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Abstract
In an era where rumors can propagate rapidly across social media platforms such as Twitter and Weibo, automatic
rumor detection has garnered considerable attention from both academia and industry. Existing multimodal
rumor detection models often overlook the intricacies of sample difficulty, e.g., text-level difficulty, image-level
difficulty, and multimodal-level difficulty, as well as their order when training. Inspired by the concept of curriculum
learning, we propose the Curriculum Learning and Fine-grained Fusion-driven multimodal Rumor Detection
(CLFFRD) framework, which employs curriculum learning to automatically select and train samples according to
their difficulty at different training stages. Furthermore, we introduce a fine-grained fusion strategy that unifies
entities from text and objects from images, enhancing their semantic cohesion. We also propose a novel data
augmentation method that utilizes linear interpolation between textual and visual modalities to generate diverse data.
Additionally, our approach incorporates deep fusion for both intra-modality (e.g., text entities and image objects) and
inter-modality (e.g., CLIP and social graph) features. Extensive experimental results demonstrate that CLFFRD out-
performs state-of-the-art models on both English and Chinese benchmark datasets for rumor detection in social media.
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1. Introduction

In today’s rapidly expanding digital landscape, the
widespread availability of the Internet and the preva-
lence of social media platforms have created a
global ecosystem where information spreads at un-
precedented rates. Social media platforms, such
as Twitter and Weibo, host vast quantities of user-
generated content, much of which lacks credible
validation and verification, resulting in the rapid dis-
semination of unverified or false information.
Automated rumor detection has become a vital
necessity due to the limitations of manual methods,
including low coverage and significant delays in
verification. Recent years have withessed a surge
in automatic rumor detection within both academic
and industrial domains (Wang et al., 2018; Zhou
et al., 2020; Xu et al., 2021; Singhal et al., 2022;
Zheng et al., 2022; Dhawan et al., 2022). How-
ever, current multimodal rumor detection models
face three critical challenges. First, they typically
select samples randomly during training without
considering the complexity of samples, such as
text-level, image-level, and multimodal-level diffi-
culty. Intuitively, gradually increasing the sample
difficulty during training, akin to how humans learn,
could enhance rumor debunking. Second, exist-
ing multimodal rumor detection models often lack
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mechanisms for a deep fusion of fine-grained fea-
tures from textual and visual modalities, such as
entities from text and objects from images, which
hinders their ability to capture intricate relations
within multimodal data. Third, existing models suf-
fer from a data scarcity issue, especially concerning
images. For instance, the Twitter dataset released
by Boididou et al. (2018) comprises 13,893 sam-
ples but only 514 images. Current models, whether
concatenating textual and visual representations
(e.g., Singhal et al., 2022; Khattar et al., 2019) or
employing co-attention models (e.g., Zheng et al.,
2022; Wu et al., 2021) that focus on aligning textual
and visual modalities, suffer from image scarce-
ness. Therefore, augmenting the visual modality
using the textual modality presents a promising av-
enue to enhance the performance in the context of
scarce visual data.

To address the above challenges, we introduce a
framework, Curriculum Learning and Fine-grained
Fusion-driven multimodal Rumor Detection (CLF-
FRD)', to automate sample selection and training
by assessing sample difficulty at different training
stages. Moreover, we present a fine-grained fusion
strategy that combines entities from textual content
with objects from images, creating a common se-
mantic space for improved model understanding.

Code for all experiments in this paper are available
at https://github.com/jxnuzl/CLFFRD
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In addition, we propose a novel data augmenta-
tion method utilizing linear interpolation between
textual and visual modalities to generate diverse da-
ta. Furthermore, our approach incorporates deep
fusion techniques, integrating intra-modality ele-
ments (such as entities from source text and image
objects) and inter-modality elements (e.g., CLIP
and social graph) simultaneously. Extensive exper-
imentation validates the effectiveness of CLFFRD,
demonstrating its superior performance compared
to state-of-the-art methods on benchmark datasets
for rumor detection in social media, encompassing
both English and Chinese content.

This paper offers three major contributions.

