


JO
U

R
N

A
L

 O
F

 G
L

O
B

A
L

 T
R

E
N

D
S

 IN
 S

O
C

IA
L

 S
C

IE
N

C
E

About the Journal

Journal of Global Trends in Social Science (JGTSS) is an international, peer-re-
viewed, open access academic journal committed to publishing cutting-edge re-
search and fostering interdisciplinary dialogue in the social sciences.

JGTSS provides a platform for scholars, practitioners, and policymakers to share 
insights and engage in discussions about emerging trends, global challenges, and 
transformative opportunities in the field.

Official Partner

• Center for Surrounding Communication Studies, Peking University
• China Institute of Surrounding Communication of Geographical Indications



Journal Statement

1. The opinions expressed in articles published in the Journal of Global Trends in So-
cial Science (JGTSS) are solely those of the authors and do not necessarily reflect 
the views of the editorial board or the editorial office.

2. The journal reserves the right to edit and revise submitted manuscripts as neces-
sary. Authors with specific requirements should state them upon submission.

3. JGTSS supports an Open Access policy, making all articles freely accessible to the 
public. Users are permitted to read and use the content provided the original au-
thors and source are properly credited, and the content is not used for commercial 
purposes.

4. The journal holds the exclusive right to publish all accepted articles online. Authors 
are required to ensure that their submissions are original and not under considera-
tion elsewhere. Any objections to online publication must be stated at the time of 
submission.

5. JGTSS is indexed in CrossRef and Google Scholar. All published articles are as-
signed a unique DOI to facilitate citation and academic dissemination. Authors who 
do not wish their articles to be indexed should notify the editorial office upon sub-
mission.

6. All articles published in the journal require prior authorization from the authors. Re-
production, translation, or compilation of any published content must obtain written 
permission from both the editorial office and the authors.

7. The journal accepts submissions exclusively through its official website: https://
press.jandoo.ac/journal/jgtss. Due to resource constraints, submitted manuscripts 
will not be returned. If no decision is communicated within three months, authors 
are free to submit their work elsewhere.

8. JGTSS promotes academic integrity. Authors are responsible for ensuring the orig-
inality and accuracy of their work. Any detected plagiarism or academic misconduct 
will result in retraction and potential legal consequences.

V
O

L
U

M
E

 2
, 

N
U

M
B

E
R

 3
 (

M
A

R
C

H
 2

0
2

5
)

https://press.jandoo.ac/journal/jgtss


Chief Advisor
Di Lu
School of Journalism & Communication, Peking University, Beijing, China

 
Advisor Board
Kaihe Chen Weijia Wang
School of Journalism & Communication, 
Peking University, Beijing, China

School of Journalism & Communication, 
Peking University, Beijing, China

 
Co-Editor-in-Chief
Mo Chen Letian Zhang
Peking University, Beijing, China Harvard University, Cambridge, USA

 
Associate Editors
Zhenlin Xie Zhaolin Lu
Hefei University of Technology, Hefei, 
China

Beijing Institute of Technology, Beijing, 
China

 
International Editorial Board
Yanmin Quan Yue Chen
School of Law, Xi’an Jiaotong University, 
Xi’an, China  

Beijing University of Civil Engineering and 
Architecture, Beijing, China

Jing Yang Wenjing Li
Peking University, Beijing, China Peking University, Beijing, China  

Colin Marx Ke Xie
University College London, London, UK   Hefei University of Technology, Hefei, 

China
Colin Harwood Diala Haddad
University of Manchester, Manchester, UK Waseda University, Tokyo, Japan  

Zihan Zhao Xiaoxiao Liao
Kyushu University, Fukuoka, Japan Keio University, Tokyo, Japan

E
D

IT
O

R
IA

L
 T

E
A

M



T
A

B
L

E
 O

F
 C

O
N

T
E

N
T

S



Thematic Section: 
Surrounding Communications Research

Rivers as Media: Spatial Construction and Geopolitical 
Negotiation in China's Borderlands

1

Meng WANG, Mo CHEN  
 

Research Articles

Construction of an Evaluation Index System for Construction-
Related Interdisciplinary Technical Talents

10

Yue CHEN, Ruoli YANG, Yao QU, Mingwei WANG, Na YANG 

Research on The Correlation between Investments in Various 
Industries Based on Regression Model

15

Jia GAO, Chenxi YE, Fujiang YUAN, Qiang XIONG 

Adaptive Portfolio Optimization via PPO-HER: A Reinforcement 
Learning Framework for Non-Stationary Markets

23

Jiahui ZHANG, Jinyu XIE  

Machine Learning-Based Search Strategy for Water Object 
Retrieval in Cultural Tourism Safety Contexts

31

Fujiang YUAN, Chenxi YE, Aichun HUANG, Kai XIAO, Jiahao QIN, Xijun 
CHEN  
 

Review Articles

Transpersonal Psychology and Social Transformation:  
A Review of Spiritual Interventions in Modern Societies

38

Yiu Kwong Au-Yeung  
 

Call for Papers



JGTSS | Vol.2, No.4 | 30 April 2025 | 1

Introduction: Rivers as Media
Throughout history, rivers have consistently played a 

vital role in shaping the rise and fall of civilizations 
(Smith, 2022). Early large-scale societies emerged and 
flourished along the basins of the Tigris-Euphrates, In-
dus, Nile, and Yellow Rivers. With the advancement of 
civilization, rivers increasingly demonstrated their pow-
erful shaping forces and enduring influence, engaging 
in both overt and covert interactions with human soci-
ety. These interactions created meaningful spaces that 
connect nature and humanity while fostering human 
exchanges. Such connections and interactions under-
score the role of rivers as media. In recent years, 
scholars have sought to counterbalance the positivist 
logic prevalent in classical communication studies by 

reimagining the concept of media. They emphasize ex-
panding the imaginative horizons of media understand-
ing (Hu, 2019). The notion of "rivers as media" investi-
gates the mediatory potential of rivers, positioning them 
within the dynamic processes of human societal devel-
opment and the historical evolution of civilizations. 

