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ABSTRACT

This article reviews the debate within bibliometrics regarding the h-index. Despite its popularity as a decision-
making tool within higher education, the h-index has become increasingly controversial among specialists.
Fundamental questions remain regarding the extent to which the h-index actually measures what it sets out to
measure. Unfortunately, many aspects of this debate are confined to highly technical discussions in specialised
journals. This article explains in simple terms exactly why a growing number of bibliometricians are sceptical
that the h-index is a useful tool for evaluating researchers. It concludes that librarians should be cautious in their
recommendations regarding this metric, at least until better evidence becomes available.

Introduction

University libraries face increasing demands from clients for research
support services, particularly in the area of bibliometrics. Part of this trend
has involved meeting the requests for quantitative indicators of research
impact in connection with applications for tenure, promotion or grant
funding. Answering this need is now an essential part of librarians' re-
search support roles at many institutions (Drummond & Wartho, 2009;
Corrall, Kennan, & Afzal, 2013; Olmeda-Gémez & de Moya-Anegén, 2016).
However, recent research has revealed widespread concerns among li-
brarians regarding gaps in “knowledge, skills and competence” in relation
to bibliometrics (Corrall et al., 2013, p. 636). This article assists in some
small measure to help close this gap by providing librarians with a guide to
the debate within bibliometrics over the h-index.

What is the h-index?

In 2005, Jorge Hirsch proposed a new measure of research impact
(Hirsch, 2005). A researcher's h-index is the number of his or her papers
(h) that have been cited at least (h) times. In simple terms, a researcher
with 10 published articles, each of which has received at least 10 ci-
tations, has a h-index of 10. Hirsch expressed a hope that his new index
“may provide a useful yardstick to compare different individuals com-
peting for the same resource when an important evaluation criterion is
scientific achievement” (2005, p. 16572).

The influence of the h-index on bibliometrics

In hindsight, the speed with which Hirsch's proposal attracted
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support was little short of astonishing. Hirsch posted a draft of his paper
as a pre-print on the arXiv server in early August 2005. Within weeks,
his idea had been praised in separate articles in Nature and Science (Ball,
2005; Bhattacharjee, 2005). A revised draft arrived with the editors of
the Proceedings of the National Academy of Sciences by the middle of the
same month. This was rapidly accepted for publication, appearing in
the November issue of the journal (Hirsch, 2005).

Hirsch's paper received an immediately favourable response. Within
a few years, it was apparent that the h-index “has taken the world of
research assessment by storm” (Tol, 2008, p. 149). Over the last decade,
Hirsch's paper has attracted thousands of citations: currently over four
thousand according to Google Scholar (Mingers & Leydesdorff, 2015).
Hirsch's article now one of most highly cited papers in the history of
bibliometrics (if not the most highly cited), and is recognised as “a
veritable citation classic” (Jones, 2016, p. 535).

This outcome is all the more unexpected because Hirsch was not a
bibliometrican. Instead, he was a professor of physics at the University
of California, San Diego. Hirsch admitted that the success of his idea
came as a surprise. In an interview, Hirsch stated that at the time he had
“not worked in bibliometrics before and was not totally familiar with
the literature on the subject” (Hampton, 2009). For an individual from
outside the field to have such an impact with their first paper is un-
precedented (Bornmann, 2014).

Many bibliometricians have hailed the h-index as a major contribution
to the discipline. Some have even gone so far as to divide the history of
bibliometrics into pre- and post-Hirsch epochs (Bartneck & Kokkelmans,
2011; Prathap, 2010; Todeschini & Baccini, 2016). Even those who would
hesitate to go this far would agree that Hirsch's paper has “resulted in a
new research front in bibliometrics” (Bornmann, 2014, p. 749). Citations
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to Hirsch paper in bibliometric journals continue to increase, with no end
to this trend in sight (Bornmann, 2014).

Although originally intended to compare individuals in terms of
their research impact, the h-index was soon put to a range of uses. Less
than twelve months after Hirsch's paper was published, the first studies
appeared extending the use of his metric to subjects as varied the
measurement of journals, scientific topics and even chemical com-
pounds (Banks, 2006; Braun, Glanzel, & Schubert, 2006; Saad, 2006).
Since then, the h-index been employed in hundreds of studies to assess
the impact of research groups, university departments, institutions, and
even whole nations (e.g. Jacsé, 2009; Lazaridis, 2010; Prathap & Gupta,
2009).

