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Abstract

[Purpose/Significance] As probabilistic topic model algorithms continue to be
improved and extended, this study investigates existing citation-based topic
models developed domestically and internationally, analyzes and compares the
generative processes and algorithms of different models, and explores the ap-
plications and extensible research directions of citation-based topic models in
scientific text analysis.

[Method/Process] Relevant literature on citation-based topic models from do-
mestic and international sources was retrieved from the Web of Science and
CNKI databases. After manual review, representative works were selected, and
the citation-based topic models in these studies were compared and analyzed
in terms of modeling philosophy, generative process, parameter estimation, and
inference algorithms.

[Results/Conclusion] Currently, citation-based topic models developed domes-
tically and internationally primarily include: topic models for research topics
and citation distributions, topic models for investigating relationships between
cited and citing topics, and citation content-based topic models. The incorpo-
ration of citation information into topic models enables the acquisition of more
complete topic content and identification of important documents under spe-
cific topics, as well as the recognition of relationships and influences between
topics in citing and cited documents. Existing models are predominantly ex-
tensions based on Probabilistic Latent Semantic Analysis (PLSA) and Latent
Dirichlet Allocation (LDA) topic models. Future extensible research directions
include citation content-based topic models, model performance optimization
and evaluation methods, and applied research on models.
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Abstract

[Purpose/Significance] Probabilistic topic model algorithms continue to be
improved and extended. This paper examines existing citation-based topic mod-
els developed domestically and internationally, analyzes and compares the gener-
ative processes and algorithms of different models, and explores the application
of citation-based topic models in scientific text analysis and directions for fu-
ture research. [Method/Process] We retrieved relevant literature on citation-
based topic models from the Web of Science and CNKI databases. After manual
screening, we selected representative papers and conducted a comparative anal-
ysis of the modeling concepts, generative processes, parameter estimation, and
inference algorithms of the citation-based topic models proposed in these stud-
ies. [Result/Conclusion] Current citation-based topic models mainly include:
models focusing on topic-citation distributions, models studying relationships
between cited and citing topics, and citation content-based topic models. In-
troducing citation information into topic models enables the extraction of more
complete topic content and identification of important documents under specific
topics, while also revealing relationships and influences between topics in citing
and cited documents. Most existing models extend the Probabilistic Latent
Semantic Analysis (PLSA) and Latent Dirichlet Allocation (LDA) frameworks.
Future research may extend to incorporating citation content into topic models,
performance optimization and evaluation methods, and application studies.

Keywords: topic model, citation, topic detection, citation context

1. Introduction

In the information age, various types of information, particularly text resources,
are growing explosively. This continuous accumulation has led to increasingly
large text datasets. Scientific literature, in particular, is expanding exponen-
tially. As the primary carrier of knowledge and the cumulative form of knowl-
edge development, scientific literature contains substantial thematic informa-
tion that reveals the evolution of disciplines. Extracting latent topics and their
evolution from complex, large-scale text data can help researchers and decision-
makers identify research themes, quickly grasp the trajectory of scientific de-
velopment, and track the evolution of topics and knowledge flow in scientific
fields.
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In recent years, probabilistic topic models [1] have emerged in text mining as
statistical models used in machine learning and natural language processing to
discover latent topics in document collections, enabling semantic text mining.
By introducing the concept of topic space, these models achieve dimensionality
reduction of documents in topic space while extracting latent semantics from
document collections, providing concise representations for large-scale datasets
[2]. By mining deep, latent semantic information, probabilistic topic models
can better extract valuable latent topic distributions from scientific literature.
This new latent semantic space fills the gap between documents and words, of-
fering researchers a novel method for identifying topics in large text corpora
and becoming a highly active research area. With advances in natural language
processing, probabilistic topic models have been widely applied to topic identi-
fication and evolution analysis.