(1) We introduce a curriculum learning strategy
that adapts training according to the difficulty of
samples, mirroring the natural progression of hu-
man learning.

(2) Our fine-grained fusion technique enhances
multimodal model performance by merging textual
and visual features, creating a shared semantic
space.

(3) We present a novel data augmentation
method involving linear interpolation between tex-
tual and visual modalities, enabling the generation
of diverse data.

2. Related Work

Single Modality-based Approaches focus on
leveraging specific features extracted from the tex-
tual modality to train a classifier. Notable aspects
explored within these models include: (1) Propaga-
tion Patterns (Wu et al., 2015; Ma et al., 2017; Lao
et al., 2021) have delved into the analysis of prop-
agation patterns. For example, Wu et al. (2015)
observed that rumors often start with posts by nor-
mal users, gain support from opinion leaders, and
are subsequently reposted by a large number of nor-
mal users. The propagation pattern of fake news,
however, differs significantly, with opinion leaders
directly reposting the content, bypassing the initial
stage of normal user posts. (2) User Credibility
(Mukherjee and Weikum, 2015; Yuan et al., 2020;
Li et al., 2019). Mukherjee and Weikum (2015) e-
valuated user credibility based on a combination of
factors, including community engagement metric-
s (such as the number of answers, ratings given,
comments, ratings received, disagreement, and
the number of raters), inter-user agreement, typical
perspective and expertise, and interaction pattern-
s. (3) Writing Styles (Rubin et al., 2015; Potthast
et al., 2018; Przybyla, 2020; Xu et al., 2020) has
adopted various linguistic features, such as charac-
ters’ unigrams, bigrams, and trigrams, stop words,
part of speech distribution, readability values, word
frequency, proportion of quoted text, and external
links, as well as structural characteristics like the

number of paragraphs and the average length of
text.

Multimodal-based Approaches have emerged
as potent tools for rumor detection, capitalizing on
their ability to explore the dynamic interactions be-
tween textual and visual modalities. Dhawan et al.
(2022) introduced a graph attention-based frame-
work to incorporate the interaction between textual
word information and local visual objects from im-
ages. Yuan et al. (2019) presented a graph-based
rumor detection model to combine the encoding
of local semantic and global structural information
simultaneously. Zheng et al. (2022) proposed a
GAT-based model to integrate textual, visual, and
social graphs. Wang et al. (2018) introduced a
GAN-based multimodal fake news detection mod-
el, to adopt the Visual Geometry Group (VGG) to
extract visual features and utilize a Convolutional
Neural Network (CNN) for simultaneous extraction
of textual features. Recently, Xu et al. (2023) pro-
posed a knowledge distillation driven framework to
conduct incomplet modality rumor deteciton. Xu
et al. (2024) presented a hierarchical graph atten-
tion networks based model to model the proposed
text-image graph which can capture the different
semantic interactions of the intra-modality and the
inter-modality simultaneously.

However, existing rumor detection models often
overlook a critical aspect: the assessment of sam-
ple difficulty at various stages of training. While Ma
et al. (2022) considered the difficulty of negative
samples by masking some nodes of propagation
graph perspective, their model needs to discrimi-
native negative samples in advance. In contrast
to their method, we do not differentiate between
negative and positive samples; instead, we intro-
duce a holistic framework to gauge the difficulty of
all samples. This framework considers three es-
sential dimensions: text-level difficulty, image-level
difficulty, and multimodal-level difficulty.

3. Methodology

3.1. Task Formulation

We define P = {p1,p2,...,pn} as a set of posts.
Each post p; consists of {¢;, v;, u;, ¢;}, where ¢; in-
dicates a source text, v; denotes an image, u; rep-
resents a user, and ¢; refers to a comment. We
approach rumor detection as a binary classifica-
tion task, with a goal of learning a function f(p;) —
y, where p; represents the given multi-modal post,
and y represents the label assigned to the post,
where y=1 signifies a rumor and y=0 represents a
non-rumor.
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Figure 1: Framework of CLFFRD; R: rumor; N: non-rumor.

