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ABSTRACT: Information production processes (IPPs) like source-item systems possess several properties. Skewness is
one property that makes indicators such as h-type indicators relevant for determining key sources that produced most items.
Due to this skewness, the 80/20 rule (in which the top 80 per cent of items may be produced by the top 20 per cent of the
sources) also is at play in IPPs. In this work, we investigate whether any of the major existing h-type indicators are capable
of reflecting the 80/20 rule effectively. Also, can considering 20% of T (total publications) or 0.2T as an indicator provide a
better alternative? Or is there room for a new indicator or perhaps a new law? These questions are answered in this work.
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1. Introduction

Many real-world systems are characterized by production processes that link causes/sources (of production) to outcomes.
Pareto (1986) came up with the 80/20 rule or Pareto principle, according to which 20% of the causes/sources are respon-
sible for 80% of outcomes. For instance, roughly 20% of plants in a garden produce almost 80% of fruits. Similarly, approxi-
mately 80% of land might be owned by 20% of people. Therefore, this rule is found to be relevant in so many systems where
there is inherent skewness in the distribution of outcomes concerning sources/causes, as well as physical and information
systems.

The Information Production Process (IPP) is a fundamental concept focused solely on information generation, its dissemi-
nation, and utilization within the scholarly ecosystem. IPP provides a generalized mathematical framework that describes
the whole information production process using source item terminology. This framework consists of a triple (S, I, F)
including a set of sources (S), a set of items (I), and a mapping function F: S  I. This function explains how various sources
contribute to the production of items within a system (Egghe, 2005). This concept encompasses various source-item
systems, including author-article (Lotka type) and journal-article (Bradford type) relationships, as well as paper-citation
relationships (h-index type) (Egghe & Rousseau, 2006).  In the paper-citation informetric systems, research papers serve as
the primary sources of scientific knowledge, while citations reflect their recognition and influence within the scholarly
community. Hence, this relationship exemplifies the dynamics of academic influence and knowledge dissemination.

Interestingly, the skewness inherent in the above-mentioned IPPs, including the paper-citation systems is key for determin-
ing the important sources (papers) that are responsible for gathering a great chunk of items (citations). This skewness is the
factor that makes various indicators for the assessment of productivity and impact or both relevant. Hirsch considered this
paper-citation relation to demonstrate the h-index (Hirsch, 2005). The h-index of a scientist/inventor indicates that he/she
has at least h papers each of which received at least h citations (or attention score or any other suitable score). h-index
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serves as a quantitative evaluation measure and provides an indication of the core among the publications having a high
‘density’ of impact, popularly known as h-core. Several other indicators were introduced with the same/similar underlying
computation mechanism as that of the h-index to address the inherent issues in the h-index. These are popularly known as

h-type indicators. Indices like h (2)-index (Kosmulski, 2006), g-index (Egghe,2006),  f and t indices (Tol, 2009), and -index

(Lathabai, 2020) are some of the prominent h-type indicators.

h-index and its above-mentioned variants are supposed to provide the set of most important sources/papers that gathered
a major share of citations (in other words, the set of most impactful sources), as these indicators are dependent on the
(skewness of) distribution of citations (items) at varying extent (da Silva et al., 2021). Thus, in a way, the 80/20 rule is possibly
at play in IPPs like paper-citation systems. In other words, the original h-index and its major variants (mentioned in the previous
paragraph) are supposed to reflect or get as close as possible to reflect the 80/20 law at work. Of course, it is difficult to find
perfect 80/20 rule-abiding real-world IPPs including paper-citation informetric systems. However, in spite of the existence of
so many indicators that are direct variants of the h-index, the fact that the ability of such indices to reflect the 80/20 rule still
remains unexplored is intriguing. Predominant research focuses on the limitations of the h-index and its direct variants such
as the inability to reflect the (i) effect of multiple authorship (Schreiber, 2008; Hu et al., 2010), (ii) effect of fields (Alonson et
al., 2009) to which publications (sources) belong, etc., (that led to development of some indicators that are claimed be free
from these limitations) can be a major reason. While it is possible to develop indicators that reflect the effect of multiple
authorship, field bias effect (of citations), etc., by suitably modifying the h-type indicator, if the original/base h-type indicator is
not properly reflecting the 80/20 rule at least in the majority of real-world profiles (reflecting 80/20 rule in all the profiles is not
possible), usage of modified indicators for assessment might also be defaulted. Thus, it is vital to probe the ability of h-type
indicators to reflect the 80/20 law. This may indicate the need for a new indicator.