Historically, rivers have captivated humanity, show-
casing their aesthetic value in global art, religion, and 
cultural landscapes. Yet, conflicts and confrontations 
along rivers persist. At territorial boundaries, rivers en-
able international cooperation and resource-sharing but 
also pose risks of disputes and wars. The dual charac-
teristics of "segmentation and cohesion" and "bound-
aries and connections" define the ambivalent nature of 
border rivers, offering rich potential for communication 
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Rivers, through their interaction with humanity, have shaped human 
civilization. The political significance of rivers as boundaries has long 
been overshadowed by their practical uses and aesthetic values, re-
ceiving limited scholarly attention. Spanning China’s east and west, 
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rivers mediate China’s relationships with neighboring countries and 
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relationships with human societies, neighboring countries, and the 
broader world.  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research. The Erguna River in northeastern China and 
the Irtysh River in the northwest provide illustrative ex-
amples. These rivers cross China’s borders, subtly in-
fluencing its relationships with neighboring countries. 
While both rivers serve as border waterways, their 
characteristics differ significantly. The Erguna River ris-
es on the western slopes of the Greater Khingan Range 
and flows northward, forming the border between China 
and Russia. In contrast, the Irtysh River originates in 
Xinjiang, flows through Kazakhstan and Russia, and 
functions as an international river traversing the 
Eurasian continent (Yan, 2019). The shared borderland 
attributes and contrasting hydrological features of these 
rivers offer a robust foundation for comparative studies. 
Notably, while rivers such as the Lancang River have 
received considerable academic attention, the commu-
nicative roles of the Erguna and Irtysh Rivers remain 
underexplored. Investigating these rivers highlights the 
importance of addressing challenges in China’s north-
eastern and northwestern borderlands and provides 
crucial insights into China’s relationships with Central 
and Northern Asia.  

This paper examines the Erguna River and Irtysh 
River, which represent China’s northeastern and north-
western borderlands, respectively. By framing rivers as 
media, this study investigates the complex interplay 
between natural forces and human societies. It further 
explains how rivers shape civilizations, mediate rela-
tions, symbolize power, and ultimately influence human 
futures. 

Research Method
This study employs a combination of the document 

analysis method and case analysis to examine the 
communicative roles of rivers in geopolitical and spatial 
constructions. By integrating these two complementary 
approaches, the research addresses both the theoreti-
cal and empirical dimensions of rivers as media. This 
methodological framework enables a comprehensive 
investigation, focusing on the dynamic interplay be-
tween natural forces, human activities, and geopolitical 
processes. 

The document analysis method systematically orga-
nizes and examines existing materials to provide es-
sential data and contextual information for this study 
(Bowen, 2009). This approach facilitates a comprehen-
sive understanding of the role of rivers in geopolitical 
and spatial constructions, particularly their diverse in-
teractions with human societies, from historical, geo-
graphical, and communication studies perspectives. 
The study draws on various types of documents, includ-
ing historical treaties (e.g., the Treaty of Nerchinsk), 
hydrological records (e.g., Hydrology Records of Hu-
lunbuir League), and scholarly works on borderland 
geopolitics and transboundary river governance. These 
sources offer rich foundational data for analyzing the 
characteristics of the Erguna and Irtysh Rivers. By em-

ploying the document analysis method, the study effec-
tively extracts critical information from existing literature, 
providing necessary background and detailed support 
for the subsequent case analysis. 

The case analysis method complements the theoreti-
cal insights by focusing on the Erguna and Irtysh Rivers 
as representative examples. These two rivers were se-
lected due to their shared status as border rivers, as 
well as their distinct hydrological and geopolitical char-
acteristics. The Erguna River, as a territorial boundary, 
serves as a site of cultural and political negotiation, 
while the Irtysh River, as a transboundary waterway, 
exemplifies the complexities of international coopera-
tion and conflict. The case analysis delves into their 
unique interactions with natural forces and human in-
terventions, providing a comparative perspective on 
their roles in spatial construction and geopolitical dy-
namics. 

By integrating document analysis and case analysis, 
this study offers a comprehensive framework for under-
standing rivers as media. The combination of these 
methods not only bridges theoretical and empirical per-
spectives but also advances the study of rivers’ com-
municative functions within geopolitical and spatial con-
texts. 

Border Rivers: Negotiation Between Natural 
Order and Political Boundaries

The shared borderland attributes of the Erguna River 
and the Irtysh River provide a foundational basis for 
comparative studies. These rivers intersect as symbols 
of political significance in China’s borderlands. Border-
lands in China are both geographical and historical 
concepts (Ma, 2017). Examining these two rivers within 
the context of modern Chinese borderlands necessi-
tates addressing the historical issues tied to China’s 
borders. Politically, these rivers also represent consid-
erations of power dynamics. Meanwhile, as natural 
forces, rivers inherently delineate order through their 
trajectories, although human interventions frequently 
alter this order. Border rivers thus reflect the negotiation 
between natural order and political boundaries, em-
bodying the interaction between natural forces and hu-
man agency. 

Rivers as Media: Theoretical and Analytical 
Foundations

Rivers, as natural entities, occupy a pivotal position at 
the intersection of material properties and social signifi-
cance, embodying profound mediatory roles. These 
roles are evident not only in their function as physical 
boundaries and transportation corridors but also in their 
symbolic significance in power negotiations, cultural 
interactions, and geopolitical processes. Viewing rivers 
as media highlights their distinctive role in mediating the 
interaction between nature and human civilization, illus-
trating how their material attributes and symbolic values 
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connect people with the environment, nations with each 
other, and regions with the global context. 

From the perspective of communication theory, Mc-
Luhan’s concept of "the medium is the message" em-
phasizes that media do more than carry information; 
they fundamentally shape societal structures through 
their inherent forms and characteristics (McLuhan, 
1994). Rivers, as media, transmit resources, informa-
tion, and culture, while their material properties influ-
ence power dynamics and social relations. For exam-
ple, a river’s flow direction determines regional resource 
distribution, and its clarity as a natural boundary rein-
forces its symbolic significance in political demarcation. 
Harold Innis’s theory of "the bias of communication" 
further expands this analysis (Innis, 1999). Rivers ex-
hibit "spatial bias" by defining geographical order 
through physical boundaries and "temporal bias" by 
serving as vessels of cultural memory and regional 
identity across generations. 

Building on these foundational theories, this study 
employs the analytical lens of "media materiality" to 
explore more comprehensively the mediatory attributes 
of rivers in the interplay between nature and society. 
Recent years have seen the rise of the material turn in 
media studies, which has become a significant trend in 
communication and media research. Unlike traditional 
media studies, which often focus on semiotics and 
meaning-making, the material turn emphasizes the 
physical characteristics, technological forms, and tangi-
ble effects of media in the real world. In this study, "me-
dia materiality" highlights the importance of rivers’ phys-
ical attributes, not only as the basis of their mediatory 
role but also as critical components of their communica-
tive functions. This perspective considers rivers’ physi-
cal characteristics—such as watershed distribution, wa-
ter resource availability, and ecological impact—as cen-
tral to shaping social relations and power structures 
within regions. 

Viewing rivers as media facilitates a nuanced under-
standing of their complex roles in negotiating natural 
order and political boundaries. The material properties 
of rivers provide the foundation for natural order 
through their ecological functions and water resource 
distribution patterns. Simultaneously, these properties 
acquire symbolic significance by mediating power nego-
tiations and geopolitical interactions between nations. 
The inherent logic of natural order is often subject to 
human intervention and reshaping, positioning rivers as 
unique sites where natural and political forces con-
verge. In this dual capacity, rivers act both as physical 
mediators that divide spaces and as symbolic connec-
tors that bridge societies and cultures. 

