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Abstract

[Purpose/Significance] With the rapid development of Internet technologies,
the Zhihu platform has gradually become a vehicle for discussing popular so-
cial public topics and sharing knowledge and experience. Therefore, analyz-
ing the influence of key users on the Zhihu platform and mining key opinion
leaders therein is of great significance in studying information dissemination
pathways in social networks. [Method/Process] By proposing improved PageR-
ank and HITS algorithms, user influence mining models are constructed based
on Zhihu’s user social network and question-and-answer network respectively,
which can accurately and objectively identify key users and opinion leaders
within the platform. [Results/Conclusion] Experimental results demonstrate
that the proposed PageRank and HITS algorithms can effectively identify key
opinion leaders with notable characteristics on the Zhihu platform, and the algo-
rithms demonstrate rapid convergence, reusability, and transferability. Through
processing and effective analysis of Zhihu platform user datasets, user influence
and key opinion leader mining models are successfully established; simultane-
ously, validation is conducted on specific topics. Therefore, it can be inferred
that this model possesses significant application value and promising commercial
promotion prospects.
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Abstract

[Purpose/Significance] With the rapid development of internet technology,
the Zhihu platform has gradually become an important carrier for discussing
public social issues and sharing knowledge and experiences. Therefore, analyz-
ing the influence of key users and mining key opinion leaders on Zhihu plays a
crucial role in studying information dissemination pathways in social networks.
[Method/Process] By proposing improved PageRank and HITS algorithms,
this study constructs user influence mining models based on Zhihu’s social net-
work and question-answering network to accurately and objectively identify key
users and opinion leaders. [Result/Conclusion] Experimental results demon-
strate that the proposed PageRank and HITS algorithms can effectively extract
key opinion leaders with prominent characteristics from the Zhihu platform, fea-
turing fast convergence speed, reusability, and transferability. Through process-
ing and analyzing the Zhihu user dataset, we successfully established a model for
evaluating user influence and mining key opinion leaders, which was validated
on specific topics. Consequently, it can be inferred that this model possesses
significant application value and commercial promotion prospects.

Classification Number: TP393
Keywords: Zhihu, user influence, key opinion leader, PageRank algorithm,
HITS algorithm

Introduction

With the development of social networks, platforms such as Weibo and Zhihu
have gradually become common tools for elites across various industries to ex-
change professional information, specialized knowledge, and life experiences [1].
In particular, Zhihu’s Q&A platform not only satisfies users’ basic social needs
(mutual following and visiting) but also fulfills human needs for establishing
personal prestige and self-actualization through sharing and Q&A processes,
thereby attracting numerous authoritative figures including industry elites, ex-
perts, internet celebrities, and socialites. Key opinion leaders refer to “active
individuals” who provide information to others while exerting influence in inter-
personal communication networks [2]. They serve as both authoritative sources
and primary disseminators in the information propagation process, forming in-
formation cascade transmission in social networks. In recent years, extensive
research has shown that key opinion leaders play vital roles in online knowledge
dissemination [3], word-of-mouth effects [4], and online communication [5], hold-
ing significant meaning for network intervention [6], online marketing [7-9], and
network structure analysis [10].

To comprehensively identify key users in the Zhihu network, we constructed a
multi-level comprehensive evaluation system based on user interactions includ-
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ing social connections and Q& A behaviors, forming a social Q&A network with
multi-agent direct interactivity, long-term engagement, and near-simultaneity
according to their relationships. Most existing literature on identifying key opin-
ion leaders employs social network analysis methods, which offer distinct advan-
tages over other approaches [11]. We established a two-layer Zhihu network
structure using social relationships, Q&A relationships, and their interconnec-
tions, as illustrated in Figure 1 [Figure 1: see original paper]. In Figure 1, each
circular node represents a user, square nodes represent answers, and connections
between them represent social and Q&A relationships.

