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Abstract: This study introduces a novel framework to dissect and understand tourists' cultural perceptions within 
river basins. The framework consists of two complementary parts: first, it develops a multi-dimensional system to 
identify cultural perceptions through textual analysis; second, it uses advanced methods like deep learning and 
spatial clustering to analyze and compare these perceptions across different cities and regions. The findings from 
the Yellow River Basin reveal six key dimensions of cultural perception: historical, architectural, folklore, food, reli-
gious, and leisure. The basin exhibits three distinct cultural patterns: an upstream polycentric network, a central 
‘cultural circle’ around Xi’an, and a city-to-city pattern downstream. Furthermore, the basin is categorized into ten 
unique cultural perception regions, each highlighting diverse tourist perceptions. This framework not only offers a 
methodological beacon for future regional tourism studies but also equips managers with strategic insights to en-
hance the quality and cooperation in river basin tourism development. 

Key words: river basin; cultural perception; semantic similarity network; spatial clustering; regional cooperation; 

deep learning 

1  Introduction 

River basins can be viewed as independent geographical 
units that combine natural, economic, and cultural elements 
to lay the foundations of civilizations (Macklin and Lewin, 
2015). The implementation of UNESCO’s Rivers and Heri-
tage initiative (e.g., integrated river management, the rela-
tionship between rivers, and cultural heritage) faces many 
challenges across all river basins (Wantzen et al., 2023); 
however, tourism can play an important role in achieving 
this goal (Xu et al., 2023). In recent years, river basins have 
become popular tourist destinations owing to their diverse 
cultures and landscapes, which provide a natural platform 
for tourists to perceive and experience a destination 
(Prideaux and Cooper, 2009; Wang et al., 2018). However, 
the large spatial scale of the river basin makes it difficult to  

integrate tourism resources, and tourism activities also 
contribute to the homogenization of destination cultures 
(Liu et al., 2022). Thus, in the face of increasingly intense 
market rivalry, the comprehensive planning of local tourism 
development in the basin from an integrated viewpoint, and 
the construction of a unique destination image have 
emerged as two crucial concerns in basin’s tourism growth 
(Li and Zou, 2021). 

The holistic development of river basin tourism empha-
sizes the importance of synergy and cooperation by break-
ing down institutional, cultural, and resource barriers be-
tween tourist destinations (Wantzen et al., 2016). Existing 
studies has examined the role of tourism in river basins 
management from the perspectives of economic cooperation 
or ecological conservation (Anderson et al., 2019). Although 
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these studies produce thought-provoking results, but we can 
still expand our perspective, for example, by looking at cult-
ure for additional development potential. Because the diver-
sity of cultures is often the distinguishing feature that sets 
river basins apart from other tourist destinations (Wantzen  
et al., 2016; Cao and Vazhayil, 2023). Within this unique 
context, tourism resources in river basins not only possess 
spatial integrity, cultural homology, and resource 
complementarity (Weidenfeld, 2013), but also embody rich 
heritage and regional distinctiveness. It reflects the deeper 
logic of tourism cooperation in river basins: considering the 
enduring and intrinsic value of cultural connections (Shi et 
al., 2014). International examples—such as Europe’s cul-
tural routes and China’s Yellow River Cultural Tourism Belt 
and National Cultural Park initiatives—demonstrate the 
central role of culture in river basin tourism (Liu et al., 
2023). While unlocking river basins’ economic potential, 
river basin tourism also acts as a gateway for immersive 
cultural experiences. Therefore, the effective coordination of 
these unique local cultures and tourism resources and the 
creation of a cohesive and appealing basin destination image 
are crucial challenges in river basin tourism research. Within 
this context, tourists’ cultural perceptions offer valuable in-
sights.  Tourist perception is a subjective sense about the objec-
tive surroundings, which includes nature and culture (Wang 
et al., 2017). It refers to the process of identifying, experi-
encing, and disseminating a destination’s culture (Fodness, 
1990; Jiang and Yu, 2020), which is also an important as-
pect in shaping the destination image of a river basin (Mao 
and Liu, 2006). Tourist perceptions improve their under-
standing of the local cultures of different cities in a river 
basin, form an associative “destination image” in their 
minds, increase their sense of place identity (Hernández et al., 
2006; Wei et al., 2022), and may even change their tourism 
behavior (Lee, 2009; Lu et al., 2022; Ji et al., 2023). For 
example, Gao et al. (2021) noted that tourists’ perception 
about cultural heritage affects the emotional bond between 
tourists and heritage places, which further affects tourism 
consumption behavior. This human-land interaction contrib-
utes to the dynamic narrative of river basin tourism devel-
opment. This human-land interaction contributes to the dy-
namic narrative of river basin tourism. Meanwhile, the cul-
tural heterogeneity and homogeneity of each city in the river 
basin is highlighted in tourists’ cultural perceptions, which 
can be used to identify the strength or weakness of destina-
tion image, and to create an attractive basin brand (Mar-
garyan et al., 2022). However, there are very few studies on 
tourist’s cultural perception in river basin.  

The Yellow River Basin is an important cradle of Chinese 
civilization and has a rich cultural heritage, making it an 
exemplary case study. At the same time, tourism develop-
ment in the Yellow River Basin has challenges such as poor 
regional connectivity and difficulty in creating brand image. 
Understanding how tourists interact with tourist destinations, 

and then striking a balance between “resource supply” and 
tourists' “cultural demand” to create a tourism brand in the 
basin, is the primary issue confronting the development of 
tourist destinations in the Yellow River Basin. This study 
uses the travelogues, adopts text analysis, deep learning 
model, spatial clustering, and co-word analysis to build an 
analytical framework applicable to large-scale regional 
tourists’ perceptions, including constructing a multi-dimen-
sional cultural perception dimension system, revealing the 
local cultural perception network connection in the basin, 
clarifying the spatial difference of tourists' cultural percep-
tion and the local imagery of the tourist destination in the 
basin. This study can provide theoretical support and prac-
tical reference to promote the synergistic cooperation be-
tween cities in the basin and the construction of the destina-
tion image.  

