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Abstract. This study investigates how hotel guests perceive and express sustainability
through online reviews. Using a dataset of over 27,000 TripAdvisor reviews from
award-winning sustainable hotels in Greece, we apply a hybrid methodology that
integrates zero-shot classification via a large language model (facebook/bart-large-
mnli), sentiment analysis (SentiStrength), and topic modeling (LDA-Mallet). Each
sentence is categorized under one of three sustainability pillars, environmental, social,
or economic, revealing notable imbalances in guest attention and sentiment. Social
sustainability accounts for nearly half of all sustainability-related sentences (48%),
while environmental and economic dimensions are less frequently mentioned.
Sentiment analysis indicates that social and environmental comments are significantly
more positive than economic ones (p <.001). Topic modeling uncovers distinct themes
within each pillar, such as interpersonal appreciation in social sustainability, visible
eco-friendly practices in environmental discourse, and value-oriented narratives in
economic sustainability. These findings reveal a disconnect between formal
sustainability frameworks and the emotional dimensions of guest feedback. The study
proposes a scalable, guest-centered approach to analyzing sustainability perceptions in
hospitality. It offers practical insights for hotel managers and destination marketers
aiming to align their communication strategies with guest values and experiences.
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1. Introduction

This study investigates how tourists articulate sustainability in hotel experiences
through everyday narratives shared in online reviews. It forms the exploratory
foundation of a broader research project aimed at developing a computational model to
assess how tourists perceive sustainability. Accordingly, this paper focuses on
identifying the language, themes, and meanings guests use when referring, explicitly or
implicitly, to sustainable practices in hospitality.

Tourism scholarship has developed numerous frameworks and indicators to measure
sustainability, typically grounded in technical or institutional criteria (Arzoumanidis et



al., 2021; Asmelash & Kumar, 2019; Franzoni, 2015; Suarez-Cebador et al., 2018;
Torres-Delgado & Palomeque, 2014). However, such tools rarely account for how these
efforts are interpreted by hotel guests, who are unlikely to use formal sustainability
terminology. Instead, guests may express their perceptions through casual remarks,
anecdotes, or emotionally charged reflections. Understanding this informal, everyday
language is essential to bridging the gap between sustainability frameworks and tourist
perceptions.

Sustainability has gained increasing prominence in hospitality, aligning with global
initiatives like the United Nations Sustainable Development Goals (SDGs) and rising
demand for responsible travel. Hotels implement practices across environmental,
social, and economic dimensions, from energy-efficient infrastructure and community
engagement to local sourcing and fair labor policies. Yet, the success of these initiatives
depends not only on implementation but also on how guests perceive and respond to
them.

Guest-generated online reviews, on platforms such as TripAdvisor, Booking.com,
and Google Maps, offer abundant, unsolicited insights into these perceptions. Despite
growing adoption of sustainable practices, research shows a persistent disconnect
between hotel actions and what guests recognize or value. Even in certified green
accommodations, sustainability is often marginal or absent from user reviews.

To address this gap, we systematically analyze guest reviews to classify

sustainability-related content into three widely recognized pillars: environmental,
social, and economic. Using a hybrid methodology combining zero-shot classification
via a large language model (LLM), sentiment analysis, and topic modeling, we propose
a scalable framework to: (i) detect explicit and implicit references to sustainability, (ii)
assign each sentence to a primary pillar, and (iii) evaluate the emotional tone of these
mentions. This offers a data-driven lens on a core question: which aspects of
sustainability are most visible, valued, or critiqued by guests?
By developing and validating this classification system, the study contributes both
methodologically and empirically to sustainable tourism literature. The findings offer
practical implications for hotel managers, marketers, and policymakers seeking to align
sustainability messaging with what guests genuinely value.

2. Sustainability Measurement and the Missing Consumer Voice

Contemporary tourism research is frequently based on a range of quantifiable
sustainability indicators, such as energy use, carbon emissions, waste, and water
consumption (Asmelash & Kumar, 2019; Franzoni, 2015). Other frameworks have
been introduced that include social and economic aspects; for example, local
employment, economic leakage, and community engagement (Suédrez-Cebador et al.,
2018; Torres-Delgado & Palomeque, 2014). These frameworks have helped shape
institutional responses to sustainability and become useful tools that can be used for
benchmarking and/or to inform policy development.