Based on this two-layer structure, we first employed the Analytic Hierarchy Pro-
cess (AHP) to construct comprehensive Zhihu user evaluation indicators and
establish a user influence evaluation model. This model yields influence weights
for each Zhihu user across AHP indicators, which are then integrated with tra-
ditional PageRank and HITS algorithms to create an improved comprehensive
evaluation model for mining key users and opinion leaders on the platform. The
research process and framework are shown in Figure 2 [Figure 2: see original

paper].

Literature Review

Current methods for identifying key opinion leaders and user influence primar-
ily include Analytic Hierarchy Process and social network mining approaches.
AHP utilizes key evaluation indicators to characterize opinion leader features, es-
tablishing corresponding multi-layer indicator systems for scoring and ranking.
For instance, in Douban opinion leader identification, features such as central-
ity, activity, attractiveness, and contagion were used to evaluate users [12]. In
Weibo user influence assessment, numerous studies have employed indicators
including follower count, post count, reposts, comments, popularity, interaction
rate, and originality to construct hierarchical structures and obtain final results
through weighted averaging [13]. AHP can establish comprehensive evaluation
systems based on extensive subjective research experience, yielding structural
multi-objective system evaluation models.

Social network mining methods typically construct corresponding social net-
works based on user relationships or forwarding/Q&A interactions, then ana-
lyze user importance using network structure-based algorithms or metrics to
produce final rankings. Examples include using PageRank to mine important
users in Twitter social networks [14], applying HITS to identify opinion leaders
in Weibo forwarding networks [15], and obtaining more accurate importance
rankings through hybrid evaluation models like SALSA or weighted evaluation
algorithms [16]. Social network-based opinion leader mining offers greater ob-
jectivity and accuracy compared to indicator-based approaches. Therefore, this
study combines both methods, using AHP to evaluate user activity, credibility,
and influence, and applying these results to inform social network algorithms.

The commonly used social network mining algorithm is PageRank. The original
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PageRank model was proposed by Google for evaluating webpage importance.
Recent research has focused on improving traditional PageRank for mining
key users in social networks [17], demonstrating its high efficiency and struc-
tural stability. However, on Zhihu’s Q&A platform, users’ repeated questioning
and answering behaviors reflect their activity and information diffusion capac-
ity without dispersing influence contributions. Therefore, we also employ the
HITS algorithm for multi-angle measurement of user social and Q& A behaviors,
weighting both algorithms’ results for comprehensive ranking.

The HITS algorithm, initially proposed by Kleinberg, is a structural mining algo-
rithm for webpage ranking [18]. In this study, HITS utilizes a mutually reinforc-
ing relationship to identify key users and information disseminators that meet
requirements. We first establish social and Q&A networks from the dataset,
then dynamically mine user influence using improved PageRank and HITS al-
gorithms. Subsequently, ranking algorithms produce user influence rankings
across various indicators, which are weighted and averaged for final influence
ordering. Finally, we construct a topic-based key opinion leader mining model
to analyze characteristics and validate algorithm effectiveness.

Dataset and Network Construction
Dataset

The Zhihu dataset used in this paper includes basic information from 26,000
registered Zhihu users, comprising features such as follow count, follower count,
upvotes received, thanks received, favorites received, answer count, question
count, and article count. Additionally, corresponding follow relationships and
Q& A relationships were obtained. Two active subsets were selected for analysis:
users with thanks received > 10,000 (1,607 users) and users with thanks received
> 50,000 (398 users), designated as Net10K and Net50K. Their specific network
characteristics are shown in Table 1 .

Social Network and Q&A Network Construction

Based on Zhihu’s user and content structure, we constructed a two-layer network
(Figure 1). Mutual following relationships between users constitute the first
layer. For example, U2 and U3 follow each other, represented by a bidirectional
arrow; Ul follows U3, represented by a unidirectional line from Ul to U3. The
Q&A network comprises questions posed by users and their answers. In Figure
1, users U2 and U5 posed questions Q1 and Q2 respectively, while answers Al
and A2 responded to Q1, represented by unidirectional lines from Al and A2
to Q5. We abstract and model this structure accordingly.

