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Proposals for evaluating the regularity of a scientist’s
research output

Fiorenzo Franceschini - Domenico Maisano

Abstract Evaluating the career of individual scientists according to their scientific output
is a common bibliometric problem. Two aspects are classically taken into account: overall
productivity and overall diffusion/impact, which can be measured by a plethora of indi-
cators that consider publications and/or citations separately or synthesise these two
quantities into a single number (e.g. h-index). A secondary aspect, which is sometimes
mentioned in the rules of competitive examinations for research position/promotion, is
time regularity of one researcher’s scientific output. Despite the fact that it is sometimes
invoked, a clear definition of regularity is still lacking. We define it as the ability of
generating an active and stable research output over time, in terms of both publications/
quantity and citations/diffusion. The goal of this paper is introducing three analysis tools
to perform qualitative/quantitative evaluations on the regularity of one scientist’s output
in a simple and organic way. These tools are respectively (1) the PY/CY diagram, (2) the
publication/citation Ferrers diagram and (3) a simplified procedure for comparing the
research output of several scientists according to their publication and citation temporal
distributions (Borda’s ranking). Description of these tools is supported by several
examples.

Keywords Research evaluation - Individual scientist - Publication regularity -
Citation regularity - Ferrers diagram - h-index - Citation/publication distribution -
Borda’s method

Introduction
Evaluating the scientific output of individual scientists is a relevant problem, with

important consequences for academics or scientists seeking promotion, tenure, faculty
positions, research grants etc. (Van Raan 2000). Bibliometric indicators, which are the
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most practicable instrument in case of large-scale evaluations (in opposition to peer review
methods), usually take into account two important aspects: overall productivity—generally
measured in terms of publications—and overall diffusion/impact—generally measured in
terms of received citations (Cronin 1984; Franceschini et al. 2007; Bornmann 2011). These
two aspects, which have been largely debated in the literature, can be evaluated sepa-
rately—e.g. two of the simplest indicators are given by the total number of publications
(P) and citations (C) of a researcher—or together, by aggregated indicators such as the
h-index or other variants (Hirsch 2005; Alonso et al. 2009; Franceschini and Maisano
2011).

Another aspect, which is sometimes mentioned in the rules of competitive examinations
for research position/promotion, is time regularity of one researcher’s scientific output. In
some universities, regularity is a requirement for doctoral supervisors or for assigning
public research funds or positions to individual scientists (Gingras 1996; Collegio dei
presidenti di corso di studi in Matematica 2008; IPEA 2009; ASPHER 2010). Also, the fact
that public funds of many university departments and research institutions are received
annually, depending on the scientific output of the year ahead, denotes the importance of
having a research staff with a relatively regular scientific output.

The basic idea is that a scientist with a temporally steady and continuative scientific
output should be preferred to another scientist, with equivalent overall scientific output, but
not homogeneously distributed over time and with significant fluctuations. To clarify the
concept, let consider the example in Fig. 1, concerning the scientific output of two
anonymous scientists (scientist 1 and scientist 2) with similar career lengths and who are
involved in the same discipline. From the point of view of the most popular indicators of
overall output, the two scientists look similar: #-index is 8 for both, since they have at least
8 publications with 8 or more citations each, P values are 49 and 45, and C values are 135
and 185 respectively. However, since their published contributions are differently dis-
tributed over time, two questions may arise: (1) how the regularity of a scientist’s research
output can be evaluated? and (2) which of the two scientists is the most regular?

Despite the fact regularity is sometimes invoked in bibliometric evaluations, a clear
definition is still lacking, as well as a structured and objective way of evaluating it. Among
the works that concern regularity at least indirectly, Burrell (2007) proposed an analysis of
the career of scientists based on their h-sequence, while Glinzel and Zhang (2010) recently
studied one scientist’s output by the mean age of publication of the A-core sequence, to see
whether—among the “top” papers—the more recent or the older publications are pre-
dominant. However, these (and other) analyses are generally aimed at investigating the
career of “leading” scientists and the regularity issue is never made explicit.

Regarding other scientific disciplines, the notion of regularity may have very different
meanings; for example:

¢ in mathematics, a regular (or holomorphic) function is a single-valued function that is
continuous and differentiable at each point of its domain (Mathews and Walker 1970);

e in public transports, regularity of a service is related to its frequency and punctuality
with respect to the timetable (Van Oort and Van Nes 2009);

e in the field of machine vision, regularity of a surface texture pattern depends on its
isotrophy, periodicity and smoothness (Peteri and Chetverikov 2005).

