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Abstract: In the decade since Hirsch defined 4, there has been widespread acceptance of the /-index as a bibliometric
indicator. Although the 4-index has been validated in numerous applications and settings, the bibliometric has
some important limitations. Most importantly, the A#-index does not account for authors’ individual contributions
to manuscripts within their 4-defining body of work. Since each author makes a variable contribution to a piece of
scientific work, an author-adjusted index would more fairly reflect scholarly productivity. We propose the author
impact factor (AIF), which accounts for authorship position and number of co-authors, to adjust the 4-index and more
fairly account for contributions to the body of scientific work. The AIF is calculated from the /4-index and an author’s
proportional contribution (a) to each 4-defining manuscript. The a is based on authorship position and the number of co-
authors. Using the golden ratio (¢), the calculation of a for each /4-index defining manuscript is simple and axiomatic. To
demonstrate the utility of this index, we calculated the AIF for a sample of high-impact scientists. The results show that
the AIF maintains all the benefits of the 4-index while adjusting the bibliometric for author-specific factors. Therefore,
AIF more accurately reflects total “research output” and can be used to better compare authors’ scientific contributions.
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1. Introduction

Bibliometrics are analytical methods used to study the interconnectivity and structure of scholarly work. With
the rapid growth of scientific knowledge, greater attention is being given to “evaluative bibliometrics” that measure
scientific productivity and research impact [1-5]. Bibliometric indices like journal impact factor and author-specific
metrics, such as citation frequency and the “/-index”, have been described and are commonly used to measure the
importance of a journal or individual scientist’s research output [6-8]. To be effective, these indices must provide an
accurate and valid measurement of the variable (i.e., journal or author impact) for which they were created. Despite
widespread usage, the validity of common bibliometrics remains widely debated [9-14].

One of the most widely used measurements of individual research impact is the #-index. Described by Jorge Hirsch
in 2005, it was the first bibliometric to account for two factors related to a researcher’s scholarly activity: productivity
(i.e., number of papers) and impact (i.e., frequency of citation). The metric was defined as 4, which is the number of
papers (N,) that have been cited at least 4 times [6]. In other words, if an author’s A-index is 10, that author has at least
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10 papers that have each been cited 10 times.

Hirsch’s method allows for a single metric to combine productivity and impact in equal weight. In doing so, the
h-index controls for “inflation” that might result from a small number of highly cited manuscripts (i.e., citation-based
system) or from many low impact manuscripts (i.e., publication-based system). The result is a power function, in which
an author with an /-index of X has at least X publications and X" total citations.

With the rapid advancement of online cataloging, computation of bibliometrics (including 4-index) has become
rapid and simple. For example, GoogleScholar ® reports that Dr. Hirsch has published nearly 300 papers with more than
22,000 total citations; and he has an A-index of 63. Neither total citation count nor the volume of publications increases
the A-index without a concomitant increase in the N, that has been cited at least / times [6]. Mathematically, the 4-index
appears to have many benefits over one-dimensional bibliometrics [15]. The 4-index also appears to have real-world
validity, with numerous studies demonstrating a correlation between /4 and application success, promotion, academic
rank and even future publication in numerous specialties [16-25]. Nevertheless, the /-index has been criticized for
various weaknesses and numerous revisions have been proposed, even by Hirsch himself [26-28].

By design, the A-index measures individual scholarly productivity (i.e., N, and citation count) irrespective of
co-authorship. Consequently, the /-index promotes the listing of additional co-authors regardless of contribution.
Because researchers often cite their own works, papers with many co-authors may also receive more citations. To
track collaboration, other bibliometrics, such as the collaborative coefficient, have been created that measure the mean
number of authors per paper and the proportion of multi-author works. However, opportunities for improvement remain.

In particular, the A-index does not account for proportional contributions among any number of co-authors on a
single manuscript. The A-index assigns the same work-product for a first author as all other authors on the manuscript.
However, this is rarely an accurate reflection of each author’s contribution, which is ultimately the purpose of the
bibliometric.

In this study, we sought to define and validate a revised, author-specific bibliometric, called the author impact factor
(AIF), which can be used to measure individual research productivity with greater sensitivity to author contribution.

2. Framework

In the current form, the 4-index can be graphed as a two-dimensional Cartesian function, which grows only as an
integer when both the N, and the concomitant citation frequency of specific papers increases. We propose the addition
of an author’s proportional contribution (a) to adjust for authorship position on each manuscript comprising a scientist’s
total 4 (as defined by Hirsch). To define a, we propose that there is a fixed, proportional difference in an author’s
contribution to a publication based on the sequentially listed position in the publication. In other words, each author
contributes a factor (¢) greater than the subsequently listed author (or ¢ times less than the preceding author). A simple
distribution curve is shown in Table 1 when the golden ratio (¢ = 1.61803...) is applied to this function.

