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Abstract
[Purpose/Significance] This study integrates user usage behavior into the ency-
clopedia entry evaluation system and conducts a comprehensive evaluation of
Baidu Baike entries from a multi-dimensional perspective. [Method/Process]
Building upon existing research from scholars both domestically and interna-
tionally, and based on 4 dimensions, 12 quantitative indicators were selected as
research metrics to conduct a comprehensive evaluation of Baidu Baike entries.
[Results/Conclusion] User usage behavior indicators and link indicators play a
relatively important role in the comprehensive evaluation of entries; the research
enriches the evaluation system for encyclopedia entry studies, but its limitation
lies in not considering features such as richness and rigor that are difficult to
quantify accurately.
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Abstract
[Purpose/Significance] This study incorporates user behavior metrics into
the encyclopedia entry evaluation framework to conduct a comprehensive as-
sessment of Baidu Encyclopedia entries from a multi-dimensional perspective.
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[Method/Process] Drawing upon domestic and international research find-
ings, we selected 12 quantitative indicators across four dimensions as our re-
search metrics to comprehensively evaluate Baidu Encyclopedia entries. [Re-
sult/Conclusion] User behavior indicators and link indicators play a relatively
significant role in the comprehensive evaluation of entries. This research enriches
the evaluation system for encyclopedia entry studies, though its limitation lies
in not considering characteristics such as richness and rigor that are difficult to
quantify accurately.
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With the application of Web 2.0 technologies, online encyclopedias—typical
Wiki products—have achieved rapid development, with Baidu Encyclopedia be-
ing the most representative product in China. Entries (or articles) constitute
the smallest unit of online encyclopedias. As of February 8, 2019, Baidu Ency-
clopedia contained 15,906,266 entries, with 6.7 million people participating in
their compilation. Entries represent the core content of Baidu Encyclopedia,
which categorizes them into 11 major categories including arts, science, nature,
culture, and geography. The entry structure is highly standardized, comprising
the entry title, summary, basic information in table format, table of contents,
main text, reference annotations, entry tags, and other elements.

Online encyclopedia content is primarily user-generated and significantly influ-
enced by the subjectivity of editors, making it difficult for users and adminis-
trators to effectively measure entry quality. Although Baidu Encyclopedia has
established a proprietary review system, entry information quality largely de-
pends on the quality of the vast editor community. Since editors do not always
follow rigorous structured processes during editing, and the number of ency-
clopedia entries has grown explosively, entry quality has become increasingly
uneven, negatively impacting users’ experience. Comprehensive evaluation of
encyclopedia entries has always been an important research problem.

2 Research Status
Current research on online encyclopedia quality evaluation mainly focuses on
the following aspects:

(1) Qualitative evaluation studies. These primarily reference traditional
encyclopedia standards, conducting qualitative analysis of target entries using
expert or individual knowledge for manual review. Many scholars have stud-
ied factors affecting entry quality and established objective evaluation criteria.
The Wikipedia website [?] itself has proposed detailed article quality rating
standards, dividing entries into different levels such as featured, A-class, good,
B-class, C-class, start, and stub through peer review. B. Stvilia [?] et al. ex-
plored the impact of different cultural and community backgrounds on infor-
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mation quality assessment and the feasibility of using article editing-based met-
rics for automated quality measurement of Wikipedia in different contexts. S.
Lichtenstein [?] et al. established a knowledge production model for Wikipedia
and analyzed its information quality. O. Arazy [?] et al. developed a theoreti-
cal model explaining how three factors—diversity of member knowledge bases,
task conflict, and member roles—interact to determine Wikipedia entry qual-
ity, conducting empirical research on 96 entries. J. Liu [?] et al. analyzed the
relationship between editor collaboration and entry quality, with empirical re-
search helping to improve Wikipedia quality. E. Yaari [?] et al. selected 64
users to evaluate the quality of five Wikipedia entries, exploring how informa-
tion consumers assess content quality in collaborative environments. K. Osman
[?] et al. analyzed 147 conversations about Wikipedia quality using a grounded
theory approach, exploring the role of entry conflict in Wikipedia quality. D.
Lewandowski [?] et al. summarized extended discussions on encyclopedia entry
quality, developed a heuristic method for evaluating Wikipedia entries, and com-
pared Wikipedia pages in search engine results with manual relevance judgments
from experimenters. Ding Jingda [?] examined the connotation of Wikipedia
entry information quality from three aspects, summarized domestic and inter-
national research status and different evaluation indicators for Wikipedia entry
information quality, and constructed a multi-dimensional heuristic evaluation
framework containing concepts, relationships, classifications, and methodologies
to evaluate Wikipedia entry information quality. Zhao Wenxuan [?] analyzed
the characteristics, advantages, working models, and resource comparisons of
online encyclopedias in detail, discussed entry information quality, provided
quality evaluation criteria for high-quality entries, and elaborated on six factors
affecting online encyclopedia entry quality. Huang Linghe [?] studied the dy-
namic evolution characteristics of online encyclopedia information quality and
proposed targeted evaluation strategies, emphasizing process evaluation, consid-
ering lifecycle characteristics, and requiring active third-party involvement.