Also, the 80/20 law faced many criticisms. One of the major criticisms is there is nothing special about the 80/20 law, and
real-world systems obey other laws, too, like 60/40, 70/30, 90/10, etc. For instance, Urquhart (1977) observed that 10% of the
journals accounted for 80% of the loan/grant allowed to purchase journals. Upon a study on citation concentration around
journals, Garfield (1971) noticed that a relatively small core of journals garnered 90% of the citations and stated that such a
small core of multidisciplinary journals can satisfy the majority of the scientific information needs. Bensman (2001) revealed
the mutual complementing nature of both laws, thereby resolving a controversy that existed until then due to the claim of
a low correlation between Urquhart’s law and Garfield’s law of concentration by one of the previous studies. Thus, it is also
possible that if existing indicators do not substantially reflect the 80/20 law, perhaps another law might be suitable for IPPs
like paper-citation systems.

Therefore, the lack of agreement between the 80/20 law and existing indicators might either point toward the need for a new
indicator or the need for a new law. Anyway, this highlights the need to investigate the closeness of congruence between
indicators and the 80/20 law, which served as our motivation for the current study. Specifically, the following stated investiga-
tion points will be beneficial for scientometricians who are into indicator research.

2. Objectives

1. To investigate which among the existing h-type indicators like h(2), h, f, t, and g is most capable of reflecting 80/20 law in
IPPs (especially paper-citations systems).

2. To investigate whether the indicator obtained by considering 20% of T (i.e., 0.2T as an indicator) reflects the 80/20 law in
a better way than the existing indicators.

3. To investigate whether the best indicator found after completion of the first two objectives is most suitable for reflecting
the 80/20 law.

If the answers obtained for both questions are not positive, the need for a new indicator or a new law can be confirmed. To
investigate the above objectives we selected h-index and its famous variants like h (2), h, f, t, and g. These indicators are
selected as these indicators are computed in more or less the same fashion as that of the h-index (satisfying different
criteria). Though -index is also such an indicator, as it is designed to reflect ‘offsetability’ (Lathabai, 2020; Wei et al., 2022)
and is more likely to be found on the other side of the spectrum, the deviation of -index from 0.2 T and citations up to  (i.e., C
( from might be higher in most of the profiles. Thus, the possibility of limitation of -index reflecting the 80/20 law is also higher.
The details of the investigation on other indicators are described next.

3. Data and Methodology

To investigate the above two objectives, a real-world dataset of scholar profiles is required. We use the dataset used by
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Lathabai (2020) for this purpose. This dataset comprises profiles of 50 eminent scholars in the field of Scientometrics, who
served as distinguished reviewer board members of the journal ‘Scientometrics’ as of 14 July 2020.

Objective 1: The following steps are required for each profile to investigate whether the existing h-type indicators like h (2),
h, f, t, and g are capable of reflecting the 80/20 law in IPPs (especially paper-citation systems).

1. All the source-item pairs corresponding to these indicators are found out. That means the indicator-citation pairs of all the
indicators, such as h(2) & C(h(2)), h and C(h), f and C(f), t and C(t), g and C(g) are computed.

2. Let ( I, C
I 
be the ideal 80/20 rule reflecting the source-item pair of the profile that can be found out as (0.2T, 0.8C

T
).

3. Now the distance (Euclidean distance) between each indicator-specific source-item pair and the ideal 80/20 rule reflect-
ing source-item pair can be found out using:

 (1)
i.e.,

(2)

Where x is the h-type indicator.

