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Abstract
Purpose: To identify high-collaboration scholars within a team and their dy-
namic academic influence patterns using a high-collaboration scholar identifica-
tion algorithm and a scholar influence pattern recognition algorithm, thereby
providing references for talent development within the team. Method: High-
collaboration scholars within the team were distinguished based on their col-
laboration counts; the publication output and degree centrality metrics of high-
collaboration scholars were utilized to measure scholars’individual influence and
influence within the team, thereby identifying their dynamic academic influence
patterns. Results: The number of high-collaboration scholars varies across dif-
ferent teams, ranging from zero to multiple. The dynamic academic influence
patterns of high-collaboration scholars differ and are identified as either steady
growth or mature fluctuation patterns. Limitations: Only two metrics were
employed to measure scholar influence; for scholars with more complex circum-
stances, additional metrics need to be incorporated to identify their dynamic
academic influence patterns. Conclusion: The high-collaboration scholar identi-
fication algorithm and scholar influence pattern recognition algorithm can rea-
sonably identify high-collaboration scholars within a team and their dynamic
academic influence patterns.
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Abstract
[Objective] This study aims to identify highly cooperative scholars within re-
search teams and characterize their dynamic academic impact patterns, pro-
viding valuable references for talent development. [Methods] We first distin-
guished highly cooperative scholars based on their collaboration patterns. Then,
we measured individual and team-level influence using publication output and
degree centrality metrics to identify dynamic academic impact patterns. [Re-
sults] The number of highly cooperative scholars varied across teams, ranging
from zero to multiple individuals. Their dynamic academic impact patterns
fell into two categories: steady growth or mature fluctuation. [Limitations]
Only two indicators were employed to measure scholarly impact; more com-
plex cases would require additional metrics for comprehensive pattern identifica-
tion. [Conclusions] The proposed algorithms for identifying highly cooperative
scholars and their influence patterns can effectively recognize key collaborative
researchers and track their evolving academic impacts within teams.

Keywords: Academic Impact; Social Network Analysis; Dynamic Pattern

Introduction
Research on the evolution and evaluation of scholars’academic influence holds
significant importance for research management and talent development. As re-
search publications represent a primary output of scholarly activity, monitoring
and evaluating academic impact through publication records has become a stan-
dard approach. Traditional evaluation methods primarily include peer review,
publication counts (total and average), citation metrics (total citations, aver-
age citations, impact factor), and combined indicators such as the H-index and
G-index. In recent years, social network analysis has gained traction in schol-
arly evaluation by assessing collaboration patterns and measuring researchers’
positions within co-authorship networks.

Academic influence is inherently dynamic, and only through longitudinal anal-
ysis can we fully understand talent development trajectories, predict future di-
rections, and inform talent cultivation strategies. However, existing research
predominantly adopts static perspectives, with few studies examining dynamic
patterns. Those that do incorporate temporal dimensions typically focus on cita-
tion trends over time. Moreover, research on scholars’evolving influence within
teams remains limited, particularly in teams with multiple high-impact schol-
ars. Tracking their dynamic performance can provide deeper insights into their
development, identify rapidly rising collaborators, and guide targeted support
for talent cultivation.

This study addresses these gaps by leveraging author collaboration networks.
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We propose algorithms to identify highly cooperative scholars and track their
influence patterns, enabling the discovery of rapidly growing collaborators for
talent selection purposes.

Literature Review
Co-authorship networks have proven valuable for assessing scholarly influence.
Thomson Reuters, for instance, identifies research teams through co-authorship
relationships to award “Research Team Awards”to Chinese scholars. The crit-
ical step in using collaboration networks for influence measurement is team
identification, typically achieved through clique analysis or n-clique analysis of
co-authorship networks. While these methods effectively identify tightly-knit
groups, some researchers have sought more stable and complete teams by first
identifying small groups using 2-clique analysis, then applying a snowball sam-
pling approach to expand these groups within the broader network. Although
this method yields larger teams encompassing various cliques (2-clique, 3-clique,
4-clique, etc.), the resulting collaboration relationships tend to be sparse and un-
stable. Our approach first identifies stable, complete teams before discovering
highly cooperative scholars, addressing limitations of methods that pre-select
scholars before defining teams.

