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Introduction

Scientific collaboration would be expected
to increase both the quality and the
quantity of the scientific output(Wallmark
et al., 1973), While some empirical studies
are not consistent with it like citations is
usually viewed as the indicator to decide
the quality of scientific output.

Based on the previous work, we proposed
the following scientific questions:

- Is the Weibull distribution suitable to
measure the scale of science cooperation?

- Can Kernel Density Estimation, a
comparatively convenient function, be
used to explain the relationship of the
scientific productivity and scale of science
cooperation? If yes, what are the optimal
scale and reasonable scale?

-Is the optimal scale of science
collaboration positively correlated to
discipline biology connotation?

Data and methods

The database product SCI from the
Institute for Scientific Information (IS,
Philadelphia, USA) was used as the data
source. We chose the subcategory of
Nanoscience & Nanotechnology as the
sample dataset to answer the first two

questions mentioned above. We use the
data from five subcategories of Physics/
Nuclear, Physics/Applied,
Chemistry/Applied, Microbiology,
Nanoscience & Nanotechnology to answer
the third question. All the data were
retrieved and collected from the top 20
journals according to the 5-year Impact
Factor in those five subcategories
respectively.

This paper involved two  density
distribution functions, which are Weibull
Probability Density Function and Kernel
Density Estimation.

Results

We take the dataset of Nanoscience &
Nanotechnology as the sample, and use
Matlab to generate the following Figures
(Figure 3). Figure (a) shows the original
relationship curve between the number of
co-authors and papers. Figure (b), (c) and
(d) show the fitting of the density
distribution of sample data with the
Weibull Probability Density Distribution in
2000, 2005 and 2010 respectively.
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Plasx<p)>80%,
reasonable size(Fig.5)(briefly in Tab.2).

Table 2. optimal scale and reasonable scale
in 5 subject categories

then
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Figure 1. Weibull Probability Density

distribution vs Sample data from 2000, 2005, and

2010

Because Kernel Density Estimation can
relax assumptions on the underlying
distribution and can model any distribution
to higher levels of accuracy as we
mentioned above, we applied this method
in  modeling the same  dataset
NANOSCIENCE &
NANOTECHNOLOGY). The fitting result
showed that it is reasonable to use KDE to
analyse the scientific growth and
collaboration scale.
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Figure 2. Kernel Density Estimation vs
Weibull Probability Density distribution in

2000, 2005, and 2010
Scale/Density | Scale/Density Scale/Density
(@) (b) (c)

K | 3.8795/0.1423 | 3.8861/0.2376 | 4.0542/0.1695
W/ 3.1661/0.1454 | 4.7393/0.186 4.2354/0.1683

Scale of scientific cooperation, involves
optimal scale and reasonable
scale(Fig.2).We assume the optimal scale
refers to the number of co-authors
opposite to the peak, and the reasonable
scale is decided by

Ple stﬁ)=ﬁ:f(x)dx(x means the

cooperation group size), if
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optimal Reasonabl Proportio
scale e scale n
(Density)
Physics, 3.5886 3.5886-  4.348 o
Nuclear (0.1413) 7.9373 7 82.9%
Physics, 4.0342 0.7167-  6.635 80.5%
Applied (0.1546) 7.3518 1 e
Nanoscience & | 4.0542 1.5317- o
Nanotechnology| (0.1695) 7.5857 6054 81.3%
Chemistry, 3.393 2.3255- 5.337 84.9%
Applied (0.1141) 7.6628 3 e
. . 3.8307 1.2736-  8.310 o
Microbiology (0.1197) 0.5842 6 82.5%
Conclusion

- The Weibull distribution is suitable to
cooperation group size distribution.

- Kernel Density Estimation curve fits with
the Weibull Density Distribution curve
perfectly(R2>0.9) . As a comparatively
convenient function, Kernel Density
Estimation can be used as a model to study
the relationship  between  scientific
productivity and group size.

- The optimal scale and reasonable scale
are calculated, the result didn’t show
correlation between collaboration group
size and discipline biology connotation
obviously.
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