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1 Background and Strategy

Natural language content is a manifestation of human ingenuity and creativity, influencing and propelling the ad-
vancement of human civilization. If Artificial Intelligence (Al) stands as a crowning achievement, Natural Language
Processing (NLP) represents the most illustrious jewel in this crown. My professional passion lies in leveraging com-
putational methods to aid users and applications in comprehending, recognizing, and generating valuable insights
from natural language data and phenomena.

Since the turn of the century, there have been two transformative shifts in text content generation. The first
emerged in early 2000s driven by the advent of social media while traditional professional content creation still
held sway. From the late 2000s, the paradigm shift became prevalent and obvious, ushering in the coexistence
of user-generated content (UGC) alongside professionally generated content (PGC). This shift liberates ordinary
individuals to actively participate in content creation. The second significant transformation has taken place more
recently, driven by rapid advancements in generative Al algorithms, particularly in the field of language modeling
technologies. As a result, an increasing proportion of content is now being created with machine assistance or
fully automated generation, namely Al generated content (AIGC). This trend points towards a future where Internet
content and applications will continue to diversify and become increasingly virtualized.
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2 My Research Development

2.1 Era of Professionally Generated Content (PGC)

During the early stage of my research career (2004-2009), the media landscape was largely homogeneous, with
traditional web pages serving as the predominant content format. Texts were primarily authored by professional
producers, and social media platforms were in their nascent stages. During this phase, my research focused on pro-
cessing texts from traditional media and developing more effective text retrieval methods, specifically for searching
web contents. My doctoral research centered on web search and ranking for multilingual environment. It addressed
the challenge of language barriers hindering monolingual users from accessing information in different languages
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through search engines. I also expanded the research to address the problem of cross-domain vertical search and
result ranking in an environment with imbalanced information resources, aiming to effectively retrieve useful infor-
mation from low-resource domains.

To facilitate cross-language retrieval, traditional methods relied on query translation. However, automatic trans-
lation technology during that time was much less effective than today, leading to translated queries that did not align
with the target language’s conventions. To overcome this limitation, I developed an innovative cross-lingual query
suggestion approach [1} 4]]. This approach involved identifying candidate queries in the target language from exten-
sive search query logs given the source-language query, for which I utilized linear regression to learn how to match
queries cross-lingually to suggest the optimal target-language queries.

Furthermore, in a multilingual search environment, search results in different languages often came from distinct
models, posing the challenge of how to fairly rank multilingual search results. To address this, I devised a novel
joint ranking model based on restricted Boltzmann machines, a stochastic recurrent neural network [2]. This model
leveraged document relevance in one language to help relevance estimation in different languages, thereby improving
the probabilistic inference of the relevance of entire multilingual ranking list. This novel idea was further extended
by utilizing bilingually relevant information to improve monolingual search ranking algorithms [3]].

Inspired by these ground works, my focus shifted towards domain adaptation problems in web search during a
transitional period after my Ph.D. study. I explored the adaptation of ranking models [3, 16} [7, [12] and classification
models [[10} [11] to low-resource or different vertical search domains. Although these studies used traditional PGC
as data, they laid the foundation for my subsequent research that encompassed heterogeneous media content forms.

2.2 From PGC to Social Media

With the popularity of social media, the influence of User-Generated Content (UGC) has become increasingly evi-
dent. During the 2011 social revolution in the Middle East, I observed the intricate interplay between social media
and traditional media and the significant roles they played in shaping the movement. This prompted me to con-
centrate my research on cross-media information connections and complementarity to provide more accurate and
comprehensive insights on concerned social events and topics.

Between 2012 and 2014, I designed and developed a range of technologies, including joint topic extraction,
aspects alignment, and complementarity measurements for cross-media event summarization [8]]. Notably, I focused
on harnessing the real-time nature of social media content and devised a method for generating news highlights
from relevant posts on Twitter [13, [14]]. The models used mainstream news highlights as training targets, learning
how authors write news highlights based on social media posts, particularly for the cases where news content is
underreported by mainstream media.

Moreover, in the context of societal development and transformation, a precise understanding of public opinion
is crucial for governments, individuals, and communities. Existing opinion analysis technology, however, could not
adequately and efficiently monitor the dynamic evolution of topics and sentiments. To address this, I worked with
my collaborators to pioneer two innovative methods: a dynamic joint model for predicting and tracking changes in
topics and sentiments [9], and a tweet sentiment quantification model for estimating the prevalence of opinions on
the given topics [[18, 19} 20].

