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Abstract

The purpose of this paper is to know whether the author productivity pattern on usage of random
regression models in animal breeding research adheres to Lotka’s inverse square law of scientific
productivity. Since the law was introduced, it has been tested in various fields of knowledge and results
were varied. The data on 236 number of animal breeding research publications where random regression
models used were downloaded from the PubMed database to know about the authorship productivity
pattern and citations. Data were analyzed by using bibliometric indicators like publication and citation
growth, co-authorship pattern, prolific authors and sankey diagram authors, title of research including
country where research was carried out. Lotka’s inverse square law was applied to assess authors’
productivity pattern of animal breeding research that used random regression models and further
Kolmogorov-Smirnov (K-S) goodness-of-fit test was applied for testing of observed and expected author
productivity in the data. Inferences drawn for the set objectives in this study on authorship pattern,
collaboration trend and authors’ productivity pattern revealed that, the author “Misztal Ignacy” was
found as most prolific author on usage of RRM in animal breeding research. The Chi-square test
expected value of Lotka’s law varied significantly from the observed value and K-S goodness-of-fit test
revealed that this study does not adhere to Lotka’s inverse square law of scientific productivity.

Keywords: RRM, animal breeding research, author productivity, Lotka’s law

Introduction
Henderson, (1982) [, Laird and Ware, (1982) [ developed random regression models (RRM)
for analysing test-day milk yield data in dairy cattle breeding. RRM are extension of
repeatability models that allow researchers to analyse genetic variability over time without
increasing model complexity (Lidauer et al., 2003) [*Y1 and have become common for genetic
evaluation of longitudinal traits (Paneru et al., 2021) 281, Various researchers opined that
compared to other statistical methods random regression models fit random genetic and
environmental effects across time, which improves predicted breeding values in animal
breeding research and are more parsimonious, computationally efficient and faster to reach
convergence than other traditional models (Oliveira et al., 2019) 1%,
Indeed, areas of animal breeding research that have already utilised RRM includes analysing
of various production traits, genotype by environmental interactions etc., (Calus and
Veerkamp, 2003) . Several reviews on the use of RRM for analysis of test day records of
dairy cattle have been given and research is still continuing on determining the order of fit for
random regressions for additive genetic and permanent environmental effects that explains the
most variations in the observations.
Lotka’s law was developed by Alfred J. Lotka (1926) [*21 which is also known as “the inverse
square law of scientific productivity”. It states that the number of authors publishing a certain
number of articles is a fixed ratio to the number of authors publishing a single article. In
calculating research productivity of authors, Lotka's law helps to identify patterns in the
distribution of publications and outliers or deviations from these patterns on usage of RRM in
animal breeding research. This law provides fundamental theoretical base for bibliometric
studies involving authorships. The Law, as opposed to being a universal rule, is a methodical
way of charting the productivity of authors across various fields of study. In any case, it opens
up a broader window into deducing the authors' overall output trend in a given field.
Hence, the present study was planned with an idea to find out the authors’ productivity pattern
on usage of random regression models in animal breeding research with the following
objectives through applying Lotka’s law
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e To verify the applicability of the Lotka's Inverse Square
law on usage of RRM in animal breeding research.

e To apply Kolmogorov Smirnov (K-S) goodness-of- fit
test for verifying validity of Lotka's Law.

e To identify the top prolific authors and Co-authorship
pattern on usage of RRM in animal breeding research.

e Visualization of Sankey diagram through title, author,
and country of origin.