Among the many algorithms for probabilistic topic models, the two classic ap-
proaches are Probabilistic Latent Semantic Analysis (PLSA) [3] and Latent
Dirichlet Allocation (LDA) [1]. LDA has been extensively applied and extended
due to its solid mathematical foundation and flexibility. However, as research
has progressed, scholars have identified limitations in LDA, such as its assump-
tion of document exchangeability (documents have no sequential order) and
topic exchangeability (topics have no hierarchical or sequential relationships)
[4]. In reality, most corpora—especially scientific literature—are interconnected
in various ways rather than being independent, and topics in documents often
have sequential and hierarchical relationships. These assumptions fail to model
topic relationships and should be reconsidered when analyzing corpora.

Researchers have subsequently improved and extended these models by incor-
porating temporal factors to model topic evolution [5] and introducing author
metadata to build author-topic models [6]. A research paper is more than just
a bag of words; it contains additional structural information. Citations, as
crucial inheritance elements in scientific literature, contain less noise and can
demonstrate the influence of one document on another and the connections be-
tween topics. Therefore, scholars have introduced citation relationships into
topic models to improve and extend these algorithms. This paper provides an
in-depth analysis and comparison of existing citation-based topic models, elabo-
rates on their generative processes and algorithms, identifies existing problems,
and explores their applications in scientific text analysis and future research
directions.

2. Data Sources and Methods

To comprehensively analyze the latest research progress on citation-based topic
models, this study selected the Web of Science Core Collection and CNKI as
data sources for retrieving English and Chinese literature respectively. The data
collection process involved: (1) Searching English literature using the query: ((
“topic model” AND (citation OR citations OR cited OR citing OR reference))
OR ((” Bayesian model” OR “probabilistic model” ) NEAR (citation OR citations
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OR cited OR citing OR reference)) OR ((model NEAR topic) NEAR (citation
OR citations OR cited OR citing))). Document types were limited to articles,
proceeding papers, reviews, and editorial materials. The search was conducted
up to January 28, 2019, yielding 381 English publications, including 229 arti-
cles and 149 conference papers. In terms of major contributing countries, U.S.
scholars published 129 papers, while Chinese scholars published 93 . (2) Search-
ing Chinese literature using the query: (model (citation + reference*) (topic +
probability + Bayesian)). Chinese document types were limited to journal arti-
cles, conference papers, and dissertations, also up to January 28, 2019, resulting
in 155 Chinese publications. (3) Manually reviewing the literature from both
datasets and filtering out less relevant papers, we finally selected 26 representa-
tive studies that introduced citations into topic models for analysis.

3. Analysis of Citation-Based Topic Model Progress

Based on the 26 representative studies, we categorize the proposed citation-
based topic models into three research perspectives: models focusing on topic-
citation distributions, models studying relationships between cited and citing
topics, and citation content-based topic models. We provide detailed analysis
and comparison of these citation-based topic models.

3.1 Topic and Citation Distribution Models This category of topic mod-
els introduces citations to study the topic distribution of citations, extracting
distributions of citation documents and topics, or treating citations as words to
obtain joint topic-citation distributions. Representative models include PHITS,
PLSA+PHITS, Mixed-membership model, cc-LDA, cp-LDA, CitationLDA++,
Citation Author Topic Model (CAT), Citation Topic Model (CT), Citation-
Content-LDA, and Citation Network Topic Model (CNTM).

Early work on jointly modeling citations and textual content extended the PLSA
model. D. Cohn et al. [7] proposed the PHITS model by incorporating the
Hyperlink-Induced Topic Search (HITS) algorithm into PLSA. This model as-
sumes that citations are generated through a process similar to PLSA, but while
PLSA models words in documents, PHITS models citations. It introduces a
topic space between documents and citations, assuming that citing documents
follow a multinomial distribution over topics with specific parameters for cited
documents. The model uses the EM algorithm for maximum likelihood estima-
tion of parameters. PHITS demonstrated that incorporating citations improves
document classification, reveals the likelihood of a citation being cited under
specific topics, and can compute topic probability distributions for citations to
identify topic-specific references. However, it cannot extract topic-word distri-
butions.

