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Abstract: The frequency of scientific collaboration may exhibit complex collaborative characteristics, which plays a key
role in comprehensively understanding the intensity and patterns of researchers’ collaborative relationships. This study se-
lected 13,220,951 authentic collaborative relationships from the PubMed knowledge graph 2.0 (PKG 2.0) biomedical dataset
as research samples to reveal the key drivers and inherent patterns behind varying collaboration frequencies. First, the fre-
quency of collaboration was treated as a proxy variable to measure the strength of the collaborative relationship, categoriz-
ing the frequency into low, medium, and high levels based on its distribution characteristics. Second, ten distinct variables

across four dimensions were selected to form a feature system describing author collaboration intensity, which included

Wi HER: 2025-04-15; fE€EHHER: 2025-10-03

£EWE: EESRFRES —BIE R TR R BHT S /EMZ B (24BTQ041),

EEZ B ZIREL, 1999454, WL0IRA, REMIRGECARIGIE . Blosita; Ak, 1999448, MLaTsA, FEMRGEN 28
BEARAL IR s By, 200044, WEAF5EA, FEVPRGECARIATHE . B BIRNNEE; XB=0, WAEMEE, 19754
A, H, B, BRI, AR AECAR A GURAIRERE . 5B SR, E-mail: sanhong@nju.edu.cn,



poi

3 4 IR A . T XGBoost-SHAP HE 22 14 B IF -4 4 45 v I3 B 43 B 333

research similarity, achievement production models, academic capital, and individual attributes. The eXtreme Gradient

Boosting (XGBoost) algorithm was employed to capture the complex correlations among high-dimensional features. Finally,

the SHapley Additive exPlanations (SHAP) framework was used to analyze the attribution of the prediction model. The in-

fluence degree and interaction mechanism of the features on different cooperation intensity were further evaluated. The

study reveals that thematic similarity among authors plays a dominant role in the classification of collaboration frequency,

followed by differences in the number of papers and citations (total and average). High thematic congruence serves as the

core factor sustaining high frequency collaboration, whereas low frequency collaboration prioritizes cumulative output

over individual paper impact. The effects of thematic similarity, paper count differences, and H-index variations on collabo-

ration frequency followed distinct patterns: bimodal symmetry, threshold stability, and marginal diminishing effects, re-

spectively. Furthermore, high-frequency collaborations demonstrated remarkable tolerance for heterogeneous factors such

as knowledge structure or influence composition, often forming effective complementary division mechanisms through co-

ordinated efforts.

Keywords: scientific collaboration; collaboration frequency; XGBoost-SHAP; algorithmic attribution
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