2  Literature review 

2.1  Tourists’ cultural perception of river basin 

The study of river basins, as a special type of tourist desti-
nation, began later compared to other places. Flanagan and  
Laituri (2004) found that tourism utilization of river cultural 
heritage by residents was an innovative breakthrough in 
integrated river management, which laid the ideological 
foundation for later studies on river basin tourism. Early 
studies on river basin tourism were mainly based on the 
tourism function of rivers (Predeaux and Cooper, 2009), 
exploring the resource attractiveness of river basins, tourism 
planning and development, and tourism experiences, and so 
on (Fisher, 2006; Shrestha and Stein, 2007). With the 
development of the experience economy and the emergence 
of a diversified value orientation in tourism, scholars have 
focused on tourists’ perceptions of destinations. It has direct 
implications for tourists’ experiences and satisfaction, des-
tination place-making and influences the sustainable devel-
opment of destinations (Liu et al., 2023). 

Earlier studies have focused on exploring cultural per-
ceptions within specific destination cities or blocks by as-
sessing their perceived value (Zhang et al., 2023b) and 
evaluating the authenticity and satisfaction tourists derive 
from these perceptions (Hernández et al., 2006; Sun et al., 
2015). Studies have addressed many types of cultural per-
ceptions such as rural culture (Wang et al., 2020), food cul-
ture (Criss et al., 2020) and festival culture perceptions 
(Wang et al., 2021). These efforts aimed to explore destina-
tion cultural perceptions from different perspectives. How-
ever, research that focuses solely on a single cultural aspect 
fails to capture the full spectrum of cultural characteristics 
inherent in tourism destinations. Little attention has been 
paid to the multi-dimensional cultural perceptions of differ-
ent destinations (Han et al., 2022) and spatial differentiation 
(Zou et al., 2022). In terms of study scale, most studies were 
conducted in a particular city or a small-scale destination, 
including cultural heritage sites, historic districts or ancient 
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towns (Chen et al., 2022; Wang et al., 2022c), and homestay 
micro-spaces (Huang and Bing, 2021). 

Overall, scholars have made great progress in the study 
of destination perceptions, but there are certain limitations: 
First, there is limited study on tourist perceptions in river 
basin environments. The majority of existing studies focus 
on micro and meso-scale places, such as recreational dis-
tricts, scenic spots, and cities, with less studies on larger 
spatial scales, and the direction and universality of research 
conclusions must be reinforced. Second, previous studies on 
tourist’s cultural perception primarily focused on specific 
cultures, with limited investigation into the diverse cultural 
perceptions at tourist destinations. In-depth investigations of 
multidimensional cultural perceptions are required, particu-
larly in large-scale settings such as river basins, where cul-
tural variety of tourism is an important feature. 

2.2  Spatial differences of cultural perception  

Tourists’ cultural perception vary significantly among regions 
due to variances in geographical settings and historical cul-
tures. However, past research on cultural perception has pri-
marily concentrated on small-scale investigations, with few 
studies employing geographical divisions geographic clus-
tering to distinguish between homogeneous and heteroge-
neous cultures. Some studies have investigated regional 
differences and structures in food culture (Jiang et al., 2021; 
Zhang et al., 2021), spatial variations in Chinese place-name 
culture (Wang et al., 2022b).  

Geospatial clustering based on multiple attributes can be 
used to analyze the spatial differentiation of multidimen-
sional cultural perceptions. For example, hierarchical clus-
tering based on similarity indices is employed to explore 
regional differences in traditional settlement cultures (Li et 
al., 2020). Because this method relies on manual identifica-
tion, it is less appropriate for studying regional differences 
in multi-cultural systems in a vast, complicated geographi-
cal setting. With the development of new geographic infor-
mation technology in the context of spatiotemporal big data, 
new data sources and geographical analysis methods have 
recently been applied to study regional cultural spatial dif-
ferences. Specifically, points of interest and social media 
data using algorithms, such as minimum spanning trees and 
multi-dimensional clustering, are being used to explore local 
cultural perceptions and disparities (Cheshire et al., 2011; 
Zhang et al., 2021). In the context of flow spaces, the cur-
rent research relies mainly on community detection methods 
that separate communities based on modularity (Shi et al., 
2019); however, this method inevitably introduces the ‘ex-
clave phenomenon’ (Qin et al., 2019), where non-contiguo-
us regions are clustered together, which violates the princi-
ple of geographically connected boundaries in geographic 
regionalization. To address this limitation, this study opti-
mized complex network community segmentation methods 

and proposed a spatial clustering model based on a semantic 
similarity network. This model incorporated geographical 
proximity factors to eliminate the exclave effect. 

3  Methodology 

3.1  Study area 

The Yellow River, which meanders through nine provinces 
and regions, is revered as the cradle of Chinese civilization. 
The Yellow River Basin spans an area of approximately 
7.95×105 km2 and is home to about 20.9% of China’s total 
population. This basin, with its complex geography and 
profound historical roots, has fostered a multitude of cul-
tural expressions and distinctive regional identities, such as 
the Longshan and Yangshao civilizations as well as regional 
cultures from the Central Plain, Guanzhong, and Hexi cor-
ridors, making it a typical example of the complexity, diver-
sity, and variability of river basins around the world. By the 
end of 2021, the Yellow River Basin was home to 20 
UNESCO World Heritage Sites, 32 national-level scenic 
spots, and 919 national intangible cultural heritage sites, 
accounting for approximately 30% of similar designations 
nationwide. This positions the Yellow River Basin as not 
just a historical trove but also a rich mosaic of diverse cul-
tures, making it a pivotal tourism route. 

This study focused on an area in the Yellow River Basin 
delineated by the Yellow River Conservancy Commission of 
the Ministry of Water Resources that includes 69 prefec-
ture-level cities (which is the third-level administrative divi-
sion after provinces and autonomous regions) (Figure 1). 

