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Abstract

As environmental and cultural challenges associated with tourism continue to rise, the importance of
sustainability within the industry has become increasingly evident. In this context, social marketing has emerged
as an effective tool for promoting responsible tourism behaviors and facilitating social change toward sustainable
development. The advent of advanced technologies—especially machine learning—has opened new avenues for
analyzing audience behavior and predicting the effectiveness of campaigns. However, a gap remains in
integrating qualitative and quantitative approaches in this field. This study aimed to evaluate the effectiveness of
social marketing campaigns in promoting sustainable tourism behaviors through a mixed-method approach. In
the qualitative phase, thematic analysis of semi-structured interviews with 16 experts identified 23 sub-themes,
which were organized into 6 main themes. These themes informed the development of a structured questionnaire
and the data collected from 297 respondents were analyzed by using a Support Vector Machine (SVM)
algorithm. The results demonstrated high accuracy and generalizability of the predictive model, highlighting key
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success factors, such as sentiment analysis, behavioral modeling, and content personalization. The proposed
framework served as a practical tool for data-driven decision-making in sustainable tourism marketing policies.
Furthermore, the study underscored that integrating human insight with algorithmic analysis provided a robust
foundation for designing targeted, ethical, and sustainability-focused marketing interventions.

Keywords: Social Marketing, Sustainable Tourism, Machine Learning (ML), Thematic Analysis, Support
Vector Machine (SVM).

Introduction

The environmental and cultural externalities of tourism have transformed sustainability from a peripheral
concern into a central imperative. In this context, social marketing provides a practical pathway to promote
responsible tourist behaviors and foster broader social change. However, despite the proliferation of analytics
and Machine Learning (ML) technologies, a notable gap persists: few studies integrate expert-derived, context-
specific constructs with predictive models capable of estimating campaign success in advance. This study aimed
to bridge that gap by proposing and testing a mixed-methods, data-driven framework for evaluating the
effectiveness of social marketing campaigns in sustainable tourism. The qualitative phase distilled expert
knowledge into measurable constructs, while the quantitative phase operationalized these constructs within a
supervised learning pipeline to predict campaign success. The study's main contributions were twofold: (1) a
conceptually grounded measurement model derived from domain experts and (2) an ML classifier that identified
key drivers of success—particularly sentiment analysis, behavioral modeling, and content personalization—to
support evidence-based decision-making in sustainable tourism marketing.

Materials & Methods

The research employed a sequential mixed-methods design. Initially, semi-structured interviews with 16 experts
were thematically analyzed to identify the conceptual foundations of effective social marketing in sustainable
tourism. This analysis yielded 23 sub-themes, which were organized into 6 higher-order themes; these findings
informed the development of a structured questionnaire. To enhance clarity around constructs and their
interrelationships, the research team created a conceptual network by using ATLAS.ti. This network classified
the links among sub-themes as interactive, causal, or sequential, thereby elucidating how elements like creative
messaging and behavioral modeling co-influenced campaign outcomes.

In the quantitative phase, 297 respondents completed the questionnaire based on the 23 sub-themes. The
target variable—campaign success—was categorized into 3-ordered classes: 0.0 (low), 0.8 (medium), and 1.0
(high). A Support Vector Machine (SVM) classifier with a polynomial kernel was trained to predict these classes
from the questionnaire features. The kernel function was defined as K(x,y)=(c+gx-y)dK(x,y) =
(c+gx\cdoty)dK(x,y)=(c+gx-y)d with the tuned hyperparameters set to g=10g = 10g=10, ¢=0.88c = 0.88¢=0.88,
and degree d=3d = 3d=3. The misclassification cost was established at 0.50, epsilon for the regression-style loss
at 0.40 (to account for small errors), and numerical tolerance for convergence at 0.001. These settings were
selected to balance accuracy, generalization, and computational complexity. Model performance was evaluated
by using standard metrics, including accuracy, precision, recall, F1-score, AUC, and MCC, supplemented by a
confusion matrix and diagnostic visualizations (mosaic plot, heatmap, and lift curve). Collectively, these tools
assessed discrimination, calibration, and business utility—especially the model’s ability to prioritize high-
response segments under resource constraints.

