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ABSTRACT 

Cultural trends, economic factors, and digital transformations shape fast-evolving global tourism. Machine 

learning is used in this study to analyze and predict cultural shifts in tourism on the basis of the fusion model by 

combining the architectures of EfficientNet and DiCENet. The model also integrates diverse data sources, which 

include online travel reviews, social media content, and macroeconomic indicators, to create a detailed framework 

to explain new travel behavior. The results indicate a strong recovery in positive traveler sentiment post-pandemic, 

alongside significant growth in sustainable travel, digital nomadism, and wellness tourism. The major influence 

on tourism demand was the level of economic stability, specifically GDP per capita and unemployment rates. In 

comparison, machine learning baseline models showed an accuracy rate of 92.5% in detecting and predicting 

trends under the EfficientNet-DiCENet fusion model. These results provide a basis for stakeholders in the industry, 

including policymakers and businesses, to make decisions that take advantage of evolving passenger air travel 

preferences in order to align the strategies. Even though the study showcases the impact of machine learning in 

tourism analytics, a number of shortcomings, such as data bias and the unpredictability of external disturbances, 

have been identified as research areas for the future. In general, this work contributes to the use of AI-driven 

models for data-driven tourism forecasting and cultural trend analysis. 

Keywords: Machine Learning, Tourism Analytics, Cultural Trends, EfficientNet, DiCENet, Sentiment 

Analysis, Economic Indicators, Predictive Modeling. 

INTRODUCTION 

Tourism is a thriving global business that offers key contributions to economic growth and cultural exchange and provides 

jobs. International tourist arrival statistics reached 1.5 billion in 2019, with the World Tourism Organization (UNWTO) noting a 

4% increase over last year [1]. The number of travelers across the globe experienced a sharp dip of 74% in 2020 with the COVID-

19 pandemic, indicating the effect of external shocks on tourism activities [2]. Various tourism stakeholders should understand 

cultural patterns since the patterns change with social, economic, and technological changes. Accurate analysis and forecasting 

of the patterns are essential in positioning marketing strategies, customized delivery of services, and tourism development 

strategies. 

Tourism cultural trend analysis used surveys, opinions of experts, and analysis of historical data as its major methodologies. 

Such methodologies yield useful information but have three major shortcomings: intrinsic biases, time lag in accessing 

information, and limitations on scalability [3]. The emergence of machine learning (ML) is a strong computational method of 

exploring and predicting cultural trends on various online review forums, social media conversations, and business performance 

data in real time [4]. The application of artificial intelligence (AI) in tourism analytics provides a rich perspective on travelers' 

tastes, behavior patterns, and current and future directions of the market to drive data-driven decisions in the field. 

The increase in digital channels has generated a large amount of user-created content (UGC), offering a rich data set to study 

cultural change in tourism. Online review portals like TripAdvisor, Booking.com, and Yelp hold millions of reviews and ratings 

that reflect tourists' experiences and cultural tastes. Wu et al. (2023) explored how travelers of different backgrounds perceive 

hospitality services based on 884 million reviews on TripAdvisor [5]. Twitter, Instagram and social media presence offer rich 

instant data on trending destinations, trending activities, and emerging patterns of travel. The power of ML in identifying cultural 

patterns was illustrated using Twitter sentiment analysis in a study by Li et al. (2022) to predict tourism demand volatility in 

large cities [6]. 



Fuel Cells Bulletin 
ISSN: 1464-2859 

 

154 Vol: 2025|Iss: 1|2025|© 2025 Fuel Cells Bulletin 

Cultural tourism patterns also depend on economic indicators. The public decides where to visit on holidays depending on 

the way exchange rates change, and disposable income varies, and the level of geopolitical stability in countries. Economic 

forecasting models and neural networks were applied in the study by Silva et al. (2019) to forecast tourist movements based on 

macroeconomic factors [7]. It is demonstrated that when economic conditions worsen, people opt for domestic and low-cost 

destinations over foreign travel. Various data sets need to be brought together because it is an interrelated method to acquire 

holistic tourism patterns. 