Analyzing rivers as media reveals their capacity to 
reconcile the tensions between natural forces and polit-
ical interests, offering a theoretical foundation for un-
derstanding their multifaceted roles in negotiating nat-
ural order and political boundaries. This perspective 
establishes a basis for subsequent analysis of rivers 

through the dimensions of nature, relations, and space, 
contributing to a deeper understanding of their pivotal 
role in constructing geopolitical and cultural spaces in 
border regions. 

The Pulse of the Land: the Erguna and Irtysh 
Rivers

Every flowing river breathes life into the landscapes it 
traverses (Wang, 2022). As a "pulse of the land," rivers 
nourish human civilizations. The Erguna River flows 
through China’s northeastern borderlands, originating 
from the western slope of the Greater Khingan Range. 
It courses through the Hailar River, eventually merging 
with the Shilka River in Russia before feeding into the 
Heilongjiang River. However, the Erguna River's gene-
sis is not solely tied to the Greater Khingan. The Khurkh 
River, originating in the Khentii Mountains of Mongolia, 
flows into Hulun Lake, which further connects to the 
Erguna River through the Dalanolom River. Interesting-
ly, since the 18th century, the outflow from Hulun Lake 
ceased, with the Hailar River periodically reversing its 
flow back into the lake before merging with the Erguna 
River (Baidu Baike, 2020). The eastern and northern 
sections of the Erguna River run along the northwest 
edges of the Greater Khingan Range, while the south-
ern area transitions into the Hulunbuir Grassland. This 
transitional zone between forest and grassland sup-
ports both grazing and farming activities (Tang, 2011). 
The river’s watershed is dotted with 303 tributaries, 
covering the Hulunbuir Grassland (Hulunbuir League 
Hydrology Records, 1992). In 1929, British anthropolo-
gist Lindeguer described the fertile triangle formed by 
the southern reaches of the Erguna River as "the most 
fertile land in all of Northwest Manchuria... its vast basin 
sustains prosperous agriculture, and the hillsides are 
carpeted with the grasses essential for livestock" (Lin-
deguer, 1991). The Erguna River is more than a natural 
watercourse; it is a historical river. Over the centuries, it 
has been known by various names, including Wangjian 
River in the Old Book of Tang, Anzhen River in the His-
tory of Liao, and Yeliguna River in the History of Yuan. 
Its current name, Erguna, has remained consistent 
since the Qing Dynasty (Liu, 2022). The river’s enduring 
history has endowed the grasslands it nourishes with a 
wealth of natural resources, forming the cradle of grass-
land civilization. Following the end of the Pleistocene 
glacial period about 10,000 years ago, the Zhalainuoer 
people created the Zhalainuoer Culture along Hulun 
Lake, marking the origins of northern China's grassland 
civilizations. 

The Irtysh River, the second-largest river in Xinjiang, 
originates in the Altai Mountains. It crosses the border 
into Kazakhstan before joining the Ob River in Russia 
and eventually emptying into the Arctic Ocean. There 
are 23 transboundary rivers shared between China and 
Kazakhstan, with the Irtysh and Ili Rivers being the 
most significant boundary rivers (Xu, 2022). The Irtysh 
River basin is expansive, with numerous right-bank trib-
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utaries forming a typical comb-shaped hydrological sys-
tem. Its scenic banks, complementing the golden Altai 
Mountains, have earned the river the moniker "Silver 
Waters." The river winds through China’s western bor-
derlands, sustaining life in arid desert regions, crossing 
into Kazakhstan and Russia, and linking Central and 
Northern Asia.  

In northeastern China, the Erguna River delineates 
national borders through natural forces. On the 
Eurasian continent, the Irtysh River traverses China, 
Kazakhstan, and Russia, exerting its influence through 
the establishment of natural order. Rivers, through their 
interactions with humanity, have nurtured civilizations. 
However, this does not suggest that natural forces 
alone dictate everything. Humanity has imbued rivers 
with multi-dimensional meanings, engaging with them in 
diverse ways (Ge, 2021). Globally, many centers of 
knowledge, culture, and power have been shaped by 
rivers. For border rivers, the political and power implica-
tions are especially significant. 

Crossing Through Rivers: National Boundaries 
and Power Struggles

Rivers can both define and cross international bound-
aries, compelling nation-states to cooperate while po-
tentially triggering conflicts over water resources or ter-
ritorial disputes (Galtung, 1982). This duality illustrates 
how rivers, beyond being physical geographical fea-
tures, serve as instruments of power and objects of po-
litical contestation. Rivers delineate the boundaries of 
nations and shape their geographical forms, simultane-
ously revealing underlying political interests. Using 
rivers as borders reflects a natural geographical logic 
while also highlighting the hidden political agendas they 
embody. Globally, many nations use rivers and other 
natural geographical features as political boundaries. 
For instance, the Erguna River separates China’s 
northeast from Russia’s Far East. Similarly, the Rio 
Grande demarcates the United States and Mexico, the 
Yalu River separates China and North Korea, and the 
Oder River marks the border between Germany and 
Poland. In South America, the Uruguay River defines 
parts of the borders between Brazil, Argentina, and 
Uruguay. Within China, rivers and mountains frequently 
serve as provincial boundaries, such as the Qilian 
Mountains separating Gansu and Qinghai provinces 
and the Jinsha River marking the boundary between 
Sichuan and Tibet. Smith (2022) quantified the global 
phenomenon of rivers as political borders, identifying 
219 pairs of countries, 2,267 pairs of states or prov-
inces, and 13,674 pairs of counties or local districts that 
rely on rivers as boundaries. The advantage of using 
rivers as borders lies in their clear visual delineation. 
Before the advent of advanced geographic mapping 
technologies, rivers were often employed by colonial 
powers to demarcate and negotiate territories. This 
practice, deeply rooted in history, remains relevant in 
global geopolitics today. Rivers, as natural forces inter-

twined with human civilization, weave through cities and 
national boundaries, shaping and defining the contours 
of nations. 

