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Abstract
[Purpose/Significance] Librarian diversity and teamwork constitute two impor-
tant indicators in the ClimateQUALTM organizational climate assessment in
the United States; however, the relationship between them has not been thor-
oughly investigated. This study employs nearly ten years of scientific research
collaboration data from Nanjing Agricultural University Library to conduct an
in-depth analysis of librarian diversity manifested in collaborative activities,
thereby providing a foundation for further understanding the relevant charac-
teristics of library organizational climate.

[Method/Process] By utilizing librarian attribute information—including
age, professional title, educational background, disciplinary background, and
position—librarians are categorized into distinct groups. The Simpson index
(simpson) and entropy value (entropy) are calculated to measure librarian di-
versity in scientific research collaboration, and collaboration structure diagrams
are constructed to visualize the status of research collaboration.

[Results/Conclusion] When individual librarians are treated as categories in di-
versity calculations, the Simpson index is 0.994 and the entropy value is 0.6.
When categories are defined based on librarian attributes such as age, profes-
sional title, educational background, disciplinary background, and position, the
Simpson index ranges from 0.82-0.997, and the entropy value ranges from 0.59-
0.89. These high Simpson indices and high entropy values indicate that librar-
ians at various levels have participated in scientific collaboration, though such
collaboration is not highly concentrated. Analysis of network structures formed
at certain collaboration intensities further reveals that collaboration remains
relatively loose, with no stable collaboration teams having been established. Li-
brarians with advanced educational backgrounds and senior professional titles
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represent a significant force in library research output. Although librarians pos-
sess diverse disciplinary backgrounds, a background in library and information
science remains a crucial factor in the research output of Nanjing Agricultural
University Library.
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Abstract
[Purpose/Significance] Librarian diversity and teamwork are two important
scales in the ClimateQUAL™ organizational climate assessment, yet the re-
lationship between them has not been thoroughly investigated. This paper
analyzes librarian diversity reflected in collaboration using nearly 10 years of
research cooperation data from Nanjing Agricultural University Library, provid-
ing evidence for understanding relevant characteristics of library organizational
climate. [Method/Process] Librarians were categorized based on attributes
including age, professional title, education level, disciplinary background, and
position. Simpson’s index and entropy values were calculated to measure diver-
sity in research collaboration, and collaboration structure diagrams were drawn
to display the state of research cooperation. [Result/Conclusion] When in-
dividual librarians were used as categories in diversity calculations, Simpson’s
index was 0.994 and entropy was 0.6. When categories were defined by librarian
attributes (age, title, education, disciplinary background, position), Simpson’s
index ranged between 0.82–0.997 and entropy between 0.59–0.89. High Simp-
son’s index and high entropy values indicate that librarians at different levels
all participated in scientific collaboration, but the collaboration was not highly
concentrated. Analysis of network structures formed by certain collaboration
intensities also revealed that cooperation remains relatively loose, without the
formation of fixed collaborative teams. Highly educated and senior-title librari-
ans constitute an important force in library research output. Although librarians
have broad disciplinary backgrounds, a background in library and information
science remains a significant factor in research output at Nanjing Agricultural
University Library.
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1. Research Background
Influenced by organizational climate surveys and assessments in American li-
braries [1-2], domestic research on library organizational climate represented by
ClimateQUAL™ began in 2010. Scholars such as Zheng Dejun, Bao Ping, and
Tang Huiyan from Nanjing Agricultural University conducted in-depth explo-
rations [3-6]. Based on localized adaptation of the ClimateQUAL™ indicator
system, Tang Huiyan et al. initiated three rounds of theoretical and practical
exploration at Nanjing Agricultural University Library in 2011, 2014, and 2017.
By adjusting management measures according to quantitative indicator data
and its changes, they played a positive role in improving library organizational
climate and enhancing innovation capacity [7].

To further investigate the impact of various indicators on library organizational
climate, this study selected “librarian diversity” and “teamwork” from the Cli-
mateQUAL™ indicator system to examine librarian research collaboration. Re-
search on scientific collaboration in China primarily includes analyses of collabo-
ration in natural sciences, factors influencing research cooperation, and relation-
ships between collaboration and knowledge exchange [8-10], as well as studies
on collaboration in library and information science [11]. However, research on
diversity in research collaboration remains limited. Harvard University analyzed
2.5 million research papers and concluded that the advantage of research diver-
sity lies in collaboration—papers with diverse authorship and diverse research
teams are more attractive [12].