However, while these models do serve a useful purpose, they have typically emerged
via a top-down, expert-driven process. Subsequently, they are often reflective of
managerial strategy or technical-based logics as opposed to being based on tourists’
lived experiences (Arzoumanidis et al., 2021; Dias, 2017). In situations where guests
are consulted, it is typically via structured surveys based on predefined categories
(Martinez & Pérez, 2013). A fundamental issue with this approach is that it does not
take into consideration how tourists innately interpret or describe sustainability.



With the above shortcomings in mind, tourist research scholars have consistently
called for more consumer-centric approaches to tourism research. Some studies have
examined the impact of sustainability certifications or CSR initiatives on guest
perception and booking behaviours (Chen & Su, 2020; Goffi, Masiero, & Pencarelli,
2022). However, these studies incorporate researcher-defined constructs. For example,
guests may be asked to disclose the extent to which they agree with statements like,
“This hotel supports the local community.” One disadvantage of this approach is that it
does not elicit guests’ opinions in their own words.

Technical language like “carbon neutrality” or “resource efficiency,” would not
typically be a part of an average tourist’s vocabulary. Instead, they may note that a hotel
“reused towels,” “had local staff,” or “didn’t waste anything,” all of which reflect
implicit sustainability values. It is important to note that sustainability should be viewed
as much more than a policy goal. It is also a discursive and social construct that is
shaped by context, personal values, and communication norms (Campos et al., 2024;
Jones et al., 2016).

Online reviews offer access to these vernacular expressions. Platforms like
TripAdvisor and Booking.com are mass repositories of unsolicited, naturalistic guest
narratives. These reviews provide rich qualitative data on how travellers perceive and
value sustainability. However, most studies using online reviews focus on service
quality or satisfaction, not the nuances of sustainability discourse (Jones et al., 2016;
Tasci, 2017).

The current gap in tourism research is both conceptual and methodological in nature.
If researchers do not develop a working understanding of the vocabulary guests use to
speak about sustainability, they are not in a suitable position to develop assessment
tools that are reflective of travellers’ true perceptions.

This study seeks to address the issues in the research approach outlined above by
analyzing the everyday language guests use to describe sustainability. Drawing on more
than 27,000 TripAdvisor reviews of certified sustainable hotels, we identify explicit
and implicit recurring terms, metaphors, and storylines with the underlying objective
of laying the groundwork for a consumer-informed sustainability lexicon that can be
applied in future NLP research.

In doing so, the study shifts focus from evaluating what hotels do to understanding
what guests notice, interpret, and articulate. It positions language not just as a medium
of evaluation, but as a key component of the sustainability experience itself.

3. Literature Review

Earlier research on sustainable hospitality has primarily focused on operational
models, certification scheme models (Green Key, LEED, GSTC), and the impact of
sustainability action on performance metrics such as customer satisfaction and
economic performance. Some of the early works by Bohdanowicz (2006) and Font et
al. (2012) emphasized the sector’s growing role in environmental protection,
particularly in terms of energy efficiency, water management, and waste reduction.
Subsequently, sustainability in tourism has further encompassed social equity and local
economic benefit, including labor rights, cultural authenticity, and community
empowerment.

Concurrently, greater usage of user-generated content (UGC) has altered the
evaluation of tourists regarding hotel experience as well as analysts’ exposure to similar
reviews. Online travel reviews (OTRs) on platforms such as TripAdvisor have
unstructured, temporally and spatially distributed narratives that bear implications for
reputation, image, and booking intention.



There has been some recent work in this direction. For example, Boneta-Ruiz et al.
(2025) and Pacheco et al. (2024) found that while hotel chains have been granted green
certifications, sustainability efforts are poorly represented on the reviews of guests.
Similarly, Yi et al. (2018) and Song et al. (2020) also outlined that tangible, experiential
policies, such as repetitive towel use or organic meal service, are contested more than
abstract initiatives such as carbon offsetting or ethical sourcing.

Different kinds of analytical methods have been applied with web reviews. Han et
al. (2019) applied keyword sentiment analysis to identify green attributes, while Del
Chiappa et al. (2022) applied topic modeling to examine alignment of certificates with
guest narratives. Once again, most of this work is deeply specialized in environmental
issues or applies unsupervised techniques without distinguishing the three pillars of
sustainability.

Therefore, web reviews have been underutilized in the acquisition of travelers’
perceptions of hotel sustainability. Despite previous research having already
established OTRs as determinants of tourist attitude shaping, few of these studies have
contrasted them with perceived sustainability. Similar to reviewed literature, hotel
initiatives have been unrelating with guest perceptions, even for such high-profile
certified hotel facilities.