In a bibliometric context regarding the scientific production of a single researcher, we
could define regularity as the ability of generating an active and stable research output
over time, in terms of both quantity and diffusion. It is worth focusing the attention on the
two adjectives used to characterize the research output of a regular scientist: (1) active
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Fig. 1 Published contributions of two anonymous scientists with similar career lengths and who are
involved in the same discipline, considering 15 consecutive years. P, are the publications associated to a
specific year, while C, the citations accumulated by these publications up to the moment of the analysis. It
can be noted that the two scientists look similar according to some indicators of overall output (2, P and C;
see the column on the right), but which of them is the most regular?

means that the output has to be substantial and (2) stable means that the scientist should
“spread” (i.e. not concentrate) his/her research output over time. In this sense, a scientist
with a perfectly constant but very poor scientific output (in the most extreme case, zero
publications and zero citations) cannot be considered as regular. Regularity evaluation can
be carried out according to the temporal distribution of the two typical bibliometric
proxies, i.e. number of publications and/or corresponding citations.

The purpose of this paper is introducing some tools to perform qualitative/quantitative
evaluations on the regularity of one scientist’s output in a simple and organic way. Input
data for the proposed evaluation consist of the distribution of P, values, namely the total
number of publications for each year of one researcher’s career, and the distribution of C,
values, namely the total number of citations accumulated by the (P,) publications of each
year, up to the moment of the analysis. These data are immediately available from the most
diffused bibliometric search engines (e.g. Google Scholar, Web of Science and Scopus).

The remaining of this paper is organised into three sections. “Proposed tools” Section
introduces the three analysis tools—i.e. (1) the PY/CY diagram, (2) the publication/citation
Ferrers diagram and (3) a simplified procedure for comparing several scientists according
to their publication and citation temporal distributions (Borda’s ranking). Description of
these tools is supported by several examples. Section 3 goes over “advantages and limi-
tations of the proposed tools”. Finally, the conclusions are given, summarising the original
contribution of the paper.
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Proposed tools

PY/CY diagram

A simple tool for depicting the temporal evolution of one researcher’s scientific output is
given by the PY/CY diagram in Fig. 2, which plots the PY distribution—i.e. the yearly
distribution of publications according to the age—at the upper-hand side of the horizontal
axis, and the CY distribution—i.e. the yearly distribution of the citations accumulated up to
the moment of the analysis—at the lower-hand side. In order to facilitate visualisation,
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Fig. 2 PY/CY diagrams of the two anonymous scientists in Fig. 1, reporting respectively the yearly
distribution of publications (P,) at the upper-hand side of the horizontal axis, that of the citations (C,) at the
lower-hand side. P, and C, values are reported in the tables below diagrams. For each distribution the
following indicators are reported: mean value (u, also graphically represented by horizontal dotted lines),
median (MED), standard deviation (o), interquartile range (IQR)
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citations are rescaled by factor 5. The choice of using yearly time-buckets derives from the
need for a reasonable analysis resolution.

A similar graphical representation was used by Glinzel and Zhang (2010), with the only
difference that three-year time-buckets were used to avoid fluctuations and periods of
relative inactivity. We think that the PY/CY diagram is suitable for a regularity analysis,
since it depicts the overall diffusion of the publications issued in a specific year of interest.

Different information can be deduced from this diagram:

the shape of the PY/CY distributions;

first year of publication activity (1996 for both scientist 1 and scientist 2);

duration of publication activity (15 years in the example);

amount of publications for each year (P,) and corresponding diffusion in terms of total
citations (Cy) accumulated up to the moment of the analysis;

e presence of discontinuities/interruptions in the scientific output, represented by null P,
or C, values. In the example, publication activity of scientist 1 is null in 1997, 1998
and 2000, while publications of 2001 and 2004 have not yet received any citation. To
quantify this aspect, two rough indicators of continuity can be the percentage of years
with P, > 0 and the percentage of years with C;, > 0. Of course, in case of absence of
discontinuities, the indicator values are 1. For the two scientists in Fig. 1, publication
continuity is respectively 12/15 = 0.80 for scientist 1 and 1 for scientist 2, while
citation continuity is 10/15 =~ 0.67 for scientist 1 and 1 for scientist 2.

Some indicators of central tendency, such as the mean value (u, represented by hori-
zontal dotted lines in Fig. 2) or the median (MED), and dispersion, such as the standard
deviation (o) or the interquartile range (IQR), can be associated to PY and CY distributions.
MED and IQR are more robust than p and g, because they are less influenced by outlayers.

In particular, indicators of dispersion can be used to provide a rough indication on the
distribution regularity, under the (questionable) assumption that an ideally regular pattern
is constant over time (uniform distribution).