The social network can be defined as an unweighted directed graph G_ {SN} =
(V, E), where G_ {SN} represents the Zhihu social network, V is the vertex set
with each independent user v_i V, and E is the edge set where <v_i, v_j>

E if user v_i follows user v_j. This structure is shown in Figure 3 Figure 3:
see original paper.

chinarxiv.org/items/chinaxiv-202308.00523 Machine Translation


https://chinarxiv.org/items/chinaxiv-202308.00523

ChinaRxiv [$X]

The Q&A network for specific topics is defined as a weighted directed graph
G_{QA} = (V,E, W, P), where G_{QA} represents the Zhihu Q&A network,
V is the vertex set representing users, E is the edge set where <v_i, v_j> E
indicates user v_ i answered a question posed by user v_j, W is the edge weight
vector with w__{ij} representing the number of Q&A relationships between users
v_iand v_j, and P represents vertex strength. Since each user has different
influence in real networks, p(i) is defined based on the comprehensive evaluation
model determined by AHP. This structure is shown in Figure 3(b) [Figure 3:
see original paper].

Key Opinion Leader Mining Model
AHP-Based Evaluation Indicator Model

AHP is a decision-making method combining quantitative and qualitative analy-
sis through hierarchical evaluation indicator structures. Based on Zhihu dataset
characteristics, we established three primary indicators and eight secondary in-
dicators, as shown in Table 2 .

Assuming equal weights for secondary indicators under the same primary indi-
cator, the primary indicator formulas are defined as:

A=A +A,+4;), Q=V+T+P), I=(F+F,)

Secondary indicators are normalized from corresponding real data using:
L = Tiin
Tmaz — Tmin

The comprehensive evaluation model for user i is:

U(i) = wa A7) + wo Qi) + w1 (i)

where A, Q, and I represent activity, credibility, and influence, with weight
vector w = (w_A, w_Q, w_I). The algorithm is summarized in Table 3 .

PageRank-Based Key Opinion Leader Mining Model

PageRank is a common algorithm in data mining that uses page authority val-
ues to assess website importance. A page’s authority is defined as the sum of
authority values allocated by other pages linking to it, with final rankings ob-
tained through iterative calculation [19]. Assuming users have corresponding
interactions in both social and Q& A networks, we combine Zhihu Rank values
with PageRank to create an improved algorithm.

For the unweighted social network, vertex i’s social network ranking is defined

SRH)=(1—a)+a 5127(3)
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where d__j is node j’s out-degree and « is the damping coefficient (typically 0.85
[20]). To address authority stagnation in users with many followers but few
followings, we introduce the random surfer model. The algorithm is summarized
in Table 4 , with convergence parameter e set to 107-20.

The Q&A network is weighted, with edge weight defined as:

] ]

where p(i) is the comprehensive influence indicator from AHP and N_ {ij} is
the Q&A relationship count between users i and j. Considering these weights,
vertex i’s Q&A network ranking QR(i) is:

QR(i)=(1—«) Z

The comprehensive Zhihu ranking combining both networks is:

ZR(i) = w; SR(i) + wy,QR(1)

where w = (w_1, w_2) is the weight vector. After ranking all users, the top N
are selected as key opinion leaders. The Q&A network PageRank algorithm is
summarized in Table 5 .

HITS-Based Key Opinion Leader Mining Model

The HITS algorithm, originally for webpage ranking, classifies pages into hubs
and authorities. Authorities are important pages recognized for specific topics,
while hubs point to many relevant authorities. They mutually reinforce each
other: good authorities are pointed to by many good hubs, and good hubs point
to many good authorities [22]. In Zhihu’s context, authority values represent
opinion leaders while hub values represent information disseminators.

For the unweighted social network, each iteration t is defined as:

t+1 Z B t) t+1) Z al

where a_ i is user i’s authority value and h_ i is hub value. Iteration continues
until convergence with parameter e = 107-20. The algorithm is summarized in
Table 6 .