Regarding methods for identifying high-impact scholars, Yan et al. demon-
strated that centrality measures in collaboration networks can indicate a scholar’
s influence within their field. Abbasi et al. examined relationships between
network metrics (degree centrality, closeness centrality, betweenness central-
ity, eigenvector centrality, average connection strength, and efficiency) and
citation-based impact indicators (H-index, G-index), showing that network char-
acteristics can predict future academic performance. Wang Feifei identified
high-impact authors in knowledge exchange networks using centrality measures,
while Zhu Tian et al. ranked important authors based on collaboration quantity
and scope. However, these studies primarily provide “snapshot”evaluations of
overall collaboration states, lacking temporal analysis of influence evolution and
comprehensive understanding of talent development trajectories.

Some scholars have introduced temporal dimensions for dynamic impact assess-
ment using personal impact factors, hr(y) index, and other methods. Personal
impact factors inherit limitations from journal impact factors, including the
problematic practice of using short-term average citations. The hr(y) index,
derived from the H-index, suffers from the H-index’s inherent drawback of
poor discrimination among average performers. Currently, dynamic impact in-
dicators remain underexplored. Many universities use publication counts for
promotion evaluation, such as Zhejiang University’s professor appointment cri-
teria, which involve statistical assessment of research output. Degree centrality
is frequently employed to measure scholars’network positions and academic rela-
tionship influence. This study combines publication output and degree central-
ity to measure individual and team-level influence across time, supplementing
dynamic academic impact assessment.
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Methodology
This research adopts a team-level perspective, identifying highly cooperative
scholars based on collaboration network size within sub-networks. We then ana-
lyze their dynamic academic influence to discover rapidly growing collaborators.
Degree centrality represents team influence, while publication output represents
individual influence. By tracking temporal changes in these metrics, we classify
dynamic patterns as either steady growth or mature fluctuation.

Key Definitions:

Cooperation Sub-network: Within the overall collaboration network, a stable
sub-network where scholars have collaborated more than twice.

Scholar Cooperation Count: In a co-authorship network where nodes represent
authors and edges represent collaborations, the number of edges directly con-
nected to a node defines that scholar’s cooperation count.

Normalized Degree Centrality: Degree centrality normalized using min-max stan-
dardization to enable comparison across different network sizes.

Algorithm 1: High-Cooperation Scholar Identification

This algorithm identifies highly cooperative scholars and characterizes their
quantity features within teams. The steps are as follows:

1. Partition the overall collaboration network into cooperation sub-networks
using n-clique analysis. To analyze stable and complete teams, we employ
a trial method: start with n=2. If m subgroups are identified at n-clique
analysis and w subgroups at (n+1)-clique analysis, and at least 50% of the
m subgroups maintain stable membership with corresponding subgroups
in w, then n-clique analysis is adopted. Otherwise, increment n by 1 and
repeat.

2. Construct a non-0-1 collaboration matrix M(ai,j) for each sub-network,
where ai,j represents the number of collaborations between authors i and
j (greater than 2).

3. For each node i in M, calculate the cooperation count vector C, where
element Ci is computed by initializing Ci to 0 and incrementing by 1 for
each collaboration partner j.

4. If there exists a unique scholar i where Ci/Z ≥ 50% (Z = total scholars
in the network), then only one highly cooperative scholar exists—scholar i
who collaborates with over half the team.

5. If multiple scholars i, j, k (within 20% of team size) satisfy (Ci + Cj +
Ck)/Z ≥ 80% (with scholars counted only once even if they collaborate
with multiple high-cooperation scholars), then multiple highly cooperative
scholars exist, following the Pareto principle (80/20 rule). Scholars are
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ranked by cooperation count; if counts are equal, frequency determines
priority.

6. If neither condition is met, collaborations are balanced and no highly
cooperative scholars exist.

[Figure 1: see original paper]

Algorithm 2: Scholar Influence Pattern Recognition

After identifying highly cooperative scholars, this algorithm detects their dy-
namic academic influence patterns:

1. For each identified scholar, construct annual collaboration networks across
the study period. For example, to analyze dynamic influence from year m
to n, build m-n+1 separate networks. Author order weights are considered
(first author weight w1, second author w2, etc.).

2. Calculate the average normalized degree centrality across all m-n+1 years
and compare it with the average of the most recent (m-n)/2 years (or (m-
n+1)/2 if odd). Degree centrality incorporates author order weights: if
scholar i collaborates with scholar A as first author A1 times, second au-
thor A2 times, etc., the weighted collaboration count is A1×w1 + A2×w2
+ A3×w3 + ⋯The total degree centrality Ci is the sum of weighted col-
laborations with all partners.