Materials and Methods

The information for this study was retrieved on December 11,
2022, from the PubMed database
https://pubmed.ncbi.nim.nih.gov. The time period covered
under this study was 13 years (January 1, 2010 to December
11, 2022). Out of 276 publications retrieved from PubMed
core collections 14.49 percent were exempted and as per
Prism, 2020 remaining 85.51 percent of publications were
utilized for further analysis. Flow chart of documents
considered in the research was shown in Figure 1. All the
odds and bibliographic information for 236 research
publications written by 1004 authors published in 62 sources
was gathered for this study by searching with the title
"Random Regression Model utilized in Animal Breeding
Research" at the PubMed core collection. The purpose of this
analysis on usage of random regression models in animal
breeding research is to verify Lotka's law of scientific
production following Pao, (1985) 71 guidelines. On top of
that, the data was examined with the help of ‘R’ programming
language (Aria and Cuccurullo, 2017) and the VOS Viewer
software (Van Eck and Waltman, 2010). Among 236
publications used, proper citations were given for each
document and then performed statistical analysis at 1 percent
level of significance to verify the applicability of Lotka's law.
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Fig 1: Flow Chart of Documents Considered on Research

Results and Discussion

As shown in Figure 2, the use of the Random Regression
Model in the study of animal breeding research had been
expanded worldwide during the past 13 years. The average
age of the documents since publication was found to be 6.47
years, with a growth rate of 1.19 percent per year and the
highest number of citations were observed for the documents
published in the year 2010 (15.38%) followed by the year
2011 (14.10%). Highest number of publications were
recorded in the year 2021 (13.14%) followed by 2018
(9.75%).
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Fig 2: Year wise Publications along with Citation

Lotka's Inverse Square Law determining the value of 'n,’
‘c"and 'CV.'

Acrticles published in Chemical Abstracts between 1907 and
1916 were analyzed by Alfred J. Lotka, (1926) 12, while
conducting research in the field of author's scientific output.
According to the Authorship Decay Law, "The probability of
authors making a single publication is essentially 60 percent,"”
and the number of authors making 'n' contributions is
approximately 1/n? of those contributing one. i.e., 60 percent
of authors make a single contribution to the field, whereas 15
percent produce two copies (1/22 * 60), 7 percent disperse
three copies (1/32 * 60) and so on. The results of the

calculations used to determine the values of n, C and the
critical value which are used to assess the data set's suitability
are shown in Table 1.

Lotka's Law articulated in the resulting equation as X" *y = ¢
Where ‘X' refers to the number of articles published (1, 2, 3,
4....); 'y refers to the number of authors making X’
contributions as x"y=constant; 'n' is an exponent that is
constant for a given set of data; and 'c' is constant.

Pao (1985) ['7] stated that the value of ‘n’ differs based on the
data set. When n=2 used for a given data set, then it is termed
as "Inverse-square law".
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The formulae used are as follows

_ NIXY-IXXY

T NIXZ-(EX)2
¢= e ————=0.821834
1 X (a—n(pt-1) 2p™ " 24(p-D)RFL
Critical Value (CV) = —2 =0.051188
5yt B

Kolmogorov-Smirnov (K-S) goodness-of-fit test

Pao, (1986) ['81 recommended non-parametric Kolmogorov-
Smirnov (K-S) goodness-of-fit test to calculate the maximum
deviation as Dmax = (Fo-Fe) to examine whether the observed
frequency pattern on productivity of the author confirmed to
the predicted frequency pattern.

Where Fe = Expected author's cumulative frequency.

Fo = Observed author's cumulative frequency of a sample of
‘n” observations.

At 1% level of significance, the K-S statistic is equivalent to

1.63/\/Z_yx
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In Lotka's Law, the deviation represents the difference
between the observed number of authors who have published
a certain number of papers, and the expected number of
authors if the distribution of publications followed a power
law. The critical value is a threshold at which the deviation
between the observed and expected number of authors
becomes statistically significant. As shown in Table 2, this
study revealed the value of deviation (D) from the author
productivity on usage of RRM in animal breeding research
was to be 0.18086 and the K-S value was 0.051188.

The value of D was greater than the critical value and
therefore K-S test did not support the applicability of Lotka’s
law. This indicates that the distribution deviates from a power
law which may be due to abridgement of collaboration in
planning and publishing research findings.

