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spaces in tourism‑oriented traditional villages: 
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Abstract 

Public spaces in traditional villages are the root of the development, preservation, and inheritance of rural cultural 
heritage. However, these spaces in tourism-oriented traditional villages continue to suffer from issues such as incon-
sistent vitality, more competition than cooperation, and inefficient revitalisation. Limited by the low precision of spa-
tiotemporal data in rural areas, previous static and materialised vitality evaluation methods have failed to explore 
the dynamic nature of the flow of people in traditional village public spaces. This study investigated a collaborative 
active perception method using Wi-Fi probes and static snapshots to assess their dynamic vitality. An empirical 
study was conducted using Yantou Village in Lishui City, China, as an example. The empirical results indicate that this 
method can qualitatively and quantitatively analyze the spatiotemporal variations and the scenarios of the dynamic 
vitality of small public spaces in traditional villages, deepening the cognitive depth of their vitality from time 
and humanity, providing a basis for the spatiotemporal synergistic enhancement of their public spaces, and offering 
insights for their revitalisation.
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Introduction
Research background
Traditional villages are global rural heritage sites that 
usually refer to villages formed earlier and have rich tra-
ditional resources [1]. They can fully represent the pro-
duction and life, social and cultural levels, and ethnic 
characteristics of a certain historical period or specific 
regional unit [2]. However, these traditional villages 
are often located in remote areas and have historically 
relied on traditional agriculture or handicrafts for their 

livelihoods, often being unable to balance the economic 
costs of heritage protection and survival. Therefore, in 
Asia and Europe, traditional villages have begun devel-
oping tourism to enhance the vitality of their heritage 
for self-survival. Public spaces in traditional villages are 
defined as open areas within a traditional village that 
can be clearly distinguished by the boundaries of build-
ings and environmental elements [3]. They serve as ven-
ues not only for villagers’ activities and interactions but 
also for tourists to experience the village’s historical cul-
ture [4]. First, for tourism-oriented traditional villages, 
public spaces are the key spatial carriers for whether the 
village can successfully attract tourists to stay for a long 
time; thus, enhancing the vitality of these public spaces 
is of great significance. Worldwide, many cases exist 
where revitalising public spaces has successfully spurred 
the growth of traditional village tourism. For example, 
the town of Nanyang Guyuhe raised spatial awareness 
and promoted sustainable heritage tourism in the region 
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by connecting tourism to public spaces [5]. The Dataran 
Pahlawan Historical Plaza in Malacca elevated its tourism 
value and significance through its events, ensuring the 
sustainable preservation of its historical relics [6]. Sec-
ond, as traditional villages transition from agricultural to 
tourism, there is a growing need to improve their public 
areas. For example, in 2021, China issued the ‘Opinions 
on Strengthening the Protection and Inheritance of His-
torical and Cultural Heritage in Urban and Rural Con-
struction’, deploying important tasks such as ‘increasing 
public space in traditional villages through micro renova-
tion, coordinating rural construction with the protection 
and utilization of traditional villages’ [7]. Many tourism-
oriented traditional villages in China are upgrading their 
public spaces to enhance village tourism vitality.

However, phenomena of vitality disharmony and com-
petition still exist that exceed concurrence in the public 
spaces of tourism-oriented traditional villages. Specifi-
cally, there are significant variations in the vitality of 
these public spaces with dynamic complexity and diver-
sity in both space and time. For example, some scholars 
found significant variations in the use of traditional vil-
lage public spaces in Qiandaohu Town, Hangzhou, dur-
ing the day and night, as well as during the peak and 
off-peak seasons [8]. Some scholars also discovered that 
the tourism vitality of public spaces in a traditional vil-
lage in Jingmen, Hubei, presented a multicentre spatial 
distribution feature around the village [9]. When enhanc-
ing these public spaces, it is important to explore the 
dynamic variations and scenario patterns of their vital-
ity to generate targeted, differentiated, and coordinated 
strategies. Therefore, we propose the following research 
question: How do we deeply understand the spatiotem-
poral variations and scenario patterns of public space 
vitality in traditional villages?

Related research
Vitality can be defined as the capacity to survive and 
the power to live or grow [10]. Scholars have previously 
believed that rural vitality is a prosperous attribute [11]. 
Given that traditional villages prioritise the preservation 
of a complete agrarian cultural settlement and emphasise 
the conservation of both tangible architectural forms and 
the transmission of intangible cultural heritage [12], this 
study believes that the vitality of public spaces in tradi-
tional villages is their comprehensive ability to maintain a 
complete survival status.

