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 This research aims to analyze public sentiments towards National 
Geographic's content on the bird of paradise from the perspective of 
nature-based tourism. The method utilized is CRISP-DM, comprising 
stages of business understanding, data understanding, modeling, 
evaluation, and deployment. Focusing on sentiments expressed in 
response to National Geographic's Bird of Paradise content, this study 
seeks insights into how the public perceives and values nature-oriented 
tourism experiences. Comparing the results of DT and SVM algorithms 
with and without the SMOTE reveals noteworthy differences in 
classification performance. Without SMOTE, both DT and SVM exhibit 
relatively lower accuracy and AUC values compared to their counterparts 
with SMOTE. For DT, adding SMOTE substantially improves accuracy 
(from 92.44% to 95.20%) and AUC (from 0.517 to 0.956), indicating 
enhanced classification accuracy and model robustness. In addition, SVM 
demonstrates significant performance gains with SMOTE, achieving 
notably higher accuracy (from 92.12% to 98.63%) and AUC (from 0.617 to 
0.999). The significantly higher values across various performance metrics 
for SVM underscore its effectiveness in handling imbalanced datasets and 
accurately classifying sentiment data. Therefore, researchers and 
practitioners may consider leveraging SVM for sentiment analysis tasks in 
similar contexts to achieve optimal classification results and enhance 
decision-making processes. 
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1. INTRODUCTION 
Birding, or birdwatching, has emerged as a prominent trend in tourism, signifying tourists' interest in 
observing avian species across diverse locations [1]. This activity entails deliberate bird observation, 
often necessitating visits to specific habitats known for their rich bird populations [2]. Consequently, 
birding qualifies as a niche tourism interest, attracting enthusiasts who seek to immerse themselves in 
the natural world through avian observation [3]. This trend underscores travelers' growing 
appreciation for wildlife and nature-based experiences, contributing to diversifying tourism offerings 
and fostering environmental awareness [4]. As individuals engage in birding, they contribute to the 
documentation and appreciation of local avifauna, thereby promoting awareness of the ecological 
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significance of these species [5]. This heightened awareness fosters a sense of responsibility toward 
conservation efforts to protect habitats crucial for endemic birds [6]. Consequently, birding serves not 
only as a recreational pursuit but also as a means of advocating for the preservation of biodiversity and 
the sustainable management of natural resources. 

The urgency of this research lies in the perspective utilized to analyze the interest in bird-
watching activities based on the nature-based experience perspective [7]. By adopting this perspective, 
researchers delve into the intricate interplay between individuals' interactions with nature and their 
motivations for engaging in bird-watching [8]. This approach allows for a nuanced examination of the 
underlying factors driving the appeal of birding as a form of nature-based recreation [9]. Moreover, it 
facilitates a deeper understanding of birdwatching's psychological, emotional, and experiential 
dimensions, offering insights crucial for informing conservation efforts, enhancing visitor experiences, 
and promoting sustainable tourism practices. 

The practical implication of this research underscores the public awareness regarding the 
sustainability of endemic bird habitats in respective regions, thereby influencing conservation policies 
or ecosystem protection based on socio-cultural contexts [10]. By shedding light on the significance of 
preserving habitats for endemic bird species, this study contributes to fostering a deeper 
understanding of the ecological value of these areas among local communities [11]. This heightened 
awareness catalyzes community-led conservation initiatives and influences policy decisions to 
safeguard critical bird habitats [12]. Ultimately, by integrating socio-cultural perspectives into 
conservation strategies, stakeholders effectively address the complex socio-economic dynamics 
impacting ecosystem preservation, thus ensuring the long-term viability of endemic bird populations. 