A significant difference between the PY and CY distribution is that, considering the
years before the moment of the analysis, the first distribution is “frozen”, i.e. it will never
change. CY distribution, on the other hand, may change because of the future accumulation
of new citations by the publications issued in the past. Also, it is worth remarking that the
citation accumulation process requires a certain amount of time to become stable.
According to some authors, from two to ten years depending on the scientific field (Amin
and Mabe 2000; Castillo et al. 2007). This “physiological” behaviour entails that, in the
most recent years, C, values tend to decrease and are significantly smaller than in
the previous years. Thus, they do not provide a well-defined indication on the diffusion of
the most recently issued publications and, much less, they are not suitable to make com-
parisons with the past years (Franceschini and Maisano 2010a).

Ferrers diagram

An alternative representation of the P, and C, statistics can be obtained by a Ferrers
diagram. The use of this type of diagram in the field of bibliometrics was introduced for the
first time by Anderson et al. (2008), to generalize the h-index. Considering the PY dis-
tribution, each row of the diagram represents a partition of the publications amongst years
(see the example in Fig. 3). Years are sorted in descending order according to P, and if
there are several years with exactly the same publications, priority is given to the most
recent ones. The largest completed (filled in) square of points in the upper left hand corner


Rettangolo

Rettangolo


publications publications

1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
2003l © o o o o E o o o o 2010 © o o o E o o
1 (2] '
e [2010{0 o o o o:o § |2007| 0 o o oio o
o ) |
; 2008[© o o o oo % 2002/ o o o oo
Q 4 & 1
T 2004/ 0 0 o o oo < |2005(0 o o o
< L . 1
2002 o o o o o .o 2004| o o o o
--------------------- 3 Durfee square
2009 ¢ o o o \ Durfee square 2003 o o o o hpy = 4
2005/ 0 o o o hev=5 2009| 0 o o
rank | year | P, rank | year | P,
2007| o o 1 2003] 9 2000{ o © o 1 [2010] 6
2 |2010| 6 2 |2007| 6
2001 0 o 3 |2008| 6 19971 0 o © 3 |2002| 5
4 (2004 6 4 |2005| 4
1999 o o 5 [2002]| 6 2001 o o 5 (2004 4
2006]| o 6 |2009| 4 2008| o 6 |2003| 4
7 |2005| 4 7 (2009 3
1996| o 8 [2007]| 2 2006| o 8 [2000| 3
9 |2001| 2 9 |1997| 3
2000 10 [1999] 2 1999| o 10 |2001| 2
11 12006 | 1 11 |2008| 1
1998 12 (1996 1 1998| o 12 (2006 1
1% 13 [2000| O 1% 13 (1999 1
g 1997 14 [1998| 0 g 1996| o 14 [1998| 1
> v 15 [1997| 0 > v 15 [1996] 1
P=48 P =45

Fig. 3 Ferrers diagrams relating to the P, distribution (i.e. the yearly distribution of publications) of the two
scientists in Fig. 1. P, values are ranked in descending order and reported in the table on the right. The
largest completed (filled in) square of points in the upper left hand corner of a Ferrers diagram is called the
Durfee square and it corresponds to /py (extension of the Hirsch-index) (Egghe 2010a)

of a Ferrers diagram is called the Durfee square (Andrews 1998; Egghe 2010a). The Durfee
square side is hpy (for the scientist 1 in the example, hpy = 5). Precisely, a scientist has
index hpy if hpy of his or her career years have at least ipy publications each and the other
years have <hpy publications each.

Clearly, hpy is an extension of the classical Hirsch’s -index (Hirsch 2005). For more
information on % and the large number of variants and improvements, we refer the reader to
the vast literature and extensive reviews (Braun et al. 2006; Bornmann et al. 2008;
Rousseau 2008; Alonso et al. 2009; Egghe 2010b).

We remark that the original aggregation criterion of 4 makes sense when the publica-
tions (elements of interest) and the corresponding citations (countable characteristic) are
represented by numbers with the same order of magnitude (Franceschini and Maisano
2009). In the case of hpy, the same considerations can be extended to the career years
(elements of interest) and the corresponding yearly publications (countable characteristic).

By the Ferrers diagram in Fig. 3, publications can be immediately subdivided into two
categories:

1. the series of the hpy most productive years, forming the %py-core (Kelly and Jennions
2006). They can be classified as “high-production years”, that is to say those years
with a high number of publications, most of which to the right of the Durfee square;
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2. years with relatively few publications (below the Durfee square). They can be
classified as “low-production years”, i.e. those years with not enough publications to
be included within the /hpy-core.