3.2. Framework of CLFFRD

Figure 1 illustrates the proposed CLFFRD frame-
work, consisting of five key modules, namely multi-
modal feature extraction, curriculum learning, data
augmentation, fine-grained feature fusion, and the
output layer. Specifically, the multimodal feature ex-
traction module obtains representations from both
intra-modality (entities from the source text and im-
age objects) and inter-modality (CLIP and social
graph). The extracted multimodal features are fed
into a fine-grained feature fusion process, wherein
we employ textual features to enrich image features
through a linear interpolation operation, creating
a synergy between textual and visual information.
In the output layer module, we directly concate-
nate the representations from intra-modality and
inter-modality, and this combined representation
is further processed through a fully connected lay-
er. To optimize our model’s training process, we
employ curriculum learning, involving the selec-
tion of the order of samples based on their per-
ceived difficulty, encompassing text-level, image-
level, and multimodal-level challenges. Curriculum
learning helps us gradually increase the complexity
of the samples during training, aligning with the
natural learning progression observed in human
cognition. Overall, our CLFFRD framework inte-
grates the strengths of curriculum learning and fine-
grained feature fusion to tackle the intricacies of
multimodal rumor detection, enhancing the model’s
accuracy and effectiveness in the face of challeng-
ing rumor detection scenarios.

3.3. Multimodal Feature Extraction

3.3.1. Intra-modality Features

For a given multimodal post p;, we adopt the large-
scale pre-training model CLIP (Radford et al., 2021)
to encode both textual and visual modalities, yield-
ing F; and F,,, respectively, as per Equations 1 and
2.

F}! = CLIP.encode_text() (1)

F! = CLIP.encode_image() (2

We obtain the multi-head self-attention feature
of textual modality after using CLIP encoding as
Equation 3.

QK"
Nz

where "||" denotes concatation operation. h refers
to the h-th head, W € R(¢*? indicates the output
of linear transformation, and d refers to the dimen-
sion size of the word embedding.

Similarly, we obtain the multi-head self-attention
feature of visual modality after using CLIP encoding
as Equation 4.

7} = (|[n=ysof tmaz( VEOWY - (3)

. lKZ
7 = (| softmaz( L

Vd

where WO ¢ R(#%) indicates the output of linear
transformation.

VEOWS  (4)
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3.3.2. Inter-modality Social Graph Modeling

We construct a social graph Gociar = (V, E), where
V = {post, comment,user} as node. The edge is
calculated by computing the cosine similarity be-
tween any pair of nodes V; and V;. If the value of
cosine similarity as shown in equation 5 is greater
than 0.5, there is an edge, otherwise there is no
edge. If the cosine similarity, as defined in Equation
5, exceeds 0.5, an edge is established; otherwise,
no connection is formed.

_ ViV
IVAIHIV; |

After constructing the social graph, we update
the node features using a Graph Attention Network
(GAT) followed by a mean pooling operation to ob-
tain the feature of social graph as shown in Equa-
tion 6 where MultiHead(v;,v;) and head;, are de-
fined in Equations 7 and 8, respectively.

()

Ev, v,

Fsocial = o Z MultiHead(v;,v;)) (6)
JEN;

MultiHead(v;,v;) = W[}, (heady, ..., headr)
(7)

where "||" donates concatation operation, and H
indicates the number of heads.

Whv;(Whvy)T
v

where d refers to the size of dimension of node.

heady, = softmax( YWV, (8)

3.3.3. Curriculum Learning

Curriculum learning, originally proposed by Bengio
et al. (2009), is a training strategy that emulates
human learning proces ses, advocating the notion
of commencing learning with easy samples and
gradually advancing to tackle more complex ones.
This strategy has consistently demonstrated its ef-
ficacy in enhancing the generalization capability
and convergence rate of various models across
diverse domains, including computer vision and
natural language processing.