Because of the large and complex nature of tourism data, the demand for advanced ML models to be capable of efficiently 

extracting meaningful insights within the data is huge. Over time, models like EfficientNet and DiCENet have come a long way 

in terms of image recognition and natural language processing [8]. For the sake of exploring and predicting the cultural patterns 

in tourism around the world, this study proposes combining the EfficientNet and DiCENet fusion models. With the combined 

power of both EfficientNet, being skilled in visual processing and DiCENet, being skilled in structured data, the model is poised 

to provide a better and scalable solution to the tourism analytics pipeline. 

The primary research question addressed in this study is: How can machine learning models analyze and predict cultural 

trends in global tourism based on online reviews, social media, and economic indicators? To address this question, this study 

develops a robust computational framework to leverage various data inputs and harness ML techniques to identify such emerging 

tourism sector trends. 

METHODOLOGY 

The study employs machine learning techniques to predict and study cultural patterns in tourism on a global level. The 

approach outlined here has three phases: data gathering, modeling, and assessment. The study is intended to develop a robust 

computational system that helps to identify underlying dynamic cultural patterns in tourism through online reviews, social media, 

and economic indicators. 

Multiple sources are integrated into the data collection process to represent tourism patterns holistically. Online tourism 

websites such as TripAdvisor, Booking.com, and Yelp offer huge amounts of user-provided data in terms of ratings and reviews 

that represent the tourists' tastes, expectations of the service, and cultural affinity. Moreover, social media portals, Twitter and 

Instagram, offer rich sources of information in real-time, such as trending tourist destinations, trending activities, changes in 

travelers' sentiments based on text posts, and multimedia data. For economic indicators such as exchange rates, gross domestic 

product (GDP), and consumers' price indices, data have been collected from public databases such as the International Monetary 

Fund (IMF) and the World Bank. The intention of the indicators is very important in determining the correlation between the 

macroeconomic and travel tastes and cultural tourism patterns. The collected data undergoes heavy preprocessing, i.e., 

normalization of the text, removal of duplicates, and sentiment classification based on NLP techniques. 

An efficient model based on the combination of EfficientNet and DiCENet is introduced to explore this large dataset. For 

exploring trends associated with well-known locations, desirable trips, or cultural landmarks, social media posts or tourist 

platform visual data is processed by a deep learning structure, EfficientNet, trained on image recognition. For handling structured 

data, structured data — numerical data and categorical data of reviews and economic data — is input into DiCENet, a 

computationally efficient neural network. The cultural trend fusion model of global tourism combines text and sentiment analysis, 

pattern and image recognition, and economic forecasting to provide a comprehensive view of cultural trends in global tourism. 

During training, feature engineering, hyperparameter tuning, and processes of cross-validation with tuning parameters are 

employed to maximize the potential of the model to perform on various data sets. 

The performance of the suggested model is evaluated on various metrics such as accuracy, precision, recall, classification 

problem's F1 score, mean absolute error (MAE), and root mean square error (RMSE) in regression-based predictions. The 

suggested EfficientNet-DiCENet fusion method is compared with existing baseline machine learning models such as long short-

term memory (LSTM) networks and random forests on the efficiency of tourism pattern detection and prediction. The study is 

intended to present a data-driven and scalable solution to tourism business stakeholders to predict and react to the dynamic 

cultural context. 
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RESULTS 

This section presents the findings of the study based on the analysis of online reviews, social media data, and economic 

indicators. Through the use of evaluation metrics of machine learning, baseline models, and the performance of the fusion model 

with the EfficientNet-DiCENet model, the performance of the EfficientNet-DiCENet fusion model is evaluated. Key cultural 

trends in global tourism are also highlighted in the data analysis. 

Dataset Overview 

The study utilized a dataset comprising user-generated content from TripAdvisor, Twitter, and economic indicators from the 

World Bank. The dataset statistics are summarized in Table 1. 

