Journal of Language, Culture and Education Studies
ISSN: 3078-7297
DOI: https://doi.org/10.61784/jlces3012

DIGITAL TWIN-ENABLED CULTURAL TRANSLATION AND
TOURISM SYNERGY A CROSS-CULTURAL COMMUNICATION
STUDY OF THE ZHEDONG TANG POETRY ROAD BASED ON
THE STEAM MODEL

ZiHan Li, Wei Xia"
School of Applied Foreign Languages, Zhejiang Yuexiu University, Shaoxing 312000, Zhejiang, China.
Corresponding Author: Wei Xia, Email: 20172256(@zyufl.edu.cn

Abstract: In the context of deepening globalization and digitalization, the international dissemination of cultural
heritage faces dual challenges of cultural discount and contextual contradictions. Focusing on the Zhedong Tang Poetry
Road, this study proposes a theoretical framework of "digital twin-enabled cultural gene translation" to explore
pathways for enhancing cross-cultural communication efficacy through immersive narratives and cultural-tourism
synergy mechanisms. Using a mixed-methods approach (digital ethnography, computational text analysis, and
controlled experiments), the findings reveal: (1) Digital twin technology enables cross-contextual lossless translation of
Tang poetry imagery through virtual-physical symbiosis, with a core pathway of "image extraction, semiotic
deconstruction, and contextual reconstruction"; (2) Immersive narratives significantly enhance international audiences'
cultural identity via emotional resonance (37% increase in O-wave activation intensity) and induce behavioral
transformation (22% rise in revisit rates); (3) The "STEAM model" (Storytelling-Technology-Emotion-Action-
Monetization) serves as a nexus for synergistic value creation between cultural dissemination and local economies. This
study provides theoretical innovation and practical paradigms for cultural heritage communication in the digital
humanities era, while offering neuroaesthetic evidence for the "cultural premium" effect mediated by technology.
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1 INTRODUCTION

The acceleration of globalization and the evolution of digital technologies are profoundly reshaping the paradigms of
cultural heritage dissemination. As a poetic crystallization of Chinese civilization, the Zhedong Tang Poetry Road
embodies the cultural genes of "landscape-poetic-heart" but faces barriers in international communication due to high-
context cultural gaps and disconnects with the experience economy. Traditional dissemination models, reliant on textual
translation and static exhibitions, struggle to evoke emotional resonance among international audiences regarding Tang
poetry’s artistic conception or achieve sustainable tourism value conversion. Concurrently, emerging technologies such
as the metaverse and digital twins offer novel possibilities for the "sensibilization" and "cross-contextual translation" of
cultural heritage. Against this backdrop, there is an urgent need to develop integrated pathways that combine
technological empowerment, narrative innovation, and industrial collaboration for cultural communication.

This study addresses three core questions: First, how can digital humanities technologies deconstruct the cultural genes
of Tang poetry and adaptively translate them for low-context audiences? Second, how can immersive narratives bridge
cultural cognitive differences to establish mechanisms for emotional resonance and behavioral engagement? Third,
what is the synergistic logic between cultural communication efficacy and local economic development in tourism-
integrated scenarios? To answer these questions, this research introduces the concept of "digital twin," constructs a
"physical-digital-cognitive" tri-space mapping model, and innovatively proposes the "STEAM" synergy mechanism
(Storytelling-Technology-Emotion-Action-Monetization). Through mixed-methods research, including digital twin
practices in Shaoxing’s Jian Lake and neuroaesthetic experiments, the study elucidates the role of technological
mediation in mitigating cultural discount and generating cultural premium.

2 THEORETICAL FRAMEWORK AND LITERATURE REVIEW
2.1 Key Conceptual Definitions

2.1.1 Cultural meme translation

Cultural memes, as the basic units of cultural transmission, carry shared meaning systems within specific communities .
Building on Lefevere’s rewriting theory and digital humanities techniques, this study operationalizes cultural meme
translation as the process of extracting, deconstructing, and cross-media reassembling core cultural symbols through
technological mediation to achieve cognitive adaptation of high-context heritage for low-context audiences[1].For the
Zhedong Tang Poetry Road, cultural memes manifest as clusters of imagery (e.g., "solitary boat," "moonlit peaks,"
"verdant mountains") that require digital twin technology to translate textual symbols into multisensory narratives.

2.1.2 Digital twin-enabled heritage tourism scenarios
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Digital twin technology constructs tripartite mappings of physical space, digital space, and cognitive space through high
-precision modeling and real-time data interaction. In this study, digital twin-enabled heritage tourism scenarios refer to
immersive cultural experience systems generated via AR/VR, LiDAR scanning, and dynamic narrative engines,
grounded in the geographical landscapes of the Zhedong Tang Poetry Road. Through virtual-physical symbiosis,
international visitors can "embody" the creative contexts of Tang poets[2]. For example, the reconstruction of Du Fu’s
verse "The Yue women are fair under heaven; May’s Jian Lake is cool" in Shaoxing’s Jian Lake scenario enables
visitors to experience the poet’s temporal and spatial milieu.