Curriculum learning aims to enhance rumor de-
bunking through a gradual and adaptive training
process. The methodology is inspired by the ob-
served natural learning progression in human cog-
nition, where individuals tend to start with simpler
concepts before progressing to more complex ones.
Our rationale for incorporating curriculum learning
is rooted in its ability to guide the model through
a curriculum of samples, starting from easier in-
stances and gradually introducing more challeng-
ing ones. This mimics the learning phase observed
in human cognition, where individuals are exposed

to simpler concepts before tackling more intricate
ones. By aligning the training curriculum with this
natural learning progression, we aim to improve
the model’s performance by allowing it to build a
robust understanding of rumors in a step-by-step
manner. Drawing inspiration from the principles of
curriculum learning, we introduce a novel approach
by establishing three distinct scores to gauge the
difficulty of samples across three scenarios: textual
level, image level, and multimodal level.

Textual-level Score: To determine the difficul-
ty of a text within a multimodal post, we employ
Text-Smart Utility to generate syntax trees for all
training samples, subsequently sorting the syntax
tree depth values in ascending order to derive the
difficulty score, Scorei..;- This method intuitively
signifies that the deeper the syntactic tree level, the
more complex the sample is.

Image-level Score: For an image within a multi-
modal post, we assess its difficulty by measuring
entropy and sorting the entropy values of each im-
age in ascending order to obtain the difficulty score,
Scoreimage, as defined in Equation 9. In this contex-
t, higher information entropy corresponds to higher
sample difficulty, as greater entropy values indicate
richer, more intricate information content in the im-
age.

255
Scoreimage = Z PllogPZ (9)

=0

where P; represents the proportion of pixels with a
grayscale value of ¢ in an image.

Multimodal-level  Score: We  get
Scoremuitimodar DY COMputing the cosine similarity
between textual and visual features obtained
from the large-scale pre-training model CLIP.
Subsequently, we sort these cosine similarity
values in descending order, as illustrated in
Equation 10. Notably, samples with higher cosine
similarity values are deemed to be comparatively
easier to learn.

Fth

o (10)
IE % |

Scoremultimodal =
where F; = CLIP.encode_text(), and F, =
CLIP.encode_image().

Pacing Function: The pacing function defines
our course scheduling strategy, regulating the pro-
gression of training steps within each stage of the
training phase. To optimize this process, we intro-
duce a novel linear pacing function, as depicted
in Equation 11, which incrementally adds training
samples with each epoch. Additionally, our model
explores logarithmic and exponential pacing func-
tion. Note that our experiments reveal that the linear
pacing function outperforms the other two alterna-

3317



tives.

1—2Xo

grow

g(t) = min(1, Ao +

t) (11)

where t denotes the specific epoch, T, indicates
the maximum training epoch, and )\, is a hyper-
parameter to control the initial selected training
samples.

3.3.4. Fine-grained Feature Fusion

Given a multimodal post, we begin by applying
Faster-RCNN (Ren et al., 2017) to extract a set of
potentially significant areas (object) from the as-
sociated image. More specifically, we extract ob-
jects from image, obtaining R = {ry, 72,73, ..., 7k},
where k is total number of objects, r; € RP° where
Dy is the dimension size of an image, k is set to
36, and Dy, is set to 2048.

For the source text within the same multimodal
post, our procedure commences with stop word
filtering and entity extraction, to obtain entity set
T.. We adopt Spacy? and Text-smart® to extract
entities for English and Chinese post respectively.
We obtain the T, = {e1, e, €3, ...,er} as the repre-
sentation of all entities, where L is total number of
entities. Then, we adopt the BERT to extract textual-
level features, obtaining T, = {e}, €5, e5,...,e7 }, e;
€ RP- where D, is the dimension size of an entity,
and D, is set to 768.

To facilitate integration, we employ an MLP to
project both textual (7)) and visual (R) features into
a common semantic space, generating 7/ and R/,
respectively.

Considering the varying attentional relationships
between textual and visual modalities, we calculate
the similarity between textual entity features and im-
age object features to serve as weights, obtaining
new entity features 7)., and object features R},
as shown in Equations 12 and 13, respectively.