New advances in NLP, particularly LLMs over transformer architecture, present new
answers to this void. Zero-shot learning (ZSL) allows models to classify content
without training on tasks via semantic embeddings (Vaswani et al., 2017; Xian et al.,
2019; Abdullah & Ahmet, 2023). ZSL has also been applied in hotel review processing
(Guidotti et al., 2025; Nawawi et al., 2024) and social media (Allaway et al., 2021;
Shaikh et al., 2025), although it has not yet been applied on sustainability perception
directly.

This paper contributes to the existing body of literature by offering a pillar-based
categorization framework that distinguishes between environmental, social, and
economic constructs in guest comments. By combining sentiment analysis with topic
modeling, the framework offers a scalable and interpretable way of gaining an
understanding of how guests perceive sustainability in hospitality in their own words.

4. Methodology

This study employs a hybrid methodology combining zero-shot classification,
sentiment analysis, and topic modeling to analyze sustainability perceptions in user-
generated hotel reviews. The goal is to identify and categorize expressions of
sustainability across the three canonical pillars, environmental, social, and economic,
as articulated in reviews from upscale Greek hotels recognized for their sustainability
efforts.

4.1 Study Scope and Sample Selection

The study focuses on 13 Greek hotels that received Gold or Silver awards in
sustainability-related categories from the Greek Hospitality Awards. Located across
both mainland Greece and several islands (e.g., Corfu, Kos, Rhodes, Crete, Santorini),
these properties represent a diverse sample of upscale resorts recognized for
environmental stewardship, community engagement, and ethical practices. Selection
was based on publicly documented sustainability achievements.

To assess guest perception, we compiled a dataset of TripAdvisor reviews for the
selected hotels. Using custom web scraping tools and official APIs, we collected 27,515
verified English-language reviews posted between 2014 and 2025. Each entry included



metadata such as date, reviewer location (when available), review title, and full review
text.

4.2 Zero-Shot Learning

Zero-shot learning (ZSL) is a classification technique in NLP that enables pre-
trained models to assign content to categories they have not encountered during
training. It relies on the semantic knowledge embedded in LLMs trained on broad,
diverse corpora.

A common implementation of ZSL uses a Natural Language Inference (NLI)
framework, where classification is reframed as a textual entailment task. A sentence
(the “premise”) is evaluated against hypotheses that represent candidate categories
(e.g., “This sentence is about environmental sustainability”). The model then predicts
whether the premise entails the hypothesis.

This study employs the facebook/bart-large-mnli model (Lewis et al., 2019),
accessed via the Hugging Face fransformers library. This model supports zero-shot
classification across a wide range of tasks without additional fine-tuning.

ZSL is particularly useful when labeled data is limited or unavailable, as is often
the case in emerging research areas like sustainability perception. It allows researchers
to apply a label schema directly, without building a task-specific training set. As
Riordan et al. (2024) note, ZSL is especially effective for analyzing large volumes of
user-generated content in low-resource domains. It also performs best when categories,
such as the three sustainability pillars, are well-defined and easily expressed in natural
language.

4.3 Sentence-Level Sustainability Detection via Zero-Shot Learning

To obtain fine-grained expressions of sustainability from TripAdvisor reviews,
TripAdvisor reviews were split into individual sentences. All the sentences were then
examined through the facebook/bart-large-mnli model, which is trained on large-scale
NLI datasets (i.e., MultiNLI, SNLI).

The model predicted if one of several hypothesis statements in agreement with
pillars of sustainability was entailed by a sentence. At the same time, it supported
context-aware classification without explicit terms of sustainability. It performs best at
processing colloquial and heterogeneous language characteristic of end-users’ reviews
and enables rule-based approaches to capture unintended sustainability connotations. It
checks whether a sentence suggests, denies, or is neutral about an ordered list of
candidate hypotheses consisting of possible classification tags:

*  “Environmental sustainability”
*  “Social sustainability”

*  “Economic sustainability”

*  “General Reviews”

Treating each pillar of sustainability as a hypothesis, the system gives probability
scores that indicate how well each sentence fits a specific category. This makes for
adaptive, context-sensitive classification, regardless of whether there is explicit
sustainability terminology. Ideally suited to multilingual or user-generated, informal
text, zero-shot is also a valuable addition to rule-based learning because it can recognize
implicit sustainability hints which otherwise go unnoticed.

