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Abstract

As night tourism has become a key driver of the nighttime economy in Chinese cities, urban
lighting landscapes—as core attractions for night tourism—call for systematic investiga-
tion into the relationship between their development effectiveness and visitor experience.
However, existing studies have primarily focused on design strategies or economic value,
lacking in-depth exploration of visitor experience based on large-scale online review data.
Furthermore, the integrated analysis of sentiment analysis and topic modeling for online
reviews remains insufficient, making it difficult to uncover the dimensional differences
underlying different sentiment types. Therefore, this study employs a hybrid BERT-LDA
model to conduct a collaborative analysis of 45,768 valid tourism online reviews covering
30 urban lighting landscapes in China. First, the pre-trained Bidirectional Encoder Repre-
sentations from Transformers (BERT) model identified the sentiment orientation of each
review. Subsequently, the Latent Dirichlet Allocation (LDA) model extracted latent topics
from positive and negative reviews separately. Research findings indicate that tourists
generally hold positive attitudes toward urban lighting landscapes. Specifically, five posi-
tive topics and three negative topics were extracted from the review corpus. This study
fills a research gap in the field of urban lighting landscapes and reveals the underlying
demands of Chinese tourists regarding such landscapes from a demand-side perspective,
thereby providing a decision-making basis for optimizing the planning and design of urban
lighting landscapes.

Keywords: urban lighting landscapes; night tourism; sentiment analysis; topic modeling;
BERT-LDA model; online reviews

1. Introduction

Night tourism plays a pivotal role in urban tourism, not only meeting the demand for
nighttime activities but also enriching tourists” evening experiences, enhancing residents’
quality of life, and contributing to the vitality of the city’s nighttime economy [1]. With the
development of night tourism, urban lighting landscapes—as the core attraction shaping
the city’s nocturnal environment and attracting tourists—have also rapidly evolved [2,3].
The number of lighting landscape projects, such as light festivals, urban lighting projects,

and immersive lighting shows, has surged dramatically [4].
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While experiencing rapid development, numerous problems have also surfaced [5].
Unlike independent commercial night tourism products such as night markets and themed
performances, urban lighting landscapes are systematic spatial features integrated into public
urban spaces—including buildings, streets, and waterfronts—serving multiple functions such
as basic illumination, cultural dissemination, and tourism attraction. Their visitor evaluations
are closely tied to the aesthetic perception of light and shadow, atmospheric resonance,
and cultural storytelling within urban environments, making them a worthy subject for
targeted and independent research [6,7]. The root cause of these issues lies in planning
and design decisions that often rely on subjective judgments from the supply side, failing
to systematically understand tourists’ actual experiences, emotional responses, and value
expectations. Therefore, studying tourists” perceptions and evaluations of lighting landscapes
from their perspective is of urgent theoretical value and practical significance for optimizing
product design, enhancing service quality, and promoting industry development.

In recent years, with the rise of online travel agencies like Ctrip, Tongcheng Travel, and
Mafengwo, tourists increasingly share their travel experiences online. This vast volume
of User-Generated Content forms a perception database for urban lighting landscapes [8].
These tourism online reviews, as authentic voices of tourist self-expression, convey rich
experiential information and emotional attitudes, providing researchers with an unprece-
dented data foundation for understanding collective preferences and experiential pain
points at a macro level. Nevertheless, efficiently and accurately extracting sentiment ten-
dencies and uncovering underlying topics from massive text volumes remains a challenge
for traditional research methods.

Existing research still has three notable limitations: studies in the field of urban
lighting landscapes have primarily focused on economic value, design strategies, and case
studies, lacking empirical support based on large-scale online reviews of tourist experiences
from the demand side; integrated topic—sentiment analysis of tourism online reviews
generally suffers from insufficient methodological precision and a disconnect between
the two analyses, making it difficult to uncover thematic differences underlying different
sentiments; and there is currently a lack of collaborative research applying high-precision
text mining methods to the field of lighting landscapes. To address these research gaps,
this study proposes a collaborative analysis of tourism online reviews using a BERT-LDA
hybrid model. The BERT model, leveraging pre-trained deep semantic representations, can
fully capture implicit and complex emotions in the Chinese context, significantly improving
sentiment classification accuracy; the unsupervised LDA topic model can automatically
process massive amounts of review text to objectively and efficiently extract latent semantic
topics; the combined approach enables a deep integration of topic mining and sentiment
analysis. After accurately identifying the sentiment polarity of each review, we perform
targeted topic mining on positive and negative reviews separately. This approach clearly
reveals the thematic differences behind distinct sentiment tendencies and addresses the
long-standing fragmentation issue between sentiment analysis and topic analysis in existing
research. Based on this, this study proposes two core research questions (RQs):

RQ1. What is the overall emotional tendency of tourists toward urban lighting landscapes?

RQ2. What are the key dimensions underlying the positive and negative sentiments of tourists
regarding the urban lighting landscape?

The answers to these questions will provide empirical evidence and decision-making
guidance from the demand side to optimize the planning and design of urban lighting
landscapes, enhance the quality of the visitor experience, and promote the development of
urban night tourism.
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2. Literature Review
2.1. Night Tourism

Night tourism, as an emerging field in tourism research, has garnered significant
scholarly attention in recent years. However, the academic community has yet to establish
a unified definition for night tourism. Most scholars define it as the diverse tourism
activities undertaken by tourists and residents at tourist destinations between sunset
and sunrise, encompassing sightseeing, entertainment, dining, cultural experiences, and
other forms [1,9-12]. Concurrently, scholars emphasize that night tourism is not merely
general tourism activities occurring at night, nor is it a simple extension of daytime tourism
patterns [13]. The night itself and the tourism resources of the destination are crucial to
the planning, management, and experiential aspects of night tourism [14]. While daytime
shared spaces foster a sense of belonging rooted in functional needs, nighttime belonging
is more emotional and exclusive, often stemming from cultural identification and self-
expression [15-17].

Regarding the classification of night tourism activities, Wen (2007) was the first to
categorize them into performance-based, participatory, and scenic types [18]. Performance-
based activities primarily focus on performing arts events, scenic types emphasize viewing
nighttime landscapes, while participatory activities concentrate on dining, shopping, and
entertainment. Cao (2008) expanded this framework by introducing an integrated category,
which emphasizes designing comprehensive night tourism itineraries [19]. Gu (2013) fur-
ther refined the classification, identifying five global models based on worldwide practices:
the leisure district model, the scenic area night tour model, the tourism performance model,
the folk festival model, and the light art model [20]. Zhang (2022) categorized night tourism
by economic form into excursionistic, cultural immersion, and host-guest leisure [21]. Tang
& Xiao (2022) classified night tourism by development carriers: natural landscapes, urban
cultural landscapes, commercial leisure activities, and cultural festival events [22].

Regarding night tourism experiences, scholars have focused more on specific at-
tractions. Research indicates that nighttime ambience, psychological factors, age, and
nationality are key determinants of tourist experience and evaluation [10,23]. Multisensory
experiences, pleasure, and emotional engagement influence the immersive quality of night
tourism [24]. In product development, studies reveal that landscape design for night
tourism is crucial for extending tourist dwell time and boosting nighttime spending [25].
By prioritizing emotional, sensory, and behavioral experience design in night tourism
products, it is possible to effectively enhance tourist arousal, deliver memorable travel
experiences, and ultimately increase their willingness to revisit [26].

2.2. Urban Lighting Landscape

Wu Shuoxian (2017) introduced the concept of “lightscape” [27]. As a particular type
of visual landscape, lighting landscapes refer to landscapes primarily composed of light,
shadow, and their changes, causing strong visual impressions—including natural lighting
landscapes, artificial lighting landscapes, and their composites [28]. With the develop-
ment of night tourism, the role of lighting in cities has transcended basic illumination
functions [29]. As the core form of artistic and systematic lighting applications, lighting
landscapes have become vital tools for attracting tourists, promoting cultural tourism,
driving nighttime economic growth, and enhancing city branding [30]. First, lighting
landscapes enhance nighttime environmental quality, boosting tourists’ sense of security
and comfort while encouraging participation in nighttime activities [13]. Second, by creat-
ing unique visual experiences, lighting landscapes imbue everyday urban settings—such
as buildings and streets—with fresh appeal, fulfilling tourists” desire for “non-routine”
environments [31]. Finally, on a cultural level, lighting landscapes can highlight a desti-
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nation’s cultural identity while reshaping the city’s image [32]. For instance, events like
“Light Night” in Birmingham, Leeds, and Liverpool, UK, transform streets and squares into
entertainment venues through lighting. Coordinating building illuminations with firework
displays leverages light resources to reshape the city’s nighttime visual experience, thereby
redefining the urban landscape [33].

