
characteristic band of diamond anvils under high pressures, and the one at-around 190
cm! is rather weak, we only focus on the two bands at around 146 cm™ and 250 cm!.
Upon compression, these two Raman bands shift to higher wavenumbers, suggesting a
sizeable change of interatomic interaction with pressure. We also conducted an
independent control experiment up to 26.6 GPa for another LuH2+Ny sample (SR2),
see Extended Data Fig.4. Both sets of data'show good agreement with each other.

We then extracted the wavenumbers of these two bands in the Raman spectra under
different pressures, and summarized the pressure-dependent band positions in Fig. 2cC.
It is found that the frequencies of Raman bands at around 146 cm™! and 250 cm™!' show
a continuous increase with increasing pressure. With careful analysis of the data, we
found that the slope of the two curves changes obviously around 10 GPa, as shown by
the‘diversion from the red solid lines. Then there is another slight change at around 20
GPa. As we know, in ref. 1, the abnormal changes of Raman band shift under pressure
were correlated with three distinct phases. The anomalous Raman band shifts of our
samples under high pressures seem to be consistent with that reported by Dasenbrock-

Gammon et al.!, except for different thresholds for pressure at which the slope-change

occurs. We want to emphasize that these slope-changes are not necessarily associated
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with three distinct phases, rather the fact that all phonons are unharmonic, and they tend
to react to compression more steeply for a low pressure, and less steeply for a high
pressure.

Resistance and colors at high pressures

Figure 3a, b show the temperature dependence of resistance from 10 to 350 K under
various pressures. The resistance at room temperature progressively decreases with the
increase of pressure up to 6.3 GPa. The temperature dependent resistance R(T) curve
shows a universal hump structure around 300 K, and such feature becomes weaker for
higher pressures. This hump reflects a metal to semiconductor transition, which may
share the same origin as that observed in hydrides of many other rare-earth elements?!
22 To check whether the decrease in resistance around room temperature is related to a
possible superconducting transition, we have also measured R(T) curves of LuH2+xNy
at various magnetic fields under a pressure of 1.6 GPa. As we can see from Fig. 3¢, the
resistance under magnetic fields exhibits a non-systematic evolution and does not show
any drifting to lower temperatures as expected for a superconductor when a magnetic
field is applied.

One of the most surprising phenomena reported in ref. 1 is the color change from
dark-blue to pink, and red with increasing pressure. And the near-ambient
superconductivity was claimed in the state with the pink color. We also tried to see this
color change in our samples with pressures up to 5.2 GPa (Extended Data Fig. 5), but
the dark-blue color was maintained. The pressure threshold for the color change seems

23,24

to be sample dependent, in the nitrogen-free or nitrogen doped samples®> 26, Thus
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we tried another run of optical measurements with pressures up to 41 GPa, now the
color change can be clearly visualized. As shown in Fig. 4a, the color gradually changes
from dark-blue to violet, and then to pink-red, the crossover from dark-blue to pink-red
occurs in the region from about 11 GPa to about 21 GPa, then the color stays as pink-
red. A general chart for the correlation between the color change and pressure for
different samples is shown in Extended Data Fig. 6. We found that the pressure region
of the color change was pretty consistent with the Raman band-shift anomaly shown in
Fig. 2c. Although there is a recent literature on photochromism of LnH2+Oy (Ln =
lanthanide element)?’, which suggests that this effect may lead to the pink color,
however, we would argue that this is not the reason for the pink-red color in our samples
since it gradually emerges with increase of pressure, and the pink-red color appears
almost in the whole sample under a high pressure. This color change may be explained

by the shift of the plasma edge of a metal**

when it has a low charge carrier density; the
latter can be easily tuned by pressure in systems containing shallow bands. Given the
color change from dark-blue to pink-red, it is curious to know whether the claimed
superconductivity in ref. 1 can be found in this high pressure range, especially with a
pink-red color.