In retrospect, it is easy to understand some of the reasons for the h-
index's rapid success. The metric arrived at a time of intense academic
dissatisfaction with the misuse of the Thomson Reuters (now Clarivate)
Journal Impact Factor (JIF) as a guide to the quality of individual pa-
pers (Monastersky, 2005; Seglen, 1997; Seglen, 1998). In many coun-
tries, the JIF is routinely used by selection committees and granting
agencies to evaluate the work of researchers, despite repeated expert
warning against the practice, even from one of the metric's creators
(e.g. Garfield, 1979; Garfield, 1999: Garfield, 2006). Another reason for
the h-index's rapid success was its ease of calculation: “the great ad-
vantage of the index is that you can get it in about 30 seconds”
(Bhattacharjee, 2005, p. 1181).

The h-index outside bibliometrics

During the last decade, the h-index has enjoyed increasing vogue as
a decision-making tool within higher education. The use of a single,
easily calculated number to express a researcher's contribution to his or
her field has proven extremely attractive to many university adminis-
trators. There are claims that the h-index has become the “most popular
quantitative measure of a researcher's productivity and impact”
(Penner, Petersen, Pan, & Fortunato, 2013, p. 8). One recent commen-
tator has even gone so far as to refer to the h-index's “rapid, near-uni-
versal adoption within the scientific community” (Dienes, 2015, p.
393). What is true is that many universities in Europe and North
America now routinely require applicants for academic positions to
provide their h-indexes. Institutions as diverse as the Universiteit
Utrecht and the University of Ohio have gone so far as to set minimum
h-indexes as criteria for appointment for specific academic ranks
(Barnes, 2014).

The growing importance of the h-index in different contexts is il-
lustrated by its use by grant administrators and government bodies.
Recent examples include:

e Indian government funding of local universities based on their h-
index scores.

e Employment by the Czech Science Foundation of applicants' h-index
scores in determining the outcome of funding proposals,

e Use of the h-index as an indicator for inclusion in the Italian
Abilitazione scientifica (the list of academics eligible for promotion to
associate or full professor) (Barnes, 2014).

The rising influence of the h-index has generated growing unease
among academics (Burrows, 2012). However, the consensus among
many observers seems to be “let's face it: the h index is here to stay”
(Schreiber, 2007, p. 652).

The growth in h-index variants

No citation-based measure of research impact is perfect (Phelan,
1999; Seglen, 1997). The h-index is no exception, as Hirsch acknowl-
edged from the beginning (Hirsch, 2005). Some of the best-known
shortcomings of the h-index include:
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o Authors can relatively easily inflate their h-index scores through
excessive self-citation (Bartneck & Kokkelmans, 2011; Schreiber,
2007; Zhivotovsky & Krutovsky, 2008).

The h-index does not adjust for multiple-authorship. As a result, the
metric is said to underestimate the relative contribution of re-
searchers who publish alone or with a few co-authors, and over-
estimate that of investigators who publish as part of a large team
(Burrell, 2007a; Schreiber, 2008).

Most bibliometricians regularly normalise citation metrics to allow
for differences in citation practices between disciplines. However,
the h-index makes no allowance for this factor (Alonso, Cabrerizo,
Herrera-Viedma, & Herrera, 2009; Batista, Campiteli, & Kinouchi,
2006).

The h-index is not tied to any particular source by definition (such as
the JIF). This means that the use of different databases will result in
diverse h-indexes for the same researcher (Jacso, 2008).

None of these shortcomings are unique to the h-index. However, ob-
servers have pointed out one flaw that may be specific to the metric. The
h-index is said to favour mediocre researchers at the expense of those who
publish fewer, but more significant papers (Costas & Bordons, 2007). In
particular, the h-index is often seen as inherently unfair to early career
researchers. The reason is that an individual's h-index cannot exceed his or
her total number of published papers. Regardless of the number of the
citations which their papers attract, even most brilliant early career re-
searchers is likely to have a lower h-index than older colleagues
(Kelly & Jennions, 2006; Rousseau & Leuven, 2008).

The main effect of these shortcomings has been to encourage an
explosion of h-index variants. By 2011, there were at least 37 of these
(Bornmann, Mutz, Hug, & Daniel, 2011). This total had risen to more
than 50 three years later (Bornmann, 2014; Smith, 2015). New speci-
mens continue to be added to the “h-index zoo” on a regular basis (e.g.
Wan, 2014; Zhang, 2013).