2.2 Theoretical Dialogues and Critiques

2.2.1 Limitations of cross-cultural communication theories

Traditional cross-cultural communication research emphasizes the influence of cultural dimensions and contextual
differences on information decoding but fails to explain how technological mediation reshapes transmission pathways.
For instance, while Hofstede’s "individualism-collectivism" dimension partially explains East-West preferences for
"reclusive landscapes," it does not reveal how digital narratives mitigate cultural discount through emotional resonance.
Furthermore, existing theories predominantly focus on textual and linguistic translation, neglecting the synergistic role
of multimodal symbols (visual, auditory, tactile).

2.2.2 Paradigm shifts in cultural-tourism integration research

Early cultural-tourism studies centered on Pine and Gilmore’s "experience economy" theory, emphasizing passive
consumption of cultural scenarios. However, the "participatory creation" paradigm, catalyzed by digital technologies,
demands redefined host-guest interactions[3]. For example, Black Myth: Wukong achieves cultural premium through
player-driven narrative co-creation, offering insights for the Zhedong Tang Poetry Road: cultural-tourism synergy must
transition from unidirectional display to bidirectional engagement, positioning tourists as co-producers of cultural
meaning.

2.3 Theoretical Innovation: The STEAM Synergy Mechanism

To address theoretical gaps in technological empowerment and value conversion for cross-cultural heritage
communication, this study proposes the STEAM Synergy Mechanism (Storytelling-Technology-Emotion-Action-
Monetization), a framework for digital twin-driven cultural meme translation and cultural-tourism value co-
creation.Storytelling Layer: Centered on Tang poetry imagery, this layer adopts interactive branching designs (e.g., dual
-path choices between "heroic verses" and "Zen-inspired verses") to enhance narrative immersion through visitor
agency[4]. Technology Layer: Integrating digital twin modeling, Al-generated content (AIGC), and neural interface
feedback, it enables cross-media translation of cultural symbols from physical to digital spaces. For example, LiDAR-
scanned reconstructions of Jian Lake, combined with dynamic poetry projections, revive the creative contexts of Tang
poets. Emotion Layer: Neuroaesthetic experiments validate the efficacy of multimodal narratives. Data show that ink-
wash animations significantly activate international audiences’ prefrontal cortex and limbic systems (37% increase in 0-
wave intensity), providing physiological evidence for cultural discount mitigation. Action Layer: Gamification
mechanisms (e.g., AR-based poetry collection tasks) transform cultural experiences into interactive behaviors.
Empirical results indicate a 41% rise in social media sharing rates among task participants. Monetization Layer: A
closed-loop system linking "IP-digital assets-real economy" converts cultural dissemination outcomes into sustainable
revenue. For instance, blockchain-enabled NFT releases of Tang poetry (e.g., Wang Changling’s "Lotus-Picking Song")
at Donggian Lake increased international tourist spending by 19%.

The STEAM model’s core innovation lies in redefining digital twins as "cognitive infrastructure" that maps "physical-
digital-cognitive" spaces, transforming cultural heritage dissemination from unidirectional output to an ecosystem of
"meaning co-creation and value sharing"[5]. This framework expands the technological dimensions of cultural
globalization theories and offers interdisciplinary methodological support for digital humanities and cultural-tourism
studies.

3 RESARCH METHODOLOGY
3.1 Mixed-Methods Research Design

To achieve the dual objectives of "cultural meme translation" and "cultural-tourism synergy mechanisms," this study
employs a mixed-methods approach that integrates qualitative tracking, quantitative analysis, and experimental
validation. The design is structured into three sequential phases: Phase 1: Digital Ethnography[6]. By embedding the
"Zhedong Tang Poetry Road AR Guide System," the research team conducted naturalistic tracking of international
tourists (N = 320) in hybrid virtual-physical environments. Eye-tracking devices (Tobii Pro Glasses 3) and GPS
positioning data were used to record visual focus duration, path selection preferences, and haptic feedback behaviors
(e.g., virtual poetry card click frequency). Post-cleaning, NVivo 14 facilitated thematic coding to extract cross-
contextual acceptance patterns of cultural symbols. Phase 2: Computational Text Analysis. A corpus of 1,000 Tang
poems associated with the Zhedong region was compiled from the Complete Tang Poems database. Using a BERT-
based multimodal pre-training model, the study deconstructed Tang poetry imagery clusters. Word vector clustering
(Word2Vec) and co-occurrence network analysis (Gephi 0.10.1) identified core cultural memes (e.g., the "moon-
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solitary boat-verdant peaks" triad) and their semantic associations, forming an "image translation priority matrix." Phase
3: Controlled Experiment. A double-blind experiment recruited Western participants (N = 150), randomly assigned to
an experimental group (experiencing digital twin narratives) and a control group (receiving traditional text-based
guides). Subjective emotional responses were measured via the PANAS affective scale (Watson et al., 1988), while
neurophysiological data (8-wave and a-wave intensity) were captured using an Emotiv EPOC X EEG headset.
ANCOVA analysis confirmed significant between-group differences (p < 0.05).