With the globalization of scientific and technological development and increas-
ing complexity of research, collaboration has become a mainstream approach
in scientific endeavors. Libraries are institutions that provide information ser-
vices to readers, and almost all work requires cooperation. Research, which
involves challenging the unknown with considerable uncertainty, is also an im-
portant way to enhance library service capacity and guide future development.
Research collaboration is particularly challenging due to this uncertainty. Most
librarians pursue career development through professional titles, and conduct-
ing research and publishing articles are prerequisites for promotion. Therefore,
librarians have strong motivations to write research papers. During the research
and writing process, librarians often collaborate, forming teamwork relationships
independent of work relationships. These collaborative relationships exhibit di-
versity due to differences in librarians’ departments, disciplinary backgrounds,
titles, education levels, and ages. How does librarian diversity manifest in re-
search collaboration? What characteristics of library organizational climate does
this reflect? This study conducts a hierarchical analysis of diversity in librar-
ian and collaborator conditions during research output at Nanjing Agricultural
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University Library from 2007–2016 to explore the relationship between librarian
diversity and collaborative research.

2. Related Concepts and Research Methods
Diversity is a fundamental attribute and state of existence and development in
nature, economy, society, and the human spiritual world. Material forms, geo-
graphical environments, biological species, social structures, political systems,
industrial divisions, ideological cultures, living habits, behavioral patterns, aca-
demic schools, and value systems are all diverse and varied.

Diversity describes characteristics of many systems. Generally, system diversity
has three attributes: the number of categories, the balance of quantities across
categories, and differences between categories. Over the past 30 years, Nan-
jing Agricultural University Library has developed rapidly, with its librarian
team growing to nearly 80 members, continuously improving educational lev-
els and expanding business scope. The library has nine departments covering
three functional areas: campus information construction, modern educational
technology, and traditional library services, with significant differences in work
content between departments. The evolving nature of work requires continuous
upgrading and adjustment of the librarian team. The library is essentially an
evolving, complex system where librarians continuously learn, cooperate, and
influence each other to complete their mission.

Various methods analyze system diversity. Simpson’s index and entropy are
two classic diversity indices that involve only the first two attributes (number
of categories and their balance). The data in this study makes it difficult to
address differences between categories, so we use these two indices to calculate
diversity reflected in research collaboration.

2.1 Simpson’s Index

Simpson’s index is used to calculate species diversity, representing the proba-
bility of randomly selecting two different samples from a large community. It
measures the number of categories and their balance. The calculation formula
is:

𝐺𝑀 = 1 − ∑ 𝑋2
𝑖𝑗

(∑ 𝑋𝑖𝑗)2

where 𝐺𝑀 is the diversity index and 𝑋𝑖𝑗 is the 𝑖-th collaboration combination.
The formula shows that if there is only one collaboration combination, ∑ 𝑋2

𝑖𝑗 =
(∑ 𝑋𝑖𝑗)2, making the diversity index 0. Therefore, a higher diversity index
indicates broader collaboration within a unit, though an excessively high value
may also suggest a lack of relatively stable core teams. The distinction between
high and excessively high is relative.
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2.2 Entropy

The concept of entropy originates from thermodynamics as a measure of system
state uncertainty. In information theory, information entropy 𝑆 = ∑ 𝑃𝑖𝑗 ln 𝑃𝑖𝑗
represents system order—the higher the order, the smaller the information en-
tropy and diversity; the higher the disorder, the larger the information entropy
and diversity [14]. Zhang Lin et al. studied the relationship between entropy
and information distribution dispersion, finding a positive correlation—greater
entropy indicates more dispersed information [15]. Similarly, greater entropy
indicates greater diversity and more dispersed collaboration.

Assuming we need to calculate the information entropy of librarian collaboration
indicators, the initial data matrix includes 𝑚 samples (collaboration combina-
tions). The calculation formula is:

𝑆 = −𝑘 ∑ 𝑃𝑖𝑗 ln 𝑃𝑖𝑗

where 𝑘 = 1
ln 𝑚 and 𝑃𝑖𝑗 = 𝑋𝑖𝑗

∑ 𝑋𝑖𝑗
is the sample value. The 𝑘 value standardizes

the entropy between 0 and 1.

3. Data Collection and Cleaning
3.1 Data Collection

We collected and organized basic data on all research output by librarians at
Nanjing Agricultural University Library from 2007–2016, including formally
published papers, monographs, patents, and conference papers. Data primarily
came from annual internal statistics, supplemented and verified through CNKI
and VIP databases. Internal statistics provided the most comprehensive source.
We identified 175 research outputs involving library librarians during 2007–2016,
including 171 papers, 2 monographs, and 2 conference papers.