Scholars have studied the vitality of the community 
and public heritage sites. In the construction of an indi-
cator system for vitality assessment, there are two main 
approaches: single- and multi-factor fusion. Among 
these, single-factor measurements are often character-
ised by the pedestrian flow per unit of time and space 

[13, 14]. For example, Zumelzu assessed the neighbour-
hood vitality of five Chilean communities by counting 
pedestrians using the gate method [15], whereas Ding 
measured the street and alley spatial vitality of three 
tourism villages in China based on pedestrian volume 
[16]. Multi-factor fusion measurement is often based 
on separate dimensions; for instance, Zhang developed 
an indicator system based on historical, usage, and sus-
tainable value, quantitatively evaluating public space 
vitality in nine historical and cultural districts in Bei-
jing [17].

Current assessments of the vitality of public herit-
age spaces are mainly static and often construct metrics 
based on heritage characteristics. For example, Saputra 
et al. evaluated the vitality of traditional villages around 
Indonesian cultural heritage sites using 11 vitality indica-
tors such as function and activity [18]. Niu et  al. meas-
ured the vitality of a waterfront space in the ancient city 
of Suzhou using WeChat heat map data [19]. Rastegar 
et al. assessed street vitality in Johor Bahru City’s down-
town area, where architectural history is concentrated, by 
using factors related to diversity and activity [20].

However, research on urban heritage and public spaces 
has explored variations in vitality over different periods. 
For example, Mu et  al. analysed the temporal fluctua-
tion characteristics of spatial vitality in three community 
parks in Zhengzhou [21]. Liu et  al. studied the hourly 
tourist landscape preferences and spatiotemporal dis-
tribution in the historical districts of Fuzhou City dur-
ing weekdays and weekends [22]. Kang used Seoul as 
an example to compare changes in community vitality 
during three specific times (mornings, work hours, and 
evenings on weekdays and weekends), and analysed the 
relationship between environmental characteristics and 
neighbourhood vitality during different time periods 
[23].

Research on time-segmented vitality has also been 
initiated in rural areas but has not yet delved into small-
scale public spaces. For example, Chen et al. used popu-
lation heat data to evaluate the overall time-segmented 
vitality of traditional villages [24], while Gong et al. ana-
lysed the spatiotemporal variations in the spatial vitality 
of township units in the Pianxia River Plain using multi-
source data [25]. The primary obstacle to dynamically 
assessing the vitality of rural public spaces is the diffi-
culty of collecting data from rural heritage regions. Tra-
ditional interview-based research methods suffer from 
high subjectivity and low efficiency. Many studies have 
used mobile phone signalling, social media, and other 
methods to analyse the vitality of heritage spaces [26, 27]. 
However, such location data cannot reflect people’s true 
perceptions of spatial vitality, and their spatial accuracy is 
low in rural areas (approximately 500 m) [28], making it 
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unsuitable for humanistic research on small-scale spatial 
vitality in traditional villages.

Active perception monitoring has recently emerged in 
the research on urban themes. This monitoring, which 
involves installing sensors at fixed positions or on mobile 
carriers, can flexibly perform small-scale, high-precision, 
and spatiotemporal continuous monitoring of humanis-
tic environments through locations, images, videos, and 
other media [29–31]. For example, the Osaka Univer-
sity team assessed the walkability of streets by employ-
ing eight variables—walking score, greenery, openness, 
relative walking width, motor vehicle density, non-motor 
vehicle density, noise, and light—utilising a synergistic 
approach that combines the active monitoring of cam-
eras, acoustics, and night optical instruments [32]. 
Martani, from the University of Cambridge, used infra-
red depth sensors and RGB cameras to monitor pedes-
trian flow at the London Bridge Train Station [33]. Zhou 
employed Wi-Fi probe request data to evaluate the spa-
tiotemporal patterns of crowd behaviour during huge 
social events at Singapore’s urban historic sites [34]. This 
type of collaborative active monitoring using multiple 
sensing devices has promoted the refined and humanised 
evaluation of dynamic vitality in small-scale spaces, but 
has rarely been applied in rural areas.

Overall, the evaluation of vitality in small rural spaces 
is still static and materialized. However, collaborative 
active monitoring, which has been employed in cities, 
may alleviate the bottleneck and assist traditional villages 
in achieving vitality assessments with high spatiotempo-
ral accuracy and human-centered perception.