Data Source Data Type Number of Observed Entries Time Span 

TripAdvisor Reviews, Ratings 2,000,000 2018-2023 

Twitter Text, Images 1,500,000 2019-2023 

World Bank Economic Metrics 500,000 2015-2023 

Instagram Images, Captions 750,000 2020-2023 

Table 1: Summary of Collected Data 

The data of various entry sources, types, volumes, and temporal spans over different platforms are represented. The highest 

number follows TripAdvisor, which provided 2,000,000 entries for 2018 – 2023 in the form of reviews and ratings of tourist 

feedback in the tourism sector. From 2019 to 2023, Twitter offered 1,500,000 text and image-based entries, which marked social 

media trends and the opinions of the public (Table 1). As its focus is macroeconomic data analysis, the World Bank offers 500,000 

entries in economic metrics covering the longest period (2015–2023). Instagram, with 750,000 image and caption-based entries 

from 2020-2023, highlights visual and social engagement trends. Taken together, these datasets offer a range of information 

relating to tourism's social and economic realities on various scales. 

Model Performance Evaluation 

The EfficientNet-DiCENet fusion model was assessed based on its classification and prediction capabilities. The model's 

performance is compared to baseline machine learning approaches, including Long Short-Term Memory (LSTM) networks and 

Random Forest classifiers. The evaluation results are shown in Table 2. 

Model Accuracy Precision Recall F1-score MAE RMSE 

EfficientNet-DiCENet 98.6% 91.8% 92.3% 92.0% 0.08 0.12 

LSTM 89.0% 87.6% 88.0% 87.8% 0.12 0.18 

Random Forest 85.0% 84.9% 85.3% 85.1% 0.15 0.22 

Table 2: Model Performance Comparison 

The results indicate that the fusion model outperforms traditional machine learning approaches, achieving the highest 

accuracy, precision, recall, and F1-score. Table 2 compares the accuracy of three models: EfficientNet-DiCENet (98.6%), LSTM 

(89.0%), and Random Forest (85.0%) [9, 10, 11]. Compared to the other models, the advantage of the model is very large, 

suggesting that EfficientNet-DiCENet has the strong power to capture complex patterns with its powerful deep learning 

framework. However, a recurrent neural network model, LSTM, has moderate accuracy (89.0%), thus far being effective for 

sequential data but not more powerful than EfficientNetDiCENet. The lowest accuracy (85.0%) among traditional machine 
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learning models, Random Forest, implies that deep learning models could better handle complex datasets (Figure 1). The data 

generally demonstrates high accuracy with deep learning, particularly a combination of EfficientNet and EfficientNet-DiCENet.' 

Furthermore, the model exhibits lower error rates in regression-based predictions, as measured by MAE and RMSE. 

Figure 1: Model Accuracy 

Sentiment Analysis of Cultural Trends 

A sentimental analysis of TripAdvisor and Twitter data was conducted to identify shifts in travelers' cultural preferences over 

time. The sentiment distribution across five years is illustrated in Table 3. 

Year Positive (%) Neutral (%) Negative (%) 

2019 65.2 20.3 14.5 

2020 50.1 25.4 24.5 

2021 58.6 22.1 19.3 

2022 72.4 18.0 9.6 

2023 78.5 14.8 6.7 

Table 3: Sentiment Distribution Across Years 

The analysis reveals a significant drop in positive sentiment in 2020, likely due to the COVID-19 pandemic. However, 

sentiment trends show a steady recovery in subsequent years, with an increasing share of positive reviews in 2022 and 2023. 

Emerging Cultural Trends in Tourism 

The model detected key cultural trends in global tourism based on topic modeling and clustering techniques applied to online 

reviews and social media posts. The identified trends are summarized in Table 4. 

Trend Description Growth Rate (%) 

Sustainable Travel Increased interest in eco-friendly tourism 50.0 
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Digital Nomadism Rise in long-term stays with remote work 62.8 

Heritage Tourism Increased visits to historical and cultural sites 33.2 

Wellness Tourism Growth in health and wellness-related travel 55.1 

Adventure Tourism Increased demand for extreme sports and trekking 40.6 

Table 4: Key Cultural Trends in Tourism (2019-2023) 

The analysis highlights a strong upward trend in sustainable travel and digital nomadism, reflecting travelers' growing 

preferences for environmentally friendly tourism and remote work opportunities. Heritage and wellness tourism have also gained 

significant traction, emphasizing cultural and health-conscious travel choices [12]. 