We then carried out a new run of measurements on resistivity from 0.4 to 40.1 GPa,
the data are shown in Fig. 4b. One can clearly see that the general behavior is metallic
for the states under all pressures. We also measured the temperature dependent

resistance under 15.8 GPa at three different magnetic fields (0, 50, 90 kOe), and found

a negative magnetoresistance, which contradicts to the expectation for a
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superconducting state, see Extended Data Fig. 7. Thus we can safely conclude that no
superconductivity is observed under pressures below 40.1 GPa and above 2 K from
resistance measurements.
M agnetic moments under high pressures

To check whether there is a diamagnetic signal due to the Meissner effect of the
possible superconductivity in our as-grown samples, we measured temperature
dependent DC magnetization M(T) curves of LuH2:xNy with pressures of 1 GPa and 2.1
GPa. The sample volume for the high pressure measurement is about 0.037 mm?. The
M(T) curves at 60 Oe (the same field used in ref.1) under different pressures are shown
in Fig. 5a, b. The magnetic moment increases with decreasing temperature and do not
show a sudden drop behavior. Furthermore, due to the background signal of the
magnetization measurement device (Honest Machinery Designer, abbreviated as HMD),
the values of the total magnetic moment are negative in the whole measured
temperature region. In order to get the magnetization signal purely from the sample, we
also measured the background signal of the HMD cell at 60 Oe. The data of background
signal are presented in Extended Data Fig.8. The net magnetic moments after removing
the related background are shown in the insets of Fig. 5a and 5b. One can see that the
net signal of magnetic moment is positive and very weak with a roughly flat feature in
the temperature region from 100 to 320 K. The inset of Fig. 5c displays the isothermal
magnetization M(H) curves for LuH2:xNy at 100 K under pressures of 1 GPa (open
squares) and 2.1 GPa (open circles). The M(H) curve shows a roughly linear behavior

with a negative slope from 0 to 6,000 Oe, which is due to the background. To prove
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that, we have measured one M(H) curve at 320 K under 2.1 GPa (up triangle), and one
curve at 100 K for the empty HMD cell (solid square). In the main panel of Fig. 5¢c, we
show the net M(H) curves after subtracting related backgrounds. It is clear that all net
M(H) curves exhibit a roughly linear behavior with a positive correlation. This
corresponds to a possible paramagnetic behavior. We also conducted a new run for
magnetization measurement on another LuH2+xNy sample up to 4.5 GPa, see Extended
Data Fig.9. The same HMD cell was successfully used to detect a clear superconducting
transition in Bi samples before?®. To prove that this setup is equally sensitive to detect
a superconducting phase in the high temperature region, we carried out magnetization
measurements on a superconducting sample (Cu,C)BaxCa3CusO12 (Tc = 112 K)?*30, the
data are shown in Fig. 5d. One can see that the signal is negative and huge compared
with LuH2+xNy. Our magnetization measurements with the data of either temperature
dependence or the isothermal magnetization curves all show that there is no any trace
of near-ambient superconductivity in LuH2:xNy. The absence of near-ambient
superconductivity in nitrogen doped lutetium hydrides is supported by recent
theoretical calculations®'-34,

In _summary, we have successfully synthesized the N-doped lutetium hydrides
LuH2&Ny with a dark-blue color. Although our synthesis method is different, the XRD
and Raman spectroscopy confirmed that our samples have a similar structure as the
main phase reported in ref. 1 with a slight difference of lattice constant. Meanwhile, the
existence of nitrogen in our samples is also confirmed by EDS analysis. We also

visualized a color change from dark-blue to violet, and pink-red upon applying high



223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

pressures, although the threshold pressures for the color change are higher than that in
ref. 1. Our resistivity measurements show the absence of superconductivity in LuH24xNy
under pressures up to 40.1 GPa with all different colors down to 2 K. The magnetization
measurements further prove that no superconductivity exists in LuH2Ny above 100 K

under near-ambient pressures.

References

Dasenbrock-Gammon, N. et al. Evidence of near-ambient superconductivity in a
N-doped lutetium hydride. Nature 615, 244-250 (2023).

Ashcroft, N. W. Metallic hydrogen: A high-temperature superconductor? Phys. Rev.
Lett. 21, 1748 (1968).

Dias, R. P. & Silvera, 1. F. Observation of the Wigner-Huntington transition to
metallic hydrogen. Science 355, 715-718 (2017).

Mao, H. K., Chen, X.J., Ding, Y., Li, B. & Wang, L. Solids, liquids, and gases
under high pressure. Rev. Mod. Phys. 90, 015007 (2018).

Ashcroft, N. W. Hydrogen dominant metallic alloys: high temperature
superconductors? Phys. Rev. Lett. 92, 187002 (2004).

Li, Y., Hao, J., Liu, H., Li, Y. & Ma, Y. The metallization and superconductivity of
dense hydrogen sulfide. J. Chem. Phys. 140, 174712 (2014).

Duan, D. et al. Pressure-induced metallization of dense (H2S):H2 with high-T7¢
superconductivity. Sci. Rep. 4, 6968 (2014).