3. Calculate average publication output across m-n+1 years and the most
recent (m-n)/2 years, with publications weighted by author order (F1×w1
+ F2×w2 + F3×w3 + ⋯).

4. Pattern classification: Let Di = (Ci - Cmin)/(Cmax - Cmin) be normalized
degree centrality. If both average Fi and average Di in the recent period
exceed the long-term averages, the pattern is steady growth. If both are
lower, the pattern is mature fluctuation.

[Figure 2: see original paper]

Data Source
For feasibility and data accessibility, we constructed a co-authorship network in
the library and information science field to identify highly cooperative scholars
and their dynamic impacts. The dataset comprised 24,711 papers published be-
tween 2011-2015 in 18 CSSCI-indexed journals, involving 17,486 scholars. The
collaboration network was built by connecting all pairs of co-authors in each
paper, yielding 9,859 authors and 26,710 co-authorship ties. To focus on sta-
ble collaborations, we restricted the analysis to scholars with more than two
collaborations, resulting in 1,454 scholars and 1,485 ties. While author contri-
bution weights could be considered, existing indices like Nature Index and ESI
treat all authors equally; we therefore assigned equal weights (wi = 1) to avoid
subjectivity and discipline-specific complications.
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Results and Analysis
High-Cooperation Scholar Identification

Applying n-clique analysis to the stable collaboration network, we determined
n=4 through trial-and-error, yielding 227 sub-networks. When n=5, 126 sub-
networks maintained identical membership, confirming that 4-clique analysis
produced stable, complete teams. Running the identification algorithm across
all 227 sub-networks revealed varying numbers of highly cooperative scholars
per team (see ).

Single High-Cooperation Scholar Example: In Zhu Qinghua’s sub-network
([Figure 3: see original paper]), Zhu had 15 collaborators while Zhao Yuxiang
had 7 in a 19-member network. Since Zhu’s collaboration count exceeded 50%
of the team, he was identified as the sole highly cooperative scholar.

Multiple High-Cooperation Scholars Example: In Huang Shuiqing’s 15-
member sub-network ([Figure 4: see original paper]), no single scholar exceeded
50% collaboration. However, the top three scholars (Huang Shuiqing, He Lin,
Wang Dongbo) within 20% of team size had combined unique collaborations
of 14/15 (>80%), satisfying the 80/20 rule. Thus, all three were identified as
highly cooperative scholars.

Scholar Influence Pattern Recognition

Analyzing the three highly cooperative scholars in Huang Shuiqing’s team, we
constructed 5-year (2011-2015) and 2-year (2014-2015) average networks ([Fig-
ure 5: see original paper] and [Figure 6: see original paper]). The 5-year average
reflects long-term performance, while the 2-year average captures recent activ-
ity. Publication output represents research productivity, and normalized degree
centrality indicates network position importance across differently-sized teams.

Steady Growth Pattern: He Lin’s average publication output and normal-
ized degree centrality in 2014-2015 exceeded the 5-year averages (), indicating
enhanced recent productivity and more prominent network position. This con-
stitutes a steady growth pattern.

Mature Fluctuation Pattern: Huang Shuiqing and Wang Dongbo showed
decreased average publication output in 2014-2015 compared to the 5-year av-
erage (). While Wang Dongbo’s average collaboration frequency increased, his
normalized degree centrality declined, indicating reduced relative importance
in the recent network. Huang Shuiqing experienced slight decreases in both
metrics. Both scholars exhibit mature fluctuation patterns.

Validation using total citation frequencies across years () supports these findings.
Despite citation lag (2015 papers show zero citations), He Lin’s recent papers
received substantially more citations than earlier work, while Huang Shuiqing
and Wang Dongbo’s recent citations declined, confirming the identified patterns.
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Discussion
This study explores dynamic academic impact patterns using publication out-
put and degree centrality, offering a novel perspective on highly cooperative
scholars’evolution to inform talent development. Future research should in-
corporate additional metrics for more comprehensive pattern identification. By
measuring current and future academic impacts of highly cooperative scholars,
this approach better reveals talent trajectories and can incentivize growth by
directing resources toward scholars with steady growth patterns.
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