Research objectives
In summary, limited by data collection in rural areas, 
previous studies lacked applicable methods for analys-
ing the spatiotemporal variation in the vitality of public 
spaces in traditional villages. Therefore, a failure to quan-
titatively and dynamically assess the nuanced differences 
and humanistic scenarios of their vitality has impeded 
the time-separated synergistic enhancement of public 
spaces in tourism-oriented traditional villages. Therefore, 
the main objective of this study is to construct a dynamic 
assessment method for the vitality of public spaces in tra-
ditional villages with high spatial and temporal accuracy 
and human perception, elevating the existing perception 
from ‘static and materialized’ to ‘dynamic and human-
istic’ with an in-depth exploration: (1) an accurate and 
comprehensive measurement of dynamic vitality and 
(2) a humanistic analysis method of the dynamic vital-
ity scenario. We hope that this method provides a sci-
entific basis for enhancing the vitality of public spaces in 
traditional villages through spatiotemporal synergy and 
humanism.

Method
Method framework
This innovative article introduces collaborative active 
perception technology and constructs an assessment 
method for the dynamic vitality of public spaces in tra-
ditional villages from the perspective of refinement and 
humanisation (Fig.  1). Collaborative active perception 
includes Wi-Fi probes and static snapshots, whereas 
dynamic vitality assessment includes comprehensive 
measurement and key scenario pattern analysis with 
five dimensions. Taking Yantou Village in Lishui as an 
example, this study demonstrates the practicality of this 
method, to check whether it can accurately analyse the 
dynamic vitality of public spaces in a tourism-oriented 
traditional village.

Indicator system
This study argues that the vitality of public spaces in 
tourism-oriented traditional villages lies both in space 
and time attributes. Therefore, this study constructed 
its index system based on the dimensions of space and 
time. In the space dimension, some scholars have found 
that the dynamic vitality variations of public spaces in 
traditional villages mainly lie in the intensity of people’s 
retention and the ability to provide connections for peo-
ple’s movement in adjacent spaces [9, 35]. In the time 
dimension, some researchers found that the relevant 
dynamic vitality differences lie in the durability and sta-
bility of attracting crowds [8, 36]. Therefore, this study 
constructed a index system from the dimensions of space 
and time, and selected four indicators: retention inten-
sity, retention connection intensity, retention durability, 
and retention stability, and explored the calculation of 
them (Table 1).

Data acquisition and processing based on Wi‑Fi probe 
monitoring
Reasons for selecting Wi‑Fi probes for monitoring
A Wi-Fi probe is a sensing device that can scan sur-
rounding mobile devices and obtain the time, geographic 
location, and MAC (Mac Access Control) address of the 
device being scanned [37]. Compared to the reliance of 
the Global Positioning System (GPS) on volunteers and 
the challenges posed by Bluetooth’s low detection rate 
[34, 38], Wi-Fi probes are not only readily available and 
easy to instal, but also have high efficiency in collect-
ing people’s flow. With a spatiotemporal accuracy that 
reaches 1  s and a radius of 0.01  m [34], they are well-
suited for precisely and dynamically sensing people’s flow 
and duration of stay in the small public spaces of tradi-
tional villages.
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 Data collection
This study used iSen model TZ4007pro WiFi probes. 
Each probe was conducted to a portable charging device 
and protected with a waterproof covering (Fig. 2). These 
devices sent real-time data to a cloud service after cap-
turing Wi-Fi probing requests from mobile devices. The 
monitoring period lasted 1 week, including five weekdays 
and two weekends. For specific monitoring periods in the 
experiment, please refer to section Study area Study area.

Data processing method
After monitoring, the data must be desensitised and 
pre-processed to isolate the indicators Pi, j and Pb, i,j 
related to the flow of people and ta, i,j and ni, j related 
to the length of stay. Data preprocessing method for 
indicators related to people flow. First, after removing 
frequently and randomly appearing addresses [34], we 
filtered the probe request records within each public 

space based on the RSSI. Second, based on the MAC 
address and timestamp information, the number of 
MAC addresses appearing in each space on an hourly 
and minute basis was counted. This derived the people’s 
flow per hour (Pi, j) and people’s flow per minute (Pb, i, j) 
for each public space.