Drozdov, A. P., Eremets, M. 1., Troyan, I. A., Ksenofontov, V. & Shylin, S. L.



245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

10.

11.

12.

13.

14.

15.

16.

17.

Conventional superconductivity at 203 kelvin at high pressures in the sulfur
hydride system. Nature 525, 73-76 (2015).

Geballe, Z. M. et al. Synthesis and stability of lanthanum superhydrides. Angew.
Chem. Int. Ed. 57, 688-692 (2018).

Drozdov, A. P. et al. Superconductivity at 250 K in lanthanum hydride under high
pressures. Nature 569, 528-531 (2019).

Li, Z. et al. Superconductivity above 200 K discovered in superhydrides of calcium.
Nat. Commun. 13, 2863 (2022).

Ma, L. et al. High-temperature superconducting phase in clathrate calcium hydride
CaHs up to 215 K at a pressure of 172 GPa. Phys. Rev. Lett. 129, 269901 (2022).
Kong, P. et al. Superconductivity up to 243 K in the yttrium-hydrogen system under
high pressure. Nat. Commun. 12, 5075.(2021).

Snider, E. et al. Synthesis of yttrium superhydride superconductor with a transition
temperature up to 262 K by catalytic hydrogenation at high pressures. Phys. Rev.
Lett. 126, 117003 (2021).

Chen, W. et al. High-temperature superconducting phases in cerium superhydride
with a 7c up to 115 K below a pressure of 1 megabar. Phys. Rev. Lett. 127, 117001
(2021).

Shao, M. et al. Superconducting ScH3 and LuHs at megabar pressures. Inorg.
Chem. 60, 15330-15335 (2021).

Li, Z. et al. Superconductivity above 70 K observed in lutetium polyhydrides. Sci.

China. Phys. Mech. Astron. 66, 267411 (2023).



267

268

269

270

271

272

273

274

275

276

271

278

279

280

281

282

283

284

285

286

287

288

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Dierkes T., Plewa, J. & Jiistel, T. From metals to nitrides - Syntheses and reaction
details of binary rare earth systems. J. Alloy Compd. 693, 291-302 (2017).

Pebler, A. & Wallace, W. E. Crystal structures of some lanthanide hydrides. J. Phys.
Chem. 66, 148-151 (1962).

Bonnet, J. E. & Daou, J. N. Rare-earth dihydride compounds: Lattice thermal
expansion and investigation of the thermal dissociation. J. Appl. Phys. 48, 964,
(1977).

Huiberts, J. N., Griessen, R., Wijngaarden, R. J., Kremers, M. & Haesendonck, C.
V. Logarithmic divergence of the electrical resistivity in the metal hydride YH3-s.
Phys. Rev. Lett. 79, 3724 (1997).

Vajda, P. Handbook on the Physics and Chemistry of Rare Earths 251-255 (Elsevier,
1995).

Shan, P. et al. Pressure-induced color change in the lutetium dihydride LuH,. Chin.
Phys. Lett. 40, 046101 (2023).

Zhao, X. et al. Pressure tuning of optical reflectivity in LuH2. arXiv: 2303.16745
(2023).

Zhang, Y. J. et al. Pressure induced color change and evolution of metallic behavior
in'nitrogen-doped lutetium hydride. arXiv: 2303.17453 (2023).

Xing, X. et al. Observation of non-superconducting phase changes in LuH2+xNy.
arXiv: 2303.17587 (2023).

Nafezarefi, F., Schreuders, H., Dam, B. & Cornelius S. Photochromism of rare-

earth metal-oxy-hydrides. Appl. Phys. Lett. 111, 103903 (2017).



289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

28.

29.

30.

31.

32.

33.

34.

Li, Y., Wang, E., Zhu, X. & Wen, H. H. Pressure-induced superconductivity in Bi
single crystals. Phys. Rev. B 95, 024510 (2017).

Zhang, Y. et al. Unprecedented high irreversibility line in nontoxic cuprate
superconductor (Cu,C)BaxCa3Cu4O11+s. Sci. Adv. 4, eaau0192 (2018).

He, C. et al. Characterization of the (Cu,C)BaxCa3Cu4O11+5 single crystals grown
under high pressure. Supercond. Sci. Tech. 35, 025004 (2022).

Huo, Z. et al. First-principles study on the superconductivity of N-doped fcc-LuHs.
arXiv: 2303.17587 (2023).