K
/ _z : sl
Tefi - alJTe
i=1

(12)

L
R;_e = ZO[UR/ (13)
e=1

exp(Msz;) _
1T it
J\E 51,12 and si; = Aoy
Finally, we obtain the final feature representation
Ffusion = Concat(zzv Z;i? Te/_iv R;—ea FSOcial)-
We perform alignment between the modeled fea-
tures of the comments and the self-attention fea-

where a;; = = [sy] +

2https://spacy.io/
3https://ai.tencent.com/ailab/nlp/texsmart/zh/index.html

tures of the text, obtaining Lossg;s;1 and Lossg;seo
as shown in Equations 14 and 15, respectively.

n

1 .
Lossgist1 = E Z(th’ FSocial)2

=1

(14)

n

1 .
LOSSdistQ = E Z(an FSocial)2

i=1

(15)

3.3.5. Data Augmentation

Taking inspiration from the multimodal data aug-
mentation method MixGen (Hao et al., 2023), we
incorporate linear interpolation to create novel im-
ages and concatenate pairs of texts to generate
fresh text samples, as delineated in Equations 16
and 17. For the newly generated text and image
pairs, we ensure that similarity is maintained after
augmentation. To achieve this, we utilize BERT to
encode the newly generated text, T,,.., to generate
T ... = BERT (T)e). Simultaneously, we employ
the vision transformer (Dosovitskiy et al., 2021) to
encode the new generated image 1I,,.,, {0 generate
I ... = VIT (I, ). Given that supervised contrast
learning (SCL) (Khosla et al., 2017) effectively pulls
together representations of the same class while
segregating representations from different classes,
we adopt the supervised contrast learning function
to represent the data augmentation loss as Equa-
tion 18. Through this data augmentation, the mod-
el gains the capacity to acquire diverse features,
thereby enriching the dataset.

Tnew = Concat(Ti? TJ) (1 6)

Inew = AL+ (1= N)I; (17)

exp(Sim(Trle—w!I'Inﬁw))

N
1

LOSSdism:—*E log — T
N e eap(trTacwlacn) )

new’' new

(18)
where 7 indicates a temperature parameter to con-
trol different categories.

3.3.6. Output Layer

The total loss for the rumor detection is shown in
Equation 19.

Lossiotal = @ * losscp + B * (LosSgist1 + L0SSqist2)

+ * Lossgists
(19)

where CE denotes cross entropy, Losscg =

ylog(y) + (1 — Plog(l — y), and § =
softmax(MLP(Frysion))-
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4. Experimentation

4.1. Dataset

We adopt two benchmark datasets: the English
dataset Pheme (Yu et al., 2017) and the Chinese
dataset Weibo (Song et al., 2019). Statistics of the
datasets are presented in Table 1.

Table 1: Statistics of datasets.

Pheme Weibo
#Non-rumor 1,428 877
#Rumor 590 590
#lmages 2,018 1,467
#Users 894 985
#Comments 7,388 4,534

4.2. Experimental Settings

Parameter Settings: The batch size is set to 64,
the value of epoch is set to 64, the learning rate
is set to 0.001, the optimizer is ADMA, the image
size is 224224, the patch size is set to 32, the
channel size is set to 3, the total number of patches
is set to 49, the size of feature dimension is set to
1024, 7 in supervised contrastives learning is set
to 0.05, A\; in equation 13 is set to 0.9, the feature
extracted by using Faster-RCNN is set to 2048, and
A in equation 10 is set to 0.5. We adopt pytorch
1.10 to write our source code and execute them on
a server with RTX-3090 GPU with 24 GB memory.
We set the total number of head is 8. T}, is set to
64, and )\q is set to 0.3. We adopt Adam (Kingma
and Ba, 2014) to optimize our loss function.

Evaluation Metric: We employ four widely-
recognized evaluation metrics: accuracy, precision,
recall, and F1-Score, to assess the performance
of our proposed framework and other comparative
approaches.

4.3. Baselines

To assess the performance of CLFFRD, we conduct
comparative studies against eight baseline models.
We maintain consistent training, validation, and
testing splits with these baseline systems, enabling
direct comparisons of results.

EANN (Wang et al., 2018): The EANN mod-
el extracted features from text through CNN, and
obtained features from images using VGG, and
learned the common features between different
news to obtain the invariance of events.