3.2 Data Sources and Processing

The study integrates multi-source heterogeneous data through systematic standardization:Behavioral Data: Derived
from encrypted logs of the AR guide system (user IDs anonymized via SHA-256), capturing international tourists’
interactions (e.g., eye-tracking heatmaps, GPS trajectories) at core sites like Shaoxing’s Jian Lake and Ningbo’s
Donggqian Lake. Text Data: Includes 1,000 Tang poems and user-generated content (UGC) from social media platforms
(e.g., 8,920 posts under #TangPoetryRoad), cleaned via regular expressions to remove irrelevant content. Experimental
Data: EEG signals (.edf files) and PANAS scores (5-point Likert scale), preprocessed using Butterworth filters and
standardized to Z-scores. Data processing utilized Python 3.10 for cleaning, feature extraction, and format conversion,
while spatiotemporal behavior patterns were visualized dynamically via Tableau 2023.2.

3.3 Ethical and Validity Safeguards

The study strictly adhered to the Declaration of Helsinki and was approved by Zhejiang University’s Ethics Committee
(No. ZU-IRB2023-0456). Participants provided informed consent, with data anonymized and stored on secure servers.
Triangulation validated consistency across behavioral logs, neurophysiological signals, and interview texts. For instance,
a correlation analysis between visual dwell time (mean = 8.7 seconds) and 0-wave activation intensity (r = 0.62, p <
0.01) in AR scenarios confirmed methodological robustness. External validity was enhanced through stratified sampling
(34% Western, 33% East Asian, 33% Middle Eastern), with chi-square tests (y*> = 1.24, p = 0.54) confirming group
balance. Technical reliability was ensured via Leica BLK360 LiDAR (0.6mm accuracy) and Unreal Engine 5.2°s
Lumen global illumination system, maintaining a scene reconstruction error rate below +3%. Inter-coder consistency (k
= (0.89) minimized subjective bias.

4 CASE ANALYSIS AND FINDINGS
4.1 Digital Twin Scenario Construction: Virtual-Physical Symbiotic Cultural Experiences

Taking Shaoxing’s Jian Lake as an example, this study reconstructed Tang-era water systems and vegetation landscapes
with high precision using LiIDAR scanning and Unreal Engine 5.2 (model error rate +2.1%), augmented by dynamic
poetry projection systems. When visitors entered the "Li Bai’s Poetic Realm" scenario, AR glasses projected verses
from "Dream Journey to Tianmu Mountain" in real time, accompanied by spatial audio and haptic feedback devices
(e.g., vests simulating river breezes), recreating the spatiotemporal context of "The lake moon illuminates my shadow,
sending me to Shanxi." Data revealed that international visitors spent an average of 14.3 minutes in this scenario—a
120% increase compared to traditional exhibitions (6.5 minutes)—with 73% reporting "intuitive access to the poet’s
creative mindset."[7] This practice demonstrates that digital twin technology significantly lowers cognitive barriers for
high-context cultures through embodied spatial experiences and multisensory narratives.

4.2 Cultural Gene Translation Pathways: From Imagery to Behavioral Symbolism

To translate Tang poetry imagery across cultures, the research team developed an "imagery priority matrix," identifying
20 core cultural genes such as "fishing fires at midnight" and "solitary return to green peaks." For instance, the
translation of "fishing fires at midnight" involved three stages: Imagery Extraction: Deconstructing the emotional core
of "solitude" and "wandering" from Zhang Ji’s "Night Mooring at Maple Bridge." Semiotic Deconstruction:
Transforming "fishing fires" into an interactive light installation where brightness dynamically adjusts to visitor
movement speed. Contextual Reconstruction: Embedding the symbol into the GLOW Light Festival (Eindhoven)
alongside Nordic nautical motifs (e.g., Viking ships). Neuroaesthetic experiments showed that Western audiences
experienced a 37% increase in prefrontal 6-wave activation (4.7uV) when interacting with the installation compared to
text-only engagement, alongside significant improvements in "resonance with solitude" scores (t = 3.29, p < 0.01)[8].
These findings indicate that technologically mediated symbol reconstruction can trigger emotional resonance in low-
context audiences while expanding the adaptability of high-context cultural genes.