(2) Construction of evaluation indicator systems. This research estab-
lishes detailed statistical indicator systems for entry quality based on statisti-
cal indicators and quantitative evaluation methods. A. Lih [?] extracted two
evaluation indicators, “diversity” and “rigor,” from the perspective of editing
history information to judge entry quality. F. Chevalier [?] et al. proposed
five maturity and quality assessment indicators for Wikipedia articles through
visualization methods, significantly reducing evaluation time while maintaining
quality accuracy. Jin Yan and Zhou Ting [?] et al. studied collaborative content
creation systems in general, established specific evaluation indicator systems us-
ing the Analytic Hierarchy Process, constructed a targeted Baidu Encyclopedia
evaluation indicator system from Baidu Encyclopedia’s actual situation, and
conducted verification. Zhang Bo [?] et al. used the Analytic Hierarchy Process,
integrated user needs and content characteristics, and established a content
quality assessment model with four levels and 14 indicators using Wikipedia
as an example. Jin Yan [?] established a quality evaluation indicator system
for collaborative content creation systems from a user experience perspective
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and proposed quality assurance measures in three aspects: information value,
system performance, and user satisfaction.

(3) Automatic evaluation studies. With the development of computer tech-
nology, automatic evaluation methods have been introduced to online encyclo-
pedia entry evaluation. By selecting appropriate entry features and combining
them with other attributes, machine learning algorithms are used to automat-
ically complete entry rating work. M. Warncke-Wang [?] et al., based on the
work of B. Stvilia [?] et al., ultimately selected five features and also used deci-
sion tree algorithms to classify entry quality. J. E. Blumenstock [?] proposed a
simple method to measure Wikipedia entry quality using only word count and
demonstrated through empirical testing that its effect is better than many com-
plex methods. H. Dalip [?] et al. explored numerous quality indicators, unified
evaluation indicators into the same framework through machine learning meth-
ods, and identified indicators most and least relevant to quality evaluation. L.
Calzada [?] et al. provided a simple information quality model, mainly studying
“stable” and “controversial” Wikipedia articles and comparing them with man-
ually evaluated information quality. Qiu Jiangnan [?] et al. proposed 15 quan-
tifiable objective indicators, used the decision tree C4.5 classification algorithm
to construct an automatic classification model for evaluating Wikipedia page
information quality. Li Xinyi [?] selected content features and editing history
features as core indicators for judging entry quality, used SVM-based classifi-
cation methods and PageRank algorithms to distinguish and rank high-quality
and low-quality entries. Tong Zhaojuan [?] et al. selected three webpage feature
values, achieved automated evaluation of webpage quality through automated
processing and extraction of webpage features, and selection of high-quality clas-
sifiers. Xiao Kui and Li Bing [?] et al. considered entry attributes and editor
behavior, screened 15 entry attributes and four user attributes, and determined
Wikipedia entry levels through classification and cosine similarity calculation of
entry quality.

