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ABSTRACT ARTICLE HISTORY
In scholarly publications, determining authorship- and the order of authors’ Received 13 June 2024
names- has become increasingly challenging. This is partly due to the Accepted 19 September
evolving landscape of multidisciplinary teams, which can involve 2024
numerous contributors. Relying solely on descriptive and consensus-
N . . KEYWORDS
based qualitative approaches can lead to uncertainty. The dilemma also Authorship; author order;
extends to cases where a valid contributor may simply receive an authorship denial;
acknowledgement for his or her contribution, rather than being listed as a contribution analysis;
joint author. Trusting authors to adhere to moral standards when authorship-quantification;
deciding authorship and acknowledgments can result in conflicts that are authorship-responsibility
difficult for readers to navigate. This poses accountability challenges,
especially when dealing with a substantial number of authors. This study
proposes a simplified and transparent quantitative approach to address
these concerns. The methodology is based on two key parameters: first,
the evaluation of the time invested by each contributor in the publication;
and, second, the normalized assessment of the value of their time.
Through a contribution analysis utilizing these parameters, a
predetermined threshold is established to define authorship. Contributors
falling below this threshold can be recognized in some other way, for
example, in acknowledgments for their valuable input. While the
approach proposed may be more applicable in some disciplines and
higher education systems than others, it does offer a quantitative
foundation to support qualitative discussions among potential authors,
helping them reach a consensus on authorship and authorship order
without conflict. This method seeks to prevent injustices and ensure that
all contributors have a voice, regardless of their power and influence.

1. Introduction

The pursuit of knowledge is widely recognized as a key driver of both societal advancement, and
catalyst for economic development (Bruce 2003). In the academic sphere, broadly speaking this
knowledge mechanism consists of three essential components. First the knowledge creators- includ-
ing academicians, researchers, and scientists, who generate new material as the basis for knowledge
development. The second component involves the dissemination of scientific information and
research findings globally to society (Dolmans et al. 2022; Siegel et al. 2004). The third component
includes the recipients of this information, who use it to either further advance their understanding
or to develop practical applications (Bornmann and Marx 2014). The crucial link between the
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generation of information and its utilization for societal progress is its dissemination, which primarily
occurs through scientific publications (Dearing, Kee, and Peng 2012; Foray 1997). To help assess the
validity of the evidence presented, academic dissemination processes incorporate an independent
peer review process that, ideally, is intended to root out unverified material (Boudreau, Gefen,
and Straub 2001; Jasanoff 2011). These processes are typically facilitated by scientific or peer-
reviewed journals (Dimitroulis 2011).

Within this flow of information through journals, two elements are critical: understanding what
the information entails and identifying those who generated it. The classification of information
depends on the type and focus of journals (Waltman and van Eck 2012). Different journals cater
to specific topics, allowing individuals to follow particular journals to access the information they
are interested in. Another crucial aspect is establishing accountability and recognizing contributors
for their efforts (Rennie, Yank, and Emanuel 1997). However, it is becoming increasingly challenging
to ascertain the integrity of scientific communication, particularly in identifying those who generated
the information (Ali and Djalilian 2022; Gasparyan, Ayvazyan, and Kitas 2013; Justin et al. 2022;
Khalifa 2022; Khezr and Mohan 2022; Pruschak and Hopp 2022; Teixeira da Silva and Dobranszki
2016b). Authorship-related decisions remain one of the most problematic issues, sometimes even
shaking the foundations of research.

Determining who generated the information has become more challenging in the present and is
likely to become even more complex in the future. In the past, identifying information generators
was relatively straightforward, as sole authorship dominated scholarly publications until the twenti-
eth century, typically involving only a few researchers (Greene 2007). In contrast, today’s research
landscape emphasizes research productivity, requiring researchers to be both prolific and maintain
high-quality output (Carpenter, Cone, and Sarli 2014; Patel et al. 2011). This drive for productivity has
led to the outsourcing of various research components, involving different experts and fostering
transnational cooperation (Zuo and Zhao 2018). Consequently, publications often have multiple
authors from diverse fields, research institutions, departments, and even different parts of the
world (Clarke 1964; Lissoni and Montobbio 2015; Teixeira da Silva and Dobranszki 2016a; Yousefi
et al. 2012). The ‘Publish or Perish” mantra has significantly influenced current authorship patterns,
increasing the number of authors per publication, sometimes without clear justification for author-
ship, thereby creating a gray area of ambiguity (Grech 2022; Guraya et al. 2016; Osunsan et al. 2022).
This mantra is based on the pressure researchers face to publish to enhance their curriculum vitae for
promotion, build academic and professional reputations, and gain credibility when applying for
grants and funding (Angell 1986; Johann 2022; Kearney, Downing, and Gignac 2024; Mertkan,
Onurkan Aliusta, and Bayrakli 2022; Wang et al. 2024).

Authorship-related decisions present several critical challenges (Dreyfuss 2000; Macfarlane 2017).
First, it is essential to determine who qualifies as a contributor to a scientific publication. Second,
there is the challenge of how to appropriately recognize and reward contributors, either by listing
them as authors or acknowledging their contributions in the acknowledgments. Third, deciding
the order of authors poses another challenge. From a reader’s perspective, identifying the main con-
tributor or conducting a contribution analysis among different authors becomes increasingly impor-
tant as research becomes more multidimensional and diverse (Yank and Rennie 1999). In this
context, some aspects of the research may be deemed more significant than others, and making
these determinations often relies on subjective consensus among the authors.