3.2  Data description 

As a concrete representation of tourists’ perception, trave-
logue texts have significant advantages over visual symbols 
such as images. While images can convey abundant infor-
mation (Deng et al., 2023), they can only reflect tourists' 
particular focus on certain points during their trip and lack 
the ability to represent the underlying process of tourists' 
perception formation and psychological factors such as 
emotions and feelings. In the process of generating trave-
logue texts, tourists filter, select, and refine the information 
they acquired before the trip, their observations and experi-
ences during the trip, as well as their memories, thoughts, 
and imaginations afterwards, resulting in a focus on specific 
aspects of the experience. This is an ongoing process of 
perception that includes both cognitive information and 
emotional tendencies of tourists. The representation of tour-
ists’ perceptions through travelogue texts has been widely 
recognized in the academic world and has been extensively 
applied in related research. Therefore, this study uses trave-
logue text data to explore the multidimensional cultural 
perceptions of tourists in the Yellow River Basin. Mafengwo 
(https://www.mafengwo.cn/), the ‘travel bible’ of young 
Chinese tourists, boasts a large user base. It generates ap-
proximately 3000 travel blogs daily, resulting in a massive  
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Figure 1  Scope of the study area 
 

volume of data, primarily consisting of long travelogues. 
These travelogues offer rich and authentic content that cov-
ers a wide range of travel experiences from folk customs, 
architecture and food to cultural experiences (Zhu et al., 
2022). These detailed and diverse experiences make them 
highly suitable for our study on tourists’ multidimensional 
cultural perceptions. In this study, we address sampling dis-
parity challenges among cities (e.g., provincial capitals, 
economically developed cities, and their counterparts) using 
two sampling and data supplementation methods. For cities 
with more than 2000 blogs, we selected travelogues from 
odd-dates to balance the sample size and reduce potential 
selection bias due to too many specific dates associated with 
holidays or seasonal events. For cities with fewer trave-
logues, we supplemented the data with travelogues prior to 
1 January 2019 to create a robust multi-year dataset. We 
downloaded all the travelogues from January 1, 2019 to 
December 1, 2022. All the travelogues contained dates and 
times, textual captions, blog content, account usernames, 
and a URL links. A total of 10436 online travelogues were 
obtained. After excluding non-textual data, duplicate trave-
logues, and travelogues of low relevance, the final study 
sample comprised 10113 travelogues with 11171304 char-
acters. 

3.3  Analytical methods 

This study builds a new framework to dissect and under-
stand tourists' cultural perceptions within river basins. The 
framework is bifurcated into two distinct yet complemen-
tary parts. Firstly, we constructed a multi-dimensional cul-
tural perception indicator system of the Yellow River Basin 
through a textual analysis to identify the appropriate dimen-
sions of cultural perception. In addition, deep learning and 
spatial clustering methods were applied to explore similari-

ties and differences in cultural perceptions across cities and 
regions in the Yellow River Basin. Figure 2 illustrates how 
these two parts complemented each other to achieve the 
study’s research objectives. 
3.3.1  Multi-dimensional cultural perception system 

and text classification 
First, a textual analysis was conducted to construct a mul-
ti-dimensional perception system with two cycles of text 
coding and category supplementation. About a fifth of the 
travelogues were selected and coded sentence by sentence 
by three researchers. We synchronized and cross-validated 
the open coding results of the three researchers according to 
80% internal code consistency and formed initial concepts  
The initial concepts were further refined to distinguish be-
tween sub-dimensions and primary dimensions based on the 
literature (Jia, 2020) and UNESCO cultural heritage classi-
fication standards. We selected additional travelogs for in-
spection and category supplementation, ceasing text encod-
ing when no new concepts or categories emerged. This 
process produced a multi-dimensional cultural perception 
system for tourism in the Yellow River Basin with six pri-
mary dimensions and 30 sub-dimensions, including histori-
cal, architectural, folk, food, religious, and leisure cultures 
(Table 1). 

Text mining based on deep neural network models can 
map complex textual information to a low-dimensional con-
tinuous space, structuring fragmented information scattered 
throughout text materials, thereby improving the accuracy 
of text information classification and extraction. Based on 
this perception system, we used RoFormer model to recog-
nize and classify the entire dataset. It is used for natural 
language processing of massive text, including classification 
and semantic extraction, which is developed specifically for 
the Chinese context. Compared to the BERT model based 
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Figure 2  Framework for exploring tourist’s cultural perception  
Note: The framework is composed of four parts: (a) Data pre-processing; (b) Constructing cultural perception dimensions; (c) Training classification model; 
(d) Calculating cultural similarity and recognizing the spatial differences. 

 

on Transformer, the RoFormer model excels in understand-
ing contextual semantics and handling text at a chapter level 
(Su et al., 2024). Firstly, we manually labelled travelogue 
texts (by sentence) using six main dimensions as labels, 
marking about 500 sentences for each dimension to form a 
training dataset. Secondly, we trained the RoFormer model 
using the training dataset and evaluated the results using 
four indices: accuracy, precision, recall, and F1 score (Vi-
ñán-Ludeña and de Campos, 2022). Finally, we used this 
evaluation to categorize the texts. 
3.3.2  Semantic similarity network 
This study quantified the semantic similarity of tourists’ 
cultural perceptions in each city. We obtained a confusion 
matrix M that not only evaluated the performance of a clas-
sification model on the dataset, but also revealed similarity 
between categories (Wang et al., 2022a). The value at Mij 
denotes the number of cultural perception texts belonging to 
city i that are incorrectly predicted to belong to city j. The 
higher Mij, the more similar the multi-dimensional cultural 
attributes of the two cities i and j. Diagonal values represent 
the uniqueness of each regional cultural resource. We then 
introduced a normalized confusion matrix to illustrate se-
mantic similarity in multi-dimensional cultural perceptions 
between cities. A key step was setting a threshold to con-
struct a semantic similarity network. The median of all 
non-zero similarity values among cities is taken as the 
threshold for constructing the network. A similarity value 
below this threshold between any two cities implies negligi-
ble cultural interaction, whereas a value above this threshold 
suggests notable cultural commonalities. 