Data preprocessing method for indicators related 
to retention durability. This study considers the same 
MAC continuously monitored in the same public space 
as a single visit. If the MAC address was not continu-
ously detected for more than 5 min, the single retention 
was assumed to have ended. Based on the MAC address 
and timestamp information provided by the detection 
request records, the time difference between the first 
entry and exit of the same MAC address in the monitor-
ing range during a single hourly retention was calculated. 
The result obtained is the individual’s single retention 
length in the public space (ta, i, j), and the number of MAC 

Fig. 1  Method framework
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addresses monitored in the public space during that hour 
is considered the hourly number of visitors (ni, j).

Comprehensive calculation of dynamic vitality
 Calculation and grading method
To minimise the impact of subjective human factors in 
assigning weights to indicators and enhance the objectiv-
ity of the results, this study used the entropy method [39] 
to assign weight values to each indicator following their 
standardisation. Subsequently, a weighted sum was cal-
culated to derive the comprehensive value of the dynamic 
vitality. We used the natural breakpoint method [40] to 
divide the comprehensive value of the dynamic vital-
ity of each public space into four levels: high, medium-
high, medium-low, and low. The comprehensive value 
of the dynamic vitality of medium-low and low-vitality 
spaces is relatively low, making them suitable for renova-
tion and upgrading. Spaces with high and medium-high 
vitality may have comprehensive vitality, hosting a vari-
ety of activities. These can serve as subjects for observing 
dynamic vitality scenarios, thereby laying the ground-
work for the spatiotemporal synergistic vitality enhance-
ment of both medium-low and low vitality spaces.

 Result verification method
Vitality is an abstract concept. To ensure the accuracy 
of the measurement results, a questionnaire survey was 

conducted to verify the results of the comprehensive 
measurement of dynamic vitality from a humanistic per-
spective. In the experiment, the study randomly invited 
70 villagers and tourists to rate the vitality of public 
spaces based on their experiences and took the average of 
these ratings as the survey value of the dynamic vitality. 
After normalizing the questionnaire survey value and the 
comprehensive calculation of dynamic vitality, the two 
were tested for consistency using the Kendall coefficient 
[41] in SPSS 22.0.A coefficient greater than 0.9 indicates 
that the assessment result has a certain degree of cred-
ibility and stability [42].

Analysis of dynamic vitality scenario
A five‑dimensional analysis framework for dynamic vitality 
scenarios
Previous studies have often analysed crowd behaviour 
in two spatial dimensions, such as investigating the cor-
relations between spatial structure types and tourist 
behaviour characteristics, or studying tourist behaviour 
from time and spatial distribution [21, 22]. This arti-
cle constructs an analysis framework for the dynamic 
vitality scenarios of traditional village public spaces in 
five dimensions: ‘time-space-function-visitor-behavior’. 
Based on a comprehensive calculation of dynamic vital-
ity, this analysis can further incorporate spatial function, 

Fig. 2  Monitoring methods using WiFi probes. a The setup of WiFi Probes. b The installation of WiFi Probes. c Real-time data monitoring
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visitor type, and visitor behaviour to balance dynamism 
and humanism.

Key space and time selection
Comprehensive information on visitor types and behav-
iours can be obtained during periods of high retention 
intensity in high and medium-high vitality spaces; thus, 
the objectivity of analysing the pattern dynamic vital-
ity scenario can be guaranteed. This study selected high 
vitality and medium-high vitality spaces as observation 
spaces based on a comprehensive calculation of dynamic 
vitality and selected the time with the highest retention 
intensity for focused observation.

Analysis of function, visitor type and behaviour in the space 
based on static snapshot
This study divided traditional village public spaces into 
four functional types: historical, commercial, recrea-
tional, and living. Visitor types were divided into two cat-
egories: individuals and groups. Visitor behaviours can 
be divided into four categories: taking photos, walking, 
resting, and trading. By analysing the dynamic situational 
differences in space functions, visitor types, and behav-
iours in high and medium-high vitality spaces, the results 
may provide an analytical perspective for the synergistic 

enhancement of functions and activity organisation in 
low and medium-low vitality spaces.

The static snapshot method [43] was selected to 
observe and quantitatively analyse visitor types and 
behaviour. This involves analysing visitors’ type and 
behaviour based on a photo taken every five minutes 
within the key observation time and space.