In recent decades, global discussions have increasingly revolved around achieving consensus
across all research domains regarding authorship criteria in scientific publications. This endeavor
is reflected in the published literature and guidelines from various publication editors, encompassing
editorial policy statements and authorship criteria (Bates et al. 2004; Gasparyan, Ayvazyan, and Kitas
2013; Resnik et al. 2016). For example, Gasparyan, Ayvazyan, and Kitas (2013) provide a comprehen-
sive list of editorial policies and criteria for determining authorship. However, the decision on who
should be considered an author is often left to the authors themselves. In the absence of standar-
dized guidelines, this determination has become progressively challenging, as all contributors



STUDIES IN HIGHER EDUCATION e 2013

tend to view their input as essential and aspire to authorship. Additionally, there is a recognized
conflict of interest, as individual research performance, often measured by widely applicable
metrics like the h-index, that is enhanced by being listed as a co-author rather than an acknowledged
contributor (Bornmann and Daniel 2009). For example, Slone (1996) concluded that undeserved
authorship is a common and serious problem, primarily driven by academic promotion policies.
The more co-authorships one has, the greater the recognition and opportunities for collaboration
in multidisciplinary research (Juyal et al. 2014).

While there is a global consensus on the significance of establishing clear authorship criteria, the
challenge lies in creating effective measures. Despite substantial efforts by editorial policies, the
development of universally applicable and straightforward authorship criteria remains a work in pro-
gress. Existing methods often rely on extensive qualitative judgment and consensus, which can
sometimes appear tilted in favor of authors who hold power and influence over decision-making,
rather than being objective (Gasparyan, Ayvazyan, and Kitas 2013). Authorship decisions could
benefit from a comprehensive set of quantitative criteria that can be distilled into a representative
and user-friendly decision-making process. Such quantification would support informed authorship
decisions by allowing authors to assess their contributions objectively, while also facilitating quali-
tative discussions to build consensus and reduce conflicts.

This study proposes a straightforward and transparent quantitative approach based on two par-
ameters: first, the evaluation of the time invested by each potential author in the publication, and
second, the normalized assessment of the value of their time. The objective is to develop an
approach that is both acceptable and easily applicable to any publication, minimizing the need
for extensive subjective judgment. By utilizing readily available data, this method simplifies the
determination of authorship. The objectives are: first, to define the scope of contributors to scientific
publications; second, to create a quantitative approach to determine who qualifies as an author or
should be acknowledged as a contributor; and third, to establish a method for determining the order
of authors. The aim is not to replace qualitative discussions among potential authors regarding
authorship but to provide a quantitative foundation that supports these discussions. This approach
helps potential authors reach a consensus on authorship and authorship order without conflict, pre-
venting injustices and ensuring that all contributors have a voice, regardless of their power and
influence.

2. Methods

The methodology of the study is structured as follows: Section 2.1 discusses the criteria for qualifying
as a contributor to a scientific publication. Section 2.2 outlines the selected parameters for the quan-
titative approach, and Section 2.3 details the construction of the quantitative approach for
authorship.

2.1. Qualifying as a contributor to a scientific publication

The first step in any scientific publication is to identify all contributors, irrespective of their roles. In
this study, all individuals involved are considered as contributors. Once someone qualifies as a con-
tributor, they must be acknowledged. The next step is to determine the authors among all contribu-
tors. Authors are those who have made substantial contributions to the publication (Slone 1996).
According to the Council of Science Editors’ policy paper on integrity in scholarly journals, providing
writing assistance, research advice, financial support, or technical and administrative help alone does
not justify authorship (Editorial Policy Committee 2023). However, this study suggests that if individ-
uals contributed to the publication, they should be considered potential authors.

Furthermore, this study emphasizes that all potential authors must meet a crucial criterion:
they must provide final approval for the version submitted for publication and be prepared
to take full accountability for its content as a whole rather than in parts. Simply contributing
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to a publication without a comprehensive understanding of it and the ability to defend it is
insufficient for authorship. If a potential author contributed but cannot take accountability for
the entire publication or defend it adequately in response to readers’ concerns, then that indi-
vidual cannot be considered an author (Rennie, Yank, and Emanuel 1997). Being an author
means not only contributing to the publication but also understanding how one’s contribution
fits into the overall publication and affects the results and conclusions that readers will interpret.
If someone provides data or performs analysis without understanding the publication well
enough to assess their contribution in the context of the entire work, they are merely a contri-
butor and not an author. Intellectual contribution requires a broader understanding and the
ability to explain and justify the work as a whole. Many publications have been retracted
because the listed authors did not take ownership of aspects that later proved to be false,
such as statistical analysis or illustrations (Xu and Hu 2018). The number of articles retracted
annually has increased in recent years. While some retractions are due to unintentional errors
(Fanelli 2016; Nath, Marcus, and Druss 2006; Teixeira da Silva 2022; Teixeira da Silva and Al-
Khatib 2021), many are a result of misconduct (Cokol, Ozbay, and Rodriguez-Esteban 2008;
Steen 2011; Wang et al. 2023; Xu and Hu 2022).

