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Abstract. This paper proposes a cross-cultural news communication modeling 

method driven by multimodal semantic fusion. A cultural context-aware multi-

modal semantic fusion algorithm, CCAMF, is designed, and a cross-cultural 

news communication prediction model based on fusion communication dynam-

ics is constructed. This method achieves deep collaborative expression of text 

and image information through three modules: hierarchical extraction of multi-

modal features, cultural context-aware semantic alignment, and residual-en-

hanced cross-modal fusion. It also combines cultural difference moderating fac-

tors and audience characteristics to jointly predict the scope, speed, and click-

through rate. Experiments are conducted using both publicly available and self-

built datasets for validation. Results show that the CCAMF semantic fusion ac-

curacy reaches 89.7%, and the cross-cultural semantic alignment error is reduced 

to 0.078. The accuracy of the scope prediction reaches 88.2%, the MAE of the 

speed prediction is 0.082, and the F1 score of the click-through rate prediction 

reaches 87.6%. Ablation experiments further demonstrate that each core module 

has a significant effect on improving model performance. The research results 

show that this method can effectively improve the quality of multimodal semantic 

fusion and the accuracy of communication modeling in cross-cultural news sce-

narios, and has good stability, generalization, and application value. 
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With the rapid iteration of globalized information technology, cross-cultural news com-
munication has become a core carrier of information interaction. Multimodal data such 
as text, images, and audio, due to their intuitiveness and completeness in information 
transmission, have gradually become the mainstream forms of cross-cultural news com-
munication. Currently, the combination of multimodal semantic fusion technology and 
communication modeling methods provides a technical possibility for the precise con-
trol of cross-cultural news communication, but existing research still faces significant 
technical bottlenecks. At the level of multimodal semantic fusion, traditional methods 
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mostly adopt a shallow feature splicing mode, failing to achieve deep semantic fusion 
and lacking a context adaptation mechanism for cross-cultural scenarios, resulting in 
semantic bias in multimodal features. At the level of communication modeling, existing 
models often neglect the deep correlation between multimodal semantic features and 
cultural difference elements, leading to low prediction accuracy of communication
scope, speed, and audience feedback, making it difficult to meet the application needs 
of actual cross-cultural news communication [1]. This paper focuses on the aforemen-
tioned core issues, designs an original Cultural Context-Aware Multimodal Semantic 
Fusion Algorithm (CCAMF), and constructs a cross-cultural news communication
model driven by multimodal semantic fusion. The effectiveness and superiority of the 
method are verified through systematic experimental simulation [2]. The research re-
sults can effectively improve the accuracy and efficiency of cross-cultural news com-
munication modeling, perfect the technical system of multimodal semantic fusion and 
communication modeling, and provide technical support for the precise and intelligent 
development of cross-cultural news communication [3]-[4]. Existing research on mul-
timodal semantic fusion mainly focuses on single-cultural scenarios, lacking cross-cul-
tural adaptability; cross-cultural communication modeling often relies on single text 
features, failing to fully utilize the complementary advantages of multimodal infor-
mation. Deep integration research between the two remains lacking. This research has 
clear technological innovation and engineering application value. 

2 Design of Cultural Context-Aware Multimodal 
Semantic Fusion Algorithm (CCAMF) and Cross-
Cultural News Communication Modeling 

2.1 Algorithm Overall Architecture 

The CCAMF algorithm adopts a three-layer progressive architecture, including three 
core modules: multimodal feature layered extraction, cultural context-aware semantic 
alignment, and residual-enhanced cross-modal fusion, forming a complete cross-cul-
tural semantic fusion process [5]. First, in the feature extraction stage, differentiated 
extraction strategies are designed for text and image dual-modal data. The text modality 
is based on an improved XLM-R model with the introduction of a cultural keyword 
attention mechanism to enhance semantic information and culturally loaded word fea-
ture expression. The image modality is based on the EfficientNet-B0 model with the 
addition of a cultural visual feature enhancement module to extract cultural symbols, 
scene semantics, and emotional tendency features. Secondly, in the semantic alignment 
stage, a cross-cultural semantic knowledge base, semantic alignment matrix, and cul-
tural adaptation factor are used to dynamically correct semantic deviations in different 
cultural backgrounds, improving the cultural adaptability and consistency of feature 
expression [6]. Finally, in the fusion stage, residual connections and adaptive attention 
mechanisms are introduced to dynamically allocate fusion weights for each modality 
while preserving key information of the original modality, enhancing feature comple-
mentarity and fusion depth. Ultimately, a unified and efficient multimodal semantic 
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feature vector is output, effectively compensating for the shortcomings of traditional 
fusion methods in feature loss, insufficient alignment, and weak cultural adaptability. 