4.3 Cultural-Tourism Synergy Efficacy: Dual Circulation of Communicative Value and Economic Returns

The Donggian Lake case in Ningbo validated the STEAM model’s synergistic effects. Through AR-based "Poetry
Trail" tasks, international visitor revisit rates rose from 18% to 22%, while derivative income increased from 8% to
19% of total revenue. Further analysis revealed that 87% of task participants shared their experiences on social media
(#TangPoetryRoad garnered over 5.2 million impressions), forming a "dissemination-consumption-redissemination"
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viral loop[9]. Economically, the blockchain-enabled release of Wang Changling’s "Lotus-Picking Song" NFTs (limited
to 1,000 editions) allocated 30% of sales revenue via smart contracts to local heritage conservation and community
cultural projects. By June 2023, 12% of NFT holders participated in offline poetry festivals, establishing a closed-loop
system linking cultural dissemination and regional economic growth.

4.4 Constraints on Cross-Cultural Communication Efficacy

Despite technological advancements, two critical constraints emerged: Technological Dependency: 7% of Western
visitors reported motion sickness from AR devices, while younger audiences prioritized technological novelty over
cultural depth (e.g., higher interest in LIDAR scanning than in "Zen landscapes"). Cultural Simplification: Al-generated
summaries (e.g., reducing "unity of heaven and humanity" to "harmony with nature") improved readability but diluted
philosophical nuance[10]. To address these, the study proposes a "graded narrative" strategy: Deep Engagement Path:
Offering annotated poems and scholarly guides for enthusiasts. Broad Accessibility Path: Designing gamified AR tasks
for casual visitors[11]. Testing showed that graded narratives significantly improved cultural comprehension (mean
score: 4.1/5 vs. 3.3/5 for single-path narratives, t = 3.89, p < 0.001) and reduced motion sickness incidents to 3%[12].

5 CONCLUSIONS AND DISCUSSION
5.1 Research Conclusions

This study systematically elucidates the translation mechanisms and cultural-tourism synergy pathways for high-context
cultural genes in global dissemination, focusing on the Zhedong Tang Poetry Road through digital twin technology and
mixed-methods research. Key findings include:Cultural Gene Translation: Digital twins enable cross-contextual lossless
translation of Tang poetry imagery via tri-space mapping ("physical-digital-cognitive"), operationalized through a
progressive "image extraction-semiotic deconstruction-contextual reconstruction" model. Immersive Narrative Efficacy:
Immersive designs significantly enhance international audiences' emotional resonance (37% increase in 6-wave
activation) and behavioral engagement (22% rise in revisit rates). STEAM Synergy: The "Storytelling-Technology-
Emotion-Action-Monetization" model fosters a shift from unidirectional cultural output to a "value co-creation"
ecosystem, demonstrating the dual capacity of technological mediation to mitigate cultural discount and generate
cultural premium.

5.2 Practical Implications

The study proposes three actionable strategies for international dissemination and tourism development: Graded
Narrative System: Tailor content via AIGC to cater to diverse audiences—academic annotations for enthusiasts and
gamified AR tasks for casual visitors. Wearable Poetic Devices: Utilize flexible e-skin sensors to simulate natural
sensations described in Tang poetry (e.g., humidity for "drizzle dampening robes"), enhancing immersive accessibility.
DAO Governance: Implement decentralized autonomous organizations (DAQOs) to incentivize global user participation
in cultural gene co-creation (e.g., open-source algorithms for poetry translation). For instance, blockchain-enabled NFT
releases at Ningbo’s Donggian Lake boosted international tourist spending by 19%, while Shaoxing’s virtual-physical
symbiosis model offers replicable technical paradigms for sites like the Dunhuang Caves and the Forbidden City. These
practices advance China’s "cultural power" strategy and inject cultural vitality into regional economies.

5.3 Future Directions

While this study provides a theoretical and practical framework for digital heritage communication, future research
should address three dimensions: Technological Integration: Combine generative Al (e.g., GPT-4 multimodal models)
with metaverse architectures to build adaptive cultural translation systems. For example, real-time Al analysis of
visitors’ cultural backgrounds and emotional feedback could generate context-specific narratives (e.g., "hero’s journey"
for Western audiences, "mono no aware" aesthetics for East Asian audiences), enhancing precision and inclusivity.
Cross-Cultural Adaptation: Expand beyond Western-centric samples to include African, Latin American, and Islamic
contexts. Investigate how digital narratives differentially impact diverse cultural spheres. For instance, adapt Tang
poetry’s "Zen landscapes" to align with Sufi philosophical symbols for Islamic audiences.
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