This study recognizes that among multiple authors, the level of understanding of each part of the
work can vary, with authors often being experts in limited aspects of the study rather than all
aspects. The aim of multi-author studies is to leverage diverse expertise, which enhances the
quality and depth of the study. Therefore, in addition to making substantial contributions to the pub-
lication, and taking accountability for the entire publication, authors should also clearly define their
individual contributions and be accountable for the accuracy and integrity of the sections within
their area of expertise. This can be documented through contributorship statements (Marusic¢
et al. 2004). Clarifying accountability and responsibility among multiple authors for specific parts
of the study helps readers understand each author’s contributions. The criteria for authorship set
by the International Committee of Medical Journal Editors (ICMJE) and the 14 roles outlined in
the Contributor Roles Taxonomy (CRediT) provide structured ways to disclose contributions by
listing each author’s specific roles at the end of the paper (Cobey et al. 2021; Holcombe 2019; Lar-
iviere, Pontille, and Sugimoto 2021; Mondal, Mondal, and Haldar 2023).

Defining authorship addresses many concerns regarding inappropriate authorship practices. First,
it addresses ‘Honorary authorship,” which occurs when authorship is granted to honor individuals
who provide resources like facilities, academic support, or technical assistance but do not contribute
to the writing or primary data collection (Meursinge Reynders et al. 2022; Moffatt 2011; O'Brien et al.
2009; Waleed et al. 2014). These individuals act more as facilitators than as contributors. Second, it
addresses ‘gift authorship,” which involves adding someone as an author without contributing
(Gulen et al. 2020; Jones and McCullough 2015; Manton and English 2008; Smith 1994). Some
researchers use the terms honorary, guest, and gift authorship interchangeably. While these types
of authorship may enhance the recipient’s research profile or benefit the study’s authors, these
are considered unethical for both parties involved. Feeser and Simon (2008) classify gift/honorary
authorship into two types based on who initiated it and whether it was voluntary or not. The first
type is when genuine authors voluntarily initiate it for reasons such as increasing the chances of
the paper being accepted for publication (known as —‘courtesy authorship’) (Bennett and Taylor
2003), enhancing the paper’s acceptability among readers, or pleasing someone for potential
favors or collaborations (Olesen, Amin, and Mahadi 2018). It can also be a gesture of gratitude to
influential individuals or those who provided access to facilities or funding, or a means to help
young researchers advance their careers (Bennett and Taylor 2003; Claxton 2005; Yukawa, Kitanaka,
and Yokoyama 2014). The second type is involuntary, where authorship is forced, a practice known
as ‘coercion authorship’ (Strange 2008). This occurs when non-contributing individuals, such as
senior members or head of a laboratory or department, directly demand inclusion as authors. It
can also occur indirectly, influenced by norms or traditions within the working environment
(Claxton 2005; Gureev, Lakizo, and Mazov 2019).
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Third, it addresses ‘ghost authorship,” where a contributor’s name is omitted from authorship or
acknowledgment. From the author’s perspective, this practice denies their contribution, and from
the reader’s perspective, it conceals who contributed, preventing acknowledgment or accountability
in case of disputes (Gulen et al. 2020; Mowatt et al. 2002; Ngai et al. 2005; Ross et al. 2008; Wislar et al.
2011). Ghost authorship can manifest in two ways. First, an author may intentionally want to be
excluded. This sometimes can occur in industry-sponsored articles where corporate employees
conduct the research but are not listed as authors to make the research appear objective, even
though it may still be biased in favor of the industry (Okike et al. 2008). This can also happen
when authors do not want to take accountability or when the research is not supported by
funding organizations (Olesen, Amin, and Mahadi 2018). Second, authors may want to be co-
authors but are excluded due to a lack of awareness of authorship criteria, which often affects
young researchers and students. Alternatively, they may be intentionally excluded by other
authors who have the power and influence to deny authorship for their own benefit (Shaw and
Elger 2017). In cases of ghost authorship, peer reviewers who are actively involved during the sub-
mission and contribute to the publication should be acknowledged (Gasparyan et al. 2011). The
responsibility of including peer reviewers lies with the research publication journal to create a dedi-
cated section in the acknowledgments to list the names of peer reviewers and editors who review
the publication, ensuring their contributions are recognized and allowing for accountability in case
of disputes.

This study proposes that ‘honorary authorship’ may qualify for acknowledgment but not for
authorship, ‘gift authorship’ does not qualify for either acknowledgment or authorship, and ‘ghost
authorship’ should be addressed by ensuring all contributors are acknowledged or listed as
authors if they meet the criteria. Failing to uphold the ethical obligation to recognize all contributors,
including those who decline authorship or do not wish to be authors, constitutes misconduct not
only within the research community but also towards with the readers, who have the right to
know who contributed to a research publication (Bennett and Taylor 2003).

The order in which authors are listed can reflects their level of contribution, research responsibil-
ities, and involvement in writing and coordinating the publication, as well as their seniority in some
fields (Baerlocher et al. 2007; Costas and Bordons 2011). However, universally accepted rules for
determining author order are lacking (Whetstone and Moulaison-Sandy 2020), and the extent of con-
tribution often serves as the primary determinant across scientific disciplines (Lake 2010). In most
research publications, the first and last positions hold special significance (Helgesson and Eriksson
2019). The first author typically has made the most significant contribution to the research and
writing, while the last author, often a senior scientist, principal investigator, or research professor,
usually provides guidance and suggestions, making a lesser direct contribution. There has also
been a trend of assigning equal credit to the first and second authors of original papers when appro-
priate (Huang, Hsieh, and Lin 2016; Khoshpouri et al. 2019; Lapidow and Scudder 2019; Teixeira da
Silva 2021; Wang et al. 2012). Nevertheless, there is still no specific guidance on precisely measuring
equal contribution (Teixeira da Silva 2021).