However, natural geography alone does not entirely 
determine borders or serve as an immutable carto-
graphic guide. Politicians increasingly recognize the 
political leverage rivers offer, leading to disputes over 
control and utilization. In contemporary geopolitics, 
rivers frequently appear in territorial conflicts. Early dis-
cussions on transboundary river conflicts framed these 
issues within the lens of "resource conflicts" (Galtung, 
1982). Scholars argued that the degree to which water 
resources are utilized significantly impacts a nation’s 
socioeconomic development. As industrialization and 
population growth exacerbate water scarcity, fears of 
"water wars" have grown. Control over critical rivers has 
thus become a focal point in inter-state conflicts. Cross-
border rivers in border regions add complexity to these 
disputes. On the one hand, shared water resources 
necessitate cooperation but can also lead to friction due 
to differing national interests. On the other hand, border 
regions often lag economically compared to central ar-
eas. In China, the influence of ethnic regional autonomy 
further complicates matters. Thus, studying cross-bor-
der river practices in these regions requires not only 
addressing inter-state relations and political implications 
but also considering the historical and sociocultural 
contexts of China’s borderlands. 

The Erguna River, marking the boundary between 
China and Russia, is located in China’s northeastern 
frontier, outlining the crest of China’s rooster-shaped 
map. The 1689 Treaty of Nerchinsk formally established 
the Erguna River as the boundary between China and 
Russia, stating, "The Erguna River flowing into the Hei-
longjiang River shall serve as the border: lands south of 
the river belong to China, while lands north belong to 
Russia" (Commercial Press, 1973, p. 1). However, this 
natural barrier did not prevent interactions between the 
two peoples. In 1727, during the reign of Emperor 
Yongzheng, the Qing government established 12 out-
posts along the river’s Chinese side and repeatedly in-
structed local authorities in Hulunbuir to enhance bor-
der management and prevent Russian incursions 
(Baoyinchaoketu, 2005, p. 23). Despite these efforts, 
the river continued to attract conflict. In 1882, a member 
of the Oroqen ethnic group discovered substantial gold 
deposits near the river’s estuary, drawing Russian min-
ers. By 1884, the Russians had established a "Gold 
Mining Bureau" in the region, complete with districts, 
military forces, and administrative structures, effectively 
creating a self-contained authority (Erguna Banner 
Gazetteer Compilation Committee, 1993, pp. 262–263). 
These activities challenged Qing control over border 
resources, prompting the government to expel Russian 
miners. By the late 19th century, the political balance 
along the Erguna River began to shift toward Russia, 
exacerbated by events such as the Boxer Rebellion and 
subsequent Russian occupation of key outposts along 
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the river in 1900. This history illustrates how the Erguna 
River has consistently been a focal point of political 
power struggles and territorial contestation. 

In contrast, the Irtysh River, located in Xinjiang, is not 
a boundary river but a transcontinental waterway linking 
China, Kazakhstan, and Russia. The river’s comb-like 
hydrological pattern connects diverse regions, providing 
a lens to study "water interactions," which encompass 
both water conflict and cooperation (Yang, 2021). The 
Irtysh River, shared by China and Kazakhstan, is a vital 
resource for both nations. While Kazakhstan, located 
downstream, fears the impact of China’s water in-
frastructure projects on river flow, it also relies heavily 
on the Irtysh for its water-scarce regions. For China, the 
Irtysh River is the second-largest river in Xinjiang, cru-
cial for regional socioeconomic development. Over the 
years, China and Kazakhstan have engaged in water-
sharing agreements, including the establishment of a 
joint expert working group in 1998 and a bilateral coop-
eration framework in 2001. These efforts have posi-
tioned the Irtysh River as a model for transboundary 
river governance (Yan, 2019). 

The contrasting roles of the Erguna and Irtysh Rivers 
underscore the multifaceted ways rivers shape national 
boundaries and political dynamics. While the Erguna 
River emphasizes the geopolitics of demarcation, the 
Irtysh River highlights the challenges and opportunities 
of transboundary cooperation. 

‘Division’ and  ‘Cohesion’: the Duality of River 
Genes

Drawing on the biological concept of "genes," British 
biologist Richard Dawkins introduced the term "meme" 
in The Selfish Gene (1976), suggesting that cultural 
evolution involves basic units similar to biological 
genes, which can be replicated, inherited, and influence 
the nature of culture (Wu, 2013). Similarly, "river genes" 
refer to the intrinsic characteristics of rivers that endure 
and shape their interaction with human societies. 

On the one hand, rivers serve as natural barriers, di-
viding lands and demarcating boundaries between na-
tions. On the other hand, the natural resources and 
navigational opportunities rivers offer have facilitated 
agriculture, industry, trade, and the exchange of civiliza-
tions. Rivers not only give rise to civilizations but also 
connect them. The duality of "division" and "cohesion" 
constitutes the essence of river genes. 

However, which aspect of this duality predominates is 
not predetermined but instead depends on human ac-
tivity. Rivers can be the focus of conflicts over water 
resources or control of shipping routes, or they can be 
the basis for treaties and cooperative agreements fos-
tering mutual benefit and friendly exchanges. This dy-
namic implies that we should not impose preconceived 
roles or expectations on rivers, particularly those situat-
ed along borders. The historical entanglements and 
contemporary interactions among nations, the complex 
realities of China’s border regions, and the blending of 
peoples and cultures provide unique analytical frame-
works for each river. The Erguna River, a border river 

Figure 1 | the framework for comparative analysis of border rivers  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between China and Russia, and the Irtysh River, a 
transboundary river linking China, Kazakhstan, and 
Russia, possess different characteristics due to their 
distinct types. A comparative analysis of these two 
rivers offers deeper insights into the intersections of 
rivers, civilizations, and power dynamics. 

Cross-Border Rivers and Territorial Boundary 
Rivers: Contrasting Nature, Relations, and 
Spaces

Previous studies have primarily focused on rivers as a 
whole, examining their interactions with human civiliza-
tion, or on specific cross-border river issues such as 
international cooperation, conflicts, or disputes. Howev-
er, comparative studies on cross-border rivers and terri-
torial boundary rivers within the same country remain 
scarce. The Erguna River and the Irtysh River, located 
in China's northeastern and northwestern borderlands 
respectively, offer ideal cases for such a comparison. 
Despite their shared frontier characteristics, the rivers 
differ in their roles and positions, providing a foundation 
to explore their distinctions and the complex relation-
ships they represent. Specifically, natural factors largely 
determine a river’s practical uses, while relational ac-
tors define their roles through specific practices, result-
ing in distinct spatial characteristics. Figure 1 illustrates 
the framework for comparing border rivers. 

Natural Foundations: Hydrological Differences 
Between Inland and Outflowing Rivers

Inland rivers flow into lakes or disappear inland with-
out reaching the sea. Historically, the Erguna River was 
an inland river during the Mongol Empire, later becom-
ing a boundary river between China and Russia follow-
ing the Treaty of Nerchinsk. Today, the Erguna River 
converges with Russia’s Shilka River before flowing into 
the Heilongjiang River and eventually reaching the Sea 
of Okhotsk. Due to its geographic environment, the Er-
guna River lacks substantial hydraulic potential, mean-
dering gently. The President of the China Mongolian 
Literature Society, Uliji, described the Erguna River in 
his work Erguna River Journey: “When we sailed to the 
confluence of the Enhehada River and the Erguna Riv-
er, we witnessed the gentle rhythmic waves caressing 
the shore, their confluence stirring white ripples that 
delighted the senses” (Uliji, 2018). At its source, the 
Erguna River connects with the Dalan-Olom River and 
Russia’s Munniatu River, forming a transnational wet-
land. The Erguna Wetlands Park, located at the river’s 
headwaters, offers a picturesque landscape of mean-
dering streams and lively birds. 