The theoretical implication of this research contributes to the nature-based tourism 
perspective by specifically linking tourism context with bird-watching through sentiment classification 
analysis and comparing decision tree and support vector machine algorithms in classifying review data 
on content related to the Bird of Paradise published by National Geographic [13]. By employing 
advanced machine learning techniques to analyze sentiments expressed in reviews, this study offers 
valuable insights into the perceptions and preferences of tourists engaging in bird-watching activities 
[14]. Furthermore, comparing classification algorithms enhances our understanding of the 
effectiveness and applicability of different computational approaches in handling diverse datasets 
within the context of nature-based tourism research [15]. Ultimately, this research enriches theoretical 
frameworks in tourism studies by integrating computational methodologies to explore the 
complexities of tourist behavior and preferences in nature-oriented activities such as bird-watching. 

The limitation of this research lies in the method employed to understand public responses 
regarding the sustainability of bird-watching tourism through the CRISP-DM method and the 
comparison of DT and SVM algorithm performance. While the CRISP-DM method offers a systematic 
framework for data mining, its application in gauging public sentiments may overlook nuanced socio-
cultural factors influencing perceptions of sustainability in bird-watching tourism. Additionally, while 
comparing decision tree (DT) and support vector machine (SVM) algorithms provides valuable 
insights into classification accuracy, other machine learning techniques could further enhance the 
robustness of sentiment analysis [16]–[22]. Thus, while this research provides a foundational 
understanding, future studies should consider integrating data-mining approaches and exploring 
alternative computational methodologies to comprehensively capture the complexity of public 
perceptions toward sustainable tourism practices in bird-watching. 

The opportunity for further research development in this area lies in expanding the scope of 
analysis to incorporate a broader range of socio-cultural and environmental variables influencing 
public perceptions and behaviors towards sustainable bird-watching tourism [23]. Researchers gain 
deeper insights into the underlying motivations and attitudes shaping tourist engagement with bird-
watching activities by integrating qualitative methodologies such as interviews or focus groups [24]. 
Additionally, exploring alternative machine learning techniques and incorporating real-time data 
sources could enhance the accuracy and relevance of sentiment analysis in assessing tourist sentiments 
[25]. Ultimately, by addressing these aspects, future research endeavors have the potential to offer a 
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more comprehensive understanding of sustainable tourism practices in the context of bird-watching, 
thereby informing effective conservation strategies and policy interventions. 

The contribution of this study to knowledge is significant in its integration of advanced 
computational methodologies with the exploration of public perceptions towards sustainable bird-
watching tourism. By applying the CRISP-DM method and comparing the performance of decision tree 
and support vector machine algorithms in sentiment analysis, this research advances our 
understanding of the complex interplay between tourism, environmental conservation, and socio-
cultural factors [26]. Furthermore, the study's focus on bird-watching as a nature-based tourism 
activity enriches existing literature by offering insights into the specific motivations and preferences 
of tourists engaging in avian observation. Consequently, this research contributes to theoretical 
frameworks in tourism studies and provides practical implications for enhancing sustainable tourism 
practices and biodiversity conservation efforts. 

2. RESEARCH METHOD 
The research methodology employed in this study is the CRISP-DM method, encompassing the stages 
of business understanding, data understanding, modeling, evaluation, and deployment [27]. CRISP-
DM, widely recognized in data mining and analytics research, provides a systematic framework for 
guiding the research process, ensuring methodological rigor and clarity in each analysis stage [28]. By 
following this structured approach, researchers effectively navigate the complexities of data collection, 
analysis, and interpretation, thus enhancing the reliability and validity of research findings [29]. 
Consequently, the utilization of CRISP-DM underscores the methodological robustness of this study 
and enhances confidence in the accuracy and relevance of its results. 
 

 

Figure 1. Implementation of CRISP-DM 

In implementing CRISP-DM, the data division allocates 70% for testing and 30% for training from the 
total collected review data. Data pre-processing involves tokenization, transforming cases, and 
removing stopwords using the English dictionary. This approach ensures a systematic and 
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standardized dataset treatment, allowing reliable and consistent analysis outcomes. By employing 
these methodologies, researchers effectively prepare the data for further analysis and model 
development, enhancing the robustness and validity of research findings. In the modeling stage, the 
decision tree (DT) algorithm is employed for classifying sentiment classes into negative and positive. 
This choice of algorithm allows for the creation of a hierarchical structure of decision nodes based on 
features extracted from the dataset, facilitating the classification of sentiments expressed in the 
reviews.  This selection underscores the suitability of DT for handling classification tasks in sentiment 
analysis, contributing to the comprehensive understanding of public sentiments towards the subject 
matter. 
 