Lighting landscapes serve as key elements in creating a night tourism ambience,
directly influencing tourists” emotional states and behavioral intentions [4,10,25]. Inappro-
priate lighting design not only diminishes the appeal of nighttime environments but also
significantly degrades the quality of tourist experiences [34]. To optimize night tourism
offerings and enhance tourist experiences, a group of scholars has conducted detailed
research on lighting landscape design strategies. They found that lighting design should
prioritize coordination, diversity, and safety. It should integrate topics and activities, update
designs seasonally and for festivals, and incorporate interactive and participatory elements
to maintain tourist engagement and interest [35]. Lighting landscape design must balance
technological innovation with cultural significance, effectively integrating a city’s rich
heritage into the lighting experience [36]. It is also crucial to prevent the homogenization
of urban nightscapes caused by standardized lighting practices [37].

In its developmental stages, early lighting landscape design prioritized visual im-
pact, relying on high brightness, dynamic colors, and large-scale installations to enhance
landmark attributes [29], yet it generally overlooked the issue of light pollution [38]. In
recent years, the design philosophy of lighting landscapes has gradually shifted toward
sustainable lighting, emphasizing a balanced approach between energy efficiency and
ecological conservation through multiple pathways, such as technological optimization,
planning controls, and ecological coordination [39,40]. Despite LED technology reducing
energy consumption by 30% to 50%, urban lighting landscapes still face dual controversies
over energy usage and ecological disruption [41].

2.3. Tourism Online Reviews

The explosive growth of travel information driven by the development of the internet
and social media has led to an increasing tendency among travel consumers to share their
travel experiences through online channels such as social media, travel agencies, and blogs.
Scholars have utilized tourism online reviews to explore topics including the impact on
tourist behavior and decision-making [42,43], tourist experiences and satisfaction [44,45],
and the image of travel destinations [46,47].

2.3.1. Tourist Sentiment Analysis

Tourist affect refers to the emotional experience of tourists throughout their journey
regarding whether objective elements meet their needs [48]. Studying tourists” emotions
during travel activities is crucial for a better understanding of their emotional experiences
and behaviors and for in-depth research into practical issues such as experience enhance-
ment, affective marketing, and destination marketing management [49,50]. The primary
tasks of tourist sentiment analysis include topic extraction, opinion holder identification,
review scope determination, and sentiment polarity analysis [51]. There are primarily
three types of sentiment analysis methods: statistical sentiment analysis, machine learning-
based sentiment analysis, and deep learning-based sentiment analysis. Statistical methods
mainly rely on sentiment dictionaries and semantic rules, achieving sentiment classification
through lexical matching and rule-based inference [52]. For example, SentiStrength utilizes
vocabulary from MySpace [53]. Currently, many sentiment dictionaries are manually cre-
ated. Manual methods require human intervention to annotate dictionaries, a process that
typically demands significant time and labor costs. Moreover, sentiment dictionaries specif-
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ically developed for social media reviews of Chinese tourist destinations remain scarce [54].
Therefore, to overcome the limitations of dictionary-based methods, researchers have begun
adopting machine learning approaches such as Support Vector Machines (SVM), Naive
Bayes, N-gram models, and Artificial Neural Networks (ANN) [55]. It is commonly be-
lieved that ANN methods can yield optimal results, but they are extremely computationally
intensive [56]. SVM and Naive Bayes models require fewer class annotations for training
and are widely favored for their fast performance [57]. However, machine learning meth-
ods require manual annotation of word features, and limited corpora inevitably constrain
performance, resulting in classification accuracy that fails to meet requirements [51]. With
the advancement of natural language processing (NLP) technology, Google introduced
the deep learning-based NLP model BERT in 2018. Leveraging the Transformer’s excep-
tional feature extraction capabilities, BERT learns bidirectional encoder representations of
words [58]. Deep learning automatically learns features through multiple layers of nonlin-
ear processing without requiring manual feature engineering. It can capture semantic levels
within text and understand contextual relationships [59]. Therefore, the BERT model can
more accurately capture users” emotional tendencies, enhance the precision of sentiment
classification [60,61], and categorize more nuanced emotions [62], emerging as a novel
approach for exploring tourists’ emotional states within travel reviews [63-65].

2.3.2. Topic Modeling

Topic modeling can extract topic features from massive reviews to identify core at-
tributes of interest to tourists [66]. The field of topic modeling follows a clear evolutionary
trajectory, beginning with foundational approaches such as Latent Semantic Indexing [67]
and probabilistic Latent Semantic Indexing [68] and later advancing through the intro-
duction of LDA [69]. This was followed by temporal and online models such as the
Dynamic Topic Model [70] and Online LDA [71], as well as models like the Embedded
Topic Model [72] and the Biterm Topic Model [73] that integrate Word Embeddings and
NLP technologies. Among these, the LDA model is currently the most widely used [74],
particularly in the analysis of tourism online reviews [75]. For instance, it can be employed
to identify the core dimensions of tourist interest across various attractions in Phuket [76];
analyze tourist satisfaction with hotels [66]; explore key factors influencing the quality of
tourist experiences [77]; and analyze tourists’ perceptions of a destination’s image [54], as
well as how that image evolves [78].

2.4. Research Gap

In summary, the design of urban lighting landscapes has attracted the attention of
researchers. Existing studies provide valuable insights for this paper, but research gaps
remain. First, most existing studies on urban lighting landscapes focus on their economic
value at night, theoretical design strategies, or specific case studies. There are no studies
based on online evaluation data of lighting landscapes, and there is a lack of in-depth
research on visitor experiences and emotional feedback regarding urban lighting landscapes.
Second, as shown in Table 1, in previous “topic—sentiment” integrated analysis of online
reviews, the sentiment analysis component typically employed traditional shallow methods
such as the dictionary method or SnowNLP [79,80], or directly utilized the user star ratings
provided by online review platforms to analyze the sentiment of reviews [77,81]. However,
user star ratings may be subject to varying personal standards, malicious negative reviews,
and inconsistencies between ratings and text content—all of which constitute noise that
could affect subsequent topic analysis results. Finally, some past studies treated sentiment
analysis and topic analysis as independent modules, failing to integrate the two dimensions
and thus unable to uncover the topic differences that underlie distinct sentiments.
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Table 1. Summary of the literature and variables used.

- Method(s)
Literature Data Sources Sentiment Analysis Topic Analysis
Balcioglu et al. (2025) [79] TripAdvisor Lexicon-based approach LDA
Zhang et al. (2024) [80] Ctrip SnowNLP Grounded Theory

Semantic network analysis,

Riswanto et al. (2023) [81] Google Map Reviews The s.tar rat1'n gsm Converggnce of 1tera.ted
online reviews correlations analysis,
Exploratory factor analysis
Shang et al. (2023) [77] TripAdvisor The star ratings in Supervised LDA
online reviews
Li et al. (2023) [82] TripAdvisor BERT, LSTM, TAOA —_—
Our study Ctrip, Tongcheng Travel, BERT LDA
Mafengwo

Therefore, this study adopts a combined BERT-LDA model paired with multi-platform
Chinese data to specifically address the aforementioned research gaps. At the sentiment
analysis level, the BERT model can fully capture implicit emotions and complex sentiments
within the Chinese context, improving sentiment classification accuracy and avoiding
the crude bias associated with directly using star ratings as a substitute for sentiment
analysis. At the topic analysis level, LDA’s unsupervised modeling can automatically
process massive volumes of review text, reducing labor costs and subjective bias. The
combined approach enables deep integration between topics and sentiment, resolving the
issue of fragmentation between these two types of analysis observed in previous studies.