Sometimes, the order of authorship is determined before the study begins among potential con-
tributors and is then revised as needed (Washington University in St Louis 2009). Tscharntke et al.
(2007) describe four different models for determining authorship order: the ‘sequence-deter-
mines-credit’ (SDC) model, where authors are listed in order of decreasing contribution; the ‘equal
contribution’ (EC) model, where authors are listed alphabetically; the ‘first-last-author-emphasis’
(FLAE) model, which highlights the contributions of the first and last authors; and the ‘percent-con-
tribution-indicated’ (PCl) model, where the percentage of each author’s contribution is specified.
There are also discipline-specific differences in how authors are listed. For example, in mathematics,
and, to some extent, in theoretical computer science, social sciences, humanities, political science,
and other related disciplines, authors are often listed alphabetically regardless of their contribution,
following the Hardy-Littlewood Rule, which emphasizes the ‘equal contribution’ model (Avula and
Avula 2015; da Silva and Dobranszki 2013; Levitt and Thelwall 2013; Liu and Fang 2014; Teixeira da
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Silva and Dobranszki 2016b). In biosciences, the last author is typically the senior researcher or pro-
fessor who conceived the idea, secured funding, owned the research space, and supervised the other
authors. In contrast, in public health, the last author is often the one who did the least amount of
work.

In some research teams, authorship order is also determined by fairness, to ensure that everyone
gets a chance to be the first author, or by consensus based on who would benefit most, such as
someone applying for tenure positions or young researchers (Macfarlane 2017). In many cases,
the last author is the most senior member, the one whose grant funded the research, or the lab
owner (Marco 2004). However, it is not always clear whether they contributed more or less than
others. These practical discussions for determining authorship order often rely on consensus, discus-
sion, and sometimes the decisions of dominant authors or traditional norms within the working
environment. While these methods can be practical, they leave gaps that can be exploited by
those with more power or influence. Quantification of the contributions provides a logical frame-
work to ensure fairness and equity, particularly for those who lack power or influence in the
decision-making process (Clement 2014; Verhagen et al. 2003). This approach helps prevent
unjust outcomes and ensures that contributions are fairly recognized.

2.2. Authorship quantification approach and its parameters

The quantification of authorship is a comprehensive approach designed to assess authorship for a
publication, utilizing a range of indicators to capture various aspects of authorship (Clement 2014;
Whetstone and Moulaison-Sandy 2020). This study aims to develop an approach that is both
broadly applicable and quantifiable for any publication using readily available data. Therefore, the
approach is designed to be applicable across all publications, regardless of their subject matter
and type.

The primary parameter selected for this approach is the time invested by each contributor in the
publication before its submission to a journal, excluding the contribution of reviewers, which falls
under the scope of the journals. Time investment data is typically recorded by individuals for time
management purposes and is consistently available with a reasonable accuracy. This data can be
further divided into categories such as office time, voluntary time, personal time, and other classifi-
cations for more detailed analysis. Another critical parameter is salary data or hourly rates of each
contributor, which are used to assess the value of their time. Both organizations and individuals
maintain records of salaries for financial management purposes, and this data can be harmonized
to calculate the value of each contributor’s time. While additional factors such as educational
level, geographical location, type of institution, contributor rankings, expertise levels, contribution
significance, and roles in the publication could enrich the quantification process, these factors are
often personal, subjective, or perception-based, making them not universally accepted. Furthermore,
what is considered a norm in one discipline may not be relevant in another due to discipline-specific
biases and criteria for determining authorship (Johann and Mayer 2019; Whetstone and Moulaison-
Sandy 2020). By limiting the scope to these two parameters, this study aims to provide a simplified,
transparent approach that can be easily adopted for determining authorship.

The parameters selected in this study for the quantification approach may have certain limit-
ations, which are discussed below:

¢ Inaccurate Time Reporting: Contributors who qualify as potential authors might believe they
spent more time on the publication than they actually did, exaggerate their time investment,
or even falsify their time records. Additionally, many researchers are not skilled in time reporting,
do not keep records, and those who claim they do so often create these records retrospectively.
However, these limitations largely hinge on trust, as contributors are expected to reasonably esti-
mate the time they spent on the publication, given their other work commitments. This study
assumes that in academia, personal integrity will motivate researchers to provide honest estimate
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of their time without the need to document every minute. Furthermore, if a researcher is involved
in tasks that contribute to multiple publications, time should be appropriately allocated among
the different projects. This practice is supported by European projects, where researchers typically
work on multiple work packages and must report their time for each one on a monthly basis. In
recent years, many projects have required researchers to track their time and provide detailed
timesheets and task descriptions. Therefore, while it may not always be feasible for researchers
to keep an exact record of their time, this study relies on the moral integrity of researchers to
avoid exaggeration their contributions for personal gain.