As my research progressed, I found that unreliable or even false information is often output by the system, as a
result of garbage-in-garbage-out dilemma of data-driven approaches, which is fatal to the credibility of downstream
applications. I anticipated that the factuality of UGC might emerge as vital factors affecting the wide acceptance
of natural language applications. Meanwhile, I cast my doubt on its trustworthiness due to the lack of systematic
moderation in social media, necessitating a shift in my research focus towards information credibility. Since 2015,
I have guided a student in developing methods for rumor detection. We introduced a time series model based on
social context information [21]], and then developed the first method based on recurrent neural networks for rumor
detection [22]. That was around 2016 when the world was on the verge of so-called post-truth era coming along
marked by global events like Brexit and President Trump’s election, which solidified my belief on this research
direction to go. Subsequently, we came up with the first tree kernel learning method that utilized information
propagation structure [24] in 2017, followed by delving into various deep neural network models to address various
issues on rumor detection. We published over ten high-quality papers on this topic, which featured five significant



innovations: 1) Introduced the first tree structured rumor detection model based on recursive neural networks [25,
29], followed with a tree transformer [30]. 2) Developed the first multi-task model capable of simultaneously
detecting rumors and post-level stances [26], followed by the weakly supervised joint detectors of misinformation
based on multiple instance learning [33},135]]. 3) Employed generative adversarial learning to enhance the robustness
of rumor detection against the noise from information campaign [27, [34]. 4) Pioneered a model that utilized user
trust networks to identify rumor spreaders [23]. 5) Enhanced early rumor detection by leveraging neural Hawkes
process [31] and imitation agent learning [32] to automatically determine the earliest time when a stable decision
can be confidently output, which are by far the only two approaches that consider prediction accuracy, earliness and
stability, outperforming existing methods in all of the three aspects.

2.2.1 From UGC to AIGC

While social media has long been a breeding ground for rumors and misinformation, causing harmful effects on a
significant scale, recent developments, especially the rapid rise of transformer-based Large Language Models (LLM)
like ChatGPT since the end of 2022, have posed a new and potentially dangerous future of scaled-up manipulation
with non-factual and divisive information.

In response to social polarization, I have sought interdisciplinary collaborations with cognitive psychologists to
design and develop tools for analyzing and monitoring socially polarizing speech on social media platforms. Our
goal is to implement natural language understanding tools to quantitatively represent deep user moral values for
analysing and predicting user stances and online behaviours. Our preliminary findings suggest that features of hu-
man moral foundations can help predict not only stances of individual posts but also user positions across different
events [36] 37]. Additionally, I am guiding students to model users’ credulity or vulnerability to information, en-
abling early prediction of viral rumors and their potential reachability based on graphical neural multi-task learning
methods [40]. This research direction aims to provide accurate insights to policy makers for more targeted analysis
and intervention facing misinformation.

To address the factuality of AIGC, I have begun to evaluate the reliability of LLMs and explore how to lever-
age their strengths while mitigating their potential harmful effects in the context of fact verification. My goal
is to develop medium-sized language models that are more controllable, adjustable, and interpretable than LLMs
which suffer from black-box nature inherently limiting their applicability. We have made progress in language
model-based fact verification: 1) Fine-tune medium-sized language models with minimal data by utilizing the log-
ical consistency of facts as constraints [38]. 2) Propose a hierarchical step-by-step prompting method to guide
LLMs finding required external evidence based on retrieval-augmented generation framework for more reliable
fact verification [39]]. 3) Leverage retrieved evidence to generate fact-check justifications with a novel few-shot
retrieval-augmented language model, marking a significant advancement over in-context learning models like Flan-
TS, Llama2, and retrieval-augmented models like Atlas [41]. 4) Strengthen evidence selection with reinforcement
retrieval for boosting fact-checking effectiveness of blackbox LLMs [42]. 5) Enable a small MLLM (13B) to out-
perform GPT-4V on multimodal fact-checking by using synthetic data and propose model-agnostic data selection
methods to bridge the distribution gap between synthetic and real-world data [43].