Study area
Yantou Village, Lishui City, Zhejiang Province, China, 
was used as the study area. Yantou Village is a traditional 
national-level village adjacent to the 4 A level scenic area 
of the Guyan Scenic Resort. It attracts a substantial num-
ber of tourists, exceeding 300,000 annual visits. However, 
there are significant disparities in the dynamics of peo-
ple’s flow in public spaces, necessitating a high demand 
to improve these spaces with vitalities of varying grades. 
Thus, the village presents an excellent case study.

There were 26 public spaces in Yantou Village. How-
ever, some cannot be accessed in the long term because 
of construction or limited openings. Only 17 of these 
spaces were selected for the study, and Wi-Fi probes were 
placed accordingly (Fig. 3). We monitored the space for 1 
week, from 13 November to 19 November 2023, cover-
ing five weekdays and two weekends from 8:00 am to 8:00 
pm each day. During the monitoring period, a perception 

Fig. 3  The location of 17 public spaces and the WiFi probes in the study area



Page 8 of 13Liu et al. Heritage Science          (2024) 12:346 

questionnaire survey on dynamic vitality and static snap-
shot photography were conducted simultaneously.

Result
Comprehensive measurement of dynamic vitality
Calculation of dynamic vitality indicators
According to the calculations (Fig.  4), all four vitality 
indicators of the public spaces along the river in Yan-
tou Village were high, but varied cross the whole village. 
First, the retention intensity was uneven distributed, with 
only four public spaces along river showing relatively 
high values. Second, the retention connection intensity 
in the public spaces along the river (Spaces 1–10) all 
demonstrated high levels, with an average value of 0.576. 
Third, the retention durability was on an average low, 
with significant spatial variances and an uneven distri-
bution, such as Spaces 3 (11.492) and 5 (11.723) having 
high retention durability values, and Space 13 showing 
the lowest (3.326). Fourth, retaining stability was highly 
valued in public spaces along the river, but the total dif-
ference was not substantial.

Comprehensive calculation of dynamic vitality
After calculation (Fig.  5), the comprehensive dynamic 
vitality values of public spaces in Yantou Village were 
low, with an average score of 0.368, ranging from 0.029 to 

0.903, and a large polarisation difference, showing a clear 
normal distribution, which was consistent with the actual 
situation. After using natural breakpoints to grade, we 
found there was one high vitality space, eight medium-
high vitality spaces, four medium-low spaces and four 
low vitality spaces in Yantou Village. First, the only high 
vitality space in the village (Space 1, with a vitality value 
of 0.903), has a famous historical relic that encourages 
people to linger for a long time to enjoy the scenery. 
Second, the four low vitality spaces indicated a pressing 
need for vitality improvement, as their average value was 

Fig. 4  Calculations of dynamic vitality indicators in Yantou Village

Fig. 5  Comprehensive dynamic vitality values of public spaces 
in Yantou Village
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significantly low (0.184), such as Space 13 (0.067), Space 
14 (0.029), and Space 15 (0.091), which are mostly located 
in the village’s interior and are primarily used by locals 
with low utilization rates.

Verification of comprehensive vitality
We invited tourists and villagers to evaluate the dynamic 
vitality of the public spaces in Yantou Village based on 
their actual perceptions during on-site visits, successfully 
collecting 70 valid questionnaires (31 villagers and 39 
tourists). The questionnaire results into SPSS 22.0. for the 
reliability analysis and obtained a Cronbach’s coefficient 
of 0.891, indicating high reliability across all question-
naire outcomes. Therefore, the study assessed the con-
sistency of the average scores of every public space from 
the questionnaires and calculated the values of the com-
prehensive dynamic vitality (Fig. 6), resulting in a Kendall 
harmony coefficient of 0.908, which is greater than 0.9. 
This indicates that the two measures were highly consist-
ent and that the calculated value of the comprehensive 
dynamic vitality of each public space is closely related to 
the actual perception; thus, the results were objective and 
valid.

Dynamic analysis of the pattern of vitality scenarios
Key spatiotemporal selection
We chose nine high and medium-high vitality spaces in 
Yantou Village, obtained from the comprehensive value 
of dynamic vitality as the key observation spaces. Based 
on the analysis of the results of these spatial retention 
intensities, the periods with the highest weekday reten-
tion intensity were 10:00–11:00, and the times with the 
highest weekend retention intensity were 10:00–11:00 
and 14:00–15:00. Therefore, these three periods were 
selected as the key observation times.