Time VS Expertise: Another limitation involves the varying levels of expertise among authors, as
the same task can require different amounts of time depending on the individual’s skills and
experience. For instance, one person might write 1,000 words in an hour, while another might
need several hours to accomplish the same task. A young researcher, for example, may take
more time to write than a senior professor due to differences in experience. This study
assumes that experience and hard work lead to expertise in different parts of the publication
process, and authorship reflects the time invested and the value of that time. If one person
can complete the same task in less time, it indicates a higher value for their time, which
should be reflected in the valuation of their contribution. However, gender differences must
also be considered. Women often have greater caregiving and service responsibilities than
men, leaving them less time to dedicate to science. As a result, men might report higher time con-
tributions. This study assumes that the time invested in the publication is part of regular working
hours, generally around 40 h a week, with some flexibility in academic institutions. Authors are
not expected to work beyond these working hours, so gender-based differences in time invest-
ment are not considered in this approach. Nevertheless, this issue should be considered during
promotions, recognizing that women may have less time for research due to caregiving respon-
sibilities. Therefore, publication thresholds should not be the same for both genders, to normalize
these differences and ensure a fair evaluation in academic promotions.

Normalized Compensation: The value of the time invested by each potential author also has
certain limitations. First, it is important to determine whether a potential author is paid or
unpaid. For paid authors, the fairness of financial compensation, both inter-geographically and
intra-geographically, should be considered. For unpaid contributors, such as students, graduate
students, or other unpaid researchers working on their dissertations, this study assigns an equiv-
alent salary based on the market rate that would apply if a commercial entity hired someone for
the same work. This involves determining the standard hourly rate for similar work within an aca-
demic context and applying that rate to the time invested by the unpaid potential author. In cases
of international collaborations where potential authors have different salaries for the same work,
two solutions are proposed. One is to use Purchasing Power Parity (PPP) to normalize salaries or
hourly rates across different locations. The other is to use the maximum salary for the same pos-
ition across locations. For example, if there are two professors from different countries with
different salaries, the maximum salary of that position would be applied to both. There may
also be cases where potential authors have different salaries for the same work due to discrimi-
nation in promotion or other factors based on gender and ethnicity. In such cases, if normalization
is required, the pay disparity can be addressed by assigning the same salary to authors who are
considered to be at the same level, regardless of their positions that might affect their salaries.
This adjustment ensures that salary differences due to gender and ethnicity do not impact the
valuation of their contributions to the publication. This approach aims to provide a fair assess-
ment of contributions, making adjustments for salary disparities when necessary.

Multiple Affiliations and Funding Sources: In calculating the hourly compensation, an author
may have multiple affiliations, making it challenging to determine the actual salary from each
organization for the work done on the manuscript. It is common for an author to be affiliated
with several organizations and receive different compensation for their time at each one. In
this study, a simplified approach is adopted where the total monthly salary from all sources is
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combined for each author. This combined monthly salary is then divided by the total working
hours per month, typically based on a 40-hour working week. Another situation arises when mul-
tiple funding agencies, potentially located in different countries, are listed in a paper. In such
cases, funding amounts are first normalized using PPP to standardize the funds across different
locations. The final compensation for the author is then calculated based on a 40-hour working
week.

o Lack of Data and Culture to Track Time: In many academic institutions, detailed records of the
time spent on different research activities, including publications, are not consistently available.
While some disciplines or specific higher education systems may routinely track time, this is not a
universal practice. Time tracking is more likely to occur in contexts where external funding, such
as grants from the European Union, mandates the use of timesheets. However, in many insti-
tutions, the culture of time recording is not widespread and varies significantly across disciplines.
The concept of tracking ‘time invested’ in research is often criticized for promoting a culture of
performativity, where researchers feel pressured to quantify their work in ways that might not
align with the ethos of academic freedom. Research should ideally be driven by intrinsic motiv-
ation and intellectual curiosity rather than rigid time-keeping. However, there have been
instances where researchers, either willingly or due to external pressures, have worked excessive
hours on their projects. In such cases, keeping time records can serve as a useful tool for balancing
workloads, ensuring that researchers maintain a healthy work-life balance. When funding
agencies require time tracking, it is not necessarily to evaluate performance but to ensure trans-
parency and prevent overwork. This can protect researchers from being exploited by ensuring
that working hours are reasonable. Despite the historical lack of a time-tracking culture in acade-
mia, there is a growing recognition of the importance of work-life balance. Institutions are increas-
ingly acknowledging that while research is vital, it should be conducted in a way that supports
researchers’ personal well-being. This shift reflects a broader change in academic culture
toward healthier and more sustainable working practices.

There is also the issue of salary differences across different positions. Often, those involved in
primary research or preparing manuscript drafts, such as graduate students, postdocs, laboratory
assistants, and research assistants, are among the lowest paid. This is not necessarily the case in
developed countries; for instance, at a Swedish technical university, the average monthly salary
for a professor is around 82,000 SEK, while a doctoral student earns about 34,000 SEK. In some uni-
versities, salaries may vary significantly, with senior doctors potentially earning more than others in
the medical discipline. A rule of thumb used in this study is that if the minimum and maximum sal-
aries of potential authors differ by more than a factor of three, it indicates underpayment. In such
cases, normalization rules can be applied. First, ensuring that no salary is less than 33% of the
maximum salary. If any potential author earns less, their salary will be adjusted to 33% of the
maximum salary. Second, normalize salaries by using a formula that calculates the salary of each
author with its salary in addition to the average salary of the authors’ group. Ultimately, it is up to
the potential authors to decide which method to use, but the guiding principle is that the
minimum and maximum salaries should not differ by more than a factor of three. If they do, the con-
tributions cannot be adequately compensated by time alone due to the significant discrepancy.