3. Research Design and Methods
3.1. Research Framework

The overall research methodology for this study is illustrated in Figure 1. First, review
data from online travel agencies were collected and preprocessed. Subsequently, the BERT
model was employed for sentiment classification. Next, the LDA model was applied to
perform topic mining on the themes within positive and negative travel reviews. Finally, a
collaborative analysis of sentiment and topics in tourist reviews was conducted to reveal
tourists” emotional inclinations toward urban lighting landscapes, identify which elements
receive positive evaluations, and identify which issues tend to trigger negative sentiments,
and explore the underlying causes of these emotions.

3.2. Data Collection and Data Processing

To construct a comprehensive and high-quality review dataset, this study selected
prominent online travel agencies in China—Ctrip, Tongcheng Travel, and Mafengwo—
based on their extensive user base and high visibility. A stratified purposive sampling
method was used to select the sample; first, the list of National Night Culture and Tourism
Consumption Agglomeration Zones served as the initial sample pool. Second, the selection
ensured a balanced geographical distribution across the four major regions—East China,
North China, South China, and Southwest China—while covering five major types of
light-based attractions: light festivals, landmark lighting landscapes, urban nightscape
lighting projects, immersive real-scene performances, and lighting-themed districts. Finally,
within the above stratification framework, we ranked all candidate projects by the total
number of valid reviews across the three platforms and selected the top 30 projects with
the largest review volume as the final research samples. This sampling method not only
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guaranteed the geographical and typological representativeness of the samples, but also
ensured that each sample had a sufficient scale of review data.

Reviews of urban lighting landscapes on online tourism agencies
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Figure 1. Research Framework.

The study utilized a Python (v3.12) web crawler to collect online review data for the
above samples from 1 January 2023, to 31 August 2025. A total of 45,768 reviews were
initially obtained; after removing invalid and duplicate reviews, 43,286 valid reviews were
retained, with a total text volume of 5.928 million characters. Among these, Ctrip accounted
for 18,742 valid reviews, Tongcheng Travel for 14,365, and Mafengwo for 12,661.

Reviews collected by online travel agencies often contain irrelevant information such as
HTML tags, emojis, and meaningless repetitive text. We first used Python’s data processing
libraries Pandas (v2.3.3) and NumPy (v2.0.2) to remove unrecognizable characters, special
symbols, and punctuation from the text, resulting in cleaner, more standardized, and easier-
to-process textual data. Next, we utilized the Python Chinese word segmentation library
jieba to perform segmentation on the review texts. Finally, we filtered out high-frequency
vocabulary lacking substantive descriptive value for the topic. The preprocessed data
served as the analytical subject for subsequent research.

3.3. BERT Sentiment Analysis Model

This study employs the BERT model to analyze the sentiment orientation of online
reviews about urban lighting landscapes. Fundamentally, BERT is a neural network lan-
guage model based on the Transformer architecture, which facilitates bidirectional deep
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encoding of textual data [58]. The BERT model performs sentiment analysis through a
two-stage process of pre-training and fine-tuning (Figure 2). During the pre-training phase,
BERT develops general language comprehension capabilities by completing two core tasks:
Masked Language Model and Next-Sentence Prediction. In the fine-tuning phase, the
pre-trained model parameters are updated using text annotated with sentiment polarity,
enabling the pre-trained BERT model to adapt to specific downstream tasks.

Ve

NSP

Mask LM

N e )
Start/End Span

Mask LM MNLI | NER SQuAD

*
CG) - Clle))- ()

[le]. (e (]

CIE] - Gl (Gl
BERT > BERT

[fea]l& ] [&][fw]le]. [&]

Masked Sentence A Masked Sentence B Question f Paragraph
Unlabeled Sentence A and B Pair Question Answer Pair
\_ Pre-training ) WL L Fine-tuning )

Figure 2. The two core steps of the BERT model.

In this study, the pre-trained BERT-Base-Chinese model was employed as the founda-
tional framework for sentiment analysis. This model, pre-trained on a large-scale Chinese
corpus, has acquired rich linguistic knowledge and contextual semantic representations,
providing a robust basis for downstream sentiment classification tasks. To address the
task of sentiment classification in tourism online reviews, this study used the publicly
available Chinese three-class sentiment dataset “sentiment analysis training set” for model
fine-tuning. The dataset’s training set comprises a total of 105,000 authentic user reviews of
cultural and tourism attractions, with the validation and test sets each containing 15,000 re-
views. The samples cover visitor evaluations of a wide range of scenic spots and cultural
and tourism projects. The vocabulary, colloquial expressions, and evaluative sentence
patterns in this dataset are highly consistent with the urban lighting landscape reviews
collected in this study. This high domain similarity effectively reduces the semantic bias
between general pre-training corpora and the target nighttime lighting landscape texts.
During the model training phase, the underlying pre-trained weights were frozen, and the
upper fully connected classification output layer was fine-tuned. Using positive, neutral,
and negative as the three sentiment labels, the model underwent iterative training using
the cross-entropy loss function and the Adam optimizer. The model’s classification accu-
racy was monitored in real time using a validation set, and after the loss converged, the
optimal model weights were saved, ultimately achieving fine-grained sentiment polarity
classification for tourism online reviews.

For the model configuration, the maximum input sequence length was set to 128 tokens
after balancing the average length of user reviews and computational efficiency. During
fine-tuning, the initial learning rate was set to 2 x 107>, a standard value in BERT optimiza-
tion, to ensure stable convergence while mitigating training instability. Upon completion
of training, the model’s performance was rigorously evaluated using Precision, Recall,
and F1-Score metrics to comprehensively assess its effectiveness in sentiment analysis of
textual reviews.
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3.4. LDA Topic Model

LDA is a three-layer Bayesian probabilistic model used for latent topic mining in
document collections [69]. Figure 3 illustrates the framework of the LDA topic model. M
denotes the total number of documents in the corpus, N denotes the number of words
within a specific document, and K denotes the pre-defined total number of topics. The
parameter « denotes the Dirichlet prior for the document—topic distribution, controlling
the mixture proportions of each topic within a single document. Similarly,  denotes the
Dirichlet prior for the topic—word distribution, controlling the distribution preferences of
each word within a single topic. 8; denotes the document-topic multinomial distribution
for document i, indicating the probability distribution across different topics within that
document. @ represents the topic-word multinomial distribution for topic k, representing
the probability distribution of different words within that topic. z;; is the topic assignment,
the word j in the document 7, indicating the topic to which that word belongs. wj; is the
specific word j in the document .

(a)—~(0) @
|
[[oirichlet | | [ muttinomial ]
OanOninC
k € [1,K] j €[1,N]
i€[1,M]
Graphical model representation of LDA ) Identification results of LDA

Figure 3. The framework of the LDA topic model.

The generative process of LDA is characterized by a sequential hierarchy of dependen-
cies from prior distributions to latent variables and finally to the observed variables. First,
for each topic k, a sample is drawn from the Dirichlet prior  to generate its topic—-word
distribution ¢;. Next, for each document i, a sample is drawn from the Dirichlet prior
« to generate its document-topic distribution 6;. Then, for each word j in document i, a
topic assignment z;; is sampled from 6;, and finally, the specific word w; is generated by
sampling from the corresponding topic-word distribution ¢,;;.

Before topic mining, it is typically necessary to first determine the number of topics
within a document. The closer the estimated number of topics aligns with reality, the more
accurate the model’s topic mining results will be. This study employs the topic perplexity
and topic coherence metrics to determine the optimal number of topics. Perplexity serves
as an indicator of the model’s generalization capability, reflecting the certainty with which
topics are mapped to individual words. Lower perplexity indicates reduced uncertainty;,
which is advantageous for topic clustering in the topic model [69]. Its formula is:
L log p(Wa) } "

perplexity(Diest) = exp
es 2111\421 Nd

where D denotes the entire document collection, Wd denotes all words in document d,
p(Wd) is the word occurrence probability calculated based on the model, and Nd is the
number of words in document d.
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Coherence represents whether the high-frequency words corresponding to each topic
are semantically consistent. It assesses a topic’s semantic coherence by measuring the
co-occurrence of words within the topic, providing a complementary perspective to per-
plexity [83]. Its formula is:

J\Z/I: i D (vlfn, v;‘) +1
Cr = log ———4— (2)
k

m=21=1 D(o})
where Vk = (vl, e v%) represents the list of M top words within topic k, D(v) denotes
the number of tourism online reviews containing word v, and D(v, v’) indicates the number
of tourism online reviews where words v and v’ co-occur at least once.