Scenario pattern features
According to statistics (Fig. 7), a comparison of the sce-
narios of dynamic vitality on weekend mornings (10:00–
11:00) and afternoons (14:00–15:00) revealed that the 
commercial spaces and historical spaces were mainly 
composed of tourist groups, reaching 65% and 54%, 
respectively. Recreational spaces were mainly composed 
of individual tourists, accounting for the highest propor-
tion (81.25%). Moreover, in terms of behavioural dynam-
ics, the proportion of photos taken in commercial and 
recreational spaces in the afternoon (8.33% and 18.75%, 
respectively) was higher than that in the morning (3.10% 
and 3.13%, respectively). However, the behaviour in the 
morning was more diverse, and the sum of the percent-
ages of taking photos, resting, and trading was more than 
40%. Second, compared trading in historical and recrea-
tional spaces which accounted for less than 1.7% in both 
periods, the proportion of trading in commercial spaces 
was relatively high, reaching 34.96% and 11.46% on week-
end mornings and afternoons, respectively. Third, the 
proportions of photography activities during the morn-
ing and afternoon hours of weekends in historical spaces, 
were 28.34% and 29.94%, respectively, which significantly 
surpassed the percentages in the other two types of 
spaces.

According to the statistics (Fig. 7), a comparison of the 
scenarios of dynamic vitality on weekdays and weekends 
from 10:00 to 11:00 showed that, first, groups of tourists 
dominated all key spaces, accounting for more than 50%. 
On weekend mornings, the percentages of individual and 
group tourists in commercial and recreational areas were 
almost equal (53.56% and 46.44%, respectively, in com-
mercial spaces, and 53.85% and 46.15%, respectively, in 
recreational spaces). Second, historical-cultural spaces 
showed more photo-taking behaviour on both week-
days and weekends, accounting for 37.80% and 28.34%, 

Fig. 6  A comparison of the dynamic vitality results by comprehensive calculations and questionnaire surveys
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respectively. The proportion of people resting in recrea-
tional spaces was relatively high, with 42.11% and 56.25% 
resting in these two periods, respectively. Third, on week-
days, the proportion of photos taken in these three types 
of spaces was high, above 34.62%. On weekends, the pro-
portion of photo-taking behaviour was small, especially 
in commercial and recreational spaces, where the per-
centages were 3.10% and 3.13%, respectively.

Discussion
Applicability of the assessment
The assessment can scientifically analyse the dynamic 
vitality of public spaces in tourism-oriented traditional 
villages, clarify the foundation for spatiotemporal syner-
gistic vitality enhancement for these public spaces, and 
help differentiate renewal strategies based on grades of 
comprehensive dynamic vitality. Taking Yantou Village in 
Lishui as an example, this method can be used to develop 
the following strategies.

 Space enhancement strategies based on dynamic vitality 
grades and features
When enhancing the vitality of public spaces in Yantou 
Village, it is advisable to differentially allocate policies, 
funds, and management efforts based on the varying 
grades of existing dynamic vitality, incorporating various 

renewal focuses and specific vitality features. For exam-
ple, if Yantou Village focuses on improving low vital-
ity public spaces, it can renovate the four low vitality 
spaces, especially public spaces 11 and 13. If Yantou Vil-
lage focuses on establishing high vitality public space 
networks, it can develop strategies to enhance the vital-
ity along its waterfront public spaces. One high vitality 
and eight medium-high vitality spaces along the river can 
be connected and upgrading the historical, cultural, and 
commercial attractions in these nine spaces along the 
river can create a vibrant waterfront scenic belt.

 Space enhancement strategies based on dynamic vitality 
scenario analysis
When enhancing the vitality of public spaces in Yantou 
Village, effective spatiotemporal synergistic strategies can 
be developed to adapt to the dynamics of visitor type and 
behaviour in medium and low vitality spaces, based on the 
scenario patterns of high and medium-high vitality spaces. 
For instance, the results of this study demonstrated that 
the highest retention intensity in high and medium-high 
vitality spaces in Yantou Village was between 10:00–11:00 
and 14:00–15:00, with group tourists taking photos and 
resting as the main behaviours. Therefore, when syn-
ergistically enhancing their medium-low and low vital-
ity spaces, time and functional mismatches should be 

Fig. 7  A comparison of dynamic vitality scenarios in five dimensions
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considered, with a focus on enhancing the crowd-attrac-
tion strategy from 11:00 to 14:00. Since this period is con-
sidered lunchtime, it is advisable to develop additional 
catering services around medium-low and low vitality 
spaces, offering lunches and other casual services tailored 
to accommodate tourist groups at noon.