Beyond these, I also work with industry collaborators to enhance LLMs reasoning and efficiency. For exam-
ple, we enhance chain-of-thought reasoning by fine-tuning LLMs with tree-of-thought search paths via Chain of
Preference Optimization (CPO) [44]] for improved problem-solving performance, while, more recently, reducing
KV cache redundancies in long-context LLMs based on lightweight transformation of models such as LLaMA into
hybrid variants through lazy layers—those focusing on recent or initial tokens, achieving efficient inference with
minimal performance loss [45].

Although these research endeavors are still in their early stages, given their cutting-edge nature, they are expected
to have a significant impact on misinformation research that ultimately benefits society as a whole by addressing the
challenges posed by AIGC and promoting reliable use of language models.



3 Research Achievements, Findings and Impacts

My foremost objective is to develop natural language processing methods that align with present and future content
characteristics and challenges, ultimately benefiting society through downstream applications. In this pursuit, I strive
to strike a balance between addressing current practical needs and ensuring the generalizability and adaptability to
future developments. As of December 2025, my research contributions have resulted in over 100 peer-reviewed
publications, with a total citation rate over 8,300 and an H-index of 37 according to Google Scholar. These metrics
attest to the significance and impact of my work in the field. My most important research outcomes and findings can
be summarized in the following three key areas.

3.1 Misinformation Detection and Fact-Checking

The detrimental impact of misinformation, particularly evident during the COVID-19 pandemic, has caused signif-
icant harm to individuals and societies alike. Having been engaged in research in this area for some time, my work
has contributed to the formulation of a series of widely discussed methods concerning the spread and detection of
rumors and misinformation [21} 122} 23] 24| 25, 26, 27, 28, 129, 30, [31} 133! 35}, |34, 38! 139, |40]]. This series of research
has made a substantial impact in the field, amassing over 5,000 citations. The datasets we constructed have been
widely adopted, and the developed approaches have been comprehensively compared and evaluated by numerous
subsequent works.

Central to our insights is the coexistence and intertwining of the propagation of rumors and people’s pursuit
of truth. The interplay of discussion, debate, and influence eventually leads to clarifying the veracity of informa-
tion. Consequently, effectively capturing signals from various aspects of text, stance expression, and communication
structure necessitates not only employing limited knowledge in the methods but also harnessing the collective wis-
dom of a great number of users. For this purpose, we endow the model with a comprehensive understanding of
text, time, and structure, while injecting sufficient sensitivity to detect and analyze these signals effectively. Such
an approach enables us to combat the dissemination of misinformation and uphold the integrity of information in an
era dominated by the rapid exchange of ideas and communication via social media platforms.

We embarked on an exploration of various neural network models, aiming to design and experiment with effec-
tive attention mechanisms that could capture the distinctive multivariate features of rumors and misinformation. In
our groundbreaking work on rumor detection based on recurrent neural networks [22]], which was published in 2016,
we focused on considering both timing and text content features while leveraging the abstract representation capabil-
ities of multi-layer neurons. The resulting feature representation demonstrated significant improvements compared
to traditional models. This pioneering research has gained significant amount of citations, attesting to its impact in
the field.

A distinguishing feature of our approach is the comprehensive utilization of information propagation structure.
To achieve this, we first employed a non-neural tree kernel model [24]] to incorporate propagation features, and then
a tree-structured recursive neural network [25]], followed by incorporating a specially designed attention mecha-
nism [29]. This mechanism enables the model to attend to the signals of veracity expressed by users via a bottom-up
or top-down recursion, thereby enhancing the sensitivity and discrimination of the model. Our three papers promot-
ing this approach have become a prevalent benchmark, and our ACM TIST paper [29] has been recognized as one
of the five outstanding papers nominated by the Editor-in-Chief of the journal in 2022.

To address the lack of robustness due to widespread dissemination of rumors facilitated by robotic trolls, we
were the first to use generative adversarial networks (GAN) for rumor detection by modeling the discussions sur-
rounding rumors as an information campaign [27]]. We then extended it by leveraging a transformer-based generator
adversarial generation of posts, which significantly enhanced the robust detection on multiple rumor datasets [34]].