Upon model training completion, the top 10 weighted words from each topic are
extracted as keywords. These are then combined with the original review context to
interpret the topic’s meaning and assign a topic name, facilitating subsequent analysis.

4. Result
4.1. Sentiment Analysis

To investigate RQ 1, we input the preprocessed dataset into the BERT model for
sentiment classification. First, we pretrained the BERT model using an open-source tourism
online review sentiment classification dataset and evaluated its Precision, Recall, and
F1-Score metrics post-training. Through computation, the BERT model demonstrated
strong performance on both positive and negative labels, achieving F1-scores of 93.46%
and 93.97%, respectively (Table 2). This indicates that the model possesses high accuracy
and generalization capabilities when performing sentiment analysis on urban lighting
landscape review texts.

Table 2. Precision, Recall, and F1 Score of the BERT Model.

Sentiment Label Precision Recall F1-Score
Negative 0.9425 0.9369 0.9397
Neutral 0.9842 0.9708 0.9777
Positive 0.9284 0.9409 0.9346

After applying the BERT model to classify sentiment in the text dataset, the results
yielded 32,213 positive reviews, 5089 neutral reviews, and 5984 negative reviews. The
sentiment distribution of online reviews for 30 lighting landscapes is shown in Figure 4.
Positive reviews accounted for the highest proportion at 74.42%, indicating that most users
hold an affirmative and appreciative attitude toward the city’s lighting landscapes. Neutral
reviews accounted for 11.76%, reflecting that some users offered more objective assessments
without pronounced emotional bias. Negative reviews constituted 13.83%, indicating that
a certain number of users still harbor dissatisfaction and negative views toward urban
lighting landscapes.

According to Table 3, among the five light festival types, light festivals received the
highest average proportion of positive evaluations at 84.90%. However, it also exhibited
the largest standard deviation among the five types. The Glow Shenzhen Light Festival
garnered the highest proportion of positive reviews at 97.15%, while the Zigong China
Lantern Festival registered the lowest at just 71.68%. Immersive real-scene performances
had the highest average negative review rate among all lighting landscape types. The
negative review rate for the Hangzhou Impression West Lake reached as high as 21.31%.
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Figure 4. Sentiment distribution in online reviews of 30 urban lighting landscapes.

Table 3. Distribution of tourist review sentiments (average proportion and standard deviation) by
five types of urban lighting landscapes.

Lighting Landscape Type

Positive Reviews Neutral Reviews Negative Reviews

Avg. Prop. SD Avg. Prop. SD Avg. Prop. SD
Light festivals 84.90% 10.51% 7.26% 3.83% 7.84% 7.16%
Landmark lighting landscapes 82.57% 5.07% 9.61% 4.89% 7.82% 2.00%
Urban nightscape lighting projects 80.19% 8.71% 9.37% 3.46% 10.44% 7.21%
Immersive real-scene performances 77.54% 7.86% 9.63% 3.90% 12.83% 6.17%
Lighting-themed districts 74.62% 4.43% 12.86% 1.76% 12.52% 3.09%

4.2. Topic Mining

To investigate RQ 2: What dimensions underpin tourists’ positive and negative
emotions toward urban lighting landscapes? We conducted LDA topic modeling analy-
ses on positive and negative reviews within the entire text dataset to comprehensively
explore tourists” focal points regarding positive and negative emotions toward urban
lighting landscapes.

Using the formulas for Perplexity and Coherence, we computed these metrics for both
positive and negative reviews. Figure 5 shows the results for the positive reviews. As the
number of topics increased from 1 to 5, perplexity decreased. Beyond five topics, perplexity
fluctuated slightly without significant improvement, indicating the model’s complexity
had reached its limit. The inflection point occurred at 5 topics, where perplexity reached
its minimum value of 180.62, indicating the optimal model fit. Simultaneously, coherence
peaked at 0.5283, signifying strong word associations within topics and thus achieving
high interpretability.
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Figure 5. (a) The perplexity calculation results for positive reviews. (b) The coherence calculation
results for positive reviews.

To determine the optimal number of topics, we visualized the LDA topic model results
for 5 topics using the pyLDAwis library (v2.1.2). The visualization showed that the circles
representing each topic were relatively dispersed, with only minor overlap between topics
3 and 4 (Figure 6). This indicated high distinguishability and independence among the
topics, clear semantic boundaries, and improved model interpretability. Consequently, the
final number of topics for the positive reviews on urban lighting landscapes was set to five.

Intertopic Distance Map (via multidimensional scaling)

2

Marginal topic distribution

Figure 6. Visualization of LDA topic model results when the number of topics is 5.

Figure 7 displays the perplexity and coherence results for the negative reviews. The
perplexity reached its minimum (147.08) at three topics, indicating the optimal model fit.
Beyond this point, perplexity increased steadily, suggesting overfitting due to excessive
topic granularity. In terms of topic coherence, the 3-topic configuration achieved a high
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Perplexity

score of 0.3849. Although the highest coherence occurred at six topics, it coincided with a
notable rise in perplexity, signaling a clear overfitting risk.
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Figure 7. (a) The perplexity calculation results for negative reviews. (b) The coherence calculation
results for negative reviews.

We further employed pyLDAvis for visualization. As shown in Figure 8a, when the
number of topics was 3, the three topic circles exhibited clear separation with no overlap,
confirming the model’s soundness and the topics’ distinctiveness. In contrast, the 6-topic
visualization (Figure 8b) reveals substantial overlap between Topic 1 and Topic 6, implying
shared vocabulary and ambiguous semantic boundaries. Therefore, the optimal number of
topics for negative reviews was determined to be 3.

Intertopic Distance Map (via multidimensional scaling)

4
Marginal topic distribution

2%
5%

10%

(a) (b)

Figure 8. Visualization of LDA topic model results. (a) Number of topics is 3. (b) Number of topics
is 6.

After executing the LDA model with a predetermined number of topics, we obtained
the topic-word matrix and the document—topic matrix. The topic-word matrix contained
each topic from positive and negative sentiment reviews, along with its corresponding

https://doi.org/10.3390 /buildings16132690


https://doi.org/10.3390/buildings16132690

Buildings 2026, 16, 2690

14 of 30

keywords. The top 10 keywords with the highest weights for each topic were shown

in Table 4.

Table 4. Topics of Positive and Negative Reviews—Keyword List.