Many of these new metrics are mathematically complex. Others,
such as an early proposal to scale the h-index to allow comparisons
between researchers in different disciplines, are relatively simple
(Iglesias & Pecharroman, 2007). None have displaced Hirsch's original
metric in terms of popularity. Part of the reason is that most variants are
so highly correlated with Hirsch's original index as to be largely re-
dundant (Bornmann, 2012; Bornmann et al., 2011).

Hirsch himself has advanced improvements to his original metric. In
his 2005 paper, Hirsch proposed the m-quotient, which was the h-index
divided by the number of years since a researcher's first publication
(Hirsch, 2005). This metric allows comparisons to be made between
researchers at different stages in their careers. In 2010, Hirsch made
another suggestion. This involved weighting an individual's h-index to
adjust for differences in the number of his or her co-authors (Hirsch,
2010). Neither of these suggestions have been widely adopted.

Aspects of the growth in h-index variants have aroused some dis-
quiet. Waltman and van Eck (2012) point out that the creation of new h-
index variants usually proceeds in a surprisingly ad hoc manner. Ty-
pically, the inventor of a new variant begins by identifying one of h-
index's well-known shortcomings. He or she then proposes a (usually)
simple modification of the h-index which adjusts for this factor. The
new indicator is then justified on the grounds that its use produces
results which appear to “be intuitively reasonable” (Waltman & van
Eck, 2012, p. 406). In the process, the researcher rarely asks any dif-
ficult questions. The underlying validity of the original metric is simply
assumed. The same problem is apparent in the many studies which
extend the h-index beyond its original purpose. The authors of such
papers almost never question if Hirsch's metric is fit for its new purpose
(Abramo, D'Angelo, & Viel, 2013).

The h-index debate

Despite its popularity as a research topic, attitudes toward the h-
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index among bibliometricians are sharply divided. There is a trend
among some bibliometricians to condemn the metric outright.
Bornmann has declared that:

Nowadays, the h-index is used primarily by those who are not bib-
liometrics specialists. It appears therefore that a similar fate to that
of the Journal Impact Factor awaits the h-index ... (2014, p. 750).

Such sweeping assertions that the metric has been rejected by expert
bibliometricians must be taken with a grain of salt. Notable “biblio-
metrics specialists” continue to publish on the h-index. Even Bornmann
was among their number until recently (Bornmann & Marx, 2011;
Bornmann, Marx, Gasparyan, & Kitas, 2012).

For those bibliometricans who regard the metric with increasing
scepticism, the issue is not the h-index's widely recognised short-
comings. Instead, the problem is much more fundamental. An in-
creasing number of bibliometricians are now convinced that the con-
struction of the h-index is inherently arbitrary. For these researchers,
the popularity of the h-index is evidence that

Even among actual evaluation practitioners, simplicity and rapidity
can prevail over rigor and reliability (Abramo et al., 2013, p. 556).

This issue is rarely raised when the h-index is discussed outside the
specialist literature. Recent summaries of the h-index aimed at librar-
ians do little more than list the metric's well-known shortcomings (e.g.
Suiter & Moulaison, 2015). Articles on research support services at
university libraries typically give no hint of the extent to which the
credibility of the h-index is under question (Drummond & Wartho,
2009; Keller, 2015).

What does the h-index measure?

The first step in understanding the debate over the h-index is to
determine exactly what the metric is designed to do. In his original
article, Hirsch stated that his metric was designed to measure the
“broad impact of an individual's work” or “overall scientific impact”
(Hirsch, 2005, p. 16569).

Hirsch returned to this point more recently. He has made clear that
the main purpose of the h-index is to serve as “an indicator of the im-
pact of a researcher on the development of his or her scientific field”
(Hirsch & Buela-Casal, 2014, p. 163).

A widely misunderstood metric?

Despite these statements, the purpose of the h-index is often mis-
understood. Many observers have assumed that the h-index is designed to
simultaneously measure both the quality (impact) and quantity (number)
of an individual's publications (e.g. Bornmann & Marx, 2014; Egghe, 2010;
Gingras, 2014; Kulasegarah & Fenton, 2010; Panaretos & Malesios, 2009).
This assumption is based on the observation that an:

individual's h-index score is determined by the “number of citations”
(y) versus “paper number” (x) curve and the y = x line, which leads
to an x-shaped graph. (Hirsch & Buela-Casal, 2014, p. 162).

Although understandable, such an interpretation is not at all what
Hirsch intended. He has stated that the h-index

originates from the assumption that the number of citations received
by a scientist is a better indicator of the relevance of his or her work
than the number of papers he or she publishes or the journals where
they are published. The fact that every paper published has its own
number of citations implies having many numbers for each scientist.
I had the idea of developing the h-index as a way of condensing all
that information into one single number to facilitate comparisons
between scientists (Hirsch & Buela-Casal, 2014, p. 162).