3.3.3  Spatial clustering method 
In addressing the limitations of community detection meth-
ods in flow space research, this study refines the complex 
network community segmentation approach by introducing 
a spatial clustering model based on a semantic similarity 
network. This novel method integrates the strength of net-
work connections and geographic proximity, effectively 
countering the ‘exclave phenomenon’ by incorporating geo-
graphical proximity factors (Qin et al., 2019). The approach, 
therefore, ensures more geographically coherent community 
clustering, aligning with the principles of geographic re-
gionalization. The four main steps include: 

(1) Defining the interaction strength between cities. To 
achieve the clustering of a spatial network composed of OD 
(Origin-Destination) flows, it is necessary to determine 
whether any two flow nodes can be classified into the same 
category based on weight values. The multi-dimensional 
cultural perception similarity between two cities is defined 
as ‘semantic flow’, whose intensity depends on the magni-
tude of the cultural similarity value. We define the degree of 
this similarity between city i and city j as FSij, which  
equals the data in the i-th row and j-th column of the seman-
tic similarity matrix Mij mentioned above, and the interac-
tion strength between city i and city j as: 

 FS(ij)= FSij+FSji     (1) 

(2) Creating a spatial adjacency matrix. To ensure spatial 
continuity for each region, we need to define the adjacent 
nodes for each node, which depend on interaction relation-
ships and spatial proximity. As shown in Figure 3, each node  
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Table 1  Multi-dimensional cultural perception system in the Yellow River Basin 

Primary dimension Subdimension Initial concept examples 

Historical event 
Chinese taishan sealing ceremony, Zhang Qian went on a mission to the Western Regions, Battle of 
Guandu, Princess Wencheng entered Tibet, The long march across the grassland…… 

Historical celebrity Bo Yi and Shu Qi, Confucius, Genghis Khan, Yue Fei…… 

Historical allusion 
To utter a sigh when seeing the vast ocean, Besiege Wei to rescue Zhao, mainstay, Thrice passing 
the door without entering it…… 

Historical culture 

Historical sites 
Kaifeng City pile City Ruins site, Tang-Tibet Ancient Road, Yangguan Beacon Tower Ruins, 
Shuidonggou site…… 

Residential settlement Silo-Cave, Tibetan folk house, Stone building, Jinnan cave dwelling…… 

Palace and mansion Tianbo Yang’s Mansion, Wang’s Grand Courtyard, The East Mountain Palace…… 

Ritualistic buildings The Temple of Confucius in Qufu, Imperial mausoleums, Ancestral hall… 

Garden  Path in which the scene is always changing, Ggarden heritage of Yuan Dynasty…… 

Facility The first Yellow River Bridge, Road on the cliff, Water conservancy project, Granary…… 

Architectural culture 

Other Modern memorial tower, Ancient tower, View pavilion, The wonder of six towers riding street……

Local custom Go to the Temple Fair, Wedding customs, Sacrifice to the holy eagle, River Lantern Festival…… 

Folklore 
The Legend of the Snow Girl, Beast Legends, King Yu tamed the flood, The fairy of Nine lakes 
descend to earth…… 

Folk costume 
Kangba costume, Mongolian women’s headdress, Traditional hand towel in northern Shaanxi, A
short Chinese-style coat named ‘dui menmen’…… 

Folk literature Classic poems, Tangut script, Oral epic of King Gesar, Maiji ballad…… 

Handicraft 
Painted pottery art, Manufacturing technique of Sheepskin raft, Lanzhou waterwheel technology, 
printing…… 

Performing art 
Ceremony for Confucius, Qinqiang Opera, Ansai waist Drum Dance, Kangba Song and Dance, 
Chinese shadow puppetry…… 

Folk painting and calligraphy Thangka, Mani stone painting, Woodcut…… 

Folklore culture 

Folk sports Tai Chi, Three Manly Skills of Mongolia…… 

Dietary habit No pork, Favorite Noodles …… 

Diet product Mongolian eight treasures, Three representative foods of Mount Tai, 72 kinds of Shaanxi pasta……

Local drinks Highland barley wine culture, Moet liquor culture…… 

Tea custom Eight Treasures Tea, Zen Tea Culture, Por Tea Culture …… 

Cooking skill Double-skin milk technology, fumigated six times air-dried six times…… 

Food culture 

Kitchenware Chuanshan stove, Earthenware pot…… 

Buddhist culture Prayer flags flutter, Living Buddhas reincarnated, Listen to chanting, Pilgrimage…… 

Taoist culture Daiyue Taoist Temple, Lao-Tzu, Endless stream of pilgrims in Lao Juntang…… 

Mohammedanism culture Mosque, Muslim weddings…… 
Religious culture 

Other Christian churches, Catholic churches, The Manihon pedestal…… 

Cultural place Museum, Art museum…… 

City parks Spouting Spring Park, Daquan Square, Daming Lake Park…… Leisure culture 

Leisure consumption place Kuanhouli, Bookstore Street, Quanxiang area, Teahouse 

 
corresponds to a spatial unit. Taking node b as an example, its 
spatially adjacent and interacting nodes include a, c, e, and f, 
as shown in Figure 3b. By calculating the bidirectional se-
mantic flow strength between node b and nodes a, c, e, and f, 
the node with the highest semantic flow interaction strength 
(assumed to be node f) is selected to form a new seed node 
group S = {b, f}, as shown in Figure 3c. The adjacent node 
set for S is the union of the adjacent node sets for seed 
nodes b and f, which are {a, c, e, g, h, i}. By repeating this 

process, we obtain a continuous region composed of multi-
ple seed node regions. 

(3) Calculating interaction strength. For seed node group 
S={b, f} from Figure 3c and its adjacent node a, the OD 
flow (semantic flow) interaction strength FS((b, f) a) is 
measured as: 

 
      

,
2

FS ba FS fa
FS b f a


     (2) 

where FS(ba) and FS(fa) represent the interaction strengths  
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Figure 3  Spatial adjacent nodes of both single node and merged nodes group 
 

between b and a, f and a, respectively. For any spatially 
continuous group of seed nodes, the interaction strength 
with the i-th adjacent node can be defined as 

 

    1

i S

FS i S j FS ij
n 

     (3) 

where n is the number of seed nodes in the seed node group 
and i represents the individual node in the seed node group.  