The author productivity fit for Lotka’s law is depicted
graphically in Figure 3, considering the number of documents
and percentage of authors. Inverse square law relationship
revealed a “long tail” shaped curve indicating that there was a
negative correlation between the number of articles written by
an author and proportion of author's relative productivity in
the field.
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Fig 3: Author Productivity Fit for Lotka’s Law

Table 1: Lotka’s Law (n-value) output on author productivity of random regression model used in animal breeding research

S. | No of Articles| No of Authors |Percentage of Total no of
No (x) Observed (y) Authongs Contributions Log (x) |Log(y)| Logx* |Logx*Logy X! 1
1 1 837 83.37 837 0.0000 2.9227 0.0000 0.0000 1.0000 | 1.0000
2 2 100 9.96 200 0.3010 | 2.0000 | 0.0906 0.6021 7.6206 | 0.1312
3 3 36 3.59 108 0.4771 1.5563 | 0.2276 0.7425 24,9987 | 0.0400
4 4 8 0.80 32 0.6021 | 0.9031 | 0.3625 0.5437 58.0732 | 0.0172
5 5 12 1.20 60 0.6990 | 1.0792 | 0.4886 0.7543 111.6638 | 0.0090
6 6 4 0.40 24 0.7782 | 0.6021 | 0.6055 0.4685 190.5045 | 0.0052
7 7 4 0.40 28 0.8451 | 0.6021 | 0.7142 0.5088 299.2628 | 0.0033
8 8 1 0.10 8 0.9031 | 0.0000 | 0.8156 0.0000 4425510 | 0.0023
9 9 1 0.10 9 0.9542 | 0.0000 | 0.9106 0.0000 624.9354 | 0.0016
10 11 1 0.10 11 1.0414 | 0.0000 1.0845 0.0000 1125.0619| 0.0009
1004 100.00 1317 6.6012 | 9.6654 | 5.2997 3.6199 2885.6719| 1.2107
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Table 2: Kolmogorov-Smirnov Test (Goodness — of - Fit)

s No of Authors _ Observed Author _ _ Expected Authors _ Deviation
N6 Articles (x) (v Relative Frequency | Cumulative |Relative Frequency Cumulative (Fo-Fe)
(y/2y%) Frequency (Fo) C*(1/xM) Frequency % (Fe)
1 1 837 0.83367 0.83367 0.82594 0.82594 0.00772
2 2 100 0.09960 0.93327 0.00000 0.82594 0.10733
3 3 36 0.03586 0.96912 0.00000 0.82594 0.14318
4 4 8 0.00797 0.97709 0.00000 0.82594 0.15115
5 5 12 0.01195 0.98904 0.00000 0.82594 0.16310
6 6 4 0.00398 0.99303 0.00000 0.82594 0.16709
7 7 4 0.00398 0.99701 0.00979 0.81615 0.18086
8 8 1 0.00100 0.99801 0.00662 0.82277 0.17524
9 9 1 0.00100 0.99900 0.00000 0.82277 0.17623
10 11 1 0.00100 1.00000 0.00000 0.82277 0.17723
1004 1.00000

For comparison purposes, leading researches on usage of
RRM in ABR was depicted in Figure 4, which shows that
Misztal Ignacy from Department of Animal and Dairy
Science, University of Georgia, Athens published 11 papers,
during the year 2010 to 2021 (2010-3; 2015-1; 2016-2; 2019-
1; 2021-4); followed by Jamrozik Janusz, Centre for Genetic
Improvement of Livestock, Department of Animal
Biosciences, University of Guelph, Canada published 9

papers (2010-2; 2011-1; 2013-2; 2018-2; 2019-2); and
Masuda Yutaka, Department of Animal and Dairy Science,
University of Georgia, Athens published 8 papers (2011-1;
2015-1; 2016-2; 2017-1; 2019-1; 2020-1; 2021-1). It was
observed that a common methodological approach was
utilized by these authors in all the documents while using
random regression models in animal breeding research.
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Fig 4: Leading researchers on usage of RRM in Animal Breeding Research