There have been numerous previous attempts to objectively determine authorship in multi-
author papers. Various authors have developed several empirical and semi-quantitative approaches
for quantifying authorship contributions in an objective manner (Ahmed et al. 1997; Bhopal et al.
1997; Clement 2014; Hunt 1991; Resnik 1997; Schmidt 1987; Sheskin 2006; Tscharntke et al. 2007;
Warrender 2016). These approaches often rely on different aspects of the manuscript process,
such as conception and design, data acquisition, analysis and interpretation, and manuscript prep-
aration and stewardship. Other approaches also consider the perceptions of potential authors
regarding each other’s contributions, compiling, averaging, and ranking these perceptions quanti-
tatively. However, in this study, the parameters are based on quantitatively measurable factors,
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rather than those that require subjective discussion, which can be dominated by individuals with
power and influence. Subjective parameters often lead to decisions made by dominant authors,
leaving little room for disagreement since these contributions cannot be independently and objec-
tively evaluated. This can result in biased decisions and prevent those with less power from effec-
tively voicing their contributions.

2.3. Developing quantitative authorship approach

As outlined in Section 2.2, this study focuses on two primary parameters: the evaluation of the time
each contributor invests in the publication and the assessment of the value of their time based on
their normalized hourly compensation. It is important to highlight that this approach is based on the
compensatory principle, meaning the two parameters are treated as interdependent and equally
important; progress in one parameter can offset a shortfall in the other. For instance, investing
more time can compensate for a lower salary, and a higher salary can compensate for less time
invested. This approach ensures that contributors must strive to maintain a balance in both par-
ameters to improve their overall contribution to the publication.

The steps for determining authorship are described below and summarized in Table 1:

Step 1: Compile a list of all contributors: To define the scope of authorship, this step involves
listing all contributors, including individuals and organizations as outlined in Section 2.1. All contri-
butors should be included in the acknowledgment section without any omission to avoid ghost
authorship.

Step 2: Compile a list of all potential authors: All the contributors who qualify as
potential authors as per Section 2.1 are listed in this step. The primary criterion for distinguishing
between a contributor and a potential author is accountability. It is based on the principle that con-
tributions without understanding can lead to acknowledgment but does not qualify for authorship.

Step 3: Calculate invested time: This step involves calculating the amount of time invested by
each potential author in the publication. If a potential author’s contribution can be used in multiple
publications, then time allocation must be used to estimate the portion of time specifically devoted
to the publication under consideration. This estimation should be based on the primary beneficiary
of the contribution and how the time is distributed across the different publications.

Step 4: Compile compensation data: To collect financial data for all potential authors of the
publication, determine each individual's hourly rate of compensation either based on their
monthly salary or other equivalent data sources. For contributors with different salaries for the
same work in different geographical locations, Purchasing Power Parity (PPP) can be used to normal-
ize the salaries/ hourly compensation rates. This step also includes normalization for variations
related to gender, ethnicity, or position, if necessary, as outlined in Section 2.2.

Step 5: Calculate the total value of each potential author: To determine the value of each
potential author’s contribution, multiply the time they invested by their normalized hourly rate.
The sum of these individual values represents the total value of the publication. Each potential
author’s percentage contribution is then calculated based on their value relative to the total value
of the publication.

Step 6: Benchmark authorship contribution criteria: Authors can collectively decide on a
benchmark contribution value, typically ranging from 0% to 100%. It is recommended that a
minimum contribution of at least 5% be required to qualify as an author, although this threshold
can be adjusted based on the consensus of the potential authors. Those whose contributions
exceed this benchmark are considered authors, while those who do not meet the benchmark are
acknowledged.

Step 7: Determine the order of authorship: After selecting the authors, the order is deter-
mined based on the magnitude of each author’s contribution. Authors with the highest contri-
butions are listed first, followed by others in descending order according to their level of
contribution.



Table 1. Determining authorship using a systematic quantitative approach.

Publication under consideration

Hourly Salary/ Normalised

financial hourly Potential authors Authors

Contributor Contributor Type Potential authors Time invested compensation compensation contribution contribution Authorship ranking
Type* Qualify Value Unit Value Unit Value Unit Contribution Unit % Qualify

Contributor 1 | Yes T Hours V1 $/h N1 $/h T1.N1 $ P1 Yes P highest
Contributor 2 0 No
Hours $/h $/h $
Contributor n | Yes Tn Hours Vn $/h Nn $/h Tn. Nn $ Pn Yes P lowest
Total Total T.N B**

*Type: | is individual and O is organization, B**: Benchmark contribution, Publication refer to all types of scientific contributions including original research papers, reports, reviews, editorials, case

studies, letters, non-research articles, etc.

WMYYDOY 4 (=) 020C



STUDIES IN HIGHER EDUCATION e 2021

Table 2. Extra time needed by a doctoral student to be on the same level as other academic faculty in a publication.

Employment category Average Salary* (SEK/month) Extra time to equate contribution by doctoral student (months)
Professor 81 581 1.40

Associate Professor 65 771 0.93

Senior Lecturer 58 361 0.72

Lecturer 46 564 0.37

Researcher 46 832 0.38

Postdoc 39 875 0.17

PhD Candidate 34 009

Project Assistant 30615 —0.10

* Average salaries in Swedish technical universities in 2023.