Outflowing rivers, in contrast, flow directly or indirectly 
into the sea. The Irtysh River originates in Xinjiang, ex-
its China, flows through Kazakhstan and Russia, and 
eventually empties into the Arctic Ocean. It is China’s 
only river draining into the Arctic. The upper reaches of 
the Irtysh are replenished by melting snow, ice, and 

precipitation, boasting abundant water flow and concen-
trated elevation drops. With an annual runoff of 11.1 
billion cubic meters, it holds rich hydropower resources. 
This robust hydraulic force also supports infrastructure 
like the Irtysh-Karaganda Canal and urban water supply 
systems (Baidu Baike, 2023). Furthermore, the Irtysh 
River is a shared transnational river among China, 
Kazakhstan, and Russia. Spanning 4,235 kilometers, 
with 525 kilometers in China, 1,700 kilometers in Kaza-
khstan, and 2,010 kilometers in Russia, its basin covers 
1.643 million square kilometers, enabling extensive in-
ternational navigation. The river’s strategic location at 
the Arctic Ocean’s edge further facilitates multidimen-
sional development. Some scholars regard the Irtysh-
Ob River corridor as a potential pathway for Eurasian 
integration. Given its unique geographic position, the 
Irtysh connects Central Asia to the Arctic region while 
linking South Asia via roads, railways, and even pipe-
lines, thereby vertically integrating the Eurasian conti-
nent (Mei & Guo, 2017). Consequently, China, Kaza-
khstan, and Russia have collaborated and negotiated 
over its management and utilization. 

From a geographical perspective, identifying the Er-
guna as an inland river and the Irtysh as an outflowing 
river provides a basis for analyzing the practices and 
relational structures surrounding these rivers. Their dif-
fering geographic locations, trajectories, and hydrologi-
cal characteristics highlight their distinctions despite 
shared border attributes. Clarifying these differences 
not only enriches our understanding of rivers but also 
informs potential future interactions between these 
rivers and human societies. 

Relational Actors: National Governments and 
Integrated Ethnic Communities

Rivers do not interact abstractly with human societies. 
The geographical locations, characteristics of rivers, 
and historical practices significantly influence the rela-
tional actors involved and their choices concerning po-
litical considerations and cultural integration. Generally, 
the Irtysh River is centered around national govern-
ments, focusing on cooperation in water resources and 
socio-economic development. In contrast, the Erguna 
River emphasizes integrated ethnic communities, fos-
tering water culture and ethnic integration. 

Since Kazakhstan's independence, China and Kaza-
khstan have initiated cross-border river cooperation, 
including on the Irtysh River. In 1998, the two govern-
ments established the China-Kazakhstan Joint Working 
Group on Cross-Border Rivers. The 2001 Agreement on 
the Use and Protection of Transboundary Rivers, 
signed between China and Kazakhstan, marked the 
first formal collaboration between the two nations (Yan, 
2019). Subsequently, the two countries have achieved 
substantial progress in water quality monitoring, joint 
water infrastructure projects, and water resource shar-
ing. Under the auspices of this joint committee, the eco-
logical protection of the Irtysh River has become a 
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model for transboundary river management in Central 
Asia (Yan, 2019). The political activities led by national 
governments provide long-term, systematic, and stable 
support for water cooperation on the Irtysh River. In 
particular, the increasing integration of the Belt and 
Road Initiative (BRI) has brought the Irtysh River basin 
into focus as a sub-regional connection between China, 
Kazakhstan, and Russia. The Irtysh-Ob River corridor 
connects the Silk Road Economic Belt, the Polar Silk 
Road, and the Yamalo-Nenets Peninsula, laying a 
foundation for extensive international cooperation (Mei 
& Guo, 2017). In September 2021, Kazakhstan’s am-
bassador to China, Gabit Koishybayev, called for a bi-
lateral agreement on shared water resources in light of 
climate challenges, stating, “China's hydrological poli-
cies in Xinjiang Uygur Autonomous Region will not only 
determine its regional status but also affect Kaza-
khstan's ecological systems” (Sputnik News, 2021). 
However, while rivers connect the two nations, they 
also pose potential crises and conflicts. The positions of 
upstream and downstream countries are inherently un-
equal, carrying significant implications for sovereignty. 
Kazakhstan, located downstream on the Irtysh River, 
has expressed concerns about China’s utilization of 
water resources. In a water-scarce Kazakhstan, China's 
exploitation of the Irtysh River could lead to potential 
water conflicts. Globally, such disputes are not new. In 
1895, Mexico filed an urgent complaint with the U.S. 
Department of State regarding the Rio Grande water 
diversion project. The U.S., citing absolute sovereignty 
over domestic rivers, refused, resulting in the “Harmon 
Doctrine.” While this doctrine highlights the vulnerability 
of downstream nations, it also led to the 1907 agree-
ment between Mexico and the U.S., setting a precedent 
for transboundary river management (Galtung, 1982). 
These historical lessons inform ongoing bilateral coop-
eration between China, Kazakhstan, and Russia on the 
Irtysh River. Despite existing collaboration, a stable tri-
lateral cooperation framework has yet to be estab-
lished. 

In contrast, ethnic communities dominate the rela-
tional framework of the Erguna River in China’s north-
eastern borderland. During the 19th-century gold rush 
along the Erguna River, a significant influx of laborers 
migrated to the region, and the Russian Empire imple-
mented a “Russification of the Frontier” policy by relo-
cating large numbers of Russians to Siberia and the Far 
East. This process led to intermarriage between Chi-
nese and Russian populations. The Qing official Zhao 
Chunfang noted in his Report on Border Affairs of the 
Zhuergan River General Kulan, “First, they built friend-
ships; then, they built marriages. Along the border, 
many Chinese have cut their hair, changed their 
clothes, and married Russians” (Zhao, 1911). Such 
long-term intermarriages have established cultural vil-
lages, serving as active sites of exchange and interac-
tion along the Erguna River. In 1994, the E’nhuo Russ-
ian Ethnic Township was established in Erguna City, 

and in 2001, the Inner Mongolia Autonomous Region 
merged the original Shiwuer and E’nhuo Russian Ethnic 
Townships into the Shiwuer Russian Ethnic Township. 
Within these communities, Chinese and Russian cul-
tures collide and blend, manifesting in music, architec-
ture, religion, and burial customs. Human-mediated ex-
changes along the Erguna River have thus created a 
unique cultural landscape along its banks. 