Here Hirsch indicates that the construction of the h-index is de-
signed to simplify the process of comparing researchers on the basis of
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the different citation counts for each of their papers. Exactly how Hirsch
intended to achieve this goal is explained later in this paper. The im-
portant thing is that he does not believe that the number of papers
should be an important factor in measuring a researchers' impact on
their field. This point is particularly relevant when examining how the
h-index behaves in practices.

What is impact?

If the h-index measures impact, then what is impact? Unfortunately,
bibliometricians rarely define the term. Most researchers in the field are quite
happy to use the word impact dozens of times in the same paper without ever
venturing even a tentative definition (e.g. Leydesdorff & Bornmann, 2011).
Within bibliometrics, impact is best understood as the usefulness of an aca-
demic publication in the production of future scientific outputs, which typi-
cally take the form of papers.

This point was expressed decades ago by Garfield. Garfield observed that:

People talk about citation counts as being a measure of the “im-
portance”, or “impact” of scientific work, but those who are
knowledgeable about the subject use the words in a very pragmatic
sense: what they really are talking about is utility (1979, p. 363).

This point has since become axiomatic among most bibliome-
tricians. Since the work of Martin and Irvine (1983), expert opinion has
drawn a distinction between a paper's impact (as measured by citations)
and its importance or quality. The latter are characteristics which
cannot be directly measured through citation data in isolation
(Martin & Irvine, 1983).

With these points in mind, it is now time to look more closely at the
debate within bibliometrics regarding the h-index. The next part of this
paper will look at the reasons why a growing number of bibliome-
tricians have questioned whether the h-index is in fact a valid measure
of research impact. To do so, it is necessary to look first at the evidence
for the h-index contained in Hirsch's original paper.

Hirsch's case for the h-index

In his 2005 paper, Hirsch provided two types of evidence for the h-
index. The first was purely theoretical. Hirsch proposed a simple model
of a researcher's publication history. According to this model, a re-
searcher's total citations increase over time in a linear fashion. As this
linear increase continues, the researcher's h-index rises in proportion.
On this basis of this association, Hirsch argued that the h-index could be
used to compare different researchers in terms of their cumulative
impact (Hirsch, 2005).

Hirsch's argument has been criticised on a number of grounds. His
model assumes that: “the researcher publishes p papers per year and
that each published paper earns ¢ new citations per year every sub-
sequent year” (Hirsch, 2005, p. 16570). The problem is that these as-
sumptions are not particularly realistic (Bornmann & Daniel, 2009;
Burrell, 2007b; Glanzel, 2006; Jensen, Rouquier, & Croissant, 2009).
The issue for Hirsch's critics is not that there are exceptions to each of
these assumptions, a point which Hirsch conceded (Hirsch, 2005). Their
point is that such exceptions are the rule.

Contrary to Hirsch's model, few researchers are constant performers
(Bornmann & Daniel, 2009). The typical scientist has a few highly cited
papers and many more rarely cited ones (Anderson, Hankin, & Killworth,
2008; Bornmann & Daniel, 2009; Cerchiello & Giudici, 2014; Seglen, 1992).
Age-and status-related effects also typically have a marked effect on both
publication frequency and research impact. Hirsch's assumption of stability
over the course of a researcher’s career runs counter to the results of decades
of research (Abramo, D'Angelo, & Murgia, 2016; Cole, 1979; Fox, 1983;
Hall, Mairesse, & Turner, 2007; Jensen et al., 2009; Levin & Stephan, 1991).
In addition, articles do not typically accumulate citations at a constant rate.
Instead, the new citations to papers tend to taper off rapidly over time
(Burrell, 2007b; Jensen et al., 2009; Kelly & Jennions, 2006).
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Partly because of the technical challenges involved, there has been
little empirical work on Hirsch's model. However, two studies have
examined the idea that the h-index increases linearly over time. The
first of these looked specifically at the publication careers of eleven
physicists mentioned in Hirsch's (2005) paper (Liang, 2006). This
analysis showed a range of patterns: only one of the physicists de-
monstrated the expected linear increase (Liang, 2006). Liang's conclu-
sions were confirmed in a later paper, which examined the h-index
sequences of Nobel Prize winners in Medicine, Chemistry and Eco-
nomics. The authors of this article identified five different h-index se-
quences, which they termed convex, concave, S-shaped, IS-shaped and
linear. Although the h-indexes of some Nobel laureates increased in a
linear fashion, as Hirsch's model predicted, these researchers were in
the minority (Wu, Lozano, & Helbing, 2011).