The most productive and regular scientists are reasonably those with high &py values,
since they are able to produce a conspicuous quantity of publications that are spread over
time (Franceschini and Maisano 2010b). Consistently with the initial definition, a regular
scientific output is characterised by a relatively large number of years with substantial
quantity of publications.

In general, the fact that & captures only a part of the citation data is usually considered
as a drawback. The same issue can be extended to /py, since it captures only a part of the
publication data (Egghe 2006). Both (1) the vast majority of the publications that
accompany the high-production years (to the right of the Durfee square) and (2) the low-
production years (below the Durfee square) count for nothing in the sense that /py is not
affected by them. Using the Ferrers diagram, the complete time distribution of one sci-
entist’s publications can be subdivided into three main contributions:

(Hpy) publications in the Durfee square. Hpy coincides with h%y, that is the number of
publications for the hpy-core years;

(Apy) publications to the right of the Durfee square (“high-production” years);

(Bpy) publications below the Durfee square (“low-production” years).

This triple of indicators—(Hpy, Apy and Bpy) denominated as publication triad and
discussed in detail in (Franceschini and Maisano, 2010b)—provides a snapshot of a sci-
entist’s publication contributions. An example of calculation is shown in Fig. 4.

publications publications
1 2 83 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9
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Fig. 4 Calculation of the triad indicators (i.e. Hpy, Apy and Bpy)—for the Ferrers diagrams in Fig. 3

&=
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Triad’s information content is certainly superior than the one given by a single indi-
cator, such as hpy or P. Our proposal is to associate these three indicators to each scientist’s
publication output. The meaning of triad is immediate since each element represents a
number of publications: those included in the Durfee square (Hpy), in the “high-produc-
tion” area (Apy) and in the “low-production” area (Bpy). In this sense, this tool comple-
ments the information of hpy (which is simply referable to Hpy), giving an instant overview
of a scientist’s publication output over time. Another indicator to summarize the contents
of a Ferrers diagram is given by the fapered h-index, proposed by Anderson et al. (2008).
A structured comparison between this indicator and the triad indicators is presented in
(Franceschini and Maisano 2010b).

An effective way to compare different scientists on the basis of the triad indicators is
given by the graph in Fig. 5. This chart represents the Hpy, Hpy + Apy and Hpy +
Apy + Bpy curves of six anonymous scientists in the same discipline (including the two
exemplified before). Comparison can be quickly performed on the basis of Hpy (lower
curve), Apy (distance between the Hpy and Hpy + Apy curves), Bpy (distance between the
HPY =+ APY and HPY + Apy + BPY =P Curves).

Scientists 3 and 4 have the same hpy = 6 (indicator of regularity) but scientist 3 has a
larger P value, which is mainly due to the contribution of Apy (presence of years with an
outstandingly number of publications). It is also interesting to compare scientists 1 and 5:
despite the larger overall production, scientist 5 seems to be less regular and has a smaller
hpy value.

triad indicators relating to the PY distributions of six scientists in the same discipline

110
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Fig. 5 Chart representing the triad indicators relating to the PY distributions of six anonymous scientists
(including the two exemplified in Fig. 1) in the same discipline. Scientists are reported on the horizontal
axis, while publications contributions (Hpy, Apy and Bpy) on the vertical axis. Conventionally, scientists are
ranked in lexicographic order Hpy — P (sort according to Hpy and, in case of equality, according to
P = Hpy + Apy + Bpy). The table at the bottom of the chart reports the scientists’ complete PY distribution
and the relevant Hpy, Apy, Bpy and P values
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The Ferrers diagram and the triad indicators so far constructed take into account only P,
values, which represent the first of the two input data of our analysis (i.e. P, and C,
statistics). Similar tools could be constructed for evaluating the regularity relating to the
diffusion of the scientific output, simply using one scientist’s CY distribution, instead of PY
distribution. In a similar way, hcy can be used as indicator of regularity in the scientific
output diffusion. Likewise hpy, a scientist has index hcy if hcy of his or her career years
have publications with at least Ay total citations (accumulated up to the moment of the
analysis) and the other years have publications with <hcy total citations each. Then, triad
indicators (Hcy, Acy and Bcy) and a chart similar to the one in Fig. 5, but based on C,-
distributions, could be used for complementing /¢y and easing comparison among different
scientists. For the purpose of example, Fig. 6 reports the citation Ferrers diagram and the
corresponding triad indicators related to scientist 2.

Consistently with the previous remark on the extension of the A-index, this parallelism
makes sense only if C, values (countable characteristic) are not much larger than the
number of years analysed (elements of interest). In this sense, the fact that most of the C,
values are likely to be larger than the number of analysed years makes hcy potentially less
effective than hpy. This aspect will be investigated in more detail in a future work on the
basis of a larger set of empirical data.

