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Abstract While traditional first-order network model is limited in capturing the
indirect dependence relationships among multiple nodes, higher-order network mod-
eling shows good capacity of effectively improving the accuracy of the representation
of real systems. In this study, we construct a second-order citation network with
citation relationships as nodes and the length-two citation path as edges based on
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the first-order citation network, using 116 years of citation data from the American
Society of Physics Full-text Electronic Journal Database. To quantify the difference
between the first-order network and the higher-order network, we propose the higher-
order network representation information gain index based on information entropy of
citation diversity, which represents the information loss of higher-order dependency
in the first-order network structure. Results show that the second-order network rep-
resentation information gains of Rev Mod Phys and Phys Rev Lett are the largest, the
probabilities of these two journals being cited by other journals are largely indirectly
affected by its preceding journals. Differences in these probabilities between the first-
order and second-order networks is up to 0.38, indicating the importance of applying
the second-order network to analyze citation data. The proposed information gain
index can effectively quantify the higher-order information loss of the real system
in the low-order network model, thereby revealing differences in direct and indirect
relationships in the first-order and second-order networks.

Keywords Higher-order network, second-order citation network, higher-order net-

work representation information gain, higher-order Markov model, entropy.
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(Figure 1 First-order citation networks)
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FRIC R & X WATIC R W B R E, Wi BRI S A RTE PR R iR 2, B T ROR AN A S
EHy 2637 filtm, 2 BIH] Phys Rev C W56, B1H] Rev Mod Phys # Phys Rev C 8| F i
i 0.65, #ad T H 3 #5513 (0.04).

[ ]
\ [ ] - _
\ " Pi RA.
\ R N 4
I
il &
VI PRA [0.37 [8E] 0.020.01 | 0.12 | 0.01/0.00 | 0.00 \ \ \
\/ ]| N \ N
| " = o
'S 41PN 0.08 0.19 LXTH 0.02 0.02 0.05 0.03 0.00 0.00 i “\\ .
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(Figure 2 Second-order citation networks)
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(Figure 3 Transition probability difference matrix with RMP as middle node)
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(Table 3 High-order network representation information gain)
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