For the weighted Q&A network, we incorporate weights from the previous defi-
nition. The improved iterative formulas are:

t+1) Z B . t+1 Z o)

The resulting authority and hub values are denoted as AUTH_ {QA}(i) and
HUB_ {QA}(i). Comprehensive rankings are calculated as:

ZR_AUTH(i) = w,AUTH_SR(i) + w,AUTH_QA(3)
ZR_HUB(i) = w, HUB_SR(i) + w,HUB_QA(i)
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Experiments and Analysis
Network Structure

Zhihu’s social network consists of large-scale mutual following relationships,
while the Q&A network comprises corresponding Q&A relationships. Due to
computational constraints, we selected the active subsets Net10K and Netb0K
to mine TOP10 key opinion leaders. To analyze basic network characteristics,
we plotted in-degree distributions on Netl0K. Figures 4(a) and 4(b) [Figure
4: see original paper] show both networks are scale-free, following power-law
distributions.

The social network’s degree distribution concentrates between 500-2000, with
fewer than 0.1% of users having in-degree > 7000. The Q& A network’s distribu-
tion concentrates between 100-250 with power exponent v = 1.78, indicating a
relatively sparse adjacency matrix with few high in-degree nodes, suggesting dis-
persed distribution of authoritative users. Further statistics reveal that among
27,846 Q&A relationships, the top 100 answerers account for 49% while the top
100 questioners account for only 2.8%.

Table 7 presents basic statistics for Net10K users across multiple dimensions:
upvotes, in-degree, eigenvector centrality, betweenness centrality, and closeness
centrality. These metrics measure influence from various perspectives: upvotes
represent authority and exposure; in-degree indicates cohesion and importance;
eigenvector centrality reflects importance based on neighbor quality; between-
ness centrality shows brokerage potential; closeness centrality represents prox-
imity to other nodes.

PageRank Algorithm Results and Analysis

Based on the improved PageRank algorithm, Tables 8 and 9 present PageRank
values from social networks (SR) and Q&A networks (QR) for Net10K and
Net50K, with weighted comprehensive Zhihu Rank values (ZR). The tables show
TOP10 key users by ZR value.

The Netl0K results show substantial overlap between TOP10 key users and
basic statistical TOP10, validating the PageRank algorithm’s effectiveness in
objectively reflecting influential users with information guidance and dissem-
ination roles. Due to significant differences in node counts between Net10K
and Net50K (average shortest path lengths of 2.31 vs. 1.86), Net50K exhibits a
tighter attention circle. The algorithms successfully identify key opinion leaders
across different network densities and structures, with some leaders maintaining
high PageRank values in both datasets, indicating stable authority unaffected
by network scope reduction.

Figure 5 [Figure 5: see original paper| plots various metrics for TOP40 key
opinion leaders from Net10K. When N > 25, influence-determining parameters
stabilize; when N < 10, significant fluctuations occur. Therefore, the optimal
focus range for TOPN key opinion leaders is 10-20. TOP10 leaders consistently

chinarxiv.org/items/chinaxiv-202308.00523 Machine Translation


https://chinarxiv.org/items/chinaxiv-202308.00523

ChinaRxiv [$X]

show high answer counts and follower numbers, confirming our analysis’s valid-
ity.

HITS Algorithm Results and Analysis

Based on the improved HITS algorithm, Tables 10 and 11 present authority val-
ues (AUTH_ {SR}, AUTH_{QA}) and hub values (HUB_ {SR}, HUB_{QA})
from both networks, weighted to produce final Zhihu authority ranking
ZR_{AUTH} and hub ranking ZR_ {HUB}.

Table 10(a) shows that TOP5 authority users all appear in PageRank’s TOP10,
demonstrating that both algorithms effectively capture comprehensive influence
and authority. Table 10(b) reveals that TOP5 hub users mostly don’t appear
in PageRank’s TOP10 or even basic statistical TOP10, yet exhibit high be-
tweenness and closeness centrality, indicating strong information dissemination
capabilities.