(4) Model-based ranking evaluation. Based on specific models, entry qual-
ity values are automatically calculated and ranked to complete the evaluation
process. M. Hu [?] et al. used interaction data between entries and contributors
from Wikipedia editing history to propose three quality detection models: Basic-
Model, PeerReviewModel, and ProbReviewModel, using the NDCG@k indicator
for algorithm evaluation and achieving good performance. H. Zeng [?], E. Lim
[?], and P. Dondio [?] et al. used different models to calculate entry quality from
the perspective of editing behavior and obtained entry quality ranking results.
T. Wohner [?] et al. proposed an information lifecycle-based method to evaluate
Wikipedia entry quality. S. Javanmardi [?] et al. modeled the dynamic evolu-
tion of Wikipedia entry content quality, evaluated featured and non-featured
Wikipedia articles, and conducted case analysis through CalSWIM. Y. Suzuki
[?] evaluated entry quality from the perspective of entry content survival rate
and developed a set of entry ranking methods. X. Li [?] et al. developed several
models to rank Wikipedia articles through the relationship between trial arti-
cles and editors and proposed that using manual evaluation to assist automatic
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evaluation is a feasible quality assessment solution.

Some scholars have also used link analysis ideas to calculate entry quality rank-
ings. D. Wilkinson et al. [?] used the PageRank algorithm to first grade entries,
then analyzed entry quality within the same grade to discover commonalities of
high-quality entries. Xiao Kui and Luo Baoshan [?] et al., through domain limi-
tation, applied the HITS algorithm idea, used the credibility of editors in specific
fields to automatically calculate entry quality values. K. Wu [?] et al. conducted
network analysis on the revision history of Wikipedia in six different languages,
exploring the impact of the network structure of interactions between articles
and contributors on UGC quality.

In summary, current research mainly focuses on single-dimensional perspectives
such as entry content dimension, network dimension, and editing dimension,
while multi-dimensional entry quality evaluation research is still lacking. In
addition to the feature indicators used in the above scholars’ research, Baidu
Encyclopedia entry attributes also include user behavior characteristic indica-
tors: entry user browsing, sharing, and like values, while research on encyclo-
pedia entry evaluation and classification based on such indicators is very rare.
Therefore, this study aims to solve two problems: � How to incorporate user be-
havior indicators into the Baidu Encyclopedia entry evaluation system; � How to
comprehensively evaluate Baidu Encyclopedia entries from a multi-dimensional
perspective.

3 Research Methods
To address the two research questions, this study refers to the encyclopedia
entry evaluation characteristic indicators proposed by domestic and interna-
tional scholars, combines them with the accessible content from the 2018 Baidu
Encyclopedia user interface, and selects 12 quantitative indicators across four
dimensions as research objects.

(1) Content dimension: Content length indicators include summary length,
main text length, and image count. Content length indicators represent the
richness of entry content. Compared to Blumenstock’s use of word count as an
indicator, this study more finely distinguishes between summary and main text
length, while adding image count to make the data more convincing. Secondary
content indicators include reference count, tag count, and infobox count. These
three are not directly related to entry quality like entry length and link indicators
but reflect entry refinement from a side perspective.

(2) Network link dimension: Outlink and inlink counts. As commonly used
indicators in link analysis, outlink and inlink counts can reflect the connectivity
of entries in the entire entry network. Entries with high outlink and inlink
counts are more likely to attract users to transfer from other entries or to other
entries and are important indicators reflecting entry usage probability.

(3) User behavior dimension: Page views, likes, and shares. The quality of

chinarxiv.org/items/chinaxiv-202307.00481 Machine Translation

https://chinarxiv.org/items/chinaxiv-202307.00481


encyclopedia entries is largely associated with user behavior. Entries with high
views, likes, and shares inevitably differ in quality from neglected entries.

(4) Editing dimension: Compared to entry creation time, edit count better
measures the entry lifecycle, reflecting differences between high-quality entries
with high update frequency and low-quality entries with long-term lack of main-
tenance.

3.1 Indicator Weight Measurement Method

To measure the influence of each indicator on the comprehensive evaluation
results, this study uses the entropy weight method to calculate the entropy
weight of each indicator. The entropy weight method is an indicator weight
assignment method based on the concept of information entropy from Shannon’s
information theory [?], which can evaluate the weight of each parameter without
decision-maker preferences. The calculation steps are as follows [?]:

(1) Standardize the existing Baidu Encyclopedia entry indicator decision ma-
trix 𝐷 (with 𝑚 evaluation indicators and 𝑛 entry samples) to obtain the
standardized matrix 𝑅:

𝑅 = (𝑟𝑖𝑗)𝑚×𝑛
where 𝑟𝑖𝑗 refers to the standardized value of the 𝑖-th entry on the 𝑗-th
indicator.