[𝐻(𝑇) = − ∑ 𝑝(𝑖|𝑡)𝑐
𝑖=1 log2 𝑝 (𝑖|𝑡)]     (1) 

 
Where: 
(𝐻(𝑇))is the total entropy of decision tree (𝑇). 
(𝑝(𝑖|𝑡)) is the probability that a tuple generated by node (𝑡) belongs to class label (𝑖). 
(𝑐) is the number of possible classes. 
 

This is the formula for calculating the entropy of a decision tree, which measures the "uncertainty" 
or "confusion" present in the dataset, measured in information units (bits) [28]. Lower entropy 
indicates better performance of the decision tree in classifying data. Following the implementation of 
the decision tree (DT) algorithm, a performance comparison is conducted with the support vector 
machine (SVM) algorithm. This comparative analysis aims to evaluate the effectiveness of SVM in 
sentiment classification tasks, particularly in distinguishing between positive and negative sentiments 
expressed in the collected reviews. By examining the performance metrics of both algorithms, 
researchers ascertain each approach's relative strengths and weaknesses, thereby informing the 
selection of the most suitable algorithm for sentiment analysis in similar contexts. Such comparative 
assessments are instrumental in advancing the understanding of algorithmic capabilities and 
optimizing classification accuracy in sentiment analysis research endeavors. The equation of a support 
vector machine (SVM) is shown as the equation below: 
 

[𝑓(𝑥) = sign(∑ α𝑖𝑦𝑖𝐾(𝑥𝑖 , 𝑥)𝑁
𝑖=1 + 𝑏)]     (2) 

 
Where: 
 ( 𝑓(𝑥) ) is the decision function. 
(𝑥𝑖) are the training samples. 
(𝑦𝑖) are the class labels. 
(𝐾(𝑥𝑖 , 𝑥)) is the kernel function that measures the similarity between the input samples. 
( α𝑖 ) are the coefficients obtained during training. 
( 𝑏 ) is the bias term. 
 

This equation represents the decision boundary of the SVM, separating the classes in the 
feature space. Support Vector Machine (SVM) offers several advantages in classification tasks. One 
notable advantage is its ability to handle high-dimensional data efficiently, making it suitable for 
applications with complex feature spaces [30]. Additionally, SVM is robust against overfitting, thanks 
to its margin maximization objective, which promotes generalization to unseen data. Moreover, SVM 
effectively handles non-linear data using kernel functions, allowing for flexible decision boundaries 
[31]. These characteristics render SVM a powerful tool for various machine learning tasks, particularly 
sentiment analysis, where accurate classification and generalization are paramount. Thus, the 
advantages of SVM make it a popular choice in both research and practical applications for achieving 
optimal classification performance. 
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3. RESULTS AND DISCUSSIONS  
Nature-based tourism, particularly bird-watching activities, plays a crucial role in maintaining 
ecosystem sustainability through institutional approaches; thus, positive public sentiments pressure 
stakeholders to establish regulations appropriate for bird habitat protection contexts. Bird-watching 
tourism fosters environmental awareness and appreciation for avian biodiversity, encouraging 
stakeholders to prioritize conservation efforts and implement effective management practices. 
Consequently, public support for nature-based tourism activities contributes to formulating and 
enforcing policies conducive to bird habitat preservation, ultimately ensuring the long-term viability 
of avian populations and their ecosystems. 