3.2 Text Quantification for Tweet Sentiment Analysis

A major milestone in my public opinion analysis research is the development of quantitative estimation method for
the sentiment prevalence of tweets [18, [19]. This algorithm directly estimates the prevalence of sentiment cate-
gories over the entire dataset by optimizing the class prevalence measure of each category, surpassing the traditional



classify-and-count approach for the first time. This achievement holds significant importance for public opinion
analysis on social media, as conventional methods only focus on sentiment classification of individual instances,
neglecting the estimation of overall popularity of certain opinions — a crucial goal for many applications.

The application of this method proves particularly relevant in scenarios such as elections or polls, where it is
imperative to gauge the collective preference of the voters, rather than focusing on individual sentiments. This
groundbreaking work was awarded as the best paper runner-up by IEEE/ACM ASONAM 2015 and secured a first
rank in the SemEval tweet quantification task evaluation of that year.

3.3 Cross-Media News Event Linking and Multilingual Web Search

The dynamic interplay between social media and news media served as a source of inspiration, leading me to
develop a joint topic model that utilizes information from these heterogeneous platforms to generate summaries of
news events [8]]. By leveraging this model, related information can be linked at a finer-grained level, capturing both
the main subject and subordinate aspects of an event, resulting in mutually complementary summaries. Due to the
practical value of this approach, an European patent has been granted.

In the domain of multilingual web search, my contributions lied in addressing cross-lingual challenges in search
and ranking. I developed a joint ranking model based on restricted Boltzmann machines, which leverages docu-
ment correlations in one language to estimate the relevance of documents in different languages [2[]. This approach
improves the probabilistic inference of the relevance ranking for the entire list of search results. In 2009, employ-
ing complex neural networks to tackle multilingual web search ranking problem was considered cutting-edge and
pioneering. As a result of its innovation, this work was honored with the ECIR 2009 Best Student Paper Award.

4 Future Direction and Aspiration

The landscape of NLP and Al research is experiencing significant transformation with the rise of large language
models. Many anticipate that the dawn of artificial general intelligence (AGI) is on the horizon. While the break-
through capabilities of these models are evident, so are their inherent technical limitations. One area of concern lies
in the biased influence of training data on the model’s output and the inaccuracy and unreliability of its generation.
Moreover, the misuse and abuse of related technologies pose serious threats to society, ranging from harmful medical
fake news to election interference. Social science research indicates that human beings struggle to overcome inher-
ent cognitive biases, while such generation technologies could be misused to manipulate cognition, incite conflicts,
conduct ideological propaganda, amplify unfairness, disseminate misinformation, foster divisive speech, etc..

In response to these challenges, my research endeavors will expand to the field of language models for combating
misinformation and facilitating fact-checking, with the primary objectives to enhance the capabilities of language
models for mitigating their potential harm. This entails a few specific directions:

» Systematic evaluation of the capability and reliability of underlying models for factuality-related applications.
While general task-oriented evaluations are common, fact verification demands stricter requirements for factual
evidence and correct reasoning. Hence, I am to explore the fact-checking capabilities of the model, ranging from
constructing evaluation data to designing evaluation measures and methods, considering the impact of training
bias and hallucinations.

* Enabling the model to engage in “active thinking” by injecting natural language reasoning mechanisms. Currently,
language models operate still based on text statistics, lacking capability of deliberate reasoning. To address this
limitation, I intend to study how to equip the model with the ability for planning and reasoning in a structured
manner. This includes aspects like searching and organizing relevant evidence, planning and deriving thinking
trajectories, and generating reasonable explanations that align with the thinking process. Such enhancements are
vital for reasoning-intensive tasks heavily relying on reliable evidence acquisition and inference. This direction
will also help enhance the generalizability and trustworthiness of Al systems.

* To mitigate potential harm from unreliable Al systems, we need to enhance resilience in the external environment
including targeted detection, prediction, and intervention. Identifying and assessing the hallucinatory and biased



content is the basis of offering further countermeasures. Furthermore, understanding user traits indicating who
are susceptible to specific content is important. To achieve this, I have initiated interdisciplinary collaborations to
study how to represent users’ positions and psychological states using public textual and behavioral expressions.
Quantifying emotional dependence on specific types of speech is essential in establishing data and developing
models to analyze and predict divisive speech and groups, ultimately aiding in the defense against false and
divisive content through personalized generation and recommendations.
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