(4) Merging nodes iteratively to achieve clustering out-
comes. By executing a series of iterations, two nodes (or 
groups) possessing the highest adjacent interaction strength 
are selected for merging. It is required that these two nodes 
(or groups) are not already in the same group. This process 
is repeated until the two selected nodes (groups) no longer 
meet the constraints, and all individual nodes are clustered 
into a region. 
3.3.4  Co-words analysis 
This study used Python to remove inactive words (including 
prepositions, numbers) and topic-specific high-frequency 
words (‘tourist areas’, ‘scenic spots’) from the original text. 
We used HMM algorithm-based Jieba word segmentation to 
extract high-frequency words related to the different dimen-
sions. Considering that most tourists’ perceived vocabulary 
included nouns and adjectives, only these word categories 
were extracted. Finally, we used the term frequency–inverse 
document frequency (TF-IDF) algorithm to extract key 
co-words. 

4  Results 

4.1  Spatial differentiations in cultural perception 

The target dataset of multi-dimensional cultural perception 
was extracted and classified by deep learning methods. The 
trained model achieved a test accuracy of 0.87562, precision 
of 0.88183, recall of 0.86615, and F1 score of 0.87230, in-
dicating that the model performed well. As shown in Table 2,  
2506411 valid data were selected from 10113 online trave-
logues: 104655 sentences were identified in the category for 
architectural culture perception, accounting for approxi-
mately 21%; 102788 sentences were identified in the cate-
gory for historical culture perception, accounting for ap-
proximately 20%; 69207 sentences were identified in the 
category for folklore culture perception, which had the few-
est sentences; and the other cultural dimension perceptions 

each accounted for approximately 15%. Overall, tourists’ 
perceptions of the different cultural dimensions were bal-
anced. The results show that historical and architectural 
culture resources are the most important cultural expres-
sions of the Yellow River Basin. 

 
Table 2  Recognition results of deep learning model 

Type Precision Recall F1 score Sentences

Historical culture 0.90361 0.80645 0.85227 104655 

Architectural culture 0.86131 0.85507 0.85818 102788 

Folklore culture 0.89011 0.83505 0.86170 69207 

Food culture 0.96258 0.96250 0.96250 74180 

Religious culture 0.84956 0.89720 0.87273 76459 

Leisure culture 0.84071 0.90476 0.87156 79122 

 
Cultural perceptions within the 69 cities of the Yellow 

River Basin were classified into five levels: high, me-
dium-high, medium, medium-low, and low. The results, 
shown in Figure 4, revealed significant spatial differences in 
the perceived cultural heat of these cities. Historical culture 
is highly perceived in the middle and lower reaches of the 
Yellow River, especially in provinces known for their cul-
tural heritage, such as Shaanxi, Henan, Shanxi, and Shan-
dong. Xi’an and Luoyang stand out with high levels of per-
ceptions of historical culture, significantly surpassing other 
regions. In contrast, perceptions of historical culture are less 
pronounced in Aba Prefecture and Inner Mongolia. Archi-
tectural culture received the most attention in Xi’an, fol-
lowed by Shanxi, Shandong, northern Henan, Gansu, and 
Ningxia. Religious culture was mainly perceived in the up-
per reaches, especially in Tibetan populated area such as the 
Gannan and Yushu Tibetan Autonomous Prefecture. 

In the middle and lower reaches, cities, such as Datong, 
Xi’an, and Luoyang, showed relatively high levels of per-
ception of religious culture. The folklore culture was highly 
perceived in Xi’an, Yinchuan, and Luoyang, whereas it was 
more evenly distributed in other regions. Perceptions of 
food culture were evenly distributed throughout the Yellow 
River Basin, where tourists showed a strong interest in the 
food culture of Xi’an, Qinghai, Gansu, and Shandong. Re-
garding leisure culture, areas with strong perceptions were  
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Figure 4   Spatial differences in multidimensional cultural perceptions in the Yellow River Basin 
 

mainly concentrated in provincial capitals and neighboring 
cities in the lower reaches of the Yellow River, with Xi’an 
and Jinan featuring prominently. 

4.2  Spatial clustering based on semantic similarity 
network 

Using deep learning mothed we get a confusion matrix, 
based on this matrix a semantic similarity network of 
multi-dimensional cultural perceptions in the Yellow River 
Basin is drawn (As shown in Figure 5). Cultural centers in 
the middle and upper reaches of the Yellow River are typi-
cally represented by the central cities of their respective 
regions, such as Xining, Yinchuan, Xi’an, and Hohhot. 
These cities play an important role as hubs for the spread of 

regional culture, benefiting from their economic, political, 
or transportation advantages. Over time, the cultures of the 
surrounding cities merge with those of the central cities, and 
the influence of the central cities diffuses into the surround-
ing areas, gradually forming several cultural clusters with 
similar customs, values, and cultural landscapes. 

In the upper reaches of the Yellow River Basin, the Gan-
nan Tibetan Autonomous Prefecture and Xining, located on 
the border of the Gansu, Qinghai, and Sichuan provinces, 
have fused Tibetan culture with the characteristics of Long-
nan and Aba Tibetan Autonomous Prefectures, forming a 
polycentric cultural network with high similarity in tourists’ 
perceptions. In the agro-pastoral regions around Yinchuan, 
Hohhot, Ulanqab, and the Alxa League, local cultures blend 
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and spread between cities, forming a cultural similarity 
network in which regional central cities are important nodes. 
In the middle reaches of the Yellow River basin, a ‘cultural 
circle’ emerged with Xi’an at its center, exerting an influ-
ence toward the east and west and radiating toward the north 
and south. It connects cities such as Baoji, Tianshui in the 
west and extends to Luoyang in the east, and integrates 
Yan’an, Xianyang, Baoji, Shangluo, Hanzhong, and other 
cities in the north and south. However, such characteristics 
are not evident in Shanxi or in the cities in the lower reaches. 
Instead, there is a high degree of cultural similarity between 
cities that are in close proximity, forming city pairs such as 

Taiyuan–Jinzhong, Linfen–Changzhi, Zhengzhou–Luoyang, 
and Jinan–Tai’an. This short-distance diffusion and integra-
tion of culture between central cities is related to the cen-
trality of cities in Shanxi Province and its lower reaches. 
Compared to the western region in the middle and upper 
reaches of the Yellow River, cities in the central and eastern 
parts of the country have better natural and transportation 
conditions and a higher degree of openness. Thus, the dif-
ferences in economic development among cities are smaller, 
resulting in lower centrality and weaker integration and 
cultural radiance than in cities in the middle and upper 
reaches of the Yellow River. 