Based on the data collection results using data mining techniques, insights into posts over 
time, top ten users, and most frequently used words were gleaned from respondents engaging with 
National Geographic's bird of paradise content. Through data mining, patterns emerge regarding the 
frequency and timing of posts, the most active users contributing to discussions, and the prevalent 
themes or topics conveyed through the respondents' language. This comprehensive analysis enables a 
deeper understanding of user engagement dynamics and content preferences within the context of 
bird of paradise discussions on National Geographic's platform. Thus, data mining is a valuable tool 
for uncovering meaningful insights that inform content creation strategies and user interaction 
approaches in online platforms dedicated to nature-related topics. 

 

  

Figure 2. Post Over Time, Top Ten User, and Most Frequently Used Words 

Based on the data extracted from Post Over Time, Top Ten Users, and Most Frequently Used Words, 
it is evident that certain words frequently appear in the reviews, such as "paradise," "beautiful," "bird," 
"amazing," "Papua," "Indonesia," "evolution," "work," and "awesome." This observation suggests that 
Indonesia, particularly Papua, emerges as an appealing bird-watching destination. The recurrence of 
these words underscores the captivating allure of Papua's avian biodiversity and natural landscapes 
and the positive sentiments expressed by users towards encounters with birds of paradise. Such 
findings highlight the significance of Papua as a focal point for nature-based tourism, particularly for 
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bird-watching enthusiasts seeking awe-inspiring experiences amidst diverse ecosystems and endemic 
avifauna. 

Based on the sentiment extraction results obtained from the RapidMiner application, it is 
discernible that certain words recur most frequently in the dataset, including "birds" (76 occurrences), 
"paradise" (48 occurrences), "bird" (44 occurrences), "beautiful" (44 occurrences), "amazing" (38 
occurrences), "Papua" (30 occurrences), "evolution" (23 occurrences), "Indonesia" (26 occurrences), 
"work" (22 occurrences), and "Guinea" (16 occurrences). This frequency distribution underscores the 
prominence of words associated with bird-watching experiences and the natural beauty of Papua, 
Indonesia. The prevalence of positive descriptors such as "beautiful" and "amazing" suggests a 
favorable sentiment towards bird of paradise encounters and highlights the captivating allure of 
Papua's avian biodiversity. Additionally, mentioning "evolution" and "Guinea" indicates an 
appreciation for the region's unique evolutionary history and geographic context. Such insights from 
sentiment analysis contribute to a deeper understanding of public perceptions and preferences 
regarding bird-watching tourism in Papua, Indonesia. 

 

 
Figure 3. Frequently used Words in Rapidminer 

The most frequently occurring keywords in the dataset are "birds," "paradise," "bird," "beautiful," and 
"amazing," suggesting that users commonly associate these terms with their bird-watching 
experiences. These positive descriptors indicate a favorable sentiment towards encounters with birds 
of paradise and the natural beauty of Papua, Indonesia. The presence of location-specific terms such 
as "Papua," "Indonesia," and "Guinea" highlights the geographic context of the discussions. This 
suggests that users specifically refer to the Papua region of Indonesia, renowned for its rich avian 
biodiversity and bird-watching opportunities. The appearance of the term "evolution" suggests an 
appreciation for the evolutionary history of bird species in the region. This indicates that users are 
interested in observing birds and understanding their evolutionary significance and ecological role 
within the ecosystem. The predominance of positive descriptors like "beautiful" and "amazing" implies 
that users have positive experiences and sentiments towards bird-watching activities in Papua, 
Indonesia. This positive sentiment is crucial for promoting the region as a desirable destination for 
nature-based tourism, particularly bird-watching.  The analysis highlights the positive sentiment and 
geographic significance of bird-watching experiences in Papua, Indonesia. The insights from sentiment 
analysis inform tourism stakeholders and policymakers in developing strategies to promote and 
sustain nature-based tourism in the region. Understanding public perceptions and preferences 
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enhances visitor experiences and conservation efforts in Papua's unique and ecologically significant 
ecosystems. 