Structured comparison of several scientists

Although the tools described provide useful indications on the regularity of the scientific
output of a single scientist, they can be further enriched by other methods to facilitate a
comparison among several scientists. We now propose a structured comparison among the
PY/CY distributions of different scientists based on the assumption that the most regular

citations
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Fig. 6 Ferrers diagram and triad indicators (i.e. Hcy, Acy and Bey) relating to the C, distribution (i.e. the
yearly distribution of citations) of scientist 2 (see Figs. 1, 2). C, values are ranked in descending order and
reported in the table on the bottom
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scientists are the ones who are able to overcome their competitors for most years. This
logic is pretty alike to the one of Formula One races, where the world championship is
generally the driver who is regularly in the top positions for as many competitions as
possible during the season, not the one who alternates outstanding with poor performances.

A very simple method for comparing the PY/CY distributions of different scientists can
be the Borda’s method (Borda 1781; Saari 1995). Referring to each year, an xth scientist
has a rank r,(x): 1 for the first position, 2 for the second... and n for the last. The Borda
score (B) for the xth scientist is the sum of his yearly ranks (see Eq. 1). One supposes that
all the years have the same importance.

n

B(x) = rx)x=1,....m
(x) ; (x) 0

m is the number of competitors
The best competitor is the scientist (x") with the lowest Borda score (Borda 1781; Saari 1995):

B(x*) = mxin B(x) (2)
For the purpose of example, Borda’s method is applied to the PY/CY distributions of six
anonymous scientists with similar career lengths and involved in the same discipline (see
Table 1). This assumption seems realistic, in case of competitive examinations for research
positions. Two preliminary rankings, based on P—indicator of overall productivity—and
C—indicator of overall diffusion—are reported in the last column to the right of Table 1.
Borda yearly ranks and Borda scores (B) relating to the previous PY and CY distributions
are reported in Table 2. It can be noted that final rankings based on regularity may be different
from those based on the overall scientific output (Table 1). For instance, scientist 3—despite
having the highest P and C value—is only in second position for both the relevant Borda
scores. Also, the PY distribution of scientist 6 is considered as the most irregular (highest
Borda score) even though, there are three scientists (i.e. 1, 2 and 5) with smaller P values.
Again, this is a consequence of the fact that most of publications of scientist 6 are concentrated
in relatively few years and in the remaining years productivity is rather low.
Apart from being simple, this comparison on an annual basis makes it possible to “filter
out” other generalized trends, which are not necessarily related to the performance of
scientists; in particular:

1. the increasing tendency towards publishing and citing, favoured by recently introduced
rewards and incentives (Amin and Mabe 2000; Persson et al. 2004; Stephan 2008;
Bornmann 2011);

2. the physiological decrease in the C, values in the most recent years, due to the citation
accumulation process.

However, it is important to highlight that this method does not adequately consider the
year-by-year “gap” among scientists. For example, considering a specific year, the gap
between two scientists with rank positions 4th and 6th is not necessarily coincident to the
gap between two groups with rank positions 1st and 3rd. Growing in complexity, we could
introduce other more refined methods that could take into account also the magnitude of
gaps between rank positions.

The output of the comparison carried out so far consists of two independent rankings,
respectively according to the PY and the CY distribution. The synthesis of these rankings
into a single one is an open issue. For example, one could do this by reapplying Borda’s
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Table 3 Overall Borda score

relating to the rankings—i.c. Scientist ra(Py) rg(Cy) B score Final rank
P d rp(P,)—in Table 2

rp(Py) and rp(P,)—in Table | 3 5 8 ath

2 4 3 7 3rd

3 2 2 4 2nd

4 1 1 2 Ist
The unique resulting ranking is 5 5 4 9 4th
reported in the last column to the ¢ 6 6 12 6th
right
Fig. 7 Regularity map Regularity map
representing the Borda scores 65 .
determined from PY and CY scient.6
distributions of six anonymous 60 1 ) (6th)
scientists in the same discipline . scient.1
(see Tables 1 and 2). The final 55 . (4th) :
rank positions—obtained by SClent.z; ‘SCIent.S
reapplying Borda method (see 50 (3rd) (4th)
Table 3)—are reported in the
data labels (in brackets) 45

scient4 scient.3

40 - Jist e(2nd)

35
30

25 A

B score based on CY distributions

growing
20 4 regularity

15 T T T T T T T T T
15 20 25 30 35 40 45 50 55 60 65

B score based on PY distributions

algorithm (see Table 3). However, this entails that regularity in publishing and in the
publication diffusion have the same importance.