Co-authorship network depicting the relationship between
authors as revealed by their article publications on random
regression model usage in animal breeding research was
shown in Figure 5. One thousand four highly productive
authors wrote 236 papers, with an average of 1 author per
paper with a range of 1 to 25. A total of 13 clusters with 146
connections among them were observed, of which Cluster 1
(Red) had the most author collaboration with 16 links with a
total strength of 17 documents and two authors (Tyriseva et
al., (2011) [4  Biotechnology and Food Research,
Biometrical Genetics, MTT Agrifood Research, Finland and
Fediaevsky et al., (2010) B, National Research Institute for
Agriculture, Food and Environment (INRAE) France). Cluster
2 (Green) contained two documents, 16 links with a total
strength of 14 authors (Hong et al., (2022) '], College of
Animal Science and National Engineering Research Center
for Breeding Swine Industry, South China Agricultural
University, Guangzhou, China and Kang et al., (2017) [,

National Engineering Laboratory for Animal Breeding, Key
Laboratory of Animal Genetics, Breeding and Reproduction,
Ministry of Agriculture; College of Animal Science and
Technology, China Agricultural University, Beijing, China).
Whereas cluster 3 (Blue) has four documents and 16 links
with a total strength of 17 authors.

Cluster 4 (Yellow), 5 (Purple), 6 (Flourescent blue), 7 (Light
brown), 8 (Dark brown), 9 (Pink) revealed moderate author
collaboration (Figure 5). Whereas, cluster 10 (Light rose), 11
(Green), 12 (Blue) and 13 (Orange) revealed meagre author
collaboration.

Wilson, (2022) 4 opined that to enhance the quality of
research work Scientists need to exchange new ideas and
discuss the research plans and also stated that
Internationalization of research provides access to varied
skills, faculties, networking and International awareness on
research for the benefit of the society.
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Fig 5: Co-Authorship in RRM in Animal Breeding Research

Sankey diagrams are employed in order to graphically depict
the exchange of data between various nodes. The magnitude
of the flow was represented by the width of the lines in the
diagram, and the direction of the flow is as shown in Figure 6.
The left and right sides of the Sankey diagram represent
"Title" and "Country," while the element in the middle refers
to the “Author”. Elements progress from titles to author and
then to geographical locations. Thickness of line indicates the
amount of flow of scientific information being transmitted
from the left to right. According to this study, the word
"Regression” was the most popular title used in animal
breeding research studies published in the past, followed by

the titles Genomic, genetic, dairy and cattle. The terms
"estimation,” "yield," "milk," "traits" and “parameters" were
used with less frequency but may be associated with
developing themes in this area. Most of these titles are given
by Jamrozik, Duangjinda, Brito, Miszatal and Masuda. This
analysis revealed the significant contribution of different
authors working on different topics with most commonly used
titles in the area of Animal Breeding Research. Thailand,
Canada, Brazil, Denmark and U.S.A. were found to be the
most prominent Nations that used random regression model in
the field of animal breeding research.
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This study investigated the outputs of animal breeding
research that used random regression models during the
period from 2010 to 2022. The results showed that the highest
number of publications were in the year 2021, followed by
2018. The majority of the research outputs were published as
research articles. Thailand, Canada, Brazil, Denmark and
U.S.A. were the most contributed countries to carry the
research on usage of random regression models in animal
breeding research. Single author contributed a greater number
of articles in the relevant topic and the applicability of Lotka's
law stated that the D value (0.18086) is greater than that of
critical value (0.051188) indicating that the data did not fit the
Lotka's law and designated a shift from the distribution of
authors' productivity. This could suggest that the data set may
not be sufficient representative of the population under this
studied or may be due to the assumptions underlying Lotka's
law did not hold in this instance. The source of the
discrepancy would require additional research. The inferences
found out from this study would be a baseline for future study
on usage of RRM in animal breeding research.

Conclusion

The Chi-square test expected value of Lotka’s law varied
significantly from the observed value and K-S goodness-of-fit
test revealed that this study does not adhere to Lotka’s inverse
square law of scientific productivity. The inferences found
out from this study would be a baseline for future study on
usage of RRM in animal breeding research.
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