In the modeling stage, the decision tree (DT) algorithm is utilized for classifying review data 
into negative and positive classes. However, there exist differences in the performance of DT when 
employing the Synthetic Minority Over-sampling Technique (SMOTE) and when not using SMOTE. 
The application of SMOTE aims to address class imbalance by generating synthetic samples of the 
minority class, thereby enhancing the model's ability to classify negative and positive sentiments 
accurately. Consequently, the performance of DT is expected to improve significantly when SMOTE is 
employed, leading to better classification results and increased model robustness. 

Table 1. DT Algorithm Performance 

DT without SMOTE DT with SMOTE 

PerformanceVector: 
Accuracy: 92.44% +/- 1.56% (micro average: 92.43%) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 1 0 
Positive: 24 292 
AUC (optimistic): 1.000 +/- 0.000 (micro average: 1.000) 
(positive class: Positive) 
AUC: 0.517 +/- 0.053 (micro average: 0.517) (positive class: 
Positive) 
AUC (pessimistic): 0.033 +/- 0.105 (micro average: 0.033) 
(positive class: Positive) 
precision: 92.42% +/- 1.55% (micro average: 92.41%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 1 0 
Positive: 24 292 
recall: 100.00% +/- 0.00% (micro average: 100.00%) (positive 
class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 1 0 
Positive: 24 292 
f_measure: 96.05% +/- 0.84% (micro average: 96.05%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 1 0 
Positive: 24 292 

PerformanceVector: 
Accuracy: 95.20% +/- 2.53% (micro average: 95.21%) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 270 6 
Positive: 22 286 
AUC (optimistic): 0.997 +/- 0.006 (micro average: 0.997) 
(positive class: Positive) 
AUC: 0.956 +/- 0.026 (micro average: 0.956) (positive class: 
Positive) 
AUC (pessimistic): 0.914 +/- 0.050 (micro average: 0.914) 
(positive class: Positive) 
precision: 93.01% +/- 4.11% (micro average: 92.86%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 270 6 
Positive: 22 286 
recall: 97.98% +/- 3.23% (micro average: 97.95%) (positive 
class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 270 6 
Positive: 22 286 
f_measure: 95.35% +/- 2.44% (micro average: 95.33%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 270 6 
Positive: 22 286 

Notable differences arise in comparing the performance of decision tree (DT) algorithms with and 
without the Synthetic Minority Over-sampling Technique (SMOTE). Without SMOTE, DT yields an 
accuracy of 92.44%, precision of 92.42%, recall of 100.00%, f_measure of 96.05%, and an AUC of 0.517. 
Conversely, when utilizing SMOTE, DT achieves higher performance metrics, with an accuracy of 
95.20%, precision of 93.01%, recall of 97.98%, f_measure of 95.35%, and an AUC of 0.956. These results 
highlight the efficacy of SMOTE in improving the classification performance of DT, particularly in 
addressing class imbalance issues and enhancing model robustness. Therefore, incorporating SMOTE 
into the DT algorithm demonstrates promise for achieving more accurate sentiment classification 
results in similar contexts. 

Table 2. SVM Algorithm Performance 

SVM without SMOTE SVM with SMOTE 

PerformanceVector: 
Accuracy: 92.12% +/- 1.64% (micro average: 92.11%) 
ConfusionMatrix: 
True: Negative Positive 

PerformanceVector: 
Accuracy: 98.63% +/- 1.35% (micro average: 98.63%) 
ConfusionMatrix: 
True: Negative Positive 
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Negative: 0 0 
Positive: 25 292 
AUC (optimistic): 0.641 +/- 0.156 (micro average: 0.641) 
(positive class: Positive) 
AUC: 0.617 +/- 0.142 (micro average: 0.617) (positive class: 
Positive) 
AUC (pessimistic): 0.593 +/- 0.132 (micro average: 0.593) 
(positive class: Positive) 
precision: 92.12% +/- 1.64% (micro average: 92.11%) (positive 
class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 0 0 
Positive: 25 292 
recall: 100.00% +/- 0.00% (micro average: 100.00%) (positive 
class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 0 0 
Positive: 25 292 
f_measure: 95.89% +/- 0.89% (micro average: 95.89%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 0 0 
Positive: 25 292 