While the Erguna River, as a territorial boundary, and 
the Irtysh River, as a transboundary waterway, differ 
significantly in relational actors, this does not preclude 
Sino-Russian cooperation on the Erguna River or inter-
personal exchanges in the Irtysh basin. Instead, their 
distinctions reflect their respective priorities and orienta-
tions in spatial construction. 

Spatial Construction: Global Geopolitical 
Divisions and the Formation of the Erguna 
Cultural Border Area

The differing interactions of relational actors shape 
the spaces constructed around the Erguna and Irtysh 
Rivers. The Irtysh River influences not only China’s re-
lationships with Kazakhstan and Russia but also the 
broader geopolitical configuration of Central and North-
ern Asia. For Russia, the Irtysh-Ob River corridor 
presents an opportunity to reassert dominance in Cen-
tral Asia. The Eurasian Economic Union (EAEU), led by 
Russia, lacks vertical integration mechanisms, but the 
Irtysh-Ob River could enhance Russia’s presence in 
Central Asia and extend its influence into South Asia 
(Mei & Guo, 2017). For China, the Irtysh River offers a 
low-cost, efficient export channel for Xinjiang, connect-
ing the region to European markets via the Arctic route. 
Kazakhstan relies on the Irtysh River as a critical fresh-
water resource. Plans by Russia and Kazakhstan to 
develop Irtysh River navigation further underscore its 
strategic importance (Mei & Guo, 2017). Globally, the 
Irtysh-Ob River corridor impacts the strategies of na-
tions like India and the U.S. As India strengthens ties 
with Central Asia, the corridor facilitates low-cost ac-
cess to Arctic oil and gas from Russia, enhancing In-
dia’s regional influence. Conversely, this could prompt 
the U.S. to recalibrate its Asian strategy in response to 
India’s growing presence (Mei & Guo, 2017). Thus, the 
Irtysh River’s geopolitical significance extends beyond 
the interests of its riparian states. 

In contrast, the Erguna River basin has given rise to 
the Erguna cultural border area. The concept of a “cul-
tural area” was first proposed by Franz Boas, and sub-
sequent anthropologists expanded this into the concept 
of a “cultural border area” as opposed to a “cultural cen-
ter” (Boas, 1938). The Russian Ethnic Township em-
bodies this cultural border area. As a Sino-Russian cul-
tural space, the township integrates Russian Orthodox 
traditions, classic log cabins, and hybrid funeral cus-
toms, illustrating the fusion of Russian and Chinese 
cultural “genes.” This fusion stems from shared histori-
cal logic and civilizational roots between Russia and 
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China. The Erguna River’s stable natural landscape 
ensures the horizontal transmission of cultural memory 
across time and facilitates the intergenerational preser-
vation of mixed Sino-Russian traditions (Dai, Huang & 
Sun, 2023). Through the activation of cultural genes 
and the sharing of collective memory, the Erguna cul-
tural border area has emerged as a vital bridge for 
Sino-Russian civilizational exchange. 

Conclusion: Rivers as Forces of Power
Rivers have shaped themselves and human civiliza-

tions through their interactions with humanity. A world 
without rivers would be unimaginable. Rivers have fos-
tered early human societies and driven the develop-
ment of cities, trade, ruling classes, and political sys-
tems (Smith, 2022). Their strength and resilience have 
enabled them to traverse diverse societies throughout 
history, continually flowing forward. Building on founda-
tional communication theories, this study has framed 
rivers as media, emphasizing their materiality and sym-
bolic significance in negotiating natural order and politi-
cal boundaries. The document analysis and case 
analysis methods have been employed to examine the 
Erguna and Irtysh Rivers as representative cases, 
demonstrating how variations in natural characteristics 
and stakeholder dynamics lead to distinct spatial and 
geopolitical outcomes. 

The Erguna River in northeastern China and the Ir-
tysh River in Xinjiang, spanning east and west, forge 
meaningful connections and shared spaces between 
China and its neighbors. Viewing rivers as media 
prompts exploration of their mediatory role in shaping 
relationships between rivers and human civilizations. As 
border rivers, the Erguna and Irtysh Rivers symbolize 
the interplay between natural order and political bound-
aries. However, variations in their natural characteristics 
and involved stakeholders have resulted in distinct spa-
tial dynamics. This paper attempts to construct a prelim-
inary framework for comparative analysis of border 
rivers. First, it is essential to define the roles of rivers, 
determining whether they function as territorial bound-
aries or international cross-border rivers, and evaluating 
their inter-nation relationships. Second, the characteris-
tics of rivers should be analyzed from the perspective of 
river dynamics. Third, it is crucial to explore the actors 
and relationships involved, examining historical interac-
tions between rivers and human societies, identifying 
the participating actors, and determining key stakehold-
ers. Finally, clarifying river basins and spaces involves 
mapping their extents, surrounding areas, and positions 
within the global context. Rivers are not static; as civi-
lizations and technologies evolve, their associated re-
sources and power dynamics reveal new spatial under-
standings. 

Rivers derive power from both their continuity and 
their creative influence. Our perspective on border 
rivers mirrors our approach to relationships with neigh-

boring countries. Viewing rivers as media also entails 
recognizing them as pathways. Cooperation between 
China and its neighbors on cross-border rivers offers a 
new starting point, encompassing shared development 
and protection of water resources, along with the circu-
lation of trade, transportation, energy, and other re-
sources. At this level, cross-border rivers and their re-
sources may function as hidden undercurrents in global 
geopolitics. Therefore, cross-border rivers in border 
areas should be central to China's strategies, such as 
the Belt and Road Initiative and the “Ice Silk Road.” 
Rivers, akin to arteries, are immense forces silently sus-
taining surrounding systems. As Smith (2022) notes in 
Rivers: A History of Civilization: ‘Today, rivers have 
been increasingly tamed, bound in chains, yet they re-
main that ancient force, continuing to govern the lives of 
us all.’ 
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Introduction
Under the backdrop of a new round of technological 

revolution and industrial transformation, the rapid de-
velopment and upgrading of the urban and rural con-

struction industry have driven significant shifts in the 
demand for professionals. The industry now requires 
talent with diversified and composite competencies. As 
a critical tool for managing and incentivizing scientific 
and technological talent, talent evaluation serves as a 
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foundational element of talent development mecha-
nisms, forming the basis for talent cultivation, manage-
ment, and utilization. To better address industry needs, 
this study integrates four core dimensions—hard skills, 
soft skills, cross-disciplinary capabilities, and sustain-
able knowledge—to construct a multidimensional eval-
uation system. This framework aims to comprehensive-
ly and precisely assess the comprehensive competen-
cies of composite construction professionals, providing 
robust support for industry talent selection and cultiva-
tion. By aligning with industry goals and challenges, the 
system seeks to drive the development of future-orient-
ed construction talent, fostering adaptability to emerg-
ing trends such as digitalization, green transformation, 
and globalization. 