An alternative way to use the two rankings together, without merging them, is to draw a
regularity map (see Fig. 7). Such a map illustrates the bibliometric positioning of different
scientists, from the point of view of regularity. The most (active) regular scientists are
those with low B scores (relating to both PY and CY distributions). They are located near
the bottom-left corner. Even if a map is unable to give a final synthesis, it gives a spatial
positioning of scientists with reference to regularity. Finally, it is worth noting that the
Borda’s method can be replaced by other models for comparing PY/CY distributions of
different scientists. Some insights about these approaches can be found in Saari (1995).

Advantages and limitations of the proposed tools
The proposed tools have different pros and cons. Being based on classical bibliometric

indicators, such as P, C and h-index—these tools could be subjected to the criticisms made
to these indicators themselves, such as:
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1. they are insensitive to co-authorship, type of publications, journal quality, self

citations, etc....;

2. they should not be used to compare scientists from different disciplines owing to the
different citation rates (Antonakis and Lalive 2008).

Apart from these general features, which are widely discussed in the existing literature
(Rousseau 2008; Alonso et al. 2009; Franceschini and Maisano 2010c), the more peculiar
advantages and limitations of the proposed tools are summarised in Table 4.

Table 4 Summary of the major pros and cons of the proposed tools

Indicator Pros

Cons

PY/CY diagram o Easy construction;

o Different information on an individual
scientist can be deduced from it (e.g.
publication activity duration, presence
of discontinuities, yearly publications
and corresponding diffusion, qualitative
indication on the temporal trend).

Ferrers diagram and e
triad indicators

hpy and hcy provide a rough
quantification of the scientific output of
a scientist from the regularity
viewpoint;

hpy and hcy can be used to identify the
most important years for productivity
and diffusion;

Triad indicators enable a preliminary
quantitative comparison among several
scientists.

This technique provides a quantitative
comparison of several scientists on the
basis of their regularity in PY and CY
distributions;

Structured
comparison of
research output of
scientists

(Borda’s ranking) e Among the possible techniques for

comparing PY/CY distributions,
Borda’s method is considered for its
simplicity;

The comparison on an annual basis
makes it possible to “filter out”
generalized trends, which are not
necessarily related to the performance
of scientists (such as the increasing
tendency towards publishing and citing,
or the physiological decrease in the C,
values in the most recent years);

The two individual rankings (according
to regularity in production and
diffusion respectively) can be
aggregated by means of a regularity
map or synthesised into a unique final
ranking.

o This tool is not practical for quantitative
comparisons of scientists.

o This tool (as well as triad indicators)
does not take into account the temporal
trend of PY and CY distributions;

® hipy may be not highly discerning when
the period of interest (number of years)
and yearly number of publications do
not have the same order of magnitude.
Therefore, analysis time window
should embrace 10-15 years at least.
The same goes for hcy;

e The two bibliometric aspects of
productivity and diffusion can be
analysed only separately.

e Borda’s method introduces some
questionable operations;

(1) it does not consider the magnitude of
gaps between rankings;

(2) it gives the same importance to the
aggregated sub-ranks. This can be
debatable when re-applying the method
to synthesize the two individual
rankings (relating to regularity in
production and diffusion) into a unique
one.

e Other more refined models can be
introduced to replace Borda’s method.
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Concluding remarks

This paper focused the attention on the problem of evaluating the regularity in the scientific
output of individual scientists. In particular, the foundations for a structured analysis have
been laid by proposing three practical tools based on two elementary input data: the PY and
CY distributions of a scientist.

1. The PY/CY diagram provides useful indications on the temporal evolution of a
scientist publishing career.

2. Ferrers diagrams provide an alternative and complementary representation. These
diagrams make it possible to identify the most important years for publications and for
their diffusion, by means of two indicators, specifically ipy and hcy, which are two
extensions of the classical Hirsch’s A-index. In order to ease the comparison of several
scientists by means of their Ferrers diagrams, three synthetic indicators—namely triad
indicators Hpy, Apy, Bpy and Hcy, Acy, Bcy—have been introduced. The most
significant limitation of Ferrers diagrams is that yearly publications and citations are
studied separately.

3. Finally, it was presented a structured technique for comparing several researchers
according to their PY and CY distributions on a yearly basis. The proposed technique,
supported by Borda’s method, generates two rankings, respectively according to
regularity in production and regularity in diffusion of the scientific output. These two
rankings can be, in turn, synthesised into a unique final ranking or aggregated by
means of a regularity map, which shows the bibliometric positioning of different
scientists.