4.4 Sentiment analysis



To assess sentiment in sustainability-related guest discourse, this study used
SentiStrength (Thelwall, 2017), a lexicon-based tool designed for short, informal texts
like online reviews. SentiStrength assigns both positive (+1 to +5) and negative (—1 to
—5) scores, which were combined into a single net sentiment metric ranging from —4 to
+4. This enables a nuanced analysis of sentiment polarity by sustainability pillar.
Validated in tourism and hospitality research (Thelwall et al., 2012; Gkritzali et al.,
2018; Vogklis & Gkritzali, 2023, 2024), SentiStrength reliably captures affect in
domain-specific guest feedback.

4.5 Topic Modelling

To further examine the latent thematic structure within each sustainability pillar, we
applied Latent Dirichlet Allocation (LDA) topic modeling separately to the subsets of
sentences classified as environmental, social, or economic sustainability. LDA is a
probabilistic generative model that identifies hidden topics within large text corpora by
assuming that each document, in this case, an individual sentence, is a mixture of topics,
and each topic is characterized by a distribution over words (Blei, Ng, & Jordan, 2003).

Given the brevity and sparsity of sentence-level data, we employed the LDA-Mallet
implementation via the Gensim library, which uses Gibbs sampling and is recognized
for producing more coherent and stable topic structures compared to variational
inference-based alternatives (McCallum, 2002; Rehtifek & Sojka, 2010). Prior to
modeling, standard text preprocessing steps were applied, including tokenization,
lowercasing, and stopword removal.

The optimal number of topics for each pillar was determined heuristically, based on
topic coherence scores and manual inspection. This unsupervised analysis complements
the zero-shot classification approach by uncovering emergent themes and semantic
clusters not constrained by predefined label structures, thereby enriching our
understanding of how guests articulate sustainability-related experiences in their own
words.

5. Results

The dataset comprised approximately 235,000 sentences derived from 27,515
TripAdvisor reviews, which were analyzed using a zero-shot classification approach
with the facebook/bart-large-mnli model. Each sentence was assigned a
probability score across four candidate labels: environmental sustainability, social
sustainability, economic sustainability, and general review.

5.1 Zero-shot scores descriptive statistics

The classification results indicate that social sustainability was the most frequently
referenced pillar, comprising 48% of all classified content (114,386 sentences). In
contrast, economic sustainability accounted for only 2.7% (5,597 sentences), and
environmental sustainability for just 1% (2,315 sentences). The remaining
approximately 48% (113,198 sentences) were categorized as general content unrelated
to sustainability.

Despite this marked class imbalance, the model’s mean confidence scores were
relatively consistent across the three sustainability categories: 0.258 for economic,
0.266 for environmental, and 0.265 for social sustainability. These comparable scores
suggest a stable level of classification confidence across domains.

As shown in Figure 1, the confidence score distributions are positively skewed. This
indicates that while most sentences received low to moderate relevance scores, a



smaller subset exhibited high alignment with sustainability themes, reflecting stronger
semantic signals within the guest discourse.

Economic Sustainability Environmental Sustainabilit Social Sustainability
(2.7% of total sentences) y (1% of total sentences) (48% of total sentences)
NEl S -I
SRl | II
Mean score value: 0.258 Mean score value: 0.266 Mean score value: 0.265

Figure 1
Classification score histograms

5.2 Most frequent words per pillar

The frequency distributions presented in Table 1 show the top 20 words associated
with each sustainability category, based on zero-shot sentence classification and filtered
using threshold-based probability scores (>0.60 for economic and environmental
sustainability; >0.70 for social sustainability). While we acknowledge the inherent
limitations of zero-shot inference on short texts and the potential for classification
inaccuracies, the resulting histograms nonetheless offer meaningful insights into the
lexical patterns that characterize different sustainability themes as perceived by hotel
guests.

In the economic sustainability category, frequently occurring terms include money,
value, pay, cost, price, cheap, and worth, underscoring a guest focus on financial
considerations, pricing fairness, and perceived return on investment. Additional words
such as inclusive, offer, and restaurant suggest a strong association between value-for-
money and bundled services in upscale resort settings.