Subsequently, D. Cohn and T. Hofmann [8] proposed the PLSA+PHITS joint
topic model, which utilizes the same factorization for both PLSA and PHITS
while sharing the same document-topic mixture distribution, thus introducing a
common latent topic space that can simultaneously extract topic-word and topic-
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citation distributions. This model employs EM methods for parameter inference
and produces more stable topics, achieving better classification performance
than PLSA or PHITS alone.

Later, scholars extended LDA using textual and citation data. E. Erosheva
et al. [9] proposed the Mixed-membership model (later also called Link-LDA),
which treats a document as both a bag of words and a bag of citations. Citations
and words are generated through the same process, sharing the same document-
topic distribution, with LDA used to generate topic-word and topic-citation
distributions separately. Using this model, Erosheva et al. identified topics in
12,036 PNAS life sciences articles, achieving finer-grained classification than the
dataset’ s own disciplinary categories.

Other researchers have calculated citation topic distributions from the perspec-
tive of citing documents. T. Nguyen et al. [10] developed the CitationLDA++
model, which uses LDA to obtain topic-word distributions as prior knowledge
for model inference. To compute citation topic distributions, the model obtains
citing document sets from the citation network, extracts top-k topics from prior
knowledge for each document, and uses Hellinger distance to calculate similarity
between citing document topics and top-k topics.

Building on Link-LDA, Y. Li et al. [11] proposed the cc-LDA and c¢p-LDA mod-
els. The cc-LDA model is similar to Link-LDA but differs in processing each cita-
tion by additionally extracting citation-word distributions beyond topic-citation
distributions. The cp-LDA model introduces citation location information, di-
viding an article into two parts— “Introduction and Related Work” and “Others”
—with citation locations generated from a beta distribution.

Additionally, some scholars have attempted to jointly model citations with other
document metadata such as authors. Notable examples include the Citation
Author Topic (CAT) model by Y. Tu et al. [12], which jointly models words,
authors, and citations, and the Collective Topic Model by Z. Lu et al. [13], which
incorporates authors, publication venues, and citation relationships into PLSA
to evaluate paper influence based on topics using co-citation relationships.

Other researchers have extracted citation topic distributions. Z. Guo et al. [14]
constructed the CT model, which first extracts document-citation distributions
and then citation-topic distributions, capturing indirect citation relationships
through random walks on directed graphs. Evaluated on 9,998 documents
from the Cora dataset, the CT model outperformed PLSI, PHITS, LDA, and
PLSA+PHITS in topic clustering.

X. Huang et al. [15] designed the Model for Topic-sensitive Influential Paper
Discovery (MTID), which extracts topic distributions from citing documents
and models the importance of papers across different topics.

From a hierarchical perspective, H. Zhou et al. [16] proposed the Citation-
Content-LDA model with two layers: the first layer uses citations to generate
parent topics representing citation clusters, and the second layer extracts child
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topics from each parent topic. Since citation relationships are fewer than words,
this model reduces computational complexity.

While the above models are parametric, researchers have also developed non-
parametric models. K. W. Lim and W. Buntine [17-18] constructed the Citation
Network Topic Model (CNTM), extending non-parametric models based on the
Poisson Mixed-topic Link Model (PMTLM) [19] and Author-Topic (AT) model
[20] by incorporating authors, citations, and textual content.

H. Bai et al. [21] proposed the Neural Relational Topic Model (NRTM), which si-
multaneously leverages latent correlations between topics and citation networks.

As shown in Table 1 :

3.2 Cited-Citing Topic Relationship Models This category of topic mod-
els focuses on the relationship between topics in citing documents and cited
documents. By choosing whether to sample topics from cited document topic
distributions or by sharing the same topic-citation distribution, these models
reveal how cited document topic distributions influence citing document topic
distributions. Representative models include Copycat, Citation Influence Model
(CIM), Pairwise Link-LDA, Link-PLSA-LDA, Inheritance Topic Model (ITM),
Relational Topic Model (RTM), cite-LDA, cite-PLSA-LDA, TERESA, Bernoulli
Process Topic Model (BPT), Bi-Citation-LDA, RefTM, and Latent Topical Au-
thority Indexing (LTAI).