The problems with Hirsch's model are rarely discussed. However,
they are critical to the question of the metric's validity. If his model does
not in fact correspond to reality, then there is no reason to assume a
fixed relationship between an individual's h-index and their total
number of citations. In this case, there would no reason to expect that
comparison between researchers in terms of their h-index scores would
lead to meaningful results.

Hirsch's empirical evidence for the h-index

Hirsch's second type of evidence for the h-index was empirical. First,
he pointed out that many leading physicists had high h-indexes. Hirsch
noted, for example, that:

The highest h among physicists appears to be E. Witten's h, which is
110. That is, Witten has written 110 papers with at least 110 cita-
tions each (2005, p. 16569).

Here Hirsch makes reference to Witten's popular reputation “as the
greatest theoretical physicist in the world” (Lemonick, 2004, p. 100).
However, Hirsch recognised that the fact that Witten (and other pro-
minent) physics had high h-indexes provided only anecdotal evidence
for his metric's usefulness. He therefore proposed a more rigorous test.
Hirsch argued that it was possible to show that an individual's h-index
score was a good indicator of whether a scientist has won honours, such
as the Nobel Prize or membership in the National Academy of Science
(NAS).

As evidence, Hirsch calculated the h-indexes for a group of Nobel
Laureates in Physics over the previous twenty years. He found that 84%
of this group had an h-index of at least 30. Hirsch then looked at the h-
index scores for the newly elected members of the NAS in Physics and
Astronomy. According to his calculations, the median h-index of the
members of this second sample was 46. On this basis, Hirsch claimed
that:

These examples further indicate that the index h is a stable and
consistent estimator of scientific achievement (Hirsch, 2005, p.
1657).

Hirsch's argument has been accepted by a number of commentators
(e.g. Aragoén, 2013; Panaretos & Malesios, 2009; Woeginger, 2008), but
there is a flaw in his logic. It has been observed that:

One can conclude that it is likely a scientist has a high h-index given
the scientist is a Nobel Laureate. But without further information,
we know very little about the likelihood someone will become a
Nobel Laureate or a Member of the National Academy, given that
they have a high h-index. That is the kind of information one wants
in order to establish the validity of the h-index (Adler,
Ewing, & Taylor, 2008, p. 13).

Moreover, there are other problems with Hirsch's case for his metric's
predictive power. The h-indices of the Nobel Prize winners in Hirsch's
sample ranged from 22 to 79. Not only is this an extremely wide range,
there is the additional problem there are very many physicists with no
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chance of winning the Nobel Prize who have h-indexes far higher than
22. The overlap between Hirsch's two sample populations in terms of
their h-indexes was also very high. In terms of the range, means and
standard deviations, the Nobel Prize winners and the members of the
NAS were almost identical. However, this is not what we should expect
if the h-index is a valid measure of impact. Nobel medallists are a far
more elite group than members of the NAS. The two groups are worlds
apart in terms of their scientific reputation (Barnes, 2014).

The predictive validity of the h-index

Two years later, Hirsch presented further empirical evidence for the
h-index. He argued that the h-index has “the highest ability to predict
future academic achievement” (Hirsch, 2007, p. 19195). As proof,
Hirsch looked at the publication history of two readily available groups
of physicists. He reported that:

e researchers in his samples with a high h-index 12 years after first
publication were likely to have a high h-index after 24 years; and

e the h-index was better than total number of articles and total
number of citations to articles in predicting its future cumulative
value.

He concluded therefore that his index “can be profitably used in
academic appointment processes and to allocate research resources”
(Hirsch, 2007, p. 19198).

Again, Hirsch's conclusion has been accepted by a number of com-
mentators (e.g. Alonso et al., 2009; Panaretos & Malesios, 2009).
However, there are claims that his argument suffers from a serious flaw.
The problem is that “the increase of the h-index does not necessarily
depend on the factual performance for several years in the future, but is
more likely to result from previous, often rather old publications”
(Schreiber, 2013a, p. 327). Schreiber has provided examples where the
growth of a researcher's h-index is the “same, irrespective of whether
the investigated researcher had performed as he or she did or whether
he (she) had not published any further work” (2013a, p. 325). This
conclusion applies even in relation to Hirsch himself:

If Hirsch had stopped working in 2001, his index would have been
unaffected in 2010 and even in 2012 deviate only by one index point.
From 2005 onwards no change would have resulted except a deviation
of one index point in the year 2009 (Schreiber, 2013a, p. 327).