Table 1. Distribution of author's proportional contribution (o)

Number of Author position

authors First Second (Senior) Third Fourth Fifth Sixth Seventh Eighth
1 100.0%
2 61.8%
3 50.0%
4 44.7%
5 42.0%
6 40.5%
7 39.6%
8 39.0% 24.1% 14.9% 9.2% 5.7% 3.5% 2.2% 1.3%
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Also called the Divine Function, ¢ is found frequently in nature, science and mathematics, making it a reasonable
adjusting factor [29, 30]. The golden ratio can naturally be applied to the authorship sequence, in which the proportional
contribution (ratio) of any two sequential authors is equal to the ratio of the prior and subsequent authors (Figure 1).

Single author: Author 1 (o) = 100%

2 authors: Author 1 (a,) =61.8% Author 2 (a,,) = 38.2%

3 authors: o, =50.0% o, =30.9% a;=19.1% |

4 authors: oy =17.1% o, = 10.6%

Author position:
W First B Second (Senior) OThird  OFourth

o, =" =3 "
N = total number of authors, n = author position, ¢ =(1+ \/g) +2=1.61803...
Sum of authors' proportional contributions (o) : ZON(X =0, +0, +...+ 0, =100%

Fixed proportional ratio (¢): o, +0, =, +0; =... =0, + 0y =1.61803

Figure 1. Author's proportional contribution (a)

In a single author paper, the first author warrants 100% proportional credit (oo = 1.0). For multiple author papers,
each subsequent author is given fractional credit (a,) towards the total research “product” as determined by the
proportional contribution formula (Figure 1).

This framework supposes that authors are listed sequentially (i.e., credited) in descending order of their
contribution to the total work. Although this is the most common method of indicating credit, it is not standard for all
fields [31-35]. An important exception to the rule of sequential author listing applies to the “senior” or “last” author.
Although a senior author may make more limited contributions to an individual manuscript, their contribution to the
research endeavor at large cannot be underestimated. Most research endeavors require pre-requisite investments from
a senior author, such as grant funding, laboratory space, a patient population, prior research groundwork, mentorship,
or any number of other critical (and sometimes intangible) factors. Therefore, wherever the senior author is listed in
the “last” position, we propose that this should be valued as the second most important contribution following the first
author.

The AIF is then calculated by averaging the o from each paper comprising the author’s /4-index defining
manuscripts (as defined by Hirsch) and then multiplying this average a to the /#-index. Since a is always positive but
less than or equal to 1, the a-adjustment will decrease the /-index to represent the author’s proportional contribution to
their index.

3. Framework application

To test the real-world application of this method, a sample of high impact authors (4-index greater than 150) from
Google Scholar was cross-referenced with SCOPUS. All reference data for each author was imported into Microsoft
Excel (Redmond, WA) and a was calculated for each %-index defining manuscript. The average o was calculated
and multiplied by the A-index to create the AIF for each author. Additional descriptive statistics were calculated to
demonstrate the correlation of AIF to author position and number of co-authors.
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Table 2 demonstrates that AIF is significantly different from the /-index for ranking the overall impact of individual
authors. The highest AIF author had 40 fewer 4-index defining manuscripts than others on the list but significantly more
first and senior author manuscripts. Higher AIF authors generally had fewer co-authors.