Figures 6(a) and 6(b) [Figure 6: see original paper| characterize TOP5 leaders
from Net10K. High-authority users typically show absolute advantages in sin-
gle features (followers, answers, influence), while high-hub users demonstrate
balanced performance across metrics, indicating strong multi-angle information
propagation capacity.

Both algorithms show substantial overlap in identified leaders, as PageRank ap-
proximates an ordered superposition of HITS authority and hub values. For ex-
ample, user Zhang Liang ranks TOP3 in PageRank while placing within TOP15
for both AUTH and HUB in Net10K, proving many users are both authoritative
and disseminative.

Algorithm Evaluation

Figure 7 [Figure 7: see original paper| compares convergence rates. Both al-
gorithms converge relatively quickly, with PageRank achieving better fit rates.
PageRank’s fitting curve rises until 20% of training samples then stabilizes,
while HITS converges more slowly, requiring more samples.

Figure 8 [Figure 8: see original paper| correlates PageRank values, AUTH, HUB,
upvotes, followers, eigenvector centrality, betweenness centrality, and closeness
centrality (labeled 0-7). Zhihu Rank shows moderate correlation with AUTH,
eigenvector centrality, and closeness centrality, indicating these measure differ-
ent influence aspects. Strong correlation with upvotes and followers validates
PageRank’s importance assessment, as users with high followers/upvotes have
greater probability of being followed and answering.

Although AUTH and HUB show moderate correlation, TOP20 rankings exhibit
substantial overlap, indicating mined key opinion leaders are both influential
and information pathways.
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Topic-Specific Key Opinion Leader Analysis

To validate algorithm effectiveness, we analyzed the topic “XX Technology”
(company name anonymized for objectivity and neutrality). Tables 12 and 13
show T'OP5 leaders for this topic from both algorithms.

The results show TOPS5 leaders from both algorithms partially overlap. Users Li
Nan, Huang Liang Yi Jiao, and Wong Xu appear in TOP5 for both PageRank
and HITS (authority /hub), indicating they are both “authoritative users” and
“information disseminators.” Table 14 lists Zhihu-certified excellent answerers
for this topic, including Li Nan, Hu Jie, and Deng Deng Da Ren, all identified
by our algorithms as topic-dependent key opinion leaders, demonstrating strong
practicality and accuracy.

Conclusion

This study constructs Zhihu’s social and Q& A networks using user relationships,
establishes a user influence evaluation model through AHP-based indicator hier-
archies, and applies it to improved PageRank and HITS algorithms for mining
key opinion leaders. By combining importance metrics from both networks, we
overcome the one-sidedness of single-network approaches. The improved algo-
rithms consider user activity, credibility, and influence, enhancing accuracy and
objectivity.

Experimental results show the proposed algorithms effectively extract prominent
key leaders from Zhihu with fast convergence, reusability, and transferability.
Topic-dependent user studies reveal significant commercial value, suggesting
the model could drive and guide marketing after continuous refinement. A
limitation is the lack of consideration for “water army” [23] impacts, which
represents future research focus.
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Abstract: [Purpose/significance] With the rapid development of network tech-
nology, the platform of Zhihu has become a significant carrier to discuss social
public topics and share knowledge as well as specified experience. Therefore,
it is of importance for studying the communication channels of social network
information to investigate the influence of key users and dig out the key opin-
ion leaders in the Zhihu platform. [Method/process] By the means of improved
PageRank and HITS algorithms, this study constructed a model for evaluating
user influence based on the social network and question-answering network of
Zhihu platform, and identified the key users and opinion leaders accurately and
objectively. [Result/conclusion] The experimental results show that PageRank
and HITS algorithms in this paper could effectively extract several key opinion
leaders with prominent features in Zhihu platform, the speed of the convergence
is fast and with high reusability and mobility. By processing and analyzing the
user dataset of Zhihu platform, we successfully build a model for evaluating the
user influence and mining key opinion leaders. Along with the verification of
specified topics, it can be inferred that this model has enormous application
value and commercial promotion prospect.

Keywords: Zhihu, user influence, key opinion leader, PageRank algorithm,
HITS algorithm
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