This quantification-based approach complements qualitative discussions among potential
authors regarding authorship, providing a structured foundation for these conversations. This
helps potential authors reach a consensus on authorship and the order of authorship, preventing
injustices and ensuring that all contributors have a voice, regardless of their power and influence.
In some cases, factors such as the value of the contribution, personal needs like promotional require-
ments, seniority, and the need to support young researchers can be part of the qualitative discussion
to finalize the authorship and order of authorship. However, the quantification serves as the baseline
for these discussions.

To explain the compensatory principle and the nature of two parameters, an example within the
academic context, particularly Swedish academia, is provided. Table 2 illustrates the additional time
a doctoral student needs to equate their contribution to that of a senior researcher or other types of
employment. In research settings, doctoral students often perform a significant portion of the work
under the supervision or collaboration of senior faculty. Due to their relative inexperience, doctoral
students generally require more time to achieve similar outcomes. For instance, if a senior researcher
can complete a task in one hour, a doctoral student might need several hours to accomplish the
same task. According to the quantification framework in Table 2, compared to a professor, a doctoral
student’s contributions are considered balanced if they spend an additional 1.4 months relative to
the professor’'s 1 month.

In the European context, especially in European projects, it is common for doctoral students to be
allocated 80% of the budgeted time, with the main supervisor typically receiving 15% and the co-
supervisor 5%. Given these budget allocations and corresponding salaries, it is reasonable that doc-
toral students to often the main authors. This approach ensures that the academic contributions of
all researchers are fairly evaluated and that the unique challenges faced by less experienced
researchers are acknowledged. By recognizing the additional time and effort required by doctoral
students, this framework provides a balanced and equitable assessment of contributions across
different levels of experience.

3. Discussion

There is a prevailing view in the field of authorship research that decisions regarding authorship
should be made by the authors themselves, as this is considered the most effective method for
decision-making. Indeed, this approach is commonly used by most researchers. However, while
this approach might work well in an ideal world, the current research landscape, with its emphasis
on publication and co-authorship as a path to career advancement, often favors those with power
and influence. This can lead to unjust outcomes for contributors who may be deserving of author-
ship but lack a voice in the decision-making process. For example, Khalifa, El-Hawary, and Sadek
(2021) highlighted the issue of undermining young researchers’ contributions in their analysis of
authorship trends in the Egyptian Orthopaedic Journal. Out of 305 studies analyzed where the
degree of the first author was reported, 99% had a first author with an M.D. degree (senior research-
ers), while only 1% had a first author with a master’s degree (young researchers).
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Another perspective emphasizes that the timing of the authorship decision is crucial and should
ideally be made before the manuscript preparation begins. In the context of multi-authorship,
research often starts with a core group of contributors, and as the project evolves, additional
experts may be brought in to help achieve the study’s objectives. Deciding authorship before the
manuscript is prepared can be challenging due to the iterative nature of research, which involves
multiple drafts and revisions. As new contributors are added, authorship decisions need to be
revisited and communicated to all parties involved, including those newly added, to determine if
they wish to be considered potential authors. In this evolving process, everyone involved may
initially be considered potential authors. However, the final authorship should accurately reflect
the actual contributions made during the manuscript’s development. While initial agreements on
potential authorship are important, the final list and order of authors should be based on the
extent of each contributor’s input. This study suggests that although the timing of authorship
decisions is critical for identifying potential contributors early on, the final authorship should be
determined on quantitative criteria before the manuscript is submitted.

There are also concerns regarding the reliability and trustworthiness of the time and compen-
sation data used in determining authorship. Potential biases and limitations associated with these
parameters are outlined in Section 2.2. However, errors or missing information can occur while cal-
culating these parameters. It is acknowledged that there may be some variability in these data, but
this is not expected to deviate significantly from reality. This is primarily because, in a multi-author
study, authors generally have experience and judgment to estimate the potential time required for
various parts of the study, and there are checks and balances in place. Scientific integrity among
authors, combined with an awareness that others may have a better judgment regarding the
time needed for tasks like data collection or analysis, helps ensures that estimates are reasonably
accurate. Co-authors are also typically aware of the ongoing tasks and time commitments of their
colleagues, which reduces the likelihood of significant deviations from reality in their estimates.
Quantifying time and compensation in terms of hours and hourly compensation is not likely to
deviate too far from reality, and these figures can be easily verified. If an author is involved in mul-
tiple tasks, they are unlikely to report an excessive number of hours that are not feasible. While vague
terms like ‘low’ and ‘high’ can be subjective in qualitative discussions, quantifying these can be more
objective, as there are checks and balances since potential authors are usually aware of each other’s
commitments and ongoing projects. It is also unjustified to claim that someone else performing the
same task would take more time, as the expertise that reduces the time to do a task is reflected in the
salary. With experience, individuals receive promotions and higher salaries, which indicates their
efficiency. Therefore, it is reasonable to assume that reported time and compensation data
cannot be too far from reality. While errors and missing information can occur, they can be adjusted
using estimated values based on informed judgment. This approach ensures the data is recorded
with reasonable accuracy rather than deviating significantly from reality. A quantitative approach
supports qualitative discussions, so it needs to be reasonably accurate rather than highly precise
to effectively support qualitative insights.