Environmental sustainability is marked by keywords such as beach, clean,
environment, green, eco, plastic, and water, reflecting an emphasis on cleanliness,
natural surroundings, and environmentally friendly practices. The frequent appearance
of the word hotel likely reflects the context in which environmental features are
described (e.g., “eco-friendly hotel”). The presence of terms like plastic, bottle, and
forest also aligns with commonly cited environmental concerns in tourism discourse.

For social sustainability, the dominant vocabulary is more affective and
interpersonal. Words such as special, mention, thank, staff, smile, help, welcome, and
team point to themes of emotional gratitude, personal recognition, and staff—guest
interactions. These findings align with prior research suggesting that social
sustainability is often communicated through relational and human-centered narratives
rather than technical terminology.

Although the use of unigrams limits semantic depth compared to bigram, trigram, or
embedding-based approaches, the histogram analysis in Table 1 provides a useful proxy
for identifying which linguistic signals most frequently correspond to each
sustainability pillar. These lexical insights may inform the development of more refined
domain-specific lexicons or supervised machine learning models in future research,
particularly if manually annotated corpora become available for fine-tuning.



Table 1
Most Frequent Words per Sustainability Pillar

Economic Sustainability | Environmental Sustainability Social Sustainability
(Threshold 0.60) (Threshold 0.60) (Threshold 0.70)

0 money 110 0 beach 81 0 special 408
1 value 108 1 hotel 65 1 mention 238
2 hotel 104 2 clean 59 2 thank 138
3 pay 63 3 environment 57 3 staff 113
4 cost 61 4 resort 57 4 pool 103
5 price 60 5 green 48 5 look 97
6 resort 58 6 friendly 37 6 bar 81
7 good 56 7 eco 36 7 stay 67
8 worth 47 8 great 33 8 holiday 67
9 cheap 47 9 nature 31 9 service 64
10 holiday 43 10 plastic 31 10 guest 60
11 restaurant 41 11 water 31 11 team 57
12 food 40 12 garden 30 12 help 54
13 great 40 13 beautiful 30 13 kid 52
14 room 39 14 good 30 14 restaurant 52
15 inclusive 38 15 area 28 15 smile 52
16 offer 38 16 pool 26 16 time 50
17 service 37 17 forest 23 17 day 50
18 drink 34 18 sea 23 18 club 49
19 expensive 28 19 bottle 23 19  welcome 49

5.3 Topic modelling per pillar

LDA topic modeling results in Figure 2 give more clarity about the ways in which
the guests are explaining sustainability themes within the three pillars of economic,
environmental, and social sustainability on the basis of sentence-level content of
internet reviews. Six discernible topics emerge for each pillar. Below, these themes are
illustrated in word clouds, which identify the most significant words and terms
associated with each thematic category. These word clouds provide meaningful insights



into the distinct language and concepts informing guest sentiments toward

sustainability.
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LDA Topic Extraction for Sentences in Each Sustainability Pillar




The application of LDA topic modeling to the zero-shot classified sentences enabled
a closer analysis of how guests discuss sustainability across the three pillars of
economic, environmental, and social.

For economic sustainability, the subjects that emerged had a repeating emphasis on
value-based language. Money, offer, cost, price, and worth appeared in a number of
clusters, implying concerns with price fairness, package deals of an all-inclusive nature,
and affordability of facilities and services. A few of these subjects broached the coming
together of financial value and sustainability, i.e., discussions of pay-for-refillable
bottled water and pay-for eco-initiatives. This would imply that tourists consider
economic sustainability in not merely cost-cutting terms, but in a broader value-for-
money, ethical consumption, and flexibility context.

In the environmental sustainability context, there was an overall focus on nature’s
care, beauty, and cleanliness of nature. Beach, plastic, recycle, eco, green, and clean
were a few of the terms with clear and apparent practices such as reducing waste,
reusing towels, and landscaping. These mentions were evocative with terms such as
love, beautiful, and maintain being indicative of positive guest attitude. References to
garden, nature, and forest showed possible relevance of immersion-based natural
environments in contributing to guest attitudes towards environmental sustainability.

As opposed to this, social sustainability was described almost solely in interpersonal
and affective terms. Staff members were repeated time and again in guest comments
with thank, welcome, smile, help, special, and team, showing this dimension is best
described using human relationships and serving encounters. Most of the concerns had
personalized anecdotes citing particular staff members or small acts, showing social
sustainability is best communicated with appreciation and feeling. Compared to
physical practices in economic and environmental domains, social sustainability was
expressed in relational terms, appropriating guest-staff interaction as core indicators of
hospitality ethics.