For these 175 records, we collected paper/monograph titles, first author names,
publication year, whether it was a core journal, first author information, and
collaborator details including age, title, education, position, disciplinary back-
ground, and relationship to the first author. Table 1 details the collection objects
and methods. Information on titles, age, positions, and education levels may
have changed during the 10-year period. For incomplete original information, we
obtained accurate data through multiple means: consulting authors, database
searches, web searches, and calculations.

3.2 Data Cleaning

Some collected data required standardization. For example, age at publication
needed uniform calculation methods, department names varied across periods,
and disciplinary background names were diverse. During data cleaning, age was
calculated as actual age. The library currently has nine departments, but we
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also included two historically significant departments: the Information Research
Institute and Campus Network Center, due to past reorganizations. Since li-
brarians graduated from different institutions at different times with varying
major names, disciplinary backgrounds were standardized according to the 110
first-level disciplines in the “Catalogue of Disciplines for Degree Conferral and
Talent Development (2011)” issued by the Academic Degrees Committee of the
State Council and Ministry of Education.

After cleaning, we established target matrices based on author names, disci-
plinary backgrounds, positions, education levels, ages, and titles, then calculated
Simpson’s index and entropy values. Some librarians are master’s or doctoral su-
pervisors who collaborate with graduate students; these students were excluded
from statistics.

4. Data and Calculation Results
From 2007–2016, Nanjing Agricultural University Library published an average
of 17.5 articles annually. Among 175 research outputs, 155 had library librarians
as first authors (88.6%). Details are shown in Table 2 and Figure 1 [Figure 1:
see original paper]. Table 2 shows 75 outputs in the first five years and 100 in
the latter five years, indicating an upward trend. In terms of quality, there were
63 core journal papers: 27 in the first five years and 36 in the latter five years,
showing significant growth. Since 2012, most outputs had library librarians as
first authors, including 1 SCI paper, 1 SSCI paper, and 2 EI papers, indicating
strengthened research leadership and internationalization in recent years.

Table 2 and Figure 1 also show overall growth in research collaboration. The
library’s collaborative leadership has strengthened in recent years, evidenced by
rising average number of authors per paper and increasing numbers of collabora-
tive papers. Both total authors and library authors show growth trends, with in-
ternal collaboration growing more noticeably than external collaboration, which
fluctuated. Particularly in the last five years, all outputs had library librarians
as first authors, and external collaboration also increased significantly. The
library has continuously strengthened inter-departmental cooperation through
programs like Librarian University, Librarian Lectures, and academic salons,
while also hiring academic mentors to consciously improve librarians’ profes-
sional quality, enhance organizational climate, and promote more internal and
external collaboration.

The 175 papers included 141 total authors: 66 library librarians (46%) and 75
external personnel (53%). There were 44 single-author papers and 131 multi-
author papers (75%). Total collaboration instances reached 416, with most
papers having 1–3 collaborators and an average of 2.4 collaborators per paper.

For diversity index calculations, data must be divided into categories. First,
using individual librarians as categories, we established a collaboration matrix
and calculated Simpson’s index as 0.994 and entropy as 0.6. Annual matrices
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were also created, showing slowly rising Simpson’s index and fluctuating entropy
(Figure 2 [Figure 2: see original paper]).

We also calculated diversity indices using different librarian attributes (title,
age, education, disciplinary background, department) as categories. Table 3
shows the results: Simpson’s index ranged 0.82–0.997, standardized entropy
0.59–0.89, and unstandardized entropy 1.82–5.41. Higher Simpson’s index and
entropy values for age, disciplinary background, and department categories com-
pared to title and education categories indicate more diverse collaboration across
these dimensions. While unstandardized entropy and Simpson’s index rankings
were consistent, standardized entropy rankings were reversed. Further analysis
revealed that different attribute quantities produce different ln 𝑚 values, caus-
ing standardized entropy rankings to change. However, standardized entropy
provides a baseline concept for diversity, offering a measurement standard for
attribute-specific diversity.

5. Detailed Analysis of Collaboration Patterns
Diversity index analysis shows that librarians of different titles, ages, education
levels, disciplinary backgrounds, and departments all participated in research
collaboration, but collaboration was not concentrated. What specific patterns
exist, and what policy incentives can libraries implement to improve collabora-
tion effectiveness? We examined the collaboration matrices in detail.