Research Findings
The thematic analysis identified 6 primary themes that illustrated how ML could enhance social marketing for
sustainable tourism. Key elements included:

1. Creativity in Message Design and Content: Inspiring messages, ongoing redesign of materials, and
emotionally resonant visuals

2. Analysis and Prediction of Audience Behavior: ML-based performance evaluation and the automation of
behavioral predictions

3. Engagement Techniques: Methods like sentiment analysis and social participation that enhanced
audience involvement

4. Content Personalization and Message Retargeting: Tailoring messages to individual preferences and
behaviors

5. Strategic Decision-Making: Optimal channel selection, timing, and collaborative planning

6. Enabling Requirements and Infrastructure: Factors like data security, robust technical infrastructure,
influencer participation, and mitigation of economic and technical barriers
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Collectively, these themes emphasized the synergy between human-centered creative strategies and data-
driven targeting. In the predictive phase, the SVM demonstrated strong discrimination. The summary metrics
included: Accuracy=0.845, Precision=0.838, Recall=0.845, F1-score=0.840, AUC=0.856, and MCC=0.603—
indicating a good balance between sensitivity and precision, along with a moderate-to-strong correlation between
predicted and true labels. The confusion matrix revealed particularly strong recognition of highly successful
campaigns: out of 214 true instances of class 1.0, the model correctly identified 200 (approximately 93.5% class-
specific accuracy). Performance on the low-success class was also reasonable; however, the medium class (0.8)
had relatively few examples, reflecting data imbalance and limiting the model’s generalization for that category.
Visualization diagnostics supported these findings. The mosaic plot illustrated significant agreement between
predicted and observed labels in the 1.0 class and meaningful alignment for the 0.0 class, reinforcing the
confusion matrix patterns. The lift curve quantified practical utility for targeting: selecting only the top 25.7% of
individuals based on predicted success probability (the optimized threshold) resulted in a success rate
significantly above random selection, demonstrating the model’s ability to enhance prioritization under limited
outreach budgets. In line with qualitative insights, feature-level analyses underscored the importance of
behavioral modeling, sentiment analysis, and social participation, reinforcing the study’s assertion that these
elements were central to enhancing campaign effectiveness.

Discussion of Results & Conclusion

This study demonstrated that integrating expert-derived constructs with supervised learning resulted in a
predictive framework that was both conceptually grounded and practically actionable. The expert phase ensured
that the measurement model accurately reflected the context-specific realities of sustainable tourism marketing,
while ATLAS.ti mapping clarified the interplay among creative, behavioral, and infrastructural elements. The
SVM then translated these constructs into a classifier exhibiting robust discrimination (AUC=0.856) and
commendable overall accuracy (0.845) complemented by an MCC of 0.603—suitable for mildly imbalanced
data. Together, these metrics indicated that the model could reliably identify high-success campaigns and assist
practitioners in allocating limited outreach resources more efficiently. From a managerial perspective, the results
advocated for a dual focus: investing in creative, emotionally resonant messaging and content, while
simultaneously implementing data-driven tactics—such as behavioral modeling, sentiment analysis, and
personalization—to enhance targeting and message-audience alignment. Furthermore, campaign planning should
institutionalize evidence-based decision-making processes (e.g., optimal channel mix and timing) within secure,
well-resourced data infrastructures that addressed privacy, governance, and technical capacity. Such an
integrated approach aligned ethical considerations with performance objectives in sustainable tourism. Two
limitations tempered these findings. First, class imbalance—particularly within the small "medium success"
category—constrained performance in that segment, highlighting the value of rebalancing strategies or ordinal
modeling in future research. Second, while the SVM performed well, triangulating with alternative algorithms
(e.g., gradient boosting) and validating the model in out-of-sample contexts would better assess generalizability.
Nonetheless, the evidence from the lift curve indicated immediate utility for prioritized outreach when resources
were constrained.

In summary, this study provided a replicable blueprint: deriving constructs from expert knowledge, encoding
them into a survey instrument, and deploying an ML classifier to predict campaign success supported by clear
decision-making artifacts (confusion matrix, mosaic plot, lift curve) to guide resource allocation. By highlighting
sentiment analysis, behavioral modeling, and content personalization as primary levers, the framework offers
both strategic clarity and operational guidance for sustainable tourism stakeholders seeking to design targeted,
ethical, and high-impact social marketing campaigns.
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Table 2. Findings from Thematic Analysis
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Figure 1. Conceptual Map Derived from Thematic Analysis Findings (Effectiveness of Social Marketing
Campaigns in Sustainable Tourism)
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Table 3. Performance Metrics Evaluation of the Support Vector Machine (SVM) Algorithm
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Figure 2. Mosaic Plot of the Support Vector
Machine (SVM) Algorithm
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Figure 3. Heatmap of the Support Vector
Machine (SVM) Algorithm
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