𝑟𝑖𝑗 = 𝐷𝑖𝑗 − min{𝐷𝑖𝑗}
max{𝐷𝑖𝑗} − min{𝐷𝑖𝑗}

, 1 ≤ 𝑖 ≤ 𝑚, 1 ≤ 𝑗 ≤ 𝑛 (1)

(2) Calculate the entropy value 𝐻 of all indicators:

𝐻𝑖 = −𝑘 ∑ 𝑓𝑖𝑗 ln 𝑓𝑖𝑗, 𝑖 = 1, 2, 3, … , 𝑚 (2)

(3) Calculate the entropy weight 𝜔 of all indicators:

𝜔𝑖 = 1 − 𝐻𝑖
𝑚 − ∑𝑚

𝑖=1 𝐻𝑖
(3)

where 0 ≤ 𝜔𝑖 ≤ 1, and ∑𝑚
𝑖=1 𝜔𝑖 = 1.

The larger the parameter weight calculated by the entropy weight method, the
greater the parameter’s impact on the evaluation results.

3.2 Entry Quality Evaluation Method

The Grey Relational Analysis (GRA) model was originally proposed by Profes-
sor Deng Julong, the founder of grey system theory, in the 1980s. Professor
Deng’s GRA model is also known as the Deng’s Grey Relational Analysis model
or Grey Relational Analysis model in application. Currently, the GRA model
is widely used in multi-objective optimization. The specific evaluation steps in
this study are as follows:
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(1) Collect and statistics experimental data according to selected evaluation
indicators, construct the decision matrix for standardization (same stan-
dardization process as in 3.1).

(2) Calculate the correlation coefficient between each group of entry indicators
and the optimal value:

𝜉𝑖𝑗 = (|𝑧𝑖𝑗 − 𝑧0𝑗|) + 𝜂 × max(|𝑧𝑖𝑗 − 𝑧0𝑗|)
|𝑧𝑖𝑗 − 𝑧0𝑗| + 𝜂 × max(|𝑧𝑖𝑗 − 𝑧0𝑗|)

(4)

where 𝜂 is the resolution coefficient, and 𝜂 ∈ (0, 1). Generally, the value of
𝜂 determines the difference between correlation coefficients; the smaller 𝜂
is, the stronger the resolution. In this study, 𝜂 is set to 0.5. The correlation
coefficient 𝜉 represents the degree of association between the 𝑖-th entry and
the optimal value on the 𝑗-th indicator.

(3) Calculate the correlation degree of each entry based on the weight coeffi-
cients obtained by the entropy weight method, and then make a compre-
hensive evaluation.

3.3 Data Acquisition

The data crawling process used in this study is as follows: (1) Initial crawl-
ing: By analyzing the link structure of the Baidu Encyclopedia site, links in
the form of http://baike.baidu.com/view/00000010.htm were found. By
traversing digital IDs, a series of initial links could be obtained. Using Python’s
urllib2 library, pages could be downloaded locally. (2) Data cleaning: First,
determine the structural elements of the Baidu Encyclopedia page to be crawled,
such as: main title, subtitle, summary, main text, images, internal links, exter-
nal links, etc. Simultaneously, establish a class named Page to describe the
above information, where titles are represented by text variables and links by
list variables. (3) Data storage: Establish a MySQL database, create a table
named entry in the database, represent the above page structure elements with
attributes in the table, and use the pymysql library to write the cleaned data
into the database. (4) Secondary crawling: Through analysis, it was found
that the initially crawled pages contained a large number of relative links in the
form of /item/abc, with link targets being other entry pages. Therefore, using
the internal links obtained from the initial page collection as seed URLs, the
methods in steps 1-3 were used again for data crawling and cleaning. During
secondary crawling, it was necessary to determine whether the URL had already
been written into the database; if a corresponding record existed, it would not
be crawled repeatedly.