MVAE (Khattar et al., 2019): A multi-modal vari-
ational self encoder based model is adopted in
MVAE to learn the shared representation of text
and image modes.

QSAN (Tian et al., 2020): A quantum-probability
based rumor detection model is proposed jointly

consider the importance and stance of comments
under a unified framework.

SAFE (Zhou et al., 2020): A similarity-aware mul-
timodal model that debunks fake news from the
similarity between multimodal and cross-modal fea-
tures jointly.

EBGCN (Wei et al., 2021): An edge-enhanced
bayesian graph convolutional networks-based mod-
el that investigates the reliability of potential rela-
tionships in propagation structures.

GLAN (Yuan et al., 2019): An integration of local
semantic and global structural information-based
model that debunks rumor.

MFAN (Zheng et al., 2022): A feature-enhanced
attention networks-based multimodal model that
combines textual, visual, and social graphs to en-
hances graph topology and neighborhood aggre-
gation processes when detecting rumor.

ChatGPT*: A popular application showcasing
the capabilities of the GPT language model is our
baseline model. Since ChatGPT cannot receive
image modality, we adopt the source text and the
first comment as the input of ChatGPT, along with
a question "judge it a rumor or not" to obtain the
response, and map the results to labels (i.e.g, "yes"
to rumor, and "no" to non-rumor).

4.4. Results

Model Comparison: Table 2 presents the aver-
age performance and standard deviation obtained
from five executions on both the English Pheme
and Chinese Weibo datasets. The results demon-
strate the superiority of CLFFRD across key per-
formance metrics, including accuracy, precision,
recall, and F1-Score. This highlights the signifi-
cance of curriculum learning, data augmentation,
and fine-grained feature fusion in our approach.
While ChatGPT has proven effective in various NLP
tasks, its performance in rumor detection is not sat-
isfactory. The insights drawn from Table 2 are as
follows:

(1) Among the four multi-modal baselines (EAN-
N, MVAE, QSAN, and SAFE), SAFE achieves the
highest performance in all four measures. Howev-
er, QSAN demonstrates the poorest performance
across all metrics, on the Weibo dataset, which
highlights the ineffectiveness of the superficial com-
bination of textual and visual modalities in QSAN.
In contrast, the EANN model, enriched by the inclu-
sion of event information, exhibits a positive impact
on rumor debunking. Notably, SAFE successful-
ly incorporates a deep interaction between textual
and visual modalities, resulting in superior perfor-
mance.

(2) Among the three social graph-based base-
lines (EBGCN, GLAN, and MFAN), they consis-

“https://openai.com/blog/chatgpt
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tently outperform the simpler EAN-N and MVAE
models. Both EBGCN and GLAN achieve compa-
rable performance as they incorporate structural
information. However, MFAN, which combines tex-
tual, visual, and social graph-based information,
outperforms the others in all metrics.

Ablation Study of Modules: Table 3 presents
the performance of ablation analysis of modules,
where we examine the impact of various compo-
nents by considering five cases:

e w/o CLIP: We exclude the use of CLIP.

e w/o Fine-grained feature fusion: We omit
the utilization of the fine-grained feature fusion.

e w/o Data augmentation: We disregard the
inclusion of data augmentation.

e w/o Curriculum learning: We eliminate the
application of curriculum learning, and feed
the sample randomly into the proposed model.

e w/o Social graph modeling: We do not em-
ploy social graph module in the proposed mod-
el.

Based on the findings in Table 3, several con-
clusions can be drawn. 1) Curriculum learning
plays a crucial role in rumor detection. The per-
formance significantly deteriorates when this pro-
cess is excluded, underscoring the importance of
the sample order related to its difficulty at different
training stages. 2) Data augmentation contributes
to debunking rumors, as evidenced by their ab-
sence leading to a decline in performance. 3) Fine-
grained feature fusion enhances the model’s ability
to distinguish between positive and negative sam-
ples in the corpora, which positively impacts the
performance of the model. 4) The CLIP modeling
is also important for multimodal rumor detection,
which can create a hidden semantic space for tex-
tual and visual modalities. 5) The social graph also
helps to debunk rumor, as user comments serve as
valuable indicators for conducting effective rumor
detection.