L. Dietz et al. [22] proposed the Copycat and CIM models. In Copycat, each
topic in a citing document is drawn from a mixture of its citations’ topics, and
each word in the citing document is associated with a cited document. Thus,
the cited document’ s topic distribution influences the citing document’ s topics,
modeling dependencies between cited and citing documents, co-citations, and
bibliographic coupling. However, this model forces every word in the citing
document to associate with a cited document, which does not always hold in
practice, introduces new words into cited document topics, and cannot reveal
innovative or emerging topics.

The CIM model overcomes these limitations by allowing citing documents to
choose whether to sample topics from cited document topic distributions or from
their own distributions via a Bernoulli process. Empirical studies show that CIM
outperforms Copycat in predictive performance, though it only handles simple
bipartite graphs and cannot process complex citation networks.

M. Kim et al. [23] extended CIM by incorporating PageRank values of cited
documents to calculate citation strength, using this strength to set thresholds
for building weighted citation networks for topic diffusion analysis.

Subsequently, Z. Guo et al. [24] proposed the Bernoulli Process Topic Model
(BPT), which considers that each paper plays two distinct roles: as a document
itself and as a cited document. When treated as a cited document, topics are
sampled as in LDA; for the document’ s own research topics, the distribution
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is a mixture of its citations’ topic distributions, with the multi-level structure
of the citation network captured through a random Bernoulli process. BPT
outperforms LDA, Link-LDA, Copycat, and CIM in perplexity.

T. Masada et al. [25] proposed the TERESA model, which similarly combines
textual topic information with citation relationships to discover high-quality
topics, predict citation strength, and identify inheritance and evolution rela-
tionships within topics.

Some models incorporate author metadata alongside citation relationships. J.
Kim et al. [32] proposed the LTAI model, which introduces author distributions
into each citation relationship, with parameters for calculating citation influence
following a Dirichlet distribution.

T. Dai et al. [33] developed the Topic Model with Author Link Community for
Citation Recommendation, incorporating author and citation information to
obtain author-citation distributions, co-author distributions, and relationships
between citing and cited documents. This model outperforms Link-PLSA-LDA
and RTM in citation recommendation performance.

As shown in Table 2 :

3.3 Citation Content-Based Topic Models H. Small [34] defined cita-
tion context in 1982 as the textual content surrounding reference markers. Re-
searchers have conducted exploratory studies on topic extraction and clustering
using citation content. B. Aljaber et al. [35] found that topical terms from
citation content can effectively identify research themes for document cluster-
ing. L. Bornmann et al. [36] discovered that keywords extracted from citation
content are semantically closer to research content than those from titles and
abstracts. M. Doslu et al. [37] used citation content to build directed, topic-
indexed citation networks and applied the HITS algorithm to rank papers by
topic, identifying topic-specific important documents. S. Liu et al. [38] used
LDA to identify citation content topics and found that citation content topics
cover broader scopes than citation-based topics. Yang Chunyan et al. [39] used
a Labeled-LDA combined topic model to extract citation content topics, find-
ing that citation content can eliminate “noise” in full text while covering as
many topics as possible. X. Liu et al. [40] employed Labeled-LDA to construct
a citation content-based network graph between cited and citing documents,
addressing issues of citation reasons and contribution values.

S. Kataria et al. [41] introduced citation content into Link-LDA and Link-PLSA-
LDA, proposing the cite-LDA and cite-PLSA-LDA models. These models as-
sume that word and cited document selection in citation content are indepen-
dent, simultaneously sampling topic-word and topic-citation distributions for
words in citation content. In cite-PLSA-LDA, citing documents follow the
cite-LDA generative process, while cited documents use PLSA to extract topic-
citation distributions. Performance evaluation experiments on 3,312 CiteSeer
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documents showed that cite-LDA performs similarly to Link-LDA and Link-
PLSA-LDA, while cite-PLSA-LDA outperforms the other three models.