 

 
 

Figure 5  Multi-dimensions culture similarity network in the Yellow River Basin 
 
Using a spatial clustering method based on a semantic 

similarity network, we obtained 20 regions in the Yellow 
River Basin. Regions with fewer than three cities were 
merged if the interaction strength between the combined 
regions exceeded the median of all the non-zero interaction 
strengths. This merging process was iterated until the se-
lected regions no longer satisfied the constraints, resulting 
in the final division of the Yellow River Basin into 10 re-
gions, as shown in Figure 6. In terms of spatial distribution, 
Regions Ⅱ , Ⅲ , Ⅴ , Ⅷ , Ⅸ , and Ⅹ  cross provincial 
boundaries, revealing significant intercommunication and 
intergradation among neighboring prefecture-level cities in 
the different provinces. For example, Region Ⅱ includes 
most of the cities in southern Gansu Province and Aba Pre-
fecture in Sichuan Province; Region Ⅴ  includes cities 

from Shaanxi, Gansu, and Ningxia provinces; Region Ⅷ 
includes four cities in southern Shanxi Province and San-
menxia City in Henan Province; Region Ⅸ includes Jin-
cheng City in Shanxi Province and most of the cities in 
northwestern Henan Province; Region Ⅹ includes Puyang 
City in Henan Province and nine prefecture-level cities in 

Shandong Province. From a human geography perspective, 
Regions Ⅰ and Ⅱ are located in the headwaters of the 
upper reaches of the Yellow River and are characterized by 
distinctive ethnic minorities. Regions Ⅲ and Ⅳ cover the 
Hetao Plain, an area in which agricultural and nomadic cul-
tures converge. Regions Ⅴ, Ⅵ, Ⅶ, and Ⅷ cover the Fen 
River Basin and the Weihe River Basin, which are tributar-
ies of the Yellow River and are characterized by typical fea-
tures of the Loess Plateau. Regions Ⅸ and Ⅹ are located 
in the North China Plain on the lower reaches of the Yellow 
River, where the characteristics of the Yellow River agri-
cultural culture are concentrated. 

4.3  Differentiation in multi-dimensional cultural 
perceptions of different regions 

To further understand the differences in the cultural percep-
tions of tourists from different regions, we extracted 
high-frequency words for each cultural dimension from 
each region and identified the dominant cultural perception 
dimensions (the results are shown in Appendix (see website 
www.jorae.cn for details) and Figure 7). 
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Figure 6  Spatial clustering results for multidimensional cultural perceptions 
 

 
 

Figure 7  Differences in cultural perceptions in different regions 
 

Upper reaches: Regions Ⅰ‒Ⅳ. Tourists’ cultural percep-
tion is primarily shaped by the influence of multi-ethnic 
cultures, especially religious and food cultures. Region Ⅰ 
is characterized by plateau features, where Tibetan Buddhist  

cultural symbols, such as the Kumbum Monastery, Living 
Buddha, Lama, and Prayer Wheel hold a prominent position 
and leave a lasting impression on tourists. A confluence of 
ethnicities (such as Han, Tibetan, Hui, Tu, and Salar) has 
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also shaped its food heritage, with standouts being Qingke 
wine, ‘yak meat, butter tea, and skewers of grilled lamb. 
Region Ⅱ is notable for landscapes related to the Silk 
Road. The region serves as a cultural bridge for two-way 
cultural exchange between the river basin and external re-
gions. However, although there is a keen awareness of the 
Silk Road, its deeper cultural significance remains less ex-
plored. By contrast, richer perceptions are tied to religious 
aspects, such as Tibetan Buddhism, grottoes, and painted 
murals, and a vibrant culinary landscape of beef noodles, 
fermented rice soup, and Tibetan tea.  

Region III, located in the Ningxia Plain, features a land-
scape unique for scenery of Yellow River. It's rich in history, 
evidenced by sites like the Western Xia Imperial Mauso-
leum and the Jade Emperor Pavilion. The region's cuisine, 
reflecting Hui customs, and its cultural offerings, including 
literary works and folk arts like rock art and paper-cutting, 
contribute to its diverse cultural identity. Region Ⅳ  is 
known for its grasslands, where generations of ancestors 
have cultivated a unique culinary tradition with roasted 
whole sheep, siu mai, milk tea, cheese, and fried rice. Tour-
ist perception of the region’s historical culture is prominent. 
Historical narratives like ‘Zhaojun married the Huns’ im-
proving ‘Han-Hun nationality relations’ and ‘Yellow River 
transportation’ promoting ‘economic and trade prosperity’ 
are also show tourists’ deep concern and understanding of 
the history of the development of the Chinese nation as a 
pluralistic society. 

Middle reaches: Regions V–IX. Tourists shown high in-
terest in historical and architectural culture represented by 
ancient building and folk house. Region V has many cities 
that played pivotal roles in China’s revolutionary history 
and resonates with memories of China’s ‘Long March’ and 
other monumental events (e.g., ‘Revolutionary Base’ and 
the ‘War of Liberation’), which have had a profound impact 
on Chinese collective memory. Spiritual landscapes are 
marked by intertwining Confucianism, Taoism, and Bud-
dhism, which resonate with tourists. Folk traditions like the 
Ansai waist drums dance and Xintianyou (a folksong popu-
lar in northern Shaanxi) further enrich the cultural experi-
ence. 