Kim, S.-W. et al. Microscopic theory of colour in lutetium hydride. arXiv:
2304.07326 (2023).

Ferreira, P. P. et al. Search for ambient superconductivity in the Lu—N—H system.
arXiv: 2304.04447 (2023).

Lu, T., Meng, S. & Liu, Miao. Electron-phonon interactions in LuH>, LuH3, and

LuN. arXiv: 2304.06726 (2023).

M ethods

Sample preparation and characterization. We synthesized polycrystalline samples

of LuH2+xNy using a piston-cylinder type high pressure apparatus (LP 1000-540/50,

Max Voggenreiter). The NH4Cl and excessive CaH2 were used as the source of nitrogen

and hydrogen, according to the chemical reaction equation written as 2NH4CIl + CaH>—

CaClz + 2NH3 +H». The NH4Cl (Alfa Aesar 99.99%) was mixed well with CaHz (Alfa

Aesar 98%) in a molar ratio of 2:8 and pressed into a tablet. Then, the tablet made by
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Lu pieces (purity 99%, Grirem Advanced Materials Co. Ltd.) with silver color were
separated from the tablet of NH4Cl+CaH2 by a BN pellet and sealed into a gold capsule.
The Lu pellet in each sintering weighs about 100 mg. Then the gold capsule was placed
in a BN capsule and heated up to 300-350°C and held for 10 hours under 2 GPa. Finally,
we find that the Lu tablet turns into a new form composed by two well-separated
different regions with dark-blue and silver colors, respectively; the dark-blue region
corresponds to the LuH2«Ny phase.

The X-ray diffraction (XRD) measurements were performed on a Bruker D8 Advanced
diffractometer with the CuKy radiation. The Rietveld refinements were done by using
the software® of TOPAS4.2. The scanning electron microscope (SEM) photograph and
the energy dispersive X-ray microanalysis spectrum were obtained by Phenom ProX
(Phenom) at an accelerating voltage of 15 kV. Unpolarized Raman-scattering
experiments were performed using two instruments at room temperature both with a
532 nm laser excitation line, one is a Raman spectroscopy system (LabRAM HR
Evolution Horiba Jobin Yvon), the other one is a home built confocal microscopy setup
in the back-scattering geometry in which the scattered light was directed through Bragg
notch filters. For clarity, we name the first Raman system as Raman spectrometer #1,
and the second Raman system as Raman spectrometer #2. Prior to the measurements,
both systems were calibrated for wavenumbers by following the instrument instructions.
To get valid data in the low wavenumber region (below 140 ¢cm™), we used Raman
spectrometer #2 for the Raman scattering measurement on a new sample (SR3) placed

in vacuum. By the way, before the measurement on the sample SR3, we checked the
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Raman spectrometer #2 without a sample, and find a smooth background without any
band like features in the low wavenumber region. For the measurements using Raman
spectrometer #1 and #2, the laser power was 7.5 and 4 mW, the collection time was 60
and 120 seconds, respectively, and all spectra were measured two times to check
reproducibility. For high pressure Raman spectra measurements, two runs of
experiments were performed on Raman spectrometer #1 by using a diamond anvil cell
(DAC) with T301 steel or rhenium as gasket and methanol/ethanol/water as pressure

medium.

Physical property measurements at ambient and high pressures. Temperature
dependent resistivity/resistance measurements under ambient and high pressure were
carried out with a physical property measurement system (PPMS-9T, Quantum Design).
The high pressure was generated by a DAC made of BeCu alloy with two opposing
anvils. A four-probe van der Pauw method with platinum foil as electrodes was applied
for resistance measurements. The DC magnetization measurements were performed
with a SQUID-VSM-7T (Quantum Design). The DC magnetic moment measurements
at high pressures were accomplished by using the DAC (attachment to a PPMS)
designed by the Honest Machinery Designer’s office (HMD). The sample is loaded in
a hole in the middle of the gasket made of BeCu which needs pre-pressurization before
high-pressure measurements. The gasket is made by BeCu. The anvils with beveled
culet size of 400 um and 600 um were used to generate high pressures. NaCl and

Daphne 7373 were used as the pressure transmitting medium during the resistive and



355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

magnetic susceptibility measurements, respectively. For optical measurements, we used
KBr as the pressure transmitting medium. The pressure was measured at room

temperature using the ruby fluorescence method?.
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Main Figure L egends