Overall, the LDA analysis reveals that while language and framing differ per pillar,
guests do in fact observe and articulate a wide range of sustainability-related themes
within their reviews. Economic sustainability is largely framed in terms of value,
fairness, and ethical choices; environmental sustainability through green practices
apparent and natural aesthetics; and social sustainability through appreciation, warmth,
and personalized service. These findings accumulate towards a more visitor-focused
notion of sustainability and offer applied suggestions for practitioners and researchers
trying to improve align sustainability action with visitor values and perceptions.

5.4 Some high-scoring examples (> 95% score)

The high-confidence examples presented in Table 2 illustrate how guests articulate
sustainability-related themes in clear and emotionally resonant language across the
three pillars: economic, environmental, and social sustainability. Each sentence was
assigned a classification probability greater than 95% by the zero-shot model,
indicating a strong semantic alignment with the hypothesized sustainability category.
These examples provide qualitative validation of the model’s outputs and offer insight
into the types of guest expressions that most clearly reflect sustainability-related
perceptions within user-generated content.



Table 2
Examples of Most Confident Sentences Assigned to Each Sustainability Pillar

Economic Environmental Social

What sets it apart is its commitment
Of course, it is people, not Hote

That said, | applaud the desire to to sustainability and the preservation
Is, who deliver on the Ethos and

help support local restaurants with of the forest and beach, which
at the [hotel's name], that is

this programme. together create a stunning
evident from the top down.

environment.

But the real difference | loved about

the resort was the way you’re encou

raged to explore the area too-as part Also loved to see signs about

of the all-inclusive programme, [hote [hotel’s name] sustainability The people - It is what elevates
I's name] can book you into several commitments around and the [hotel's name] from being very
different local restaurants (great for brilliant efforts they’re making to good to great.

both a difference and ensuring some | protect the local area and the planet.

support for local businesses).

The grounds and hotel are kept

A massive credit to hotel keeps the Cristina is the Guest Services

immaculate and | particularly love

local people in business and Manager and to me, truly

[hotel's name] environment

supports the local economy. represents [hotel’'s name] and

commitments to be more
their ethos.

sustainable.

How these people maintain

smiles, good humour and

Love that you can swap dinner for
It is also good to see that the hotel is patience whilst families battle

lunch, we did this a few times as it's
trying to do its best for the with kids around them is

really important to us that we go
environment/sustainability. remarkable and testamentto t

support local business.
he ethos and culture ofthe r

esort.

| like that they are supporting local
It was good to see environmentally As with my experience for me

restaurants by enabling guests to
friendly touches: paper straws, the secret to the success of

use their meal vouchers can be use
green roofs, and lots of swifts [hotel's name] is its people.

d in local tavernas.
nesting in the building.

In the domain of economic sustainability, guest comments frequently highlight
initiatives that support the local economy, particularly through partnerships with nearby
restaurants and community-based services. Guests often praise programs that allow
them to dine in local tavernas or support small businesses within the framework of an
all-inclusive resort. These comments extend beyond simple considerations of price or
value; they reflect a recognition of tourism revenue redistribution and a guest-level
awareness of sustainability as economic inclusiveness and ethical consumption.

Environmental sustainability examples emphasize visible and tangible eco-actions,
as well as broader commitments to environmental stewardship. Guests refer to signage
about sustainability policies, conservation of beaches and forests, green roofs, paper



straws, and other practical eco-friendly features. These expressions suggest that what
resonates most with guests are not abstract sustainability strategies, but concrete,
observable practices that align with personal environmental values. When such efforts
are made visible and integrated into the guest experience, they are more likely to be
remembered and positively evaluated.

Social sustainability examples are the most emotionally expressive and
personalized. Guests frequently highlight staff behavior, often mentioning employees
by name, and attribute the hotel’s success not to its physical amenities but to its people
and service culture. Phrases such as “Cristina... truly represents [hotel’s name]” and
“It is what elevates [hotel’s name] hotels from being very good to great” illustrate that
social sustainability is perceived as embedded in service excellence, hospitality ethos,
and interpersonal care. These narratives reveal a deep appreciation for respectful,
empathetic, and human-centered service that fosters inclusion, emotional connection,
and a sense of belonging.