Another problem is that Hirsch fails to take into account the fact
that an individual's h-index cannot decline. For that reason, there are
claims that Hirsch's test of the predictive power of his metric lacks
meaning (Garcia-Pérez, 2013; Garcia-Pérez & Nufiez-Antén, 2013). It
has been observed that:

cumulative non-decreasing measures like the h-index contain in-
trinsic autocorrelation, resulting in significant overestimation of
their “predictive power” (Penner et al., 2013, p. 1).

More recent attempts to the show that the h-index predicts future
scientific achievement (Acuna, Allesina, & Kording, 2012) have been cri-
ticised on identical grounds (Garcia-Pérez, 2013; Penner et al., 2013).

The construction of the h-index

In bibliometric terms, the construction of the h-index is unique. As
Egghe has pointed out, the “h-index is not an average, not a percentile,
not a fraction: it is a totally new way of measuring performance ...”
(2010, pp. 66-67). One of Hirsch's critics has gone so far as to refer to
the “caractére improvise” of the h-index (Gingras, 2015, p. 9).

Waltman and van Eck point out that Hirsch's model does not require
the h-index to be defined as it is. They state that:

For instance, the h-index could equally well have been defined as



C. Barnes

follows: A scientist has an h-index of h if h of his publications each
have at least 2h citations and his remaining publications each have
fewer than 2(h + 1) citations. Or the following definition could
have been proposed: A scientist has an h-index of h if h of his pub-
lications each have at least h/2 citations and h is remaining pub-
lications each have fewer than (h + 1) / 2 citations (Waltman & van
Eck, 2012, p. 408).

Other commentators question Hirsch's decision to graph citations and
numbers of papers in this manner in the first place (Schreiber, 2013b).
Hirsch's decision to do so depends entirely on his abstract model of the
typical researcher's publication history, a model which Hirsch himself
describes as the “simplest possible” (Hirsch, 2005, p. 16569). There are
also claims that the construction of the h-index is simply illogical. The
h-index is said to assume an

equality between incommensurable quantities. An author's papers
are listed in an order of decreasing citations with paper i having C(i)
citations. Hirsch's index is determined by the equality, h = C(h),
which posits an equality between two quantities with no evident
logical connection (Lehmann, Jackson, & Lautrup, 2008, p. 377).

As a result of such arguments, a growing number of observers have
concluded that the construction of the h-index is in fact arbitrary
(Bornmann, 2014; Franceschini & Maisano, 2010; Gingras, 2014;
Glanzel, 2006; Lehmann et al., 2008; Petersen & Succi, 2013; Schreiber,
2013b; Waltman & van Eck, 2012).

How useful is the h-index in practice?

Other bibliometricians have found fault in the h-index in terms of its
low information content. In order to calculate a researcher's h-index, it
is necessary to discard almost all the evidence for his or her impact. The
problem is that:

An author's h-index cannot exceed his/her number of publications
and will usually be considerably less. Thus, the vast majority of the
hundreds or even thousands of citations that accompany the most
highly cited papers effectively contribute zero ... Moreover, articles
that have received many citations, but which fall just short of the
number required to score for h ... also count for nothing in the sense
that h is not affected by them (Anderson et al., 2008, p. 578).

In this context, Bornmann points out that:

For decades, bibliometrics has developed generally accepted
methods which identify the significant publications in a publication
set (such as those publications, for example, which are among the
10% most cited publications in their subject area and publication
year). The benchmark for significant publications should therefore
not result from the publication set of a scientist, as is the case with
the h index; the same benchmark should be used for the publications
of all scientists to evaluate whether a publication should be desig-
nated significant or not ... (2014, p. 749).

The insensitivity of the h-index to highly-cited articles has also been
grounds for criticism. Hirsch defends this insensitivity on the grounds
that citations to such articles:

may be inflated by as small number of “big hits”, which may not be
representative of an individual if he or she is a co-author with many
other on these papers (Hirsch, 2005, p. 16569).