The suggested tools have some limitations. They should be used to compare scientists in
the same scientific field and with similar career lengths. Realistically, these conditions
seem to be generally respected for scientists involved in examinations for research posi-
tion/promotion/tenure acquisition.

Regarding the future, the analysis tools will be tested on the basis of a larger amount on
empirical data on specific research fields. Moreover a more refined technique to compare
and rank scientist according to their PY and CY distributions will be presented.

References

Alonso, S., Cabrerizo, F., Herrera-Viedma, E., & Herrera, F. (2009). h-Index: A review focused in its
variants, computation and standardization for different scientific fields. Journal of Informetrics, 3(4),
273-289.

Amin M., Mabe M. (2000). Impact Factors: Use and Abuse. Elsevier Science. Perspectives in Publishing,
n. 1, October 2000. http://www.elsevier.com.

Anderson, T. R., Hankin, R. K. S., & Killworth, P. D. (2008). Beyond the Durfee square: Enhancing the
h-index to score total publication output. Scientometrics, 76(3), 577-588.

Andrews, G. E. (1998). The theory of partitions. Cambridge, UK: Cambridge University Press. ISBN:
052163766X.

Antonakis, J., & Lalive, R. (2008). Quantifying scholarly impact: 1Qp versus the Hirsch h. Journal of the
American Society for Information Science and Technology, 59(6), 956-969.

ASPHER—The Association of Schools of Public Health in the European Region (2010). Doctoral education
and research capacities in public health—background and guidelines. http://www.aspher.org/pliki/
pdf/ASPHER_Report_DoctoralStudiesPH.pdf.

Borda, J. C. (1781). Mémoire sur les élections au scrutin, Comptes Rendus de 1’Académie des Sciences,
translated by Alfred de Grazia as Mathematical derivation of an election system. Isis, 44, 42-51.


http://www.elsevier.com
http://www.aspher.org/pliki/pdf/ASPHER_Report_DoctoralStudiesPH.pdf
http://www.aspher.org/pliki/pdf/ASPHER_Report_DoctoralStudiesPH.pdf
Rettangolo

Rettangolo


Bornmann, L. (2011). Mimicry in science? Scientometrics, 86(1), 173-177.

Bornmann, L., Mutz, R., & Daniel, H. D. (2008). Are there better indices for evaluation purposes than the h
index? A comparison of nine different variants of the h index using data from biomedicine. Journal of
the American Society for Information Science and Technology, 59(5), 830-837.

Braun, T., Glidnzel, W., & Schubert, A. (2006). A Hirsch-type index for journals. The Scientist, 69(1),
169-173.

Burrell, Q. L. (2007). Hirsch index or Hirsch rate? Some thoughts arising from Liang’s data. Scientometrics,
73(1), 19-28.

Castillo, C., Donato, D., Gionis, A. (2007). Estimating number of citations using author reputation. In
N. Ziviani & R. Baeza-Yates (Eds.), SPIRE 2007, LNCS 4726 (pp. 107-117). Berlin/Heidelberg:
Springer. doi:10.1007/978-3-540-75530-2_10.

Collegio dei presidenti di corso di studi in Matematica (2008). Considerazioni e proposte relative agli
indicatori di qualitd di attivita scientifica e di ricerca, e ai parametri per le valutazioni comparative.
http://users.unimi.it/barbieri/indicatoriMAT_29nov08.pdf.

Cronin, B. (1984). The citation process: the role and significance of citations in scientific communication.
London: Taylor Graham. ISBN: 9780947568016.

Egghe, L. (2006). Theory and practise of the g-index. Scientometrics, 69(1), 131-152.

Egghe, L. (2010a). Conjugate partitions in informetrics: Lorenz curves, h-type indices, Ferrers graphs and
Durfee squares in a discrete and continuous setting. Journal of Informetrics, 4(3), 320-330.
doi:10.1016/j.j0i.2010.01.006.

Egghe, L. (2010b). The Hirsch-index and related impact measures. Annual Review of Information Science
and Technology, 44, 65-114.

Franceschini, F., Galetto, M., & Maisano, D. (2007). Management by measurement: designing key indi-
cators and performance measurements. Berlin: Springer. ISBN: 9783540732112.

Franceschini, F., & Maisano, D. (2009). The Hirsch index in manufacturing and quality engineering. Quality
and Reliability Engineering International, 25(8), 987-995. doi:10.1002/qre.1016.

Franceschini, F., & Maisano, D. (2010a). The Hirsch spectrum: a novel tool for analysing scientific journals.
Journal of Informetrics, 4(1), 64-73. doi:10.1016/].j0i.2009.08.003.