4. Conclusion and Outlook

This paper systematically reviews the development status of citation-based topic
models proposed by scholars in recent years, providing detailed analysis and com-
parison of each model’ s concepts and generative processes. This work offers
references for method selection in topic identification and evolution analysis in
information science, and provides insights for further improvement and refine-
ment of these models.

The research on citation-based topic models has primarily focused on model
extension, improvement, and optimization in recent years. Research perspec-
tives include topic-citation distributions and relationships between cited and
citing topics. Vocabulary sources for topic identification include both citing
and cited documents, and with the development of full-text analysis, citation
content-based topic models have emerged. Existing research shows that citation
content contains richer semantic information related to topics than citation anal-
ysis alone. Unlike citations, the unit of analysis is no longer the document but
knowledge elements within documents, offering new interpretations of node at-
tributes and relationships. However, research incorporating citation content
into topic modeling remains relatively limited.

Existing models demonstrate that introducing citation information improves
topic identification by simultaneously extracting accurate keyword and key doc-
ument distributions, yielding more complete topic content, improving document
classification, revealing relationships and influences between topics in citing and
cited documents, and providing important quantitative analysis for topic evo-
lution. However, several issues remain. As our comparative analysis shows,
topic-citation distribution models only model document citation features with-
out modeling topic relationships between citing and cited texts, failing to demon-
strate thematic inheritance and having overly simple generative processes that
cannot explain citation structures and phenomena in corpora. Cited-citing topic
relationship models can reveal topic-level associations, but vocabulary for topic
identification primarily comes from titles and abstracts of cited documents, with
insufficient research using citation content to represent cited document topics.

Clearly, citation-based topic modeling requires further development. Future
trends may extend in the following directions.

4.1 Research on and Extension of Citation Content-Based Topic Mod-
els Current research on citation content topic models is limited, primarily
applying existing mature models to identify citation content topics. As cita-
tion content analysis and natural language processing intersect more deeply,
semantic and automatic analysis of citation topics using citation content will
advance, strengthening citation analysis depth, particularly in semantic under-
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standing. Furthermore, with internet technology development and the open
access movement, full-text data has become more accessible and parseable, con-
taining richer textual information. For example, XML-formatted full-text data
uses structured markup to tag citation content, further promoting citation con-
tent analysis. How to extract citation content textual elements from full-text
data for text mining and semantic analysis, and how to build appropriate topic
models to extract and identify latent topic structures and evolution information,
require in-depth exploration.

4.2 Performance Optimization and Evaluation Methods for Citation-
Based Topic Models Citation-based topic models require more efficient al-
gorithms for performance optimization. Most current models transform term or
citation space into topic space, with existing models primarily extending PLSA
and LDA and using EM algorithms, variational inference, and Gibbs sampling
for parameter estimation and inference. Additionally, these models, particu-
larly cited-citing topic relationship models, introduce new latent variables that
increase runtime. For example, in Link-LDA and Link-PLSA-LDA, the time
complexity of single Gibbs sampling iterations is linearly related to the number
of links in the corpus, limiting scalability when link counts are large. How to de-
sign performance optimization methods for these models and balance complexity
reduction with topic quality requires further research. Moreover, current evalu-
ation of citation-based topic models uses perplexity comparison and recall rates,
with some models employing AUC, precision, topic coherence, and F1-Score.
Evaluation methods could be expanded from multiple perspectives.

4.3 Application Studies of Citation-Based Topic Models Citation-
based topic models are currently applied mainly to topic identification, topic
evolution, text clustering, link prediction, and citation recommendation. These
models essentially provide probabilistic modeling methods for text with link
information and can be applied to various text mining tasks. Besides scientific
literature, some scholars have applied them to web pages and blog data,
demonstrating their extensibility to diverse linked corpora. However, more
in-depth research on application effectiveness evaluation is needed.
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