4 Research Results and Analysis
4.1 Indicator Weights

Based on the decision matrix generated from all encyclopedia entry data, the
entropy weight method was applied to calculate the entropy weight values of all
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indicators as shown in Table 1 and Figure 1 [Figure 1: see original paper]:

Table 1 Encyclopedia Entry Indicator Weight Table | Indicator No. |
Indicator Name | Weight | |—————|—————-|——–| | Indicator 1 | Sum-
mary word count | 0.022 | | Indicator 2 | Main text word count | 0.041 | |
Indicator 3 | Infobox count | 0.011 | | Indicator 4 | Tag count | 0.018 | | Indicator
5 | Outlink count | 0.086 | | Indicator 6 | Inlink count | 0.171 | | Indicator 7 |
Reference count | 0.052 | | Indicator 8 | Image count | 0.052 | | Indicator 9 | Page
views | 0.160 | | Indicator 10 | Shares | 0.185 | | Indicator 11 | Likes | 0.175 | |
Indicator 12 | Edit count | 0.026 |

Figure 1 Encyclopedia Entry Indicator Weights

The results show that the four highest-weight indicators include three user be-
havior indicators—page views, likes, and shares—and the inlink count weight is
comparable to these three. The outlink count, as an “altruistic” indicator, has
a weight less than half of the inlink count but is still significantly higher than
the remaining indicators.

4.2 Comprehensive Evaluation Results

Based on the indicator weights obtained from the entropy weight method, ap-
plied to the grey relational analysis algorithm, the comprehensive evaluation
scores for all entries, i.e., entry quality scores, were calculated and ranked ac-
cordingly.

Top 10 Entry Quality Rankings:
Taiwan (Region of the People’s Republic of China), Liu Shishi, CCTV Doc-
umentary Channel, Uchiha Sasuke, Nanjing Road (Shanghai Nanjing Road),
Sagittarius (Astrology), Harem Anime, Korean TV Dramas, DOS (DOS Oper-
ating System), Wang Leehom

Bottom 10 Entry Quality Rankings:
Related Peak, Game Interface, Lung Kwu Tan Power Plant, Social Isolation,
Primary Coast, Compression Algorithm, Compatibility Testing, Tower of Hanoi
Problem, Monocrystalline Silicon Solar Cell Module, Carbon Dioxide Tax

The comparison of indicators across dimensions for high-ranking and low-
ranking entries is shown in Table 3 :

Table 3 Entry Indicator Comparison | Indicator | CCTV Documentary
Channel | Uchiha Sasuke | Lung Kwu Tan Power Plant | |———–|—————

———–|—————|————————–| | Summary length | … | … | … | | Main
text length | … | … | … | | Infobox count | … | … | … | | Tag count | … | … | … | |
Outlink count | … | … | … | | Inlink count | … | … | … | | Reference count | … | …
| … | | Image count | … | … | … | | Likes | … | … | … | | Edit count | … | … | … |

As shown in Table 3, high-ranking entries have far higher values for most indica-
tors than low-ranking entries, except for the tag count indicator, where there is
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no significant difference among entries. This aligns with the indicator weight re-
sults obtained from the entropy weight method, where tag count has the lowest
weight among the 12 indicators.

CCTV, as the entry ranked 3rd in comprehensive scoring, compared with the
top 5 entries, has no advantage in most indicators except for tag count and
edit count, but can rank 3rd simply by having 2,626 inlinks, demonstrating the
importance of a privileged position in the entry link network.

4.3 Discussion

Based on the entry quality assessment using the entropy weight method and
grey relational analysis, clear quality differences between different entries can be
demonstrated. This study not only uses feature indicators from related domes-
tic and international research but also additionally incorporates user behavior
indicators. The results show that these indicators have influence comparable
to network link indicators and far higher than other indicators in comprehen-
sive entry quality evaluation. Therefore, incorporating user behavior data into
encyclopedia entry quality evaluation research is meaningful.

This study, based on the theoretical foundation of domestic and international
encyclopedia entry research, extracted 12 quantitative indicators across four di-
mensions for Baidu Encyclopedia entries and conducted a comprehensive evalua-
tion. Incorporating user behavior dimension indicators into the entry evaluation
indicator system is feasible and necessary. The three user behavior indicators
all have relatively high entropy weights. The selected indicators are all quantifi-
able indicators based on statistics. Future research will explore how to combine
qualitative features such as text richness, rigor, and editor reputation with quan-
titative features.
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