Topic Top 10 Keywords and Distribution Probabilities
Culture Architecture Large-scale History Park
0.036 0.022 0.022 0.018 0.014
Topic 1
Plaza locate Theme Landscape Garden
0.012 0.011 0.010 0.010 0.009
Feel Food View Snack Experience
0.028 0.027 0.02 0.016 0.015
Topic 2 ; . . . :
Night Market Light Enjoy Lively Time Travel
0.014 0.011 0.009 0.009 0.008
g Performance Show Shock Brilliant Worth
& 0.072 0.041 0.029 0.024 0.024
5 Topic 3
) Take Photos Visit Actor Water Curtain Effect
= 0.023 0.020 0.014 0.012 0.009
é Convenient Pick Up Tickets Online Price Happy
0.031 0.027 0.026 0.026 0.024
Topic 4
P Cheap Next Time Buy Tickets Lant.ern Cruise
Festival
0.023 0.018 0.015 0.012 0.009
Beautiful Light Shoreside Unique Check-in
0.044 0.035 0.029 0.028 0.025
Topic 5 - . -
Lantern Daytime Architecture Tour Da Tiehua
0.025 0.024 0.023 0.022 0.016
Crowd Buy Tickets Boarding Convenient Line up
0.044 0.04 0.033 0.027 0.02
Topic 1 -
Staff Overcrowded Seat Second Floor Online
" 0.019 0.013 0.01 0.008 0.007
'E Light Service Manage On-site Mobile Phone
% 0.038 0.034 0.026 0.025 0.018
5 Topic 2 X
= Traffic Hotel Charge Pay Take Photos
"bao 0.017 0.012 0.01 0.01 0.007
% Performance Ticket Price Unworthy Show
0.035 0.028 0.025 0.023 0.022
Topic 3 . .
Water Curtain ~ Cost-effectiveness Effect Story Culture
0.015 0.014 0.013 0.011 0.011

4.3. Topic Naming and Analysis

Topic modeling is effective for processing large text datasets, yet interpreting topics
still relies on human judgment. For instance, Topic 2 in positive reviews can be summarized
as “multisensory experiences” based on keywords like “feel,” “food,” and “view.” However,
keywords alone may sometimes be insufficient to grasp a topic’s meaning. Therefore, this
study first extracted the top 10 core keywords by weight for each topic from the topic-word
matrix generated by LDA to preliminarily categorize semantic domains. Second, typical
comments with the highest proportion for each topic were selected from the document-
topic matrix, and the thematic connotations were verified in the context of the original text.
Finally, two researchers independently named the topics and assigned semantic codes; any
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discrepancies were resolved through collective discussion to reach a consensus, thereby

avoiding the bias associated with a single subjective judgment. By following the three steps

above, we abstracted the five positive topics and three negative topics into interpretive

factors for tourist review sentiment orientation, and further analyzed the specific factors

under each topic (Appendix A).

4.3.1. Topics of Positive Reviews

Analysis of positive topics reveals that tourists” favorable emotions toward urban

lighting landscapes primarily revolve around five topics: spatial carriers, multisensory

experiences, performance quality, service & cost-effectiveness, and lighting artistry.

7

Topic 1: Spatial carriers. Frequent mentions of terms like “architecture,” “park,”
and “plaza” in positive reviews indicate that light installations are often situated
within spaces bearing historical memories or regional characteristics. These spatial
carriers themselves embody rich historical contexts or local cultural traits. Reviews
featuring words such as “culture,” “history,” and “theme” further demonstrate tourists’
appreciation for how the light installations” topics closely align with the architectural
styles, historical narratives, and regional cultures of their spatial hosts. The tangible
cultural representation in light installations not only enhances the visual appeal of
their spatial carriers at night but also reactivates historical context and regional culture
through visual and emotional means, transforming them into contemporary emotional
experiences. This journey from visual enjoyment to cultural identification constitutes
the process of forming and strengthening local identity.

Topic 2: Multisensory experiences. This topic highlights the experiential enhancement
achieved through the functional integration of light installations with diverse settings.
First, combining lighting landscapes with consumption spaces like night markets
and food streets allows tourists to engage in shopping and culinary activities while
appreciating the lights, significantly enriching the overall tourism experience. Second,
the vibrant nocturnal urban environments created by light installations allow tourists
to deeply immerse themselves in local life, fulfilling the profound need for authentic
cultural experiences during travel. Finally, the integration of light installations with
historical reenactment settings—through recreating historical nightscapes and offering
period costume experiences—constructs immersive scenarios that transcend time and
space, further enhancing the uniqueness of the experience.

Topic 3: Performance quality. Tourists” positive emotional feedback regarding the
performing arts within the light installations primarily stems from three aspects: @
Synergistic multimedia effects: The integration of water screens, lighting, projections,
and sound creates powerful visual impact and dynamic artistic effects, delivering a
breathtaking audiovisual experience. 2) Professionalism of the performance team:
The actors’ expertise and captivating performances received widespread recognition
from tourists. (3) Reasonableness of program design: The duration and scheduling of
performances were scientifically arranged, featuring diverse and rich formats. The
content balanced cultural depth with entertainment value, achieving dual functions of
cultural dissemination and leisure enjoyment.

Topic 4: Service & cost-effectiveness. Service convenience and perceived experiential
value form the core evaluation of this topic. Regarding service, tourists affirmed the
convenience of online ticketing and ticket collection processes for the light show and
its supporting projects. In terms of value for money, the pricing of light show tickets
and additional projects was deemed reasonable. A positive service experience and
perceived value not only directly evoke positive emotions among tourists but also
generate a high willingness to revisit.
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Topic 5: Lighting artistry. Tourist praise for the creativity and diversity of the lighting
landscape design converged on three key aspects: () The design seamlessly blends
innovative concepts with striking visual effects, while its varied forms enhance its
aesthetic appeal. (@ The spatial integration of light installations with waterfront
architecture creates a landscape imagery distinct from daytime views, expanding the
temporal and spatial dimensions of the experience. (3) Innovative combinations of light
installations with intangible cultural heritage elements like “Da Tiehua” performances

create distinctive event settings, while dedicated photo spots precisely cater to tourists
desire for social sharing.

4.3.2. Topics of Negative Reviews

Analysis of three topics in negative reviews reveals that tourists’ critical feedback on ur-

ban lighting landscapes primarily centers on three topics: crowd management, operational

management, and value perception gap.

Topic 1: Crowd management. Night tourism products centered around lighting land-
scapes typically exhibit distinct festive, seasonal, and time-sensitive characteristics.
This time-sensitive nature causes all potential tourists to concentrate their visits within
an extremely short window, resulting in highly concentrated visitor demand within
narrow time windows that easily overwhelms crowd management systems. Fail-
ures in crowd control manifest primarily as dual issues: excessive flow overload and
service process disruptions. Terms like “overcrowded” and “line up” reflect issues
arising when tourist numbers exceed capacity thresholds: excessive congestion, pro-
longed wait times, and overcrowded viewing areas directly undermine tourist comfort
and safety. Reviews about “convenient” and “seats” reveal spatial configuration is-
sues stemming from traffic overload: inadequate viewing area planning, insufficient
viewing spots, closure of certain functional zones, and insufficient ticket windows.
Additionally, the chaotic design of key movement routes, such as ticket inspection and
shuttle connections, coupled with a lack of effective staff guidance, further exacerbates
disorder in passenger flow organization.

Topic 2: Operational management. Systemic deficiencies in on-site operational man-
agement constitute a major source of negative tourist experiences, characterized by
cascading failures across multiple service dimensions. At the supporting infrastructure
level, issues such as irrational surges in accommodation pricing during peak seasons
and excessive distances between attractions and lodging were prominent. Meanwhile,
on-site communication support has obvious shortcomings. Scenic areas lack targeted
emergency solutions for high visitor flow scenarios, such as deploying temporary
signal towers or expanding network capacity. This deficiency directly leads to weak or
interrupted mobile phone signals during peak periods. Regarding consumption regu-
lation, widespread dissatisfaction was triggered by disordered add-on charges, opaque
tiered pricing structures, and artificially inflated commodity prices. The overemphasis
on the commercial aspect of lighting landscapes as mere “internet-famous photo spots”
created a perception that commercial gain was prioritized over experiential value. Per-
taining to service quality, personnel demonstrated poor attitudes, slow response times,
and uneven professional competence. In terms of fundamental administration, critical
public services, including traffic control, crowd management, and environmental sani-
tation, were notably deficient. Service disruptions, such as last-minute performance
cancellations without timely notification, further exacerbated the negative experience.
Topic 3: Value perception gap. Through analyzing reviews on this topic, we found
that the significant gap between tourists” actual experiences and their psychological
expectations is the primary cause of their perceived value discrepancy. Regarding
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lighting landscape effects, the lighting design has not met the expected standards.
There is an excessive emphasis on the “internet-famous photo spots” function of the
lighting landscape, resulting in a noticeable gap between the mobile phone photog-
raphy experience and the visual experience with the naked eye. This diminishes the
perception of the lighting landscape’s true aesthetic value. Regarding content con-
veyance, some light shows featured weak narrative structures and shallow exploration
of cultural depth, failing to satisfy tourists” expectations for cultural richness. The
cultural value emphasized in the promotions starkly contrasted with the superficial
content delivered. Regarding price perception, admission fees and ancillary costs far
exceeded reasonable ranges, with chaotic pricing across different ticketing agencies.
Opaque practices like forced consumption and hidden fees were widespread. These
issues ultimately led to a perceived imbalance between quality and price.