There may also be a perspective that the parameters selected in this study, while measurable, are
not necessarily the best markers of effort and contribution in a publication. The concern may be that
the quantification approach could exacerbate disparities in science, making it more difficult for
women and people of color to advance their careers (Ceci et al. 2014; Toutkoushian 1999). Using
hourly rates to calculate authorship may reinforce existing disparities. Since females in academia
typically earn less than males, they may always be rated lower than males on the recommended
approach (Ash et al. 2004). This could decrease the number of women qualifying for authorship
and achieving higher-ranking authorship positions. The same issue can apply to Black and Latino
authors (Strayhorn 2010). Additionally, relying on salary also ignores the fact that pay rates are
influenced by years of service, with fewer women in senior positions because research has only
recently become more accessible to them (Hill, Corbett, and St Rose 2010; Winkler 2000). Differences
in full-time vs. part-time faculty status and race and ethnicity also impact earnings. Junior
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researchers, by definition, earn lower salaries than senior ones, and senior faculty might be victims of
salary compression, meaning they may not earn as much as mid-level faculty members. This could
result in age discrimination when measuring authorship credits under the recommended approach.
This study acknowledges all these valid concerns but aims to give a voice to authors who are
suffering from these disparities and may not have a say in the decision-making process. The study
assumes that faculty members in the same position will receive the same pay, regardless of
gender. It also assumes there is no discrimination in promotion based on gender and ethnicity
and that promotions will be normalized to compensate for the fact that females often have caregiv-
ing responsibilities and may need to take work leave during their careers. While historical disparities
in academia and society need to be addressed through concerted efforts, but it is also crucial to
ensure equality and fairness for all authors in a publication, regardless of their differences. Author-
ship should be based on each individual’s contribution, time invested, and the value of their time.

While the approach outlined in this study can technically be applied to megascience papers, it is
not considered feasible for such contexts. The primary focus of this study is to provide a voice to
coauthors with less power and influence in the authorship decision-making process, a concern
that is not as relevant in megascience papers. Megascience papers are primarily designed to
reflect a consensus among authors on a particular topic rather than to highlight individual contri-
butions. These papers typically aim to show who is involved in the topic, with the first few
authors usually being those who designed the paper and led the collaboration. In such papers,
authorship decisions are less likely to be dominated by individuals with power and influence
because the involvement of numerous coauthors provides a system of checks and balances. Thus,
there is limited possibility to deny authorship unfairly, and contributions are generally recognized
equitably.

While the proposed approach to authorship is valuable, it cannot completely eliminate inap-
propriate or unethical behavior among some authors, nor can it entirely prevent conflicts or research
misconduct. Therefore, all parties involved in the publication process, including those who generate
the research, those who facilitate its dissemination, and those who consume the published work,
should recognize the importance of research integrity as the foundation of the research. To
achieve this, researchers must undergo training through educational courses that emphasize the
moral and ethical aspects of authorship (Abbott et al. 2020; Macrina 2011; Nicholas et al. 2017).
They should also become familiar with the authorship policies and guidelines of different publi-
cations (Sara et al. 2020). Reviewers and editors can contribute by defining clear authorship criteria
through editorial policies and by preventing ambiguous authorship by requiring a list of each
authors’ contributions (Gasparyan 2011; McNutt et al. 2018; Teixeira da Silva and Dobranszki
2016a). Adopting an objective and transparent approach, as suggested in this study, alongside rel-
evant policies and the discouragement of dishonest attribution of authorship, can help prevent mis-
conduct at various stages of the publication process, from initial writing phases to revisions.
Organizations and institutions should also develop educational materials, guidelines, policy state-
ments, and training programs that address authorship issues, alongside other ethical and research
integrity concerns.

4. Conclusions

Authorship issues in publications have become more apparent in recent times due to the evolving
nature of research, characterized by increased multidimensionality, multidisciplinary collaboration,
and a strong influence of research funding, which often hinges on the number of publications by
a researcher. This environment has led to a commercial conflict of interest, where researchers
may seek authorship in publications to enhance their recognition and collaboration opportunities.
The pervasive ‘Publish or Perish’ mentality further exacerbates these issues. In the absence of a
global consensus on authorship criteria, this study proposes an approach to determine authorship
in any publication by considering two parameters: first, evaluating the time invested by each
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contributor in the publication, and second, assessing the normalized value of their time. By analyzing
contributions based on these parameters, a predefined threshold is set to determine authorship,
with contributors falling below this cutoff being acknowledged for their valuable contributions.

The authorship approach proposed in this study is versatile and can be applied to any type of
publication. It is based on two key principles. First, to avoid ghost contributions, all contributors
should be clearly listed either as authors or in the acknowledgments, ensuring there is no ambiguity
about their contributions. Second, all authors should be able to take accountability for the entire
publication rather than just parts of it and be prepared to defend it individually, if necessary,
rather than relying on other authors to address readers’ concerns. This approach ensures that con-
tributors receive the recognition they deserve and are accountable for the content they publish in
the face of conflict. The main aim of the proposed quantification approach is to support the quali-
tative discussions among potential authors regarding authorship, helping them reach a consensus
on authorship and authorship order. This helps prevent injustices and ensures that all contributors
have a voice, regardless of their power and influence.
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