Region VI, in the Guanzhong Plain, is renowned as the 
historical ‘Capital of Thirteen Ancient Dynasties’. It played 
a significant role as a cultural and political hub in ancient 
China, influencing culture along the Yellow River. Tourists 
are drawn to its historical sites like the Huaqing Palace, An-
cient City Wall, and the Terracotta Warriors, and enjoy local 
specialties such as roujiamo, mutton soup flatbread, and 
cold noodles. Region VII, in northern Shanxi, is noted for its 
historical residential buildings and religious sites. It features 
architectural marvels from the Great Wall era, like Yanmen 
Pass, and structures from the Liao and Jin Dynasties, such 
as Ying County's Wooden Tower. The region also boasts 

traditional northern dwellings, including Pingyao Ancient 
City and mountain cave dwellings, along with religious 
landmarks like the Yungang Grottoes and Mount Wutai, 
reflecting its spiritual heritage. 

Region Ⅷ is rich in historical and cultural narratives, 
which celebrates the culture of three sub-Jin (traditional 
Shanxi culture), Jin merchants, and historical figures like 
Guan Yu, indicating that human dimensions are also key 
attractions for tourists to the region. The region also boasts 
numerous wooden buildings from the Tang and Song dynas-
ties, characterized by unique architectural features such as 
painted clay-molded double brackets and overhangs. The 
region’s ancient cave dwellings known as ‘silo cave build-
ings’ also draw significant attention. 

Region IX projects a captivating historical image and is 
known as the Ancient Capital and China’s Origin. In recent 
years, the region has attracted a considerable number of 
tourists through the innovative activation and utilization of 
folk cultural tourism resources represented by Shaolin 
Kongfu, riverside scene at the Qingming Festival, ‘Iron 
Flower’ performances, and the legend of the Goddess of 
Luo River. Religious art like the Longmen Grottoes, ancient 
city ruins, and the local cuisine, such as Luoyang’s ‘Water 
Banquet’ and carp from the Yellow River, add to diverse 
cultural experiences, making this area one of the most en-
riching regions for tourists to explore and experience. 

Lower reaches: Region Ⅹ. This region is attracting in-
creasing attention from tourists because of its famous 
springs and historical culture represented by Confucianism. 
Cultural symbols like Mount Tai, the three Confucian sites 
in Qufu City, and other landmarks vividly embody the dis-
tinctive features of Qi and Lu culture. The region’s famous 
springs (Spouting Spring, Daming Lake, and Five Dragon 
Pool) and recreational blocks (Kuanhouli and Furong Street) 
attract many tourists. Cultural offerings are also further en-
riched by the presence of artistic folk customs represented 
by acrobatics, Binzhou paper-cutting, and Shandong Opera. 

5  Discussion 

This study contributes to the literature on this important 
topic in three ways. First, it broadens current research on 
destination perception to include river basins, an emerging 
research field, and it delves deeper into the role of tourists’ 
perception in destination image development and place- 
making. The lack of a unified image of river basins is a bot-
tleneck in tourism development (Tang and Jang, 2010). 
There are limitations to top-down river basin management 
(Bouckaert et al., 2022). We are able to gain some insight 
from the market demand side by examining tourists’ cultural 
perceptions (Zhang and Chan, 2016). From the perspective 
of place-making, building a river basin’s destination cultural 
image (tourism branding) requires not only an understand-
ing the overall perceptions of tourists but also knowing the 
differences in cultural perceptions of different regions 
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within the basin to avoid cultural homogenization. This con-
firms Lew’s (2017) view that bottom-up place-making be-
haviors contribute to the co-shaping of tourism places. Fur-
thermore, this study presents a novel approach to character-
izing the spatial correlations of multidimensional cultural 
perceptions by extracting semantic flow of cultural similar-
ity from travelogue text data using deep learning model. 
Cultural similarity represents the historical value and cul-
tural status of multiple cities in a river basin, and largely 
determines the dynamics of the evolution of the basin’s 
tourism network. The similarity network of cultural percep-
tion we constructed can largely explain how the cultures of 
different cities in the river basin influence and connect with 
each other, and how to build a tourism cooperation network 
based on cultural connections, which is in line with the 
work of Krklješ and Nedučin (2023), who created a river 
culture network using cultural heritage sites along the Da-
nube River to enhance the region’s tourism attractiveness. 

Second, this study synthesizes qualitative and quantita-
tive analytical methods, and constructs a framework for 
large-scale regional studies based on a textual analysis and 
deep learning, which differs from studies that choose only a 
qualitative or quantitative model, resulting in study cases 
that are limited to famous cities with high-level tourism 
infrastructure (Sun et al., 2015; Wang et al., 2022c). The 
framework we have constructed can be applied to other 
large regions beyond river basins, such as urban agglomera-
tion, specific regions, and other large-scale regions studies. 
In addition, our proposed community detection method 
based on network similarity and geographic proximity can 
be applied to research on multidimensional tourism flow 
networks, city networks, and so on. 

Third, this study provides a scientific and practical refer-
ence for regional cooperation and cultural synergy in river 
basin tourism. Li and Zou (2021) concluded that it is neces-
sary to focus on the cultural synthesis of the river basin at a 
macro level but do not specify a specific path to achieve this 
goal. Our research examines cultural similarities and spatial 
differences to observe the cultural uniqueness and coopera-
tion potential of different cities, providing a practical path 
for tourism development in river basins. 1) In the Yellow 
River Basin, cities in the upstream form a polycentric net-
work, with Gannan, Xining, Yinchuan, Hohhot as important 
nodes. In the midstream, a ‘cultural circle’ is formed with 
Xi'an as the center. To realize the river basin’s integrated 
and coordinated development, cultural protection, and tour-
ism development, priority should be given to activating the 
strongest radiation and driving forces of the core cities, and 
giving full play to their leading and central role (Wang et al., 
2018). In the downstream area, there is cultural association 
pattern of multiple “city pairs”, making it suitable to adopt 
the tourism regional cooperation path of synchronized de-
velopment of city groups, gradually expanding the influence 
of “city pairs”, so as to form multiple dual-core networks in 