Advantages of evaluation methods in terms 
of spatiotemporal accuracy and operability
Traditional village public spaces are small in scale, typi-
cally ranging from 15 m to 70 m in length. Although big 
data are widely used in vitality research on urban public 
spaces, their spatiotemporal accuracy in rural areas is 
low [44, 45]. For instance, mobile phone signalling data in 
rural areas are often unstable [46], with a spatiotemporal 
accuracy of 500 m and more than 1 h [28], making it diffi-
cult to precisely measure small-scale space vitality dynam-
ics in rural areas. However, the spatiotemporal accuracy 
of the Wi-Fi probe was 0.01 m per second [47], and the 
measurement range could be actively adjusted according 

to the actual size of the public space to maximise precise 
coverage. Compared to the evaluation of mobile phone 
signalling data, Wi-Fi probes can significantly improve the 
spatiotemporal accuracy of the evaluation (Fig. 8). Wi-Fi 
probe devices are inexpensive, with low usage thresholds, 
simple operation, and easy installation.

Current shortcomings and future prospects
The research has some limitations: (1) The comprehen-
sive calculation of dynamic vitality based on Wi-Fi probe 
monitoring is still difficult to cover for people who do 
not use mobile phones, such as the elderly and children, 
who make up a portion of the rural population. Thus, it 
cannot perfectly match the actual flow of people in small 
public spaces1, resulting in slight data discrepancies. 

Fig. 8  A spatial accuracy comparison between mobile phone signaling and WiFi probes used in a tradtional village

1  The measurement range of Wi-Fi probes cannot completely overlap with 
the actual spatial range, and there may still be errors in monitoring the resi-
dence of people in the edge areas of public spaces, possibly monitoring peo-
ple within a range of about 5 m outside the space.
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(2) Scenario analysis based on static snapshots requires 
many workforce and multi-day photo shoots to collect 
and process the large amount of photographic data. In 
the future, we will investigate the capability of artificial 
intelligence to upgrade static snapshots and quickly iden-
tify visitor type and behaviours in traditional village pub-
lic spaces. We can also add onsite monitoring, conduct 
differentiated comparisons, and summarise the patterns 
of dynamic vitality in diverse types of traditional villages.

Conclusion
Public spaces serve as the foundation for attracting visi-
tors to traditional tourism-oriented villages and are the 
root vitality for the development, preservation, and 
inheritance of such rural cultural heritage. Furthermore, 
it is an important spatial feature for maintaining the value 
and connotations of traditional village heritage sites. The 
current assessment of vitality is hampered by low spa-
tiotemporal data accuracy and a lack of knowledge of 
time-segmented vitality.

Therefore, this study employed a collaborative active 
perception method based on Wi-Fi probes and static 
snapshots to dynamically assess the vitality of public 
spaces in traditional villages. Taking Yantou Village in 
Lishui, China as an example, seven-day on-site moni-
toring was conducted, revealing dynamic variances and 
scenario patterns of its public space vitality: (1) The com-
prehensive vitality of Yantou Village’s public spaces was 
relatively low, with a large disparity unevenly distributed 
among high and medium-high vitality spaces centred 
along the river. (2) During the key observation period, 
public spaces in Yantou Village with high and medium-
high vitality were dominated by individuals on weekend 
afternoons and groups of people on weekdays and week-
end mornings. (3) Compared to weekend afternoons, 
people’s behaviours were more diverse during the key 
observation periods on weekdays and weekend morn-
ings; on weekend mornings, resting and trading occurred 
more frequently in recreational and commercial spaces, 
while taking photos was more common in historical 
spaces.

This method can dynamically and humanistically ana-
lyse the spatiotemporal variations and scenario patterns 
of the vitality of small public spaces in traditional villages. 
First, it may upgrade the relevant vitality assessment 
method from ‘static and materialized’ to ‘dynamic and 
humanistic’, deepening the theoretical understanding of 
people’s flow in traditional villages in the context of cul-
tural tourism. Second, this method is helpful for scientifi-
cally understanding the phenomenon of regional vitality 
differentiation and revealing the causal laws of utilizing 
its vitality evolution. Third, it may offer the groundwork 
for spatiotemporal synergistic vitality enhancement in 

traditional villages while also providing insights into their 
revitalization.
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