For instance, if h is x, eqn. (2) becomes

(3)

4. Once all the distances for all the indicators are found for all the profiles in the dataset, then the average distance can be
computed using

(4)

Where  represent the distance between an indicator pair for indicator x and the ideal indicator pair for profile I and
N is the number of profiles.

5. The indicator pair with the least   is the closest (among the indicator pairs) to the ideal indicator pair. Let k be that
indicator. Let n be the number of profiles for which the indicator pair for indicator k is the closest to the ideal indicator pair.

With this, indicator k can be found as the best among the indicators analyzed.

Objective 2: To investigate whether using 20 % of total publications, i.e., 0.2T as an indicator offers a better alternative, the
following steps can be followed.

1. Find out (y, C(y)) indicator pair that corresponds to 0.2T as the indicator. Let   represent the indicator and

C(y) be the citations received by top y publications. The max function is used keeping ‘1’ as the other argument because, in
some cases, 0.2T may be less than 1. In such cases,  C(y) = C(1), the topmost citations in a profile. The floor function is used
to obtain y as an integer.

2. Now, similar to step 3 in the case of objective 1, find the distance between (( I, C
I 
and (y, C(y)) for all the profiles using

       (5)

3. Once distances for all profiles are computed, the average distance can be computed using
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Where  represent the distance between the y indicator pair and the ideal indicator pair for a profile i.

4. If    is a better indicator than k.

5. Additionally, if the number of profiles for which indicator pair for indicator y is the closest to the ideal indicator pair will be
greater than it is in the case of k. With the inclusion of indicator pair y for analysis, the number of profiles for which indicator
pair of indicator k is the closest to the ideal indicator pair will change from n to n’. Let m, be the number of profiles for which
the indicator pair for indicator y is the closest to the ideal indicator pair.

Then, if m > n’,

y, i.e., 0.2 T can better reflect the 80/20 law than indicator k  (best among h-type indicators).

Objective 3: Though conditions stated in steps 4 and 5 (of procedure of objective 2) indicate that y is a better indicator than
k (and all other indicators analyzed), to test whether it has substantial capability to reflect the 80/20 rule can be determined
in the following way.

1. Fix a rational threshold t
n
.

2. If ,   indicator  can substantially reflect the 80/20 law..

Though it is difficult to specify the value of   to be used, we recommend 0.5 as a rule of thumb. The rationale is that if
the indicator pair for y is found closest to the ideal indicator pair in more than 50% of the profiles, it can be deemed capable
of substantially reflecting the 80/20 law.

If any of the analysed indicators cannot reflect the 80/20 law then there is either a need for a new indicator or a new law
(based on which the best base indicator can be determined).

4. Results and Discussion

Objective 1
As per steps 1 and 2, all the indicator pairs and the ideal indicator pair are computed. These are given in Table 1 (Appendix).
After that, following step 3, for all indicators are computed and are shown in Figure 1 (Appendix).  A very close observation of
Figure 1 (Appendix), will indicate that all the indicators have shown the least deviation from the ideal indicator pair at least
once. This indicates the capability of each indicator to reflect the 80/20 rule (at least in some real-world profiles). However,
to choose the best out of these, steps 4 and 5 have to be followed.

As per step 4, for all the indicators are also computed and given in Table 2.

A least    is obtained for the h-index, it is the most suitable candidate among the indicators to reflect the 80/20 law..
This can be reinforced by following step 5 in determining the number of profiles (from fig. 1 (Appendix)) in which each

Table 2. h-type indicator pairs depicted in fig.1 and the number of profiles in which each indicator pair found closest to the ideal pair
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indicator pair are found closest to the ideal pair (i.e., number of profiles in which deviation is least for an indicator pair). The
counts of profiles are also given in Table 2. Here also, h-index outsmarts other indicators, with n=30. Thus, according to step
5, the h-index is the k in the group.

Thus, among the analyzed h-type indicators, the h-index best reflects the 80/20 law.

However, to test whether 0.2 T can do better, the procedure for objective 2 has to be followed, which is discussed next.