5.1 Professional Title

Among 44 single-author papers, 29 were by mid-level librarians and 7 by junior-
level librarians (81.8% total). This suggests that junior and mid-level librarians
have strong motivations to publish but weaker team awareness or haven’t formed
effective teams.

Among 131 collaborative papers, authors included 19 junior, 38 mid-level, 33
associate senior, 17 senior librarians, and 31 students (including external collab-
orators). Library titles have four levels: junior (assistant librarian), mid-level
(librarian), associate senior (associate research librarian), and senior (research
librarian). Table 4 shows the title-based collaboration matrix. The top three
collaboration types are associate senior–associate senior, associate senior–mid-
level, and associate senior–senior, indicating that associate senior and mid-level
librarians are the main research forces. Although few senior librarians exist and
they face no publication pressure, they actively participated in 32 collaborations,
helping cultivate research capacity.

The Simpson’s index (0.856) and entropy (0.89) for title-based collaboration
are relatively high, indicating imbalance across different title levels. Indeed,
junior–junior and senior–senior collaborations are relatively rare, while cross-
level collaborations are more frequent.
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5.2 Age

Nanjing Agricultural University Library staff show an elliptical age distribution,
with most librarians aged 31–40, followed by 41–50, and fewer aged over 51 or
under 30. We divided ages into 8 five-year brackets from 21–60. Table 5 shows
author counts by age bracket.

Table 5 shows that librarians aged 46–50 are most productive, followed by 41–45
and 31–35. Notably, ages 36–40 form a trough. The likely reason: before 35,
librarians strive for associate senior titles, publishing more frequently. After 35,
some relax after successful promotion or abandon efforts toward senior titles.
Ages 41–50 see a new peak as librarians pursue senior titles, which have higher
publication requirements and more collaboration. Ages 36–40 represent a prime
productive period, making it a key target for research policy incentives.

Table 6 shows the age-based collaboration matrix. The strongest collaboration
is between ages 46–50 and 31–35, followed by 41–45 with 36–40, and 46–50 with
41–45. These collaborations likely have internal drivers, as these age brackets
represent periods for pursuing associate senior and senior titles.

The Simpson’s index for age-based collaboration is 0.953, with standardized
entropy 0.65. Interpreting entropy as disorder suggests some orderliness in cross-
age collaboration.

5.3 Education Level

Among participating librarians, 3 had associate degrees, 43 bachelor’s, 18 mas-
ter’s, and 7 doctoral degrees (some counted multiple times due to degree up-
grades). External collaborators included 6 bachelor’s, 6 master’s, and 20 doc-
toral degree holders. Table 7 shows the education-level collaboration matrix.
Master’s and doctoral degree holders are the most important collaborators, far
exceeding other combinations, followed by doctoral–bachelor collaborations. No-
tably, although only 7 librarians held doctoral degrees, they participated in 64
of 131 collaborative articles, demonstrating their strong role in driving research
collaboration and output. Master’s–bachelor collaborations rank third.

The education-level Simpson’s index is 0.82, with standardized entropy 0.79.
These similar values suggest that optimizing research capacity requires improv-
ing staff educational structure and collaborating more with highly educated
external personnel.

5.4 Disciplinary Background

Unlike academic departments, librarians have relatively diverse disciplinary
backgrounds, with some holding double or triple majors. Over 10 years, 66
librarians participated in research output across 27 first-level disciplines: 15 in
library and information science, 16 in agriculture and related fields (crop science,
plant protection, agricultural economics, horticulture), and 35 in other disci-
plines (education, Chinese language, arts). Table 8 shows the top 5 disciplinary
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collaborations. Library and information science collaborations dominate (74 in-
stances), followed by library science–agriculture collaborations, demonstrating
that library science background is crucial for research output.

Due to complexity, we didn’t provide a full matrix but calculated Simpson’s
index as 0.997 and standardized entropy as 0.69.

5.5 Departmental Collaboration

We tracked internal authors by department and external collaborators by insti-
tution. The library collaborated with 10 external institutions, primarily other
university libraries and enterprises, plus 12 campus departments including ad-
ministrative offices (Research Institute, Personnel Office, Academic Affairs Of-
fice, Pukou Campus Library) and related colleges (Information Science, Public
Relations, Economics and Management, Humanities and Social Development,
Plant Protection).