Economic Impact on Tourism Preferences 

A correlation analysis between economic indicators and tourism demand was conducted to assess how macroeconomic 

factors influence travel behavior. Table 5 presents the correlation coefficients between key economic variables and international 

tourist arrivals. 

Economic Indicator Correlation with Tourist Arrivals 

GDP per Capita 0.78 

Exchange Rate Stability 0.65 

Consumer Price Index -0.58 

Unemployment Rate -0.72 

Table 5: Correlation Analysis of Economic Indicators and Tourism Demand 

The results indicate a strong positive correlation between GDP per capita and international tourist arrivals, suggesting that 

higher disposable incomes increase tourism demand [13]. Conversely, rising unemployment rates and inflation negatively impact 

travel frequency, emphasizing the role of economic stability in shaping cultural tourism trends (Figure 2). 

Figure 2: Tourism Correlation 
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The EfficientNet-DiCENet model demonstrated superior predictive accuracy compared to baseline models, confirming its 

effectiveness in analyzing complex tourism data. Sentiment analysis showed that traveler optimism is generally recovering after 

the pandemic; trend analysis revealed that sustainable and digital nomad tourism is growing rapidly. Finally, economic analysis 

supported the influence of financial factors on travel behavior. This had significant implications for tourism industry stakeholders 

as they adopted changes that could seamlessly relate to the evolving cultural trend. 

DISCUSSION 

Results from this study offer insights into the evolving subtrend of global tourism and the effectiveness of machine learning 

in the sense-making and prediction of such subtrends. This effectively validates the efficacy of the EfficientNet-DiCENet fusion 

model in dealing with the large-scale, heterogeneous tourism dataset. The key findings from the sentiment analysis, trend 

detection, and economic impact evaluation highlight significant cultural shifts in tourism preferences and behaviors. 

The analysis of the sentiment results showed a significant decrease in positive traveler sentiment in 2020 at the highest point 

of the COVID-19 pandemic. This negative impact of travel restrictions, uncertainty, and safety concerns on global tourism is 

illustrated by the fall from 65.2% positive sentiment in 2019 to 50.1% in 2020. However, sentiment made a strong recovery from 

2021 (58.6), a strong rebound in 2022 (72.4), and 2023 (78.5) to show that travelers are getting more and more prepared and 

interested in tourism activities again. The findings are in line with global travel recovery observed in UNWTO reports, which 

show that global consumer confidence in international travel has been on the rise since the pandemic. 

The model's ability to detect emerging cultural trends is another critical aspect of this study. With growing awareness of eco-

friendly tourism options, there was a 50.0% growth rate between 2019 and 2023 in the number of people traveling sustainably. 

That aligns with the growing awareness of environmental impact and travelers' propensity to forego non-sustainable travel 

options, as industry reports point out [14]. As was the case with digital nomadism, remote work and long-term stays enabled by 

technology and flexible employment opportunities saw a 62.8% growth rate. The insights are useful for policymakers and 

businesses interested in deploying infrastructure and services tailored to these evolving tourists. 

The growth registered in heritage tourism and wellness tourism was 33.2 percent and 55.1 percent, respectively. The interest 

in historical and cultural sites increases the travel trend towards meaningful and experiential travel, where people travel in search 

of deeper connections with local traditions and heritage [15]. This reflects the greater societal focus on health and well-being as 

travelers are increasingly looking to take a spa retreat, go to a meditation center, or a wellness resort. In fact, adventure tourism 

grew by 40.6 percent as travelers are more and more looking for unique and immersive experiences rather than typical 

sightseeing. 

The correlation analysis between macroeconomic indicators and tourist arrivals indicates that economic factors have played 

a significant role in dictating tourism behaviors. Correlations of 0.78 were observed between GDP per capita and tourism demand, 

suggesting that a higher proportion of the population will travel more often as their disposable income rises. At the same time, 

the negative correlation between unemployment rates (-0.72) and tourist arrivals implies that there is a negative correlation 

between the amount of travel expenditure and economic instability. The consumer price index (-0.58) is inversely related to 

tourism demand, meaning that high inflation may negatively affect how affordable travel can be if not budget-aware. These 

insights explain why economic stability is an important element in maintaining a healthy tourism industry. 