Objective 2: Following step 1, the indicator pair for y is computed and is given in the last two columns of Table 1 (Appendix).
Following step 2,  , the computed values for all profiles are shown in Fig. 2 (Appendix), along with the deviations of
the h pair.

By step 3,  = 427.3068. 4

We have,  433.972 (from Table 2), and it does not change with the inclusion of y pair into the analysis.

According to step 4, , indicating 0.2 T indicator is slightly better than the h-index (but very close to
it) in reflecting the 80/20 law.

Table 3. H-type and y indicator pairs and the number of profiles in which each indicator pair was found closest to the ideal pair

To reinforce this, step 5 needs to be done. Including y-pair in the analysis changes the number of profiles in which each
indicator pair best reflected the 80/20 law (i.e., the last column of Table 2 changes). This change is indicated in Table 3.

From tables 2 and 3, for the h-index, n=30 drops to n’=18. From table 3, m=23.

Thus, m > n’. So, the y-indicator pair outperforms the indicator pair with respect to the h-index (though by a narrow margin).
It can also be noted that in the case of least deviations, there are profiles with ties between the y-indicator and one or more
of the h-type indicators. Thus, the 0.2 T indicator, if used as an indicator, can marginally perform better than h-index and h-
type indicators. However, to determine whether it can substantially reflect 80/20, a procedure for objective 3 has to be
conducted.

Objective 3: We fix the threshold, t
n
 at 0.5.

By step 2,   = 0.46

Thus, .

This indicates that the 0.2 T indicator (or any of the analyzed indicators) does not substantially reflect the 80/20 law. This is
suggestive of the possibility of a better indicator to reflect the 80/20 law or the need for a new law itself. Thus, more rigorous
explorations in these directions are needed either to develop a base indicator that can better reflect the 80/20 law or to
establish the suitability of a new law and efforts to find a base indicator with maximum compliance with the new law. Once
such an indicator is in place, further explorations that may lead to more sophisticated indicators that address problems like
multiple authorship, field bias, etc. can be pursued using that base indicator.
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5. Conclusion

Owing to the skewness in source-item systems or IPPs, the 80/20 law might be at work in these systems. Though most
of the prominent indicators, like h-type indicators in paper-citation systems (applicable in many other source-item systems,
too), are also dependent on skewness, the connection between the 80/20 law and these indicators has not been explored
properly. This is addressed in this work through the stated investigation points and we found that (i) all the h-type indicators
can reflect 80/20 law in at least some of the real-world profiles, but h-index is best among them, (ii) 0.2 T is slightly better than
h-index in reflecting 80/20 law, but (iii) 0.2 T cannot be considered as the most suitable indicator that can substantially reflect
80/20 law in a majority of real-world profiles (source-item systems). All these points towards the need for and possibility of
the existence of a better base indicator to properly reflect the 80/20 law or perhaps the existence of a better law upon which
a better indicator can be built up. However, the current study needs to be validated using a much larger real-world dataset.
Investigations to discover such a base indicator can be attempted using an analytical approach, empirical explorations, or
both. Sophisticated methods, including those under the umbrella of machine learning, can be considered for this purpose,
especially in the case of investigation of the existence of a new law. We speculate that by employing machine-learning
approaches on much larger datasets, the pattern or nature of the relationship between sources and items could be revealed
(training) and validated too on substantially large datasets (testing). However, the feasibility of this can be confirmed only with
further explorations. Suppose the new indicator or law is determined using any other approaches apart from the validation
of the current study. In that case, there is a need for testing of new indicators thus identified using much larger real-world
datasets. These are some of the possible further endeavours that may entice scientometricians.
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Table 1. Indicator-citation pairs of h-type indicators, the ideal indicator-pair and ‘y’ pair for 50 distinguished reviewers of
‘Scientometrics’ (profiles used by Lathabai (2020))

Appendix
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Figure 1. Deviations of h-type indicator pairs from the ideal pair

Figure 2. Deviations of h and y indicator pairs from the ideal pair