the downstream of the river. In our view, cooperation in 
river basin tourism can be best developed through cultural 
connections. This finding is supported by other studies in 
different scenarios (Zhang et al., 2023a) and proves that 
multiple cultures are vital to tourism development in river 
basin (or cross-regional) destinations. 2) Despite the cultural 
diversity of the Yellow River Basin, tourists still tend to 
think of the Yellow River as a ‘historical’ river. Investigating 
the historical culture of the Yellow River and forming a uni-
fied cultural brand for the basin can help to shape the over-
all image of Yellow River tourism by integrating the unique 
cultural characteristics of each region and providing tourists 
with a coherent and more complete tourism experience. Re-
gions dominated by composite multi-cultural types, while 
inheriting historical culture, can also combine the most 
prominent features of other cultures with diverse cultural 
offerings and design inter-regional tourism routes. For ex-
ample, a route could begin with religious culture in Region 
Ⅰ and Ⅱ, move on to historical sites in Region Ⅵ, archi-

tectural art in Regions Ⅶ and Ⅷ, and culminate in ex-

pressions of folk art in Region Ⅹ, thus providing tourists 
with a comprehensive aesthetic and artistic tour of the Yel-
low River. These findings reflect King’s (2023) observation 
that a coherent place narrative can add meaning and in-
crease identification. 

6  Conclusions and Limitations 

6.1  Conclusions 

This study took Yellow River Basin as the research area, 
constructed a framework for the analysis of tourist’ cultural 
perception in large-scale region, constructed a multi-dimen-
sional cultural perception system through textual analysis of 
massive travelogues posted on the Mafengwo, used the deep 
learning model to build a semantic similarity network, in-
troduced the spatial clustering model for cultural percep-
tions, and analyzed the themes of cultural perception in dif-
ferent clustering regions. The main findings are as follow: 

First, a multi-dimensional cultural perception system of 
the Yellow River Basin by including six primary dimensions 
and 30 subdimensions was constructed: history, architecture, 
folklore, food, religion, and leisure. Second, there are sig-
nificant spatial differences in tourist perceptions of the six 
cultures in the Yellow River Basin. Marked differences in 
cultural perceptions across cities have led to different simi-
larity network patterns. It shows a polycentric network pat-
tern in the upper reaches of the river, a cultural ‘circle’ with 
Xi’an as the core in the middle area, and a ‘city pair’ pattern 
in the lower reaches. Third, using a spatial clustering model, 
all cities in the Yellow River Basin were grouped into 10 
regions, each with different thematic cultures. Regions Ⅰ
Ⅳ mainly reflect diverse ethnic cultures, with emphasis on 

religious and culinary cultures. Regions ⅤⅨ are charac-
terized by a strong emphasis on historical culture, as well as 
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architectural culture represented by ancient dwellings. Re-
gion Ⅹ is strongly associated with leisure culture. 

Our study contributes to the literature by proposed a new 
framework that integrates qualitative and quantitative anal-
yses. It can broaden the scope of tourists’ perceptions from a 
single destination focus to a broader, multi-city regional 
perspective, and by clarifying the similarities in tourists' 
cultural perceptions and their spatial differentiation, which 
is important for the development of river basin tourism. In 
practical terms, our study provides significant guidance for 
the cooperative development of tourism in the Yellow River 
Basin and offers insights for the sustainable development of 
tourism in other river basins. 

6.2  Limitations and future research 

Although this study attempts to provide a detailed discus-
sion of the similarities and differences in the Yellow River 
Basin’s cultures from the perspective of tourists’ perceptions, 
which provides inspiration for tourism cooperation in the 
river basin, there are some limitations. First, this study fo-
cused on tourists’ perspectives. However, tourists’ percep-
tions of the river basin’s cultures are one-sided and may 
only represent the most unique and readily observed aspects 
of the Yellow River’s culture. Future research could be 
conducted from a multi-subject perspective (e.g., stake-
holders) to provide multi-value references for tourism de-
velopment. Especially, it may be more informative to study 
residents’ perception of the culture of the river basin and to 
explore the similarities and differences between residents’ 
and tourists’ perception of the characteristics of the cultural 
elements. How tourists’ cultural perceptions contribute to 
place-making in tourist destinations is also an issue that can 
be further studied in the future. Second, we only took Yel-
low River Basin as the study area, so the applicability of this 
research framework in other study areas needs to be further 
verified by comparative analysis of multiple large-scale re-
gions to further validate the applicability of this research 
framework. Third, regarding research data, certain biases in 
travelogues (e.g. the content of travelogues tends to focus 
on popular tourist destinations, which may not fully reflect 
the cultural perceptions of lesser-known regions; users of 
Mafengwo likely being mainly young urban residents, and 
the bias of demographic characteristics of travelogue data 
may swim affect the research results; the subjectivity of 
travelogue content, etc.) might limit the depth of studies on 
regional tourism cultural perception. Subsequent research 
could be based on diverse data sources such as field re-
search data, local chronicles, and river basin culture-related 
books, for in-depth analysis, thus providing a more com-
prehensive perspective on cultural perception. 
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游客多维文化感知与空间分异——以黄河流域为例 

秦  静 1，李晓萌 1，韩  全 2，程建权 3，唐鸣镝 1 

1. 北京第二外国语学院旅游科学学院，北京 100024； 

2. 美国得克萨斯农工大学酒店管理与旅游系，卡城 77840，美国； 

3. 英国曼彻斯特城市大学自然科学系，曼彻斯特 M15 6BH，英国 

摘  要：本文提出了一个用于剖析和理解河流流域内游客综合文化感知的研究框架。该框架由两个互补部分组成：首先，

通过文本分析构建了多维文化感知维度体系；其次，使用深度学习模型和空间聚类方法研究黄河流域游客多维文化感知的相似性

与空间分异。研究揭示了黄河流域游客文化感知的六个关键维度：历史、建筑、民俗、食物、宗教和休闲，并展示了三种不同的

文化感知空间模式：上游的多中心网络模式、中游以西安为中心“文化圈”模式以及下游的“城市对”模式。此外，黄河流域被

划分为十个独特的文化区域，每个区域都突出了游客的多样化感知。这一框架不仅为未来的大尺度区域旅游研究提供了一种方法

论指导，也为相关管理者提供了战略性见解，以促进流域旅游的高质量发展和旅游合作。 

 

关键词：流域；文化感知；语义相似性网络；空间聚类；区域合作；深度学习 

 

  