Franceschini, F., & Maisano, D. (2010b). The citation triad: an overview of a scientist’s publication output
based on Ferrers diagrams. Journal of Informetrics, 4(4), 503-511. doi:10.1016/j.j0i.2010.05.004.

Franceschini, F., & Maisano, D. (2010c). Analysis of the Hirsch index’s operational properties. European
Journal of Operational Research, 203(2), 494-504. doi:10.1016/j.ejor.2009.08.001.

Franceschini, F., & Maisano, D. (2011). Bibliometric positioning of scientific Manufacturing journals: A
comparative analysis. Scientometrics, 86(2), 463—485. doi:10.1007/s11192-010-0301-x.

Gingras, Y. (1996). Bibliometric Analysis of Funded Research. A Feasibility Study, Report to the Program
Evaluation Committee of NSERC. http://www.ost.uqam.ca/Portals/0/docs/rapports/1996/Report-
NSERC.pdf.

Glinzel, W., & Zhang, L. (2010). A demographic look at scientometric characteristics of a scientist’s career.
ISSI NEWSLETTER, 6(3), 66-84.

Hirsch, J. E. (2005). An index to quantify an individual’s scientific research output. Proceedings of the
National Academy of Sciences of the United States of America, 102, 16569-16572

IPEA—Institute of Applied Economic Research (2009). Simplified public call for proposals IPEA/PVE Nr
001/2009—Selection of candidates for research funding. http://www.ipea.gov.br/sites/000/2/pdf/
PublicCall_001_09PVE.pdf.

Kelly, C. D., & Jennions, M. D. (2006). The h index and career assessment by numbers. Trends in Ecology
& Evolution, 21(4), 167-170.

Mathews, J., & Walker, R. L. (1970). Mathematical methods of physics (2nd ed., p. 477). Reading, MA:
W. A. Benjamin/Addison-Wesley.

Persson, O., Glinzel, W., & Danell, R. (2004). Inflationary bibliometric values: The role of scientific
collaboration and the need for relative indicators in evaluative studies. Scientometrics, 60(3), 421-432.

Peteri, R., Chetverikov, D. (2005). Dynamic Texture Recognition Using Normal Flow and Texture Regu-
larity. In: Proceedings of Second Iberian Conference on Pattern Recognition and Image Analysis
(IbPRIA 2005). Estoril, Portugal, June 2005.

Rousseau, R. (2008). Reflections on recent developments of the h-index and h-type indices. COLLNET
Journal of Scientometrics and Information Management, 2(1), 1-8.

Saari, D. G. (1995). Basic geometry of Voting. Berlin: Springer. ISBN: 3-540-60064-7.

Stephan, P. E. (2008). Science and the University: challenges for future research. CESifo Economic Studies,
54(2), 313-324. doi:10.1093/cesifo/ifn014.


http://dx.doi.org/10.1007/978-3-540-75530-2_10
http://users.unimi.it/barbieri/indicatoriMAT_29nov08.pdf
http://dx.doi.org/10.1016/j.joi.2010.01.006
http://dx.doi.org/10.1002/qre.1016
http://dx.doi.org/10.1016/j.joi.2009.08.003
http://dx.doi.org/10.1016/j.joi.2010.05.004
http://dx.doi.org/10.1016/j.ejor.2009.08.001
http://dx.doi.org/10.1007/s11192-010-0301-x
http://www.ost.uqam.ca/Portals/0/docs/rapports/1996/Report-NSERC.pdf
http://www.ost.uqam.ca/Portals/0/docs/rapports/1996/Report-NSERC.pdf
http://www.ipea.gov.br/sites/000/2/pdf/PublicCall_001_09PVE.pdf
http://www.ipea.gov.br/sites/000/2/pdf/PublicCall_001_09PVE.pdf
http://dx.doi.org/10.1093/cesifo/ifn014
Rettangolo

Rettangolo


Van Oort, N., & Van Nes, R. (2009). Regularity analysis for optimizing urban transit network design. Public
Transport, 1(2), 155-168.

Van Raan, A. F. J. (2000). The Pandora’s box of citation analysis: measuring scientific excellence, the last
evil? In B. Cronin & H. B. Atkins (Eds.), The Web of knowledge: a Festschrift in honor of Eugene
Garfield (pp. 301-319). Medford, NJ: ASIS Monograph Series, Information Today Inc.


Rettangolo

Rettangolo


	Proposals for evaluating the regularity of a scientist’s research output
	Abstract
	Introduction
	Proposed tools
	PY/CY diagram
	Ferrers diagram
	Structured comparison of several scientists

	Advantages and limitations of the proposed tools
	Concluding remarks
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