The insensitivity of the h-index to highly cited articles is sometimes
described as one of the metric's strengths (Batista et al., 2006). How-
ever, it is not entirely clear why this insensitivity is so desirable in a
metric intended to compare individuals in terms of their research im-
pact. For decades, highly-cited papers have been seen as the most ob-
vious evidence of an individual's impact on his or her field (Aksnes,
2006; Anderson et al., 2008).
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Hirsch's argument seems to assume that “big hits” are an unusual
feature in an individual researcher's publication history. However, this
seems not to be the case. As pointed out earlier, “publication and ci-
tation data have a right-skewed distribution” (Bornmann & Daniel,
2009, p. 3). Most successful researchers, even those who write without
co-authors, have a few highly cited papers and many more rarely cited
ones (Bornmann & Daniel, 2009; Cerchiello & Giudici, 2014; Seglen,
1992). Hirsch himself is a case in point. He is the sole author of his own
“big hit”: his 2005 article on the h-index.

Some statisticians have gone so far as to state that confidence in the
h-index involves a willing suspension of disbelief. Hirsch proposed that:

two individuals with similar hs are comparable in terms of their
overall scientific impact, even if their total number of papers or their
total number of citations is very different (2005, p. 16569).

However, it is not at all difficult to think of reasons why this con-
clusion might not hold in reality. In their report on citation statistics,
Adler and his co-authors suggest the following thought experiment:

Think of two scientists, each with 10 papers with 10 citations, but
one with an additional 90 papers with 9 citations each; or suppose
one has exactly 10 papers of 10 citations and the other exactly 10
papers of 100 each. Would anyone think them equivalent? (Adler
et al., 2008, p. 13).

A number of bibliometricians have argued that the h-index is fact
highly inconsistent in its ranking of researchers (Bornmann & Daniel,
2009; Gaster & Gaster, 2012; Marchant, 2009; Vinkler, 2007;
Waltman & van Eck, 2012). The issue for the metric's critics is not just
that the h-index cannot “distinguish ground-breaking scientific papers
from more conventional scientific studies” (Gaster & Gaster, 2012, p.
630). Instead, the complaint is that the h-index cannot even “dis-
criminate among average scientists” (Jin, Liang, Rousseau, & Egghe,
2007, p. 856). As a result, there are claims of an internal debate within
bibliometrics “over whether measurement of h-index at the individual
level is ethical” (Hunter, 2013).

Evidence for convergent validity

From the beginning, one of the criticisms of the h-index was that
empirical evidence in its support was lacking. Early on, there were
claims that there “has been little serious analysis” (Adler et al., 2008,
13). Almost all of the empirical research has been limited to attempts to
show convergent validity, the extent to which the h-index correlates
with other measures of impact. To date, the results of these studies have
been inconclusive.

Most of the early studies in this area looked at the association be-
tween the h-index and citations (Bornmann, Wallon, & Ledin, 2008;
Costas & Bordons, 2007; Cronin & Meho, 2006; Saad, 2006; Saad, 2010;
van Raan, 2006). These papers revealed a consistent correlation.
However, it was soon realised that such correlations were “unremark-
able” (Adler et al., 2008, p. 13). It was pointed out that:

Since the h index combines number of publications and citations
counts in one single index, very large correlation coefficients be-
tween the measures are not surprising (Bornmann et al., 2008, p.
155).

As a result, the case for the convergent validity of the h-index is now
seen to rest on the apparent correlation between the h-index and peer
evaluations (Bornmann & Marx, 2011; Bornmann, Mutz, & Daniel,
2010). Studies have looked at this association for the following groups:

(a) applicants for fellowships through the German Boehringer
Ingelheim Fonds (BIF) (Bornmann & Daniel, 2005).

(b) applicants for the European Molecular Biology Organization
(EMBO) Long Term Fellowships (LTF) and Young Investigator (YI)
programmes (Bornmann et al., 2008).
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(c) South African botanists and zoologists rated by the National
Research Foundation (NRF) (Lovegrove & Johnson, 2008).

(d) 147 chemistry research groups in Europe (van Raan, 2006).

(e) French researchers within the Centre national de la recherche sci-
entifique (CNRS) (Jensen et al., 2009).

In each case, the authors reported statistically significant correla-
tions between h-index scores and peer assessments.

These and similar studies have often been seen as evidence for the
convergent validity of the h-index (Bornmann et al, 2010;
Bornmann & Marx, 2011). In practice, however, the h-index appears to
be a poor predictor of future career success. Vinkler (2007) points out
that the difference in means between successful and unsuccessful ap-
plicants for BIF fellowships was extremely small. He observes that

The difference in means given is, however, not significant in each
year at p < 0.05 level. For example in 1992: the mean h-index for
researchers awarded was 2.92 (n = 13; SD 2.29) and for researchers
rejected: 2.70 (n = 57; SD 2.17), significance between the two
means was: p = 0.80. In 1994: 2.83 (n = 12; SD = 1.27) and 2.46
(n = 52; SD = 2.11), respectively; p = 0.56 (Vinkler, 2007, p. 490).