Ablation Study of Sample Difficulty: Table 4
presents the performance of ablation analysis of
sample difficulty. Generally, the performance of
multimodal-level sample difficulty performs better
than textual-level and image-level difficulties, indi-
cating the importance of the fusion between textual
and visual modalities. Basically, these three sam-
ple difficulties have complementarity. We obtain
promising performance improvement when com-
bining these three sample difficulties all together.
In current work, we just add up the different scores
to fuse these different sample difficulties directly.

Similarity Threshold Value Setting for Social
Graph Construction: Table 5 lists the perfor-
mance of threshold value selection for social graph

Table 5: Accuracy of similarity threshold value set-
ting for social graph construction.

Cosine similarity value Pheme Weibo
0.1 89.64 91.82
0.2 89.93 91.88
0.3 90.05 91.95
0.4 90.08  92.06
0.5 90.16  92.20
0.6 90.09 92.15
0.7 90.01 92.18
0.8 89.95 92.01
0.9 89.69 91.89
1.0 89.43 91.57
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Figure 2: T-SNE visualization on Pheme.

construction on Pheme and Weibo. The findings
from Table 5 indicate that our model consistent-
ly achieves stable performance when the cosine
similarity threshold is set to 0.5.

Visualization Studies: Figures 2 and 3 dis-
play the T-SNE visualizations of the test data from
Pheme and Weibo, respectively. The visualizations
clearly depict the successful classification of most
samples into distinct groups, demonstrating the ef-
fectiveness and strong representation capability of
our proposed model.

Figures 4 shows attention visualizations for sam-

Figure 3: T-SNE visualization on Weibo.
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Table 2: Performance comparison of rumor detection models on Weibo and Pheme.

Pheme Weibo
Accuracy Precision Recall F1-Score Accuracy Precision Recall F1-Score
EANN 77.13+0.96 71.39+1.07 70.07+2.19 70.44+1.69 80.96+2.26 80.19+2.37 79.68+2.46 79.87+2.40
MVAE 77.62+0.64 73.49+0.81 72.254+0.90 72.77+0.81 71.67+0.89 70.52+0.95 70.21+1.01 70.34+0.98
QSAN 75.13+1.19 69.97+2.03 65.80+1.72 66.87+1.70 71.01+1.81 71.02+0.95 67.54+3.27 67.58+3.59
SAFE 81.49+0.84 79.88+1.22 79.50+0.81 79.68+0.70 84.95+0.85 84.98+0.82 84.95+0.91 84.96+0.86
EBGCN 82.99+0.65 81.13+0.73 79.29+0.71 79.82+0.64 83.14+2.01 85.46+2.12 81.76+1.54 81.45+1.74
GLAN 83.32+1.64 81.2542.06 77.13+3.26 78.51+2.68 82.44+2.02 8245+2.26 80.86+1.71 81.26+1.93
MFAN 88.73+0.83 87.07+1.41 85.51+1.65 86.16+1.04 88.95+1.43 88.91+1.60 88.13+1.68 88.33+1.53
ChatGPT 34.29+0 24.26+0 26.94+0 25.53+0 29.83+0 28.27+0 28.95+0 28.52+0
CLFFRD 89.95+0.73 88.26+0.86 87.57+0.74 88.13+0.77 91.26+1.24 90.23+1.29 89.70+1.24 89.82+1.28
Table 3: Ablation study of modules.
Pheme Weibo