Negative: 287 3 
Positive: 5 289 
AUC (optimistic): 0.999 +/- 0.003 (micro average: 0.999) 
(positive class: Positive) 
AUC: 0.999 +/- 0.003 (micro average: 0.999) (positive class: 
Positive) 
AUC (pessimistic): 0.999 +/- 0.003 (micro average: 0.999) 
(positive class: Positive) 
precision: 98.36% +/- 2.27% (micro average: 98.30%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 287 3 
Positive: 5 289 
recall: 98.97% +/- 1.67% (micro average: 98.97%) (positive 
class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 287 3 
Positive: 5 289 
f_measure: 98.64% +/- 1.32% (micro average: 98.63%) 
(positive class: Positive) 
ConfusionMatrix: 
True: Negative Positive 
Negative: 287 3 
Positive: 5 289 

In evaluating the performance of support vector machine (SVM) algorithms with and without the 
Synthetic Minority Over-sampling Technique (SMOTE), discernible distinctions emerge. Without 
SMOTE, SVM achieves an accuracy of 92.12%, precision of 92.12%, recall of 100.00%, f_measure of 
95.89%, and an AUC of 0.617. Conversely, with SMOTE, SVM demonstrates significantly improved 
performance metrics, attaining an accuracy of 98.63%, precision of 98.36%, recall of 98.97%, f_measure 
of 98.64%, and an AUC of 0.999. These findings underscore the efficacy of SMOTE in enhancing SVM's 
classification performance, particularly in mitigating class imbalance issues and improving model 
robustness. Thus, incorporating SMOTE into the SVM algorithm holds promise for achieving more 
accurate sentiment classification results in similar analytical contexts. 

Comparing the results of DT and SVM algorithms with and without the SMOTE reveals 
noteworthy differences in classification performance. Without SMOTE, both DT and SVM exhibit 
relatively lower accuracy and AUC values compared to their counterparts with SMOTE. For DT, adding 
SMOTE substantially improves accuracy (from 92.44% to 95.20%) and AUC (from 0.517 to 0.956), 
indicating enhanced classification accuracy and model robustness. Similarly, SVM demonstrates 
significant performance gains with SMOTE, achieving notably higher accuracy (from 92.12% to 
98.63%) and AUC (from 0.617 to 0.999). These findings underscore the effectiveness of SMOTE in 
addressing class imbalance issues and improving the classification performance of both DT and SVM 
algorithms. Thus, incorporating SMOTE into the classification process holds promise for optimizing 
sentiment analysis outcomes in similar analytical contexts. 

4. CONCLUSION 
In conclusion, this study aims to analyze public sentiments toward National Geographic's Bird of 
Paradise content within the framework of nature-based tourism. Employing the CRISP-DM 
methodology, involving stages of business understanding, data understanding, modeling, evaluation, 
and deployment, this research seeks insights into how the public perceives and values nature-oriented 
tourism experiences. Adopting CRISP-DM ensures a structured and systematic approach to data 
analysis, facilitating a comprehensive understanding of public sentiments and their implications for 
nature-based tourism practices. This research contributes significantly by providing theoretical 
insights and practical applications, particularly for enhancing visitor experiences and conservation 
efforts in nature-based destinations. Comparing the results of DT and SVM algorithms with and 
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without the SMOTE reveals noteworthy differences in classification performance. Without SMOTE, 
both DT and SVM exhibit relatively lower accuracy and AUC values compared to their counterparts 
with SMOTE. For DT, adding SMOTE substantially improves accuracy (from 92.44% to 95.20%) and 
AUC (from 0.517 to 0.956), indicating enhanced classification accuracy and model robustness. 
Similarly, SVM demonstrates significant performance gains with SMOTE, achieving notably higher 
accuracy (from 92.12% to 98.63%) and AUC (from 0.617 to 0.999). 
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