5. Conclusions and Implications
5.1. Conclusions and Discussion

This study conducted sentiment analysis and topic mining on 45,768 online tourism
reviews by tourists, revealing the complex perceptions and evaluation structures of tourists
toward emerging tourist attractions such as urban lighting landscapes. Specific conclusions
are as follows:

From the results of sentiment analysis, tourists hold an overall positive attitude toward
urban lighting landscapes. This finding aligns with the rapid growth of night tourism,
confirming the market appeal and development potential of lighting landscapes as core
carriers of night tourism. However, significant evaluation disparities exist across different
types of lighting landscapes. Light festivals achieved the highest average positive rating but
also exhibited the highest standard deviation, indicating the greatest evaluation volatility.
Cross-analysis with negative sentiment topics revealed that the experience quality of these
short-term, highly immersive light festivals is susceptible to factors like event planning, or-
ganizational management, and venue suitability [84]. Immersive real-scene performances,
which recorded the highest average negative rating, face a “high expectations-high disap-
pointment” dilemma. Due to high ticket prices and extensive promotion, tourists develop
elevated psychological expectations. When the cultural depth, technical effects, or program
arrangement of the performances fail to meet these expectations, it often triggers intense
disappointment and value questioning [85].

Regarding review topics, positive tourist feedback centers on five key areas: cultural
ambience, multifaceted viewing experiences, performance quality, service value for money,
and distinctive lighting artistry. Negative sentiments primarily revolve around overcrowd-
ing, service management, and cost-effectiveness. When viewed by landscape type, there are
certain differences in the focus of visitor evaluations for the five categories of urban lighting
landscapes: Positive evaluations of light festivals center on the festive atmosphere and the
creativity of the lighting art, while negative experiences are most prominently characterized
by short-term overcrowding; positive reviews of immersive real-scene performances focus
on the audiovisual effects of the shows, whereas negative feedback mostly revolves around
value for money and narrative content. The strengths of lighting-themed districts lie in their
multisensory, leisurely atmosphere, while their weaknesses center on commercialization
and operational order; evaluations of landmark lighting landscapes and urban nightscape
lighting projects are generally more balanced, with pain points in the visitor experience
being relatively scattered.

Tourists” evaluations extend beyond simple likes or dislikes, reflecting deeper per-
ceptions of the medium’s characteristics [86] and cultural expression [87]. Through these
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topics, we can clearly identify the core trends in the demands of China’s urban residents
and tourists regarding future urban lighting landscapes:

@® Tourists’ positive evaluations are highly concentrated on the creative transformation
of urban spaces through lighting. In Positive Topic 1, “spatial carriers” and Topic 5
“lighting artistry” lighting transcends basic illumination functions. By highlighting
architectural details, reshaping landscape contours, and creating illusions where water
and light intertwine, lighting transforms familiar urban spaces into ceremonial and
dramatic “non-daily” domains [31]. On the one hand, this transformation satisfies
tourists” expectation of a visual spectacle. On the other hand, it revitalizes local history
and culture through light-and-shadow narratives, allowing tourists to form emotional
bonds and cultural identity with the destination during their on-site visit [26,84]. This
aligns with the findings of Chen et al. (2020), who discovered that the educational
experiences gained during visits satisfy tourists’ cultural fulfillment and sense of be-
longing, thereby fostering their affection and respect for the night tourism activity [87].
The frequent appearance of keywords like “culture,” “history,” and “theme” in posi-
tive topics starkly contrasts with the disappointment expressed in negative themes
regarding “insufficient cultural substance” and “weak narrative threads.” This pro-
foundly reflects tourists” growing emphasis on the cultural authenticity and depth of
cultural content in tourism experiences.

@ Positive Topic 2, “multisensory experiences”, demonstrates that lighting landscapes
serve as powerful tools for creating ambience and evoking specific emotions [88].
When integrated with night markets, performances, and social activities, lighting
landscapes transform fragmented nighttime events into a cohesive, immersive narra-
tive. This provides contextual support for consumption behaviors like dining, shop-
ping, and socializing, thereby establishing a complete nighttime consumption ecosys-
tem. Meanwhile, the dissatisfaction expressed in negative Topic 2—"operational
management”’—regarding “formulaic viral photo spots” and “ubiquitous costume-
change photo services” reflects how excessive commercialization in scenic areas can
make the environment feel inauthentic and staged. This undermines tourists’ percep-
tion of authenticity, harming their immersive experience and overall satisfaction [89].
This aligns with Pine & Gilmore’s (1998) experience economy theory [90]. They argue
that exceptional experiences require designing environments, themes, and narratives
to create profound immersion, enabling tourists to temporarily forget reality and feel
fully present in the moment. This indicates that contemporary tourists’ nighttime
travel demands have shifted from basic lighting and visual appreciation toward pur-
suing complex immersive experiences that deliver deep happiness [91]. They expect
lighting landscapes to transform urban nighttime spaces into immersive, multidimen-
sional settings that blend historical ambience, local life, artistic aesthetics, and social
interaction [92]—enabling a complete presence of body and mind through temporary
escape from daily routines [10].

(® Negative Topic 1, “crowd management”, and negative Topic 2, “operational manage-
ment”, expose the disconnect between planning, design, and operational management
in many current lighting landscape projects. Lighting landscapes inherently concen-
trate tourists in specific times and spaces, causing demand to surge within extremely
short periods. Yet many projects adopt operational models based on daytime scenic
areas or ordinary public spaces, lacking contingency plans and capacity building
for the unique scenarios of large crowds, high density, and short-term gatherings.
Simultaneously, lighting landscape designs often prioritize creating optimal view-
ing points and visual focal points without concurrently planning matching tourist
capacity, evacuation routes, queueing spaces, or contingency plans. Keywords like
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“overcrowded” and “wait in line” in negative reviews directly stem from this lack of

capacity forecasting during the design phase.

(® Both Positive Topic 4 and negative Topic 3 involve tourist reviews on the pricing and
value-for-money of night tourism products, reflecting tourists” sensitivity to perceived
value during night tourism. Research indicates that tourists do not solely pursue
low prices or high quality, but rather seek a balance between price and quality [93].
Reviews indicate that tourists are willing to pay for high-quality nighttime social
experiences, but they will leave negative feedback when prices are excessive or quality
fails to match expectations. The underlying demand is for landscape design, perfor-
mance quality, and on-site services to justify their expenditure, avoiding ambiguous
fees, hidden charges, and poor value for money—all while pursuing a sense of fair
pricing [94].

In summary, tourists” demand for urban lighting landscapes is undergoing a trans-
formation: shifting from superficial sightseeing to deep cultural immersion, from singular
visual enjoyment to multi-sensory experiences, and from indiscriminate consumption to ra-
tional, personalized spending. This necessitates that future urban lighting projects in China
shift from a focus on creating simple visual displays to a balanced approach that integrates
cultural depth, artistic expression, technological support, and service coordination—only
then can they meet the diverse and sophisticated experiential needs of visitors.

5.2. Theoretical and Practical Implications

This study makes several significant theoretical contributions. First, this study expands
the methodological and analytical perspectives of research on night tourism experiences.
The BERT-LDA hybrid analytical framework adopted in this study is universally applica-
ble to online review data across different languages and regions, providing a replicable
methodology for research on visitor experiences of lighting landscapes in other parts of
the world [66]. Second, it conducts a synergistic analysis of tourists” sentiment toward
urban lighting landscapes and the topics of their reviews. This addresses the limitations
of previous studies, which often focused solely on economic value or design strategies,
revealing from the demand side the multidimensional perceptual structure of tourists’
perceptions of urban lighting landscapes. Simultaneously, the research deepens theoretical
understanding of lighting landscapes as a key attraction in night tourism [89,95]. Through
topic analysis, it reveals that lighting landscapes function not only as visual landscapes
but also as cultural transmission media, spatial reshaping tools, and immersive experience
triggers, enriching the theoretical framework of night tourism research. Finally, the study
explores the evolving trends in tourists’ night tourism demands, demonstrating that their
expectations for lighting landscapes are shifting from simple visual appreciation toward
cultural depth and immersive experiences, and from homogeneous consumption toward
rational value judgments.