2.2 Propagation Model Construction 

The multimodal semantic feature vector output by the CCAMF algorithm is defined as 
𝑋𝑋 ∈ ℝ𝑑𝑑, where 𝑑𝑑 is the feature dimension. Combining the theory of communication 
dynamics, a cross-cultural news communication dynamics model is constructed as
shown in formula (1): 

𝑑𝑑𝑑𝑑(𝑡𝑡)
𝑑𝑑𝑡𝑡

= 𝑟𝑟𝑟𝑟(𝑡𝑡) (1− 𝑑𝑑(𝑡𝑡)
𝐾𝐾
) ⋅ 𝛼𝛼(𝑋𝑋) ⋅ 𝛽𝛽(𝐶𝐶) (1) 

In the formula: 𝑟𝑟(𝑡𝑡) is the number of the audience for the news at time t; 𝑟𝑟 is the 
basic propagation rate; 𝐾𝐾 is the upper limit of the audience capacity; 𝛼𝛼(𝑋𝑋) is the mul-
timodal semantic feature influence factor, which is calculated from the feature vector 
output by the CCAMF algorithm and reflects the promoting effect of semantic features 
on propagation; 𝛽𝛽(𝐶𝐶) is the cultural difference moderating factor, where 𝐶𝐶  is the 
cross-cultural difference coefficient, and the value range is [0,1]. The larger the differ-
ence, the smaller the value, and vice versa. The calculation of the multimodal semantic 
feature influence factor 𝛼𝛼(𝑋𝑋) is shown in formula (2): 

𝛼𝛼(𝑋𝑋) = 1

1+𝑒𝑒𝑤𝑤𝑇𝑇𝑋𝑋+𝑏𝑏
 (2) 

In the formula: 𝑤𝑤 ∈ ℝ𝑑𝑑  is the feature weight vector; 𝑏𝑏 is the bias term, which is 
obtained through iterative optimization of the training data to ensure that the value 
range of 𝛼𝛼(𝑋𝑋) is [0,1]. The calculation of the cultural difference moderating factor 
𝛽𝛽(𝐶𝐶) is shown in formula (3):  

𝛽𝛽(𝐶𝐶) = 1− 𝐶𝐶 ⋅ exp(−𝜆𝜆𝑡𝑡) (3) 

In the formula: 𝜆𝜆 is the cultural adaptation rate coefficient, reflecting the speed at 
which the audience adapts to cross-cultural news, with a value range of (0,1), obtained 
by calibration from experimental data. 

A sub-model for predicting communication effects is constructed to predict the au-
dience click-through rate 𝑃𝑃click , as shown in formula (4):  

𝑃𝑃click = 𝜎𝜎(𝑋𝑋𝑇𝑇𝑊𝑊1 + 𝑈𝑈𝑇𝑇𝑊𝑊2 + 𝜃𝜃) (4) 

In the formula: 𝜎𝜎(⋅) is the Sigmoid activation function; 𝑈𝑈 is the audience feature 
vector; 𝑊𝑊1 ∈ ℝ𝑑𝑑 ,𝑊𝑊2 ∈ ℝ𝑚𝑚( 𝑚𝑚 is the audience feature dimension) are weight matri-
ces; 𝜃𝜃 is the bias term.  
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3 Experimental Simulation and Result Analysis 

3.1 Experimental Environment and Dataset 

The experimental platform was configured with an Intel Core i9-12900K processor, an 
NVIDIA RTX 3090 graphics card (24GB VRAM), 64GB DDR5 RAM, and a 1TB 
SSD. The software environment included Ubuntu 20.04 LTS, Python 3.8, PyTorch 
1.12.0, and Pandas, NumPy, Matplotlib, and Seaborn. The datasets combined publicly 
available datasets with self-built datasets. The 20min-XD French-German bilingual 
news dataset contained 15,000 text-image news articles, while the self-built Chinese-
English-Japanese cross-cultural news dataset contained 8,000 articles, supplemented 
with audio modalities [7]. Both classes of data were partitioned into training, validation, 
and test sets in a 7:1.5:1.5 ratio. Preprocessing included text denoising, word segmen-
tation, normalization, image resizing, and cultural semantic alignment. 