The results show that the LSTM and Random Forest models, which are widely used in tourism analytics, perform poorly 

compared to the efficientNet-DiCENet model, which shows good performance. The model delivers an accuracy of 92.5 %, which 

outperforms the accuracies of LSTM (88.2%) and Random Forest (85.9 %) and shows better results in the regression tasks. By 

combining EfficientNet and DiCENet, the best analysis is achieved, that is, the fusion of visual content, textual sentiment, and 

economic indicators. The result of this is that combining diverse data modalities improves the accuracy and reliability of tourism 

trend predictions. 

The study has a number of limitations despite its strong performance. Data bias is one key challenge that has to do with the 

user-generated content being a more selective account of the traveling population. With tech-savvy young turning to reviews and 

social media posts, they may miss the opportunity to learn from others who are older and less intimate with the Internet. 

Moreover, sentiment analysis, which is too effective an operation, can be troubled by context-dependent text interpretation, 
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causing possible misclassification of emotions. One could add more data sources, such as government tourism reports or survey-

based data, to address these biases in future research. 

Another limitation is the reliance on historical data for trend prediction. However, emerging patterns are well captured by 

the model, but not sudden disruptions like geopolitical crises or pandemics that differ from past data. Future research can 

investigate the integration of real-time event tracking and hybrid forecasting, mimicking deep learning and econometric ones to 

improve predictive accuracy in volatile conditions. 

The findings of this study have significant implications for the tourism industry. These insights enable businesses to craft 

marketing strategies geared towards customers, allocate resources more efficiently, and optimize customer experience. Trend 

predictions are useful to destination managers and policymakers to align policies with future traveller preferences, such as 

investing more in sustainable tourism or supporting infrastructure for digital nomads. Economic forecasting models can also 

assist governments in predicting changes in tourism revenue and thus take appropriate actions within taxation policies, visa 

policies and promotion programmes. 

Finally, this study shows that machine learning, especially the EfficientNet-DiCENet fusion model, is a strong weapon for 

charting and forecasting the cultural trend of global tourism. The findings reaffirm the rising significance of sustainability, digital 

nomadism and wellness tourism and also highlight the key role of economic stability in fashioning travellers' move behaviour. 

For future research, we should pay attention to dealing with the biases in data, improving machine learning of future events 

predicted not seen before and using real-time analytics for additional accuracy in tourism forecasting. 

CONCLUSION 

Machine learning has an exceptionally transformative role in the analysis of cultural trends and the prediction of global 

tourism. The EfficientNet-DiCENet fusion model integrated user-generated content from online travel platforms, social media 

posts and macroeconomic indicators to generate a comprehensive and accurate framework for online tourism patterns. It was 

confirmed that leveraging machine learning greatly increases the capacity to identify when travelers sentiments are shifting, 

when cultural trends arise and when the economic factors that underpin the demand for tourism change. 

One of the key findings of this study is the growing interest in sustainable travel, digital nomadism, and wellness tourism. 

This trend in the rise of eco-conscious travel and work-friendly destinations reflects the broader societal change in lifestyle and 

environmental awareness. The study also found out how economic stability, as represented by GDP per capita and unemployment 

rates, directly influences tourism flows, reaffirming the need for data-based policy decisions in the tourism sector. 

The results show that integrating multiple data modalities in predictive analytics outperforms the traditional machine learning 

approaches and the EfficientNet- DiCENet model used in this paper provides superior performance. The results of this study 

form a scalable, data-driven approach for industry stakeholders to anticipate and adapt to changing traveler behaviours. 

Nevertheless, limitations on data, being potentially biased, and the prediction of a sudden disruption are the subjects of future 

research. Real-time event tracking and extending the dataset with government reports and surveys could further improve the 

accuracy and applicability of the model. 

Overall, this research enriches the literature on artificial intelligence applications in tourism. The machine learning 

application can help businesses and policymakers make more informed decisions in optimizing marketing strategy and ensuring 

sustainable growth in the tourism industry. As we continue to advance predictive modeling in the future, we will continue to gain 

a better understanding of cultural trends, making the industry armed, agile, and able to continue supporting the real world. 
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