Table 2. High impact author AIF and /-index comparison

ﬁllllttll;?sr Amhleétigrlpam H-index H-index rank 32%6?11;;};1% AZEt.h#f):so- No. first No. senior Total cit}ations
contribution (o)
PB 61.43 160 16 38.39% 4.54 51 69 173.0
SS 55.97 187 7 29.93% 3.42 16 141 210.0
MM 54.09 150 26 36.06% 433 50 74 123.7
RK 51.69 179 8 28.88% 5.20 66 49 258.6
ZW 49.99 151 25 33.10% 3.75 28 86 152.0
KF 49.07 163 14 30.10% 3.90 49 48 168.8
MG 48.92 194 5 25.22% 5.02 11 128 175.9
PR 45.75 155 22 29.51% 28.12 59 44 192.1
XY 44.76 158 18 28.33% 3.54 18 116 143.2
TR 43.58 167 11 26.09% 3.87 19 90 128.0
GK 42.57 160 15 26.61% 16.93 16 119 158.4
RL 38.64 178 9 21.71% 5.04 11 90 211.4
FH 37.20 158 17 23.55% 22.08 32 63 155.1
AH 37.01 151 24 24.51% 3.83 8 91 167.1
CF 34.52 156 21 22.13% 3.94 15 52 148.9
CT 32.64 151 23 21.62% 15.50 6 92 1355
RF 31.91 194 4 16.45% 6.63 1 93 167.9
BV 31.49 202 3 15.59% 9.29 12 82 306.2
MM 31.40 164 13 19.15% 5.59 9 79 171.3
GC 30.00 207 2 14.49% 8.43 21 33 252.6
MS 26.92 210 1 12.82% 6.30 10 33 170.8
DL 24.83 156 20 15.91% 15.58 11 63 156.7
EL 23.53 192 6 12.26% 37.93 11 54 287.3
RF 22.51 164 12 13.73% 5.54 2 66 1333
CcC 21.46 156 19 13.76% 10.32 4 64 177.9
KK 17.43 171 10 10.19% 10.51 9 33 198.1

These data indicate that the AIF can adjust for author position and number of co-authors, two critical factors in a
scientist’s contribution to the literature. Importantly, the AIF considers not only all the variables of the 4-index but also
these important author specific variables.

4. Discussion

As indicated by the International Committee of Medical Journal Editors (ICMJE), contributions from authors
include conceptualization, research design and execution, data acquisition and analysis, manuscript authorship and
oversight [36, 37]. Upon completion, each author listed on a manuscript has contributed variably to the total work
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represented by the publication. The A-index cannot account for the differing contributions by each author. A first author
is considered equal to any middle author when using this evaluative bibliometric. A modified, author-adjusted impact
factor would more accurately reflect scientific contribution and productivity. Using our framework (AIF), a single-
author manuscript represents the most significant proportional contribution (o0 = 1) for an author. As the number of
authors grows, the proportional contribution of each subsequent author (including the first author) decreases.

There are several benefits to adjusting the 4-index for author contribution. First, the AIF more fairly and accurately
represents the contributions of all authors. The /-index is fundamentally flawed in awarding the same ‘credit’ to a first-
author as an N"-author. If AIF became the standard measure, scientists would be discouraged from adding marginally
contributing co-authors to a manuscript because of the deflating effect on o for all authors, including the higher-
order authors. This effect is most dramatically seen in the middle and later authors. In fact, when using AIF to judge
productivity, there is little value (i.e., contribution to total AIF) to being listed below the fifth author. Therefore, authors
are encouraged to limit authorship to only significant contributors, thereby limiting ghost authorship and academic
inflation. Unlike collaborative bibliometrics, such as the collaborative coefficient and the collaborative index, which
incentivize co-authorship, the AIF promotes rigorous authorship criteria. This discussion is particularly relevant as
evaluative bibliometrics become more commonly used in academic promotion, and may even play a causative role in
academic success. Moreover, honorary-authorship and other borderlines, or outright unethical, authorship practices
would likely disappear.

5. Limitations

The a-adjustment in AIF has several important limitations. First, a assumes that there is a standard “author
contribution” to an individual manuscript for each author, which is dependent on the author position and the number
of authors. For any individual manuscript, this description may not be accurate. However, in aggregate this assumption
appears valid.

While choosing ¢ may seem arbitrary, the golden ratio is found throughout math, science, and nature. More
importantly, the outcome for real-world application appears to be a reasonable model (Table 1). Although other ratios
may also be valid, the diminishing value of subsequent authorship is the key characteristic of the AIF.

For larger studies, which involve many authors, o may overly devalue the later authors’ contributions relative to
the earlier position authors. This may argue for a logarithmic function for high author manuscripts. However, we believe
this would diminish the application of the function as a simple modification to the /-index, designed to create a useable
bibliometric index.

Lastly, the AIF, by design, disincentivizes the addition of co-authors. While this may be seen as punitive, the AIF
may ultimately promote more meaningful contributions among collaborators.

6. Conclusion

Evaluative bibliometrics, like the /-index, can be used to measure contributions to the body of science and
compare the impact or productivity of individual authors. However, the A-index is limited to measuring the number of
publications and frequency of citation; it does not account for authorship position and number of co-authors. Using an
author’s proportional contribution factor (o) computed from the golden ratio, the /-index can be “author-adjusted” to
measure productivity more fairly and accurately by accounting for individual authors’ contribution to the work. The AIF
maintains all the benefits of the #-index but adds a factor accounting for authors’ contributions.
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