Starting from the perspective of visitor demand, this study systematically identifies
the shared experiences and common pain points associated with urban lighting land-
scapes. It provides precise demand-side information to support the full-cycle sustainable
development of urban lighting landscapes, as reflected in four core dimensions.

First, it supports the intensive, low-carbon, and sustainable development of urban
lighting landscapes. By identifying visitors’ core concerns regarding lighting landscapes,
this study guides developers to move away from an extensive, high-brightness, large-scale,
and homogenized approach. Instead, resources should be allocated to elements genuinely
valued by visitors, such as cultural light-and-shadow expression and immersive scene
construction. This targeted investment can avoid the energy waste and light pollution risks
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caused by ineffective lighting projects, and promote the shift in urban lighting landscapes
toward low-carbon, intensive development.

Second, it supports the long-term, sustainable transmission of cultural essence. The
study confirms that local cultural significance is the core driver of a lighting landscape’s
enduring appeal. This conclusion can guide cities away from short-term, “fast-food”-style
“viral” lighting renovation approaches, encouraging them to deeply explore the translation
of local culture through light and the integration of multisensory experiences [96,97],
while balancing artistic and commercial considerations [24]. This approach fosters the
creation of lighting landscape IPs with enduring vitality, extends the lifecycle of these
landscapes, reduces resource waste caused by frequent iterations and renovations, and
enables the dynamic transmission and long-term dissemination of local culture through
lighting landscapes as a medium [75].

Third, it supports the sustainable adaptation of spatial layouts to accommodate visitor
flows. Given the inherent characteristics of high spatiotemporal concentration of visitor
flows in lighting landscapes, the pain points in large-scale visitor experiences revealed by
this study can guide the preemptive determination of spatial carrying capacity thresholds
during the planning phase [98], systematically optimizing viewing zones, evacuation routes,
and the sequencing of light and shadow performances to balance visitor distribution both
spatially and temporally [99], thereby reducing the impact of high-density visitor flows on
the order of the lighting environment and the quality of the landscape space, and ensuring
the long-term, stable operation of lighting landscapes.

Fourth, it supports a sustainable and healthy balance of operational value. The study
clarifies the logic behind the “experience quality—price” trade-off for visitors [100,101],
which can support operators in establishing a multi-departmental collaborative night
tourism support system [102] and a smart visitor flow management platform [103,104],
while refining price regulatory mechanisms and dynamic ticketing strategies. Through
refined operations, unnecessary management costs are reduced, and a balance is struck
between commercial development and experiential value. This not only enhances visitors’
perception of value but also guides the industry toward a shift from an extensive model of
scale expansion to an intensive model focused on quality improvement, thereby promoting
the long-term, healthy development of the urban lighting landscape industry.

5.3. Limitations and Future Research

This study still has several limitations that require further refinement and expansion
in future research. First, regarding data sources, the research data was drawn exclusively
from three domestic online travel platforms. The sample consisted primarily of young
travelers willing to express themselves online, making it difficult to comprehensively cover
non-active online groups such as elderly travelers and local leisure travelers. In addition,
multiple factors may affect the reliability of the analysis results. These include potentially
inauthentic content in online reviews, demographic differences across platform users, and
inconsistent content moderation mechanisms among different platforms. Second, regarding
the methodological framework, sentiment classification relied solely on the BERT-Base,
Chinese pre-trained model. No systematic comparative validation was conducted against
similar BERT variants (such as ALBERT and RoBERTa [105,106]) or emerging text mining
methods like graph neural networks (GNNs). Furthermore, no cross-sectional performance
comparisons were made with traditional benchmark methods—such as the sentiment
lexicon approach, SnowNLP, and conventional machine learning models—resulting in
insufficient quantitative evidence to demonstrate the superiority of the proposed method.
Finally, regarding the scope of the study and the boundaries of its conclusions, this research
primarily focuses on analyzing common experiential themes in the lighting landscapes
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of Chinese cities and does not conduct an in-depth comparison of differences in visitor
evaluations across different regions or types of lighting landscapes. Furthermore, the
study’s conclusions are derived from the Chinese context; given the significant differences
in industry development stages, sociocultural contexts, and environmental protection
priorities among different countries, the specific thematic conclusions of this study cannot
be directly generalized to other nations.

To address these limitations, future research could proceed in three directions: First,
expand the dimensions and sources of data by combining questionnaire surveys, in-depth
interviews, and multi-platform review data to construct a more comprehensive and multi-
dimensional picture of visitor perceptions. Second, optimize the analytical framework by
conducting comparative experiments with various benchmark methods and cutting-edge
models to validate the performance advantages of the BERT-LDA framework. Addition-
ally, introduce graph neural networks to enhance the ability to capture textual structural
relationships and subtle emotional cues, and employ dynamic topic models or time-slice
analysis to explore the temporal evolution of themes. Third, deepen research into specific
scenarios by conducting comparative analyses of lighting landscape experiences across
different types and regions to refine the scenario applicability of research conclusions.
When conditions permit, explore cross-national, multi-scenario comparisons to further
expand the scope of applicability of the research findings.
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Appendix A

Table Al. Positive review topics and representative reviews.

Topic &
Analysis Dimensions

Keyword Representative Reviews

e  The buildings are adorned with colorful lights, and the
towering structures appear especially majestic under

Topic 1 lighting architecture the illumination.
. . . park . .
Spatial carriers carrier plaza e  The porcelain dragon and phoenix symbols of good

fortune and the Chinese musical instruments on display
in the square are truly worth seeing!
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Table Al. Cont.

Topic & . .
Analysis Dimensions Keyword Representative Reviews
Xi’an Grand Tang Mall infuses the essence of the glorious
hist history Tang era into every corner of its streets!
1sory culture Hundreds of large-scale light installations adorn the park,
culture . . .
theme showcasing themes ranging from traditional culture and
mythical legends to modern technology.
Topic 1 The harmonious integration of garden architecture,
Spatial carriers waterways, and flora creates a beautifully landscaped
environment with picturesque scenery throughout
garden
landscape laree-scale the grounds.
design & The garden is quite spacious, and the lantern festival is
landscape O, . : .
quite impressive—it has a wonderful atmosphere, with
the lanterns and water features complementing each
other beautifully.
Crowds throng the streets amid dazzling lights, while a
feast of spicy delicacies fills the air with tantalizing
h e & food aromas—a feast for the senses.
S (Zle.mg snack The nation’s premier pedestrian street seamlessly blends
ming night market modern fashion with cultural heritage, offering an array
of specialty snacks and an abundance of creative
retail options.
It felt like stepping back in time to the prosperous Tang
Dynasty. Strolling through the streets, I was utterly
. captivated by the exquisite ancient-style architecture, the
lively . .
atmosphere licht splendid costumes, and the vibrant atmosphere.
. building ‘& At night, the lights illuminating the ancient buildings
Topic2 enjoy ted a majestic spectacle. As dusk fell, the twinkli
Multisensor created a majestic spectacle. As dusk fell, the twinkling
. y lights and bustling crowds filled the air with
expenences extraordinary excitement.
Every scene is recreated with remarkable realism,
transporting me to the streets and alleys of ancient
Chang’an and immersing me in the unique charm of that
era. This journey felt like a voyage through time,
feel . . ,o,
) deepening my understanding of Chang’an’s history
immersion Vle.w and culture.
experience

time travel

Zigong Chinese Lantern World dazzles with its radiant
splendor and breathtaking beauty, offering a true feast for
the eyes. The ingeniously designed park immerses
tourists in a dreamlike world of light and shadow,
transporting them to another dimension.
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Table Al. Cont.