Fig. 1| Structure, composition and transport measurements for LuH2«Ny. a,

Powder X-ray diffraction patterns of the LuH2+xNy and Rietveld fitting curves (red lines)
to the data. The tiny reflection at 32.2° can be indexed to the phase of Lu2Os. The inset

shows the picture of LuH24xNy samples which exhibit a dark-blue color. b, The

comparison of XRD patterns with normalization between our sample SX1 and that
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downloaded from ref. 1. The inset shows an enlarged view with 26 from 29° to 37" for
two of our samples (SX1 and SX5) and that from ref. 1. The main reflections of our
samples look sharper than that in ref. 1. ¢, SEM images and typical EDS of spot 1. Inset
(left-hand side) shows the image with ten spots measured by point-wise measurement
of EDS; the inset on the right-hand side shows the mapping image for nitrogen elements.
It is clear that the nitrogen distribution is not uniform in the sample, and it remains to
be resolved at which positions these nitrogen atoms locate in the lattice. d, Temperature
dependence of resistivity for three LuH2+xNy samples under ambient pressure. Inset
shows the image of the measured sample (S1) with electrodes attached at ambient
pressure. The error bar for determining resistivity is about £10%. The p-T curves are
roughly linear from 60 to 300 K and exhibit a power-law temperature dependence at
lower temperatures (2-60 K). The red solid lines represent the fitting curves using the
formula p = po+AT" from 2.to 60 K, with po the residual resistivity, » and A are the

fitting parameters. The fitting yields n = 2.89, 2.71 for S2 and S3, respectively.

Fig. 2 | Raman spectra of LuH2«Ny. @, Typical Raman spectra collected at ambient
pressure for three samples (black, blue and green curves), and the data of N-doped Lu
hydride from ref. 1 (red curve) for comparison. The samples are labeled as SR1, SR2
and SR3, respectively. The tiny peaks of SR1 and SR2 below 140 cm! are shown to be
originated from the background signal of the Raman spectrometer #1 (See Extended
Fig.3). The band positions in the spectrum below 300 cm'! have slightly smaller

wavenumbers compared with that in ref. 1, indicating that the lattice constant of our
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sample is slightly larger. The results are also consistent with the lattice parameters
obtained from X-ray diffraction. Such a slight variation may be attributed to the
different hydrogen/nitrogen concentrations in different samples. b, Raman spectra were
collected under high pressures by using Raman spectrometer #1 with methanol/ethanol
as the pressure medium. C, The evolution of band positions of Raman spectra under
pressures, the two curves correspond to the bands as indicated in (b) by red arrows. The

red lines are guides for eyes to show the change of slopes.

Fig. 3| Temperature-dependent resistance for LuH 2Ny at different pressures up
to 6.3 GPa. a, Temperature dependence of the electrical resistance of LuH2+xNy from
10 to 350 K with pressures up to 6.3 GPa (DAC filled with polycrystalline pieces). The
weak upturn of R(T) curve in low temperature region may be induced by the hopping
of electrons through a large inter-grain spacing or grain boundaries when the grains are
compacted loosely in the DAC space. This explanation can get a support from the
weakening and absence of this low temperature upturn when the pressure becomes
higher. b, Temperature dependence of the electrical resistance of LuH2+xNy up to 2.7
GPa for another run with the DAC filled with powder of the sample. Now we can see
that the low-temperature upturn disappears. ¢, Temperature dependence of the electrical
resistance of LuH»+xNy measured at different magnetic fields up to 90 kOe at 1.6 GPa

(DAC filled with polycrystalline pieces).

Fig. 4 | Pressure induced color change and evolution of temperature-dependent



443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

resistance for LuH2+xNy at different pressures. a, The optical microscope images of
LuH2:xNy at different pressures up to 41 GPa. A color change from dark-blue to violet
and pink-red is observed. b, Temperature dependence of the electrical resistance of
LuH24xNy from 2 to 350 K with pressures up to 40.1 GPa. In most R(T) curves, we can
see a metallic behavior from an intermediate temperature all the way down to 2 K, either
in the dark-blue or the pink-red states. The R(T) curves at low pressures, such as-at 0.4
and 1.1 GPa show again the weak upturn in low temperature region, which gradually
becomes invisible when the pressure is increased. And there is a resistivity hump in the

region around 300 K in the low pressure region.