Accuracy Precision Recall F1-Score Accuracy Precision Recall F1-Score
CLFFRD 90.16 89.06 88.22 88.84 92.20 91.47 90.73 91.03
w/o Curriculum learning 88.48 88.45 88.56 88.47 90.92 91.06 90.54 90.91
w/o Data augmentation 89.15 88.24 88.15 88.22 91.18 90.60 90.24 90.48
w/o Fine-grained feature fusion  87.79 87.19 88.23 87.53 89.47 87.73 88.53  88.05
w/o CLIP 88.57 87.88 87.13 87.59 90.50 89.85 90.51 90.14
w/o Social graph modeling 88.10 87.68 87.83 87.75 90.62 89.93 90.25 89.98

ples labeled as "non-rumor" and "rumor" within the Acknowledgments

two datasets, respectively, which provides insights
into the intricate interaction between textual and vi-
sual information, shedding light on how enhanced
features contribute to rumor debunking. In Figure
4a, the words "police officers" and "car" highlighted
in red demonstrate high attention weights and align
well with specific regions in the corresponding im-
age. However, the important word "danger" fails to
align with any image regions, indicating poor align-
ment and predicting the sample as a rumor correct-
ly. In contrast, in Figure 4b, the words "company",
"fainted", "everyone", and "emergency assistance"
can be successfully aligned with specific regions in
the image. This accurate alignment contributes to
the prediction of the sample as a non-rumor. These
observations highlight the deep semantic interac-
tion between the textual and visual modalities within
our proposed model.

5. Conclusion

This paper presents a novel rumor detection frame-
work that harnesses the synergistic power of cur-
riculum learning and data augmentation. By incor-
porating curriculum learning, our framework intelli-
gently orders training samples based on their dif-
ferent difficulties, encompassing text-level, image-
level, and multimodal-level intricacies at distinct
stages of training. Furthermore, our simple yet ef-
fective data augmentation method, relying on linear
interpolation between textual and visual modalities,
adeptly addresses the challenge of data scarce-
ness in rumor detection. Our future endeavors will
focus on the integration of user credibility into our
framework for further improvement.

The authors would like to thank anonymous review-
ers for their insightful comments on this paper. This
research was supported by the National Natural Sci-
ence Foundation of China under Grant 62162031
and 62102187, the Natural Science Fund project
in Jiangxi province under Grant 20224ACB202010,
Funding of the "Jiangxi Province High level and
Skilled Leading Talent Training Project", and Natu-
ral Science Foundation of Jiangsu Province (Basic
Research Program) under Grant BK20210639.

Limitations

(1) Limited generalizability: Our experiments were
conducted on specific datasets (Chinese Weibo
and English Pheme) and may not entirely capture
the intricacies of diverse rumor detection scenarios
or platforms. To ensure broader applicability, future
research should explore the model’'s generalizabili-
ty to different datasets and languages.

(2) Absence of real-time evaluation: Our evalua-
tion primarily focused on offline performance met-
rics thus overlooking real-time or dynamic evalua-
tion scenarios. Future work should investigate the
model’s performance in real-time rumor detection
settings.

Ethics Statement

The benchmark datasets utilized in the project pri-
marily reflect the cultures of the English-speaking
and Chinese-speaking populace. Socio-economic
biases may exist in the public and widely-used
datasets, and models trained on these datasets
may propagate this biases.
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Table 4: Ablation study of sample difficulty.

Pheme Weibo
Accuracy Precision Recall F1-Score Accuracy Precision Recall F1-Score

Textual-level 88.65 88.47 88.36 88.40 89.98 89.13 88.56 89.07
Image-level 88.57 88.46 87.77 88.77 90.05 89.95 89.26 89.87
Multimodal-level 89.75 89.26 88.60 89.42 91.15 90.23 89.70 90.16
Textual-level

& Image-level 89.27 88.18 88.72 88.63 90.74 90.30 89.83 89.97
Textual-level

& Multimodal-level 90.02 89.01 88.26 88.61 91.32 90.44 90.69 90.52
Image-level

& Multimodal-level 89.83 88.75 88.61 88.68 91.56 91.12 90.25 90.88
Textual-level

& Image-level

& Multimodal-level 90.16 89.06 88.22 88.84 92.20 91.47 90.73 91.03

Danger. There are police officers standing next to the car!

Label: Rumor
(a) Attention visualization on Pheme

Urgent! Someone came forward to check

in the company,
the situation and urgently seck emergency assistance.

Label: Non-rumor

(b) Attention visualization on Weibo

Figure 4: Attention visualization.
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