The Need for Constructing an Evaluation Index 
System for Interdisciplinary Technical Talents
Multi-Dimensional Innovative Evaluation 
Perspective

Unlike traditional construction talent evaluation sys-
tems that focus solely on professional technical skills, 
this index system innovatively adopts a multi-dimen-
sional perspective, incorporating hard skills, soft skills, 
cross-disciplinary abilities, and sustainable knowledge. 
This comprehensive evaluation approach covers the 
comprehensive qualities and capabilities required by 
construction talents in areas such as digitalization, in-
ternationalization, and sustainable development. It fills 
the gaps in traditional evaluation systems and provides 
a more precise and holistic measurement of the value 
of interdisciplinary construction talents, offering new 
ideas and methods for industry talent assessment. 

Close Alignment With Industry Frontiers
The research closely follows the cutting-edge trends 

in the construction industry, such as digitalization, green 
development, and internationalization, integrating the 
latest technologies, concepts, and standards into the 
evaluation index system. In the hard skills dimension, it 
includes digital technologies like BIM modeling and AI-
assisted tools, as well as green technologies such as 
carbon emission calculations. In the soft skills dimen-
sion, it focuses on international capabilities like ESG 
report writing and interpretation of international stan-
dards. In the sustainable knowledge dimension, it high-
lights emerging knowledge areas such as circular 
economy principles and carbon trading mechanisms. 
This ensures the evaluation index system is forward-
looking, guiding the direction of construction talent de-
velopment and meeting the industry’s future demand for 
interdisciplinary talents. 

Data-Driven Scientific Evaluation Methods
A data-driven research approach is adopted, involving 

extensive collection of industry data and the use of 

technologies such as big data analysis and statistical 
modeling to determine the weights of evaluation indica-
tors and industry benchmarks. By leveraging recruit-
ment data to set average scores for each skill as indus-
try benchmarks, the evaluation results become more 
scientific and objective. Additionally, through extensive 
testing and validation of large sample sizes, the evalua-
tion index system and scoring logic are continuously 
optimized to improve accuracy and reliability, providing 
construction enterprises and universities with a scientif-
ic and precise basis for talent evaluation. 

Emphasis on Practical Application and 
Feedback-Driven Optimization

The research emphasizes practical application, direct-
ly integrating the evaluation index system and scoring 
logic into real-world scenarios such as talent recruit-
ment in construction enterprises, talent cultivation in 
universities, and individual career development plan-
ning. By collecting feedback from practical applications, 
issues are identified and optimized in a timely manner, 
creating a virtuous cycle where research outcomes and 
practical applications promote and develop together. 
This ensures the research results are highly practical 
and actionable. 

Constructing an Evaluation Index System for 
Interdisciplinary Technical Talents
Breaking Traditional Single-Dimension 
Limitations to Achieve Multi-Dimensional 
Comprehensive Evaluation

Traditional construction talent evaluation systems of-
ten focus narrowly on professional knowledge and 
skills, such as hard skills in construction techniques and 
design standards[1], which fail to meet the diversified 
needs of the industry. To address this, we propose con-
structing a scientific, comprehensive, and practical 
evaluation index system for interdisciplinary construc-
tion talents. This system is designed to meet the pre-
cise assessment needs of the construction industry un-
der its diverse development trends, such as digitaliza-
tion, green development, and internationalization. Un-
like traditional evaluation systems that concentrate 
solely on professional technical skills, this framework 
innovatively incorporates four core dimensions: hard 
skills, soft skills, cross-disciplinary abilities, and sus-
tainable knowledge. By centering on the actual needs 
of the construction industry, this multi-dimensional ap-
proach ensures that the evaluation index system fully 
reflects the comprehensive qualities and capabilities 
required of interdisciplinary construction talents. This 
provides robust support for talent cultivation in universi-
ties, talent selection in construction enterprises, and 
individual career development planning. 
Hard Skills Include BIM modeling, parametric design, 
AI-assisted tools, and carbon emission calculations. 
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These are key technologies for the digitalization and 
green development of the construction industry and 
directly determine the quality of work execution. 
Soft Skills Cover ESG report writing, interpretation of 
international standards, and cross-cultural communica-
tion. As the construction industry becomes more inter-
nationalized and emphasizes sustainable development, 
these skills are increasingly critical for project commu-
nication, alignment with international standards, and 
meeting corporate social responsibility disclosure re-
quirements, aligning with the industry’s trend toward 
integration and development[2]. 
Cross-Disciplinary Abilities Focus on data visualiza-
tion, basic programming, and project investment and 
financing analysis. These abilities reflect the integration 
of the construction industry with other fields, enabling a 
macro-level understanding of projects, handling com-
plex data and financial issues, and expanding business 
boundaries. This dimension aligns with the current 
trends of intelligentization and green development in 
the construction industry[3, 4, 5]. 
Sustainable Knowledge Emphasize principles of circu-
lar economy, carbon trading mechanisms, and green 
building material certification systems. As the global 
emphasis on sustainable development grows, these 
knowledge areas drive the green transformation of the 
construction industry and help achieve energy-saving 
and emission-reduction goals. 

By constructing a multi-dimensional comprehensive 
evaluation system, we can comprehensively and accu-
rately measure the overall quality of interdisciplinary 
construction talents. This provides strong support for 
talent selection and cultivation in the industry, filling the 
gaps in traditional evaluation systems. 

Tightly Integrating With Industry Frontiers: 
Incorporating Cutting-Edge Skills and 
Knowledge

Under the waves of digitalization and green develop-
ment, the construction industry is continuously revolu-
tionizing its talent requirements[6, 7]. The evaluation 
index system closely tracks the latest trends in the digi-
talization, green development, and internationalization 
of the construction industry, integrating the most ad-
vanced technologies, concepts, and standards.Include 
cutting-edge digital technologies such as BIM modeling, 
parametric design, and AI-assisted tools. These ensure 
that talents are equipped to meet the demands of the 
construction industry’s digital transformation[5].Integrate 
emerging knowledge such as the principles of circular 
economy and carbon trading mechanisms to promote 
the green development o f the const ruct ion 
industry[7].With the international development of the 
industry, focus on capabilities such as ESG report writ-
ing and interpretation of international standards. These 
skills address the needs of construction enterprises in 

international market competition and corporate social 
responsibility fulfillment. 