Fig. 5| Magnetic propertiesfor LuH2«Ny at different pressures. a, b, Temperature
dependence of magnetic moment for LuH24xNy under pressures of 1 GPa and 2.1 GPa,
respectively. Shown in the main panels are raw data. The insets show the corresponding
magnetic moments measured in. ZFC and FC modes with the background subtracted. c,
M(H) curves with different background signal removed. The inset shows the raw data
of M(H) curves at 100 K under pressures of 1.0 GPa (open square) and 2.1 GPa (circle),
and one curve at 320 K under 2.1 GPa (up triangle), respectively. The M(H) curve
measured at 100 K for the empty HMD cell is also shown here (solid square). d,
Temperature dependence of ZFC-FC magnetizations measured on a superconducting
sample (Cu,C)BaxCazCu4O11+5 (Tc= 112 K) with the same measured volume as that for
LuH24xNy shown in (@) and (b), and the same HMD setup was used under the same

magnetic field (60 Oe). If the phase LuH2:xNy were superconductive, one should
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Extended Data Table | | The atomic concentration of nitrogen by EDS analysis at
10 spots of the sample. The average value of nitrogen in atomic ratio over these 10

spots is about 1.2%.

Extended Data Fig. 1 | XRD and Rietveld refinement on other four samples. a-d,
Powder X-ray diffraction patterns of four samples (SX2-SX5) and Rietveld fitting
curves (red lines) to the data. The inset in (d) presents the Rietveld fitting results (lattice
parameters and molar concentration of LuH2:xNy) of five samples (SX1-SX5). The
slight difference of the lattice constants may be attributed to. the different
hydrogen/nitrogen concentrations or the crystallinity in different samples. The Rietveld
fitting to these results shows a high purity with the main phase in a molar ratio of about

95%, and are highly consistent with each other.

Extended Data Fig. 2 | Temperature dependence of the magnetic susceptibility for
LuH2+Ny at ambient pressure. a, Temperature dependence of magnetic moment for
LuH2:xNy (upper part) along with background signal (lower part) measured in an
applied field of 10 Oe using both the ZFC and FC modes. b, The corresponding
magnetic susceptibility 4my with the background subtracted, for a superconductor we
should expect 4wy = -1. In calculating the magnetic susceptibility, we have used a
density of 9.22 g/cm? quoted for compound LuHz. The measurements were carried out
by using the SQUID-VSM with a vibrating amplitude of 5 mm and frequency of 13.01
Hz.

Extended Data Fig. 3 | Raman spectra collected on Raman spectrometer #1. The
black curve (upper one) shows the raw data measured on the LuH2+Ny sample (SR1)
using the Raman spectrometer #1, while the orange curve (bottom one) shows the
background signal of the instrument without the sample nor the DAC. It is clear that
the bands around 106 cm™!, 115 em™!, 122 cm!, 129 cm™! and 138 cm™! are originated

from the instrument itself.



496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

Extended Data Fig. 4 | Raman spectra of another LuH2xNy sample (SR2) under
different pressures. In this measurement, a rthenium gasket was used. The Raman
bands around 146 cm™' and 250 cm! show continuous increase with increasing pressure.
Due to a sizeable Raman signal from the instrument under low wavenumbers, we show

only the data above 140 cm™.

Extended Data Fig. 5 | The optical microscope images of LuH2«Ny at different
pressuresup to 5.2 GPa. In this run, the sample was directly filled in the DAC chamber

without any pressure medium.

Extended Data Fig. 6 | A sketch for pressure dependence of the color change for
different samples. The data are collected from Fig. 4 a and ref 1, 23, 24, 25, 26.

Extended Data Fig. 7 | Temperature dependence of electrical resistance for
LuH2eNy. The measurements were conducted under a pressure of 15.8 GPa with
various magnetic fields up to 90 kOe. The hump structure around 250-300 K is
gradually suppressed by external fields and a negative magnetoresistance is observed.

No superconducting signal was detected down to 2 K.

Extended Data Fig. 8 | Temperature dependence of magnetic moment for the
empty HMD cell. The applied magnetic field was H = 60 Oe. The ZFC and FC M(T)
curves are used as the background signals to obtain the magnetic moment purely from

the sample in the DC magnetization measurements.

Extended Data Fig. 9 | Temperature dependence of magnetic moment for
LuH2eNy. All curves were measured in an applied field of 60 Oe using both the ZFC
and FC modes in run 2 at pressures of (a) 1.5 GPa and (b) 4.5 GPa. The raw data are
shown in the main panels. The insets show the corresponding magnetization with the
background signal removed. The magnetic susceptibility for LuH2+xNy s positive in the

whole temperature region, and no diamagnetic signal was detected, which is contrary
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