5.5 Sentiment analysis

The sentiment analysis results, visualized through kernel density plots and supported
by statistical testing, provide clear evidence of significant differences in how guests
emotionally evaluate the three pillars of sustainability. Using a standardized sentiment
scale ranging from —4 to +4, average sentiment scores were calculated for each
category: economic sustainability received the lowest mean sentiment score (0.55),
followed by social sustainability (1.16), and environmental sustainability with the
highest positivity (1.31). While all three categories were evaluated positively overall,
the results indicate notable variation in the emotional intensity associated with each
pillar.

The density plots further reinforce this interpretation. Sentiment distributions for
economic sustainability are more widely spread and skewed slightly leftward,
indicating a greater presence of neutral or mildly negative evaluations. This pattern may
reflect guests’ sensitivity to pricing, cost-related frustrations, or perceived trade-offs
between affordability and experience quality. In contrast, comments classified under
social and environmental sustainability show distributions more tightly clustered
around higher sentiment values, suggesting stronger and more consistent emotional
approval.

Social sustainability comments, often centered on staff interactions, service culture,
and personalized attention, frequently express warmth, gratitude, and emotional
connection. Environmental sustainability comments, meanwhile, emphasize visible
eco-practices and natural aesthetics, resonating with guests’ moral values and lifestyle
preferences. These findings highlight the varying affective weight guests assign to
different dimensions of sustainability, offering important insights for hospitality
providers aiming to enhance guest engagement with their sustainability efforts.

Table 3
Sentiment Mean Score per Sustainability Pillar

Sustainability Pillar Mean Sentiment Score
Economic Sustainability 0.553
Social Sustainability 1.165
Environmental Sustainability 1.306



Independent samples t-tests confirm that all pairwise differences in sentiment
between the three sustainability pillars are statistically significant (p <.001), providing
robust validation for the observed distinctions. These results underscore the importance
of avoiding a monolithic treatment of sustainability in guest perception research. Each
pillar evokes a distinct emotional response: economic sustainability tends to generate
more ambivalence, while social and environmental themes elicit stronger positive
affect. This differentiation offers valuable insights for hotel managers and marketers
seeking to enhance the emotional resonance of sustainability communication and tailor
guest experiences in ways that align more closely with what guests appreciate and
remember.
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Density Plot of Sentiment Scores Across Sustainability Pillars

The density plot presented in Figure 3 compares sentiment scores across three
sustainability  pillars, economic, social, and environmental, revealing that
environmental and social sustainability are associated with more positive sentiment
(higher mean values), while economic sustainability displays a lower and more
dispersed sentiment distribution.

6. Discussion — Conclusions

This study demonstrated that user-generated reviews can be systematically analyzed
to extract meaningful insights into the perception of sustainability in hospitality. By
applying a large-scale zero-shot classification model, complemented by sentiment
analysis and topic modelling, we found that social sustainability overwhelmingly
dominates guest discourse. At the same time, environmental and economic dimensions
are less frequently mentioned but nonetheless emotionally salient when they do appear.



These findings highlight a persistent interpretive gap between institutional
sustainability practices and the guest experience as expressed through natural language.

Looking ahead, a key direction for future research involves the incorporation of
manually labeled datasets to enhance the performance of large language models. While
zero-shot classification provides scalability and domain adaptability, its precision could
be improved through few-shot learning approaches, wherein a curated set of annotated
examples helps refine the model’s behavior for hospitality-specific language. This
would not only improve classification accuracy but also enable the detection of more
nuanced expressions of sustainability that may currently go unrecognized.

For tourism practitioners and hotel managers, the study offers a practical and
scalable framework for monitoring how sustainability initiatives are perceived and
articulated by guests. By identifying which dimensions of sustainability, such as
environmental practices, staff behavior, or local economic engagement, resonate most
emotionally with visitors, practitioners can better tailor operational strategies, staff
training, and communication efforts to align with guest values. These insights can
inform more effective service design and sustainability reporting, ultimately
strengthening brand reputation and customer loyalty in an increasingly values-driven
market.

From a scholarly standpoint, this work contributes to the tourism and hospitality
literature by introducing a novel classification framework grounded in natural language
processing and guest-authored content. Whereas most prior studies rely on predefined
survey instruments or expert-driven indicators, this approach offers a way to capture
how travelers organically express sustainability. Our pillar-specific classification
model helps bridge the gap between qualitative guest narratives and quantitative
analysis, opening new pathways for integrating naturalistic user feedback into
sustainability assessment and strategy. In doing so, the study enhances both the
methodological toolkit and theoretical understanding of sustainable tourism research.
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