Similar criticisms can be made of the conclusion drawn by Bormann
and his team from their study of EMBO selection committee ratings. In
their paper, the correlation coefficient between h-index scores and
committee ratings were r = 0.21-0.28 (Bornmann et al., 2008). How-
ever, these figures indicate that h-index scores are extremely poor
predictors of the final ratings, as they imply that h-index scores ex-
plained as little as 4-7% of total variability.

Other studies report ambiguous evidence. In the case of the ratings
assigned to 147 chemistry research groups in Europe, differences in h-
indexes explained only 21% (? = 0.2161) of the final scores (van Raan,
2006). Differences in h-indexes explained 37% (* = 0.376) of the var-
iance in ratings assigned to botanists and zoologists by the South African
NRF (Lovegrove & Johnson, 2008). In neither of these studies did h-index
scores explain anywhere near half the total variance, suggesting that the h-
index has extremely poor predictive power in these contexts.

The best results were reported by the team led by Jensen in their
study to test the value of different bibliometric indicators as predictors
of career success. Overall, h-index data explained 48% of promotion
decisions within the French CNRS (Jensen et al., 2009). However, as
Jensen and his co-authors admitted, this figure was far from a ringing
endorsement of the h-index. The metric provided no more than “the
least bad correlations” (Jensen et al., 2009, p. 467).

Taken together, these papers provide only weak evidence at best for the
convergent validity of the h-index. Rather than demonstrate convergent
validity, their results are equally explicable by a simple hypothesis.
Researchers who publish only a few, rarely cited papers will have low h-
indices. Such individuals are also unlikely to receive fellowships, be pro-
moted or be highly regarded as researchers by their peers (Barnes, 2014).

Moreover, these studies do not directly address the question of whe-
ther the h-index is fit for the purpose for which it is designed. Comparisons
based on aggregated figures (such as means) are unlikely to demonstrate
that the metric is “a useful yardstick to compare different individuals” as
Hirsch concluded (Hirsch, 2005, p. 16572). If anything, the weakness of
the evidence would suggest reasons for caution.

Does the h-index behave as intended?

There are claims that the h-index behaves in a manner contrary to
its author's intentions. Earlier in this paper, it was observed that Hirsch
has stated that his index:

originates from the assumption that the number of citations received
by a scientist is a better indicator of the relevance of his or her work
than the number of papers he or she publishes or the journals where
they are published (Hirsch & Buela-Casal, 2014, p. 161).
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Despite Hirsch's intention, there are claims that “the h-index is in
fact highly correlated with the number of published papers and thus
essentially determined by it” (Gingras, 2014, p. 118). The reason is that
a researcher's h-index cannot exceed his or her total number of pub-
lications, no matter how many citations any individual paper receives.
As a result, the effective limit on many researchers' h-indexes is their
number of published papers, not the citations these papers attract.

This criticism was first raised over a decade ago (Kelly & Jennions,
2006, p. 169). Other researchers have made similar findings (Bornmann
et al., 2008; Gaster & Gaster, 2012; Kulasegarah & Fenton, 2010; Van
Leeuwen, 2008). The most striking result has come from a recent paper
on the publications history of 248 Danish professors in the health sci-
ences. This study found that the correlation between h-index and
number of papers for these researchers was as high as r = 0.93
(Gaster & Gaster, 2012, p. 830).

Discussion

This paper has sought to unpack the debate over the h-index. It has
looked closely at the reasoning behind the metric's construction, and
the reasons for the growing disquiet among bibliometricians in relation
to this point. As part of this investigation, this article has examined both
Hirsch's case for his metric and the empirical research carried out over
the last ten years. The results have shown that the case for the h-index is
much less than its current popularity would suggest. There is some
weak evidence that this metric might have convergent validity, but in
most other respects, firm evidence seems to be lacking or even negative.

Conclusion

As part of their research support role, librarians employed at uni-
versities and colleges are expected to be specialists in bibliometrics. To
maintain their expertise, research librarians will need to ask questions
and become familiar with current controversies. The h-index is one area
where librarians should be encouraged to avoid complacency. Despite
growing criticism from many bibliometrics, the h-index may well de-
monstrate its value in the future. The metric remain a popular topic of
ongoing bibliometric research. In the meantime, librarians would be
well advised to adopt a cautious attitude toward the h-index and its
variants in their conversations with academic and professional staff in
their institutions.
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