Table 9 shows the internal departmental collaboration matrix. Most collabora-
tion occurs within the library. The top three intra-departmental collaborations
are: Reader Services Department, Reference Department, and Office. Reader
Services accounts for nearly half of staff, making its top ranking reasonable.
Notably, User Services and Resource Construction had no internal collabora-
tion over 10 years. User Services primarily maintains campus network opera-
tions, collaborating mainly with the Information Applications Department. The
top three inter-departmental collaborations are: Reference–Office, Development
Research–Office, and Reference–Development Research. The Office (including
library leadership) collaborates with all departments. Resource Construction
and Reference each collaborate with 6 departments, reflecting their global oper-
ational significance.

Overall, internal collaboration has increased while external collaboration growth
remains limited. While collaborative climate has improved, libraries should
emphasize external collaboration, particularly with highly educated and senior-
title personnel, to increase research output.

Department-based Simpson’s index is 0.961, with standardized entropy 0.59—
the largest difference between the two indices among all attributes, warranting
further investigation.

We also collected data on collaborator relationships: (1) collaboration with col-
leagues within/outside the department or other libraries; (2) collaboration with
academic advisors or students while pursuing degrees; (3) collaboration with
students or faculty as graduate supervisors; (4) collaboration through family
relationships (spouses, siblings).

5.6 Collaboration Network Visualization

Using CiteSpace, we generated a collaboration network visualization (Figure
3 [Figure 3: see original paper]). Node size represents author frequency (141
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total nodes). The network includes 126 connections with density 0.0128. One
large connected network contains 98 nodes (69.5% of total), with maximum
collaboration strength 8 and average 1.5. Thirteen nodes collaborated 3+ times,
while 81 collaborated 1–2 times. Some small collaboration groups and isolated
nodes (6) represent non-collaborating authors.

The five most productive nodes are labeled A–E. Nodes A (28 publications,
centrality 0.15) and B (25 publications, centrality 0.48) both hold senior titles
and doctoral degrees, demonstrating their research leadership. Node A has two
core collaborators (C and E) but limited overall collaboration and has left the
library. Node B has high centrality but no core collaborators, with scattered
partnerships. Network density, centrality, and collaboration intensity indicators
show that research collaboration remains relatively loose, without stable core
teams. Further study of this visualization aims to promote healthy collaboration
development.

6. Conclusions and Implications
Through in-depth analysis of Nanjing Agricultural University Library’s research
collaboration from 2007–2016, we find that librarians have diverse disciplinary
backgrounds, multi-generational age structures, and various education levels
across positions. Diversity analysis shows that collaboration has become a trend
for improving research capacity, with multidisciplinary librarians contributing
across the board. Associate senior librarians shoulder heavy responsibilities,
while doctoral and senior-title librarians lead professional directions.

However, challenges remain: although collaboration is extensive, it lacks focus
and hasn’t formed core academic teams. To enhance research capacity, libraries
must optimize staff structure, increase the proportion of highly educated librari-
ans, and strengthen collaboration with external highly educated and senior-title
personnel.

This study demonstrates that diversity analysis methods—including Simpson’s
index and entropy—help understand and grasp research collaboration status,
identify problems, formulate policies, incentivize collaboration, and promote
library development.
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Abstract: [Purpose/significance] Librarians’ diversity and teamwork are two
important scales of ClimateQUAL™. The relation between the two scales has
not yet thoroughly investigated. The paper uses the collaboration in the pub-
lications of the librarians of Nanjing Agricultural University library during the
past 10 years to analyze Librarians’ diversity in their collaboration. This analy-
sis will provide evidence for the promotion of organization climate in libraries.
[Method/process] The paper catalogs the librarians and their attributions such
as age, professional titles, educational background, discipline background, po-
sition, etc., and then calculates the Simpson index and Entropy to measure
the diversity of librarians. It draws the collaborative network to demonstrate
the state of collaboration. [Result/conclusion] Using librarians as catalogues,
Simpson index is 0.994, and the entropy is 0.6. Using the attributions of the
librarians to catalog, the collaborators’ Simpson indices are between 0.82 and
0.997, and entropies are between 0.59 and 0.89. The values of Simpson index
are very high, while the entropy is relative low but is still larger than 0.59. The
higher diversity may indicate the collaborations have conducted with different
catalogues of the librarians but have not yet focused. The paper constructs
the collaborative network and analyzes the strong links. It is found that the
collaboration is still relatively loose, and the strong team has not been formed.
Librarians with high education and high title are the important power to im-
prove performance of scientific collaboration. Although the subject backgrounds
of librarians is wide, the library and information science is still the important
factor to promote the output of research.

Keywords: library; librarian’s collaboration; diversity; Simpson; entropy

Note: Figure translations are in progress. See original paper for figures.
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