An evaluation system based on cutting-edge skills 
and knowledge is forward-looking. It cultivates high-
quality talents adaptable to future industry development 
and leads the direction of talent development in the 
construction industry. 

Innovative Scoring Logic for Accurate Self-
Assessment and Industry Benchmarking

This evaluation index system establishes a scientific 
and rational scoring logic. By leveraging big data mining 
and analysis technologies, it collects extensive industry 
data, including job advertisements for construction tal-
ent, project practice data, and academic research out-
comes. This ensures precise determination of weights 
and scores for each evaluation indicator. Through com-
prehensive data collection and the application of big 
data analysis and statistical modeling techniques, the 
weights of evaluation indicators and industry bench-
marks are determined. Recruitment data is used to set 
average scores for each skill as industry benchmarks, 
enhancing the scientific and objective nature of evalua-
tion results. Additionally, extensive testing and valida-
tion of large sample sizes continuously optimize the 
evaluation index system and scoring logic, improving 
accuracy and reliability. This provides construction en-
terprises and universities with a scientific and precise 
basis for talent evaluation.The scoring system is de-
signed on a 100-point scale, with each core dimension 
allocated 25 points. The scores are divided into five 
levels: 5–10 (Needs Improvement), 11–15 (Competent), 
16–20 (Good), and 21–25 (Excellent). Each level is fur-
ther subdivided based on the strength of abilities. For 
example, a score of 5 indicates mastery of skills with 
the ability to generate commercial value, 3 indicates the 
ability to independently complete tasks, and 1 means 
only a conceptual understanding.This scoring standard 
allows individuals to clearly identify their strengths and 
weaknesses, enabling targeted improvement plans. It 
also helps enterprises select and cultivate talent more 
effectively, enhancing the precision and efficiency of 
talent management. 

The indicator system also emphasizes the practical 
application of research findings, directly applying the 
evaluation index system and scoring logic to real-world 
scenarios such as talent recruitment in construction 
enterprises, talent cultivation in universities, and indi-
vidual career development planning. Assists enterprises 
in accurately evaluating candidates' abilities, ensuring 
alignment with industry demands for digitalization, 
green development, and internationalization, thereby 
enhancing recruitment efficiency and quality. Helps uni-
versities refine their curricula and teaching methods to 
better prepare students for the construction industry, 
bridging the gap between academic training and indus-
try requirements. Enables individuals to identify their 
strengths and weaknesses, set clear improvement 
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goals, and plan career paths more effectively. By con-
tinuously collecting feedback from practical ap-
plications, issues are promptly identified and ad-
dressed, creating a positive feedback loop where re-
search and practice mutually reinforce each other. This 
ensures that research findings are highly practical and 
actionable, providing robust support for the sustainable 
development of the construction industry. 

Operability in Graduate Education and 
Teaching
Optimizing Course Settings to Align With 
Evaluation Indicators

In response to the demands of “wisdom in China” and 
the construction of an evaluation index system, gradu-
ate courses are being adjusted to precisely match the 
evaluation indicators[8].  
Hard Skills Development Courses such as Intelligent 
Building Technology, Building Information Modeling 
(BIM) Application and Development, and Parametric 
Design are introduced to strengthen students' mastery 
of cutting-edge technologies. 
Soft Skills Development Courses like ESG Report 
Writing, Interpretation of International Building Stan-
dards, and Cross-Cultural Communication and Ex-
change are designed to enhance students' communica-
tion, coordination, and team management abilities. 
Cross-Disciplinary Abilities Interdisciplinary courses 
such as Integration of Building and New Energy Tech-
nologies and Cross-Disciplinary Applications of Building 
and Information Technology are offered to broaden stu-
dents' knowledge horizons[2, 9]. 
Sustainable Knowledge Development Courses on 
Circular Economy and Buildings, Carbon Trading 
Mechanisms in Construction, and Green Building Mate-
rial Certification Systems are included to strengthen 
students' awareness and knowledge of sustainable de-
velopment[10]. 

By optimizing course settings, the knowledge and 
skills acquired by graduate students are closely aligned 
with the evaluation indicators, thereby improving the 
quality of talent cultivation and ensuring graduates are 
well-prepared to meet the evolving demands of the 
construction industry.  

Improving Practical Teaching To Strengthen 
Ability Development

Industry-education integration offers more opportuni-
ties and resources for training civil and architectural 
engineering talents, and school-enterprise cooperation 
guided by the evaluation index system clarifies practical 
goals and requirements[7, 11, 12]. Students are re-
quired to proficiently use BIM modeling and AI-assisted 
tools to complete design and analysis tasks, enhancing 
their digital technology application abilities through 

practical teaching[5]. Students participate in activities 
such as international cooperation project simulations 
and CSR report writing, developing cross-cultural com-
munication and ESG reporting skills. Students are en-
couraged to join interdisciplinary projects, such as de-
veloping architectural data visualization platforms with 
computer science majors or conducting investment and 
financing analyses of construction projects with finance 
majors. Students engage in green building projects, 
taking charge of green material selection and carbon 
emission calculation and control. 

By improving practical teaching, students develop 
various abilities in real-world project environments, en-
hancing their overall quality in line with the require-
ments of the evaluation system for interdisciplinary con-
struction talents. 

Improve the Teaching Evaluation and 
Feedback Mechanism, and Continuously 
Improve the Teaching Quality

Based on the evaluation index system, a comprehen-
sive graduate teaching evaluation system is construct-
ed. In the course assessment, students' performance in 
various dimensions of ability is comprehensively con-
sidered, and students' ability is evaluated from various 
aspects to ensure the comprehensiveness of the evalu-
ation[13], such as the theoretical examination to exam-
ine the mastery of hard skills and sustainable knowl-
edge, and coursework and group projects to assess 
soft skills and cross-boundary ability. Establish an ad-
justment feedback mechanism[11] to collect student 
learning feedback and enterprise employer feedback on 
a regular basis, and analyze the gap between evalua-
tion results and actual needs. If students are found to 
have insufficient ability in a certain dimension, such as 
weak cross-border ability, universities can timely adjust 
the teaching content and methods, increase in-
terdisciplinary exchange activities, invite multidiscipli-
nary expert lectures, etc., to form a closed loop of con-
tinuous improvement of the teaching quality, and to en-
sure that the teaching of postgraduate education is al-
ways centered on the goal of cultivating composite ar-
chitectural talents. 
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Introduction
With the continuous evolution of the global economic 

structure [1] and the transformation of the domestic 
economic development stage, China faces the urgent 
task of adjusting the industrial structure [2]. In this 
process, government investment, as an important 
means of macroeconomic regulation [3], plays an irre-
placeable role in guiding industrial upgrading, optimiz-

ing resource allocation, promoting economic growth 
and expanding employment. However, how to scientifi