Topic & . .
Analysis Dimensions Keyword Representative Reviews
Spectacular light shows and breathtaking performances!
Truly awe-inspiring! The projections on the Yellow Crane
performance Tower were absolutely stunning! The light show at Goose
performance water curtain Pond was also fantastic!
effect shock The sound-and-light water curtain show and
effect song-and-dance performances on the lake were
breathtakingly beautiful. It left us wanting more—far
exceeding expectations and well worth the visit.
Topic 3
performance The performance was spectacular and lavish, with
quality professional and dedicated performers delivering a rich
actor and novel show. It truly blew me away—every penny
h spent on the ticket was worth it.
show SHow Every day features numerous outstanding performances,
. brilliant . .
programming worth all meticulously crafted. The performers and staff put in
isit tremendous effort—it’s no small feat. The show is
vist visually stunning and technically demanding. From the
choreography to the performers” expressions, I found it
genuinely impressive.
The experience was great—just scan the QR code at the
convenient entrance to get in, no more hassle of queuing for paper
. . . tickets like before!
booking pick up tickets . Lo
. . Very good, very convenient! The 110 yuan price is lower
tickets online o . p .
buy ticket than buying tickets on-site, and you don’t need to pick up
Uy tickets tickets 30 min in advance. Just go to the window to get
your tickets when you arrive, then hop on the boat!
It offers great value for money—tickets are cheap, and
. even during the off-season, the lines aren’t long. I'll
Topic 4 cheap i > . .
service & cost- . . definitely visit again.
: price prse The grounds are huge, with a wide variety of attractions
effectiveness perception  lantern festival , : ;
. that don't repeat. After spending three hours exploring, I
cruse still hadn’t seen half of it. I'll be back next year—it’s
worth every penny.
Truly an exceptional night tour experience—we savored
the exquisite scenery along the waterfront and will
revisit next time definitely return!
intention happy Recently took the kids on a day trip—the experience was

absolutely fantastic! We'll be back again during
winter break!
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Table Al. Cont.

Topic &
Analysis Dimensions

Keyword

Representative Reviews

lighting
effects

light
lantern
beautiful

Artists utilized the facades of these buildings, projecting
stunning patterns onto the walls with lasers that changed
in real time. Paired with uplifting music, it truly was a
magnificent light show.

The scale and craftsmanship of the lanterns here are truly
magnificent, immersing tourists in a dreamlike world of
light and shadow. The various themed lantern displays
are breathtakingly beautiful, showcasing unique charm
from traditional mythological tales to modern pop
culture elements.

Topic 5
lighting artistry

environmental
integration

architecture
shoreside
daytime
tour

Cruising leisurely along the river, you'll be treated to
dazzling lights along both banks, where ancient bridges
and modern architecture blend harmoniously—a true
highlight of the nightscape.

The Pearl River at night is exceptionally beautiful,
illuminated by the lights of buildings along both banks.
The section near the Canton Tower is particularly
stunning, with the tower’s lights changing over time to
create a breathtaking spectacle.

Visiting the Yellow Crane Tower at night is truly different
from daytime—it’s incredibly awe-inspiring. Enhanced
by the lighting effects, it delivers a genuinely

delightful surprise!

special
activities

unique
check-in
Da Tiehua

This price is truly a steal! The iron flower show alone is
worth it! It’s so unique. You absolutely have to come
check it out!

Numerous intangible cultural heritage performances are
available to watch, with lighting and architecture
blending beautifully.

Nighttime shows and intangible heritage projects like Da
Tiehua and fireworks further enhance the

visual experience.

Table A2. Negative review topics and representative reviews.

Topic &

Analysis Dimensions Keyword Representative Reviews
The place was packed to the gills—so crowded you
couldn’t even squeeze in. During peak hours, it was
nearly impossible to hail a cab, forcing us to walk a long
Topic 1 tourists crowd way out of the area just to get one.
crowd flow rate overcrowded The crowd on the third day of the Lunar New Year was
management wait in line absolutely overwhelming. We couldn’t see a single full

view of the performances—just a sea of heads
everywhere. Doesn’t the scenic area have any crowd
control measures?
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Table A2. Cont.

Topic &
Analysis Dimensions

Keyword

Representative Reviews

facilities
planning

convenient
seat
second floor

Online tickets are a hassle to pick up. While every gate
has a ticket booth, you can only collect them at the West
Gate. Can'’t the scenic area offer more

user-friendly management?

During National Day, the crowds are overwhelming. As
soon as you board the boat, you have to rush to the deck
to grab a seat. The first-floor seating is available but
cramped and dirty. The second floor has only a few spots,
and the third-floor seats are impossible to secure.

Topic 1
crowd
management

service
process

boarding
buy tickets
staff
online

Traffic control personnel were insufficient, and
construction on key routes caused traffic congestion.
Overcrowding of tourists went unchecked with no
effective flow control, and pandemic prevention
measures were ignored. The ticket hall was excessively
packed with crowds, failing to enforce 1-m spacing, and
the queue order was unmonitored.

Ticket collection was a major pitfall. While there were
two designated collection points, it was utterly confusing
for us out-of-town tourists to determine which one to use.
The staff at the windows was also painfully slow. All in
all, it was a mood-killer!

supporting
facility

hotel
traffic
mobile phone

Despite the large number of stranded tourists, vehicles
were not permitted to reach the scenic area entrance.
Tourists had to run approximately 500 m in heavy rain to
reach designated parking areas.

Mobile phones had no signal, and no emergency
communication vehicles or additional information
sources were provided.

Hailing taxis nearby was nearly impossible, with drivers
refusing passengers and cherry-picking fares. Illegal
three-wheeled vehicles operated rampantly, arbitrarily
raising prices. Transportation management was

utterly chaotic!

Topic 2
operational

management
business

norms

charge

pay
take photos

The admission ticket itself isn’t cheap, and various
attractions and activities charge extra fees.

Because of the lantern festival, everything has
skyrocketed in price—hotel rooms that originally cost
200 yuan can jump to over 800 yuan, while restaurants
outside the scenic area hike prices to 20 yuan. These are
all consumer traps.

service

quality

service
manage
on-site

Service is mediocre, with most staff members clueless
and displaying poor service attitudes. The scenic area
management is problematic; we recommend enhancing
training and cracking down on illegal taxi solicitation.
Ticket gate staff are irresponsible, allowing uncivilized
tourists to blatantly cut in line with complete disregard
for other tourists’ feelings.
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Table A2. Cont.

Topic &

. 1. . Keyword Representative Reviews
Analysis Dimensions P

e  The lighting along the two rivers isn’t well planned, and
there’s no cohesion between the different scenic areas.
Since the Yellow Crane Tower isn’t tall enough and is set
back from the river, it partially blocks the view, so there’s
no main nighttime attraction.

lighting performance e  The light show was a complete sham. The water screen
landscape water curtain movie at night featured truly poor mist effects. Even with
effect effect minimal effort in design, it wouldn’t have looked this

bad—it was worse than cheap special effects.

e To cut costs, organizers shut down many lighting effects,
severely diminishing the experience. Yet ticket prices
remained unchanged at 158 yuan, leaving tourists with
an extremely negative impression overall.

e  The thick commercial vibe and cookie-cutter night views
of the food streets seem to overshadow history. People
only care about how beautiful their Hanfu looks, how

Valuggziijp tion perfect t}}eir makeup is, and whether their photo angles
gap content show are just right. . '
story e Hangzhou’s cultural essence is barely present—just a
conveys culture hodgepodge of East and West. I arrived brimming with
anticipation and left feeling disappointed.
e  The entire performance lacks a central narrative thread.
In a nutshell: Those with low cultural literacy—like
me—just couldn’t make heads or tails of it!
e  Not worth it! For a 98 yuan ticket, you get less than
30 min of fun—nothing interesting at all. Totally
ticket overpriced!
. price e  The price is still a bit expensive. Doesn’t feel worth it. I
price unworthy heard from a taxi driver that it used to be just over a
perception cost- hundred yuan.
effectiveness @  The ticket is expensive, and once you buy it, the scenic
area has tons of hidden fees—every activity costs extra!
Not worth it!
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