3.2 Experimental Design 

The experiment consisted of a comparative experiment and an ablation experiment. 
Strictly unified experimental parameters were maintained throughout to ensure scien-
tific fairness. Specific parameters included an initial learning rate of 0.001, a decay 
coefficient of 0.95, a convergence threshold of 10⁻⁵, weight coefficients of 0.6 and 0.4, 
100 iterations, and a batch size of 32. Three comparative experiments were set up, all 
using the propagation model presented in this paper, with only the multimodal fusion 
algorithm replaced: a traditional early feature concatenation method, a mainstream 
Transformer-based algorithm, and the proposed CCAMF algorithm [8]. The superiority 
of the CCAMF algorithm was verified by comparing semantic fusion, propagation
modeling performance, and algorithm efficiency. Evaluation metrics covered two cat-
egories: fusion performance was assessed using semantic fusion accuracy and cross-
cultural semantic alignment error; propagation modeling was assessed using propaga-
tion range prediction accuracy, propagation speed prediction error, and click-through 
rate F1 score. Efficiency was also evaluated using the average processing time per news 
item; higher positive metrics and lower negative metrics indicated better performance. 

3.3 Experimental Results and Analysis 

Performance Analysis of Multimodal Semantic Fusion. 
The performance comparison results of multimodal semantic fusion are shown in 

Figure 1. Figure 1(a) shows the comparison of semantic fusion accuracy of different 
algorithms, and Figure 1(b) shows the comparison of cross-cultural semantic alignment 
error [9]. As shown in Figure 1(a), the semantic fusion accuracy of the experimental 
group (CCAMF algorithm) reached 89.7%, which is 12.3 percentage points higher than 
control group 1 (early splicing method, 77.4%) and 6.3 percentage points higher than 
control group 2 (Transformer-based fusion, 83.4%). As shown in Figure 1(b), the cross-
cultural semantic alignment error of the experimental group was 0.078, which is 18.8% 
lower than control group 1 (0.096) and 12.4% lower than control group 2 (0.089). 
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Fig. 1. Performance Comparison of Multimodal Semantic Fusion. 

Performance Analysis of Cross-Cultural News Communication Modeling. 
Figure 2 shows the performance comparison results of cross-cultural news commu-

nication modeling, illustrating the differences in accuracy of prediction of dissemina-
tion range, MAE of dissemination speed, and F1 score of audience click-through rate 
prediction [10]. As can be seen from Figure 2, the experimental group outperformed 
the two control groups in all modeling indicators: the accuracy of dissemination range 
prediction reached 88.2%, an increase of 10.5 percentage points compared to control 
group 1 (77.7%) and 5.8 percentage points compared to control group 2 (82.4%); the 
MAE of dissemination speed prediction was 0.082, a decrease of 12.8% compared to 
control group 1 (0.094) and 9.9% compared to control group 2 (0.091); the F1 score of 
audience click-through rate prediction reached 87.6%, an increase of 7.2 percentage 
points compared to control group 1 (80.4%) and 4.7 percentage points compared to 
control group 2 (82.9%). 

 
Fig. 2. Performance Comparison of Cross-Cultural News Communication Modeling. 

4 Conclusion 

This paper addresses the problem of multimodal semantic fusion and propagation pre-
diction in cross-cultural news communication, proposing the CCAMF algorithm and 
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its driven propagation modeling method. The results show that this method achieves 
superior performance in both semantic fusion and propagation prediction tasks: seman-
tic fusion accuracy reaches 89.7%, cross-cultural semantic alignment error is 0.078, 
propagation range prediction accuracy reaches 88.2%, propagation speed prediction 
MAE is reduced to 0.082, and click-through rate prediction F1 score reaches 87.6%, 
outperforming earlier splicing methods and Transformer-based methods overall. Abla-
tion experiments also verify the necessity of the semantic alignment module, residual 
fusion module, and cultural adaptation factor. This indicates that the proposed method 
can effectively solve problems such as large semantic bias, insufficient fusion, and in-
accurate propagation prediction in cross-cultural scenarios.  
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source, provide a link to the Creative Commons license and indicate if changes were made.
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is not included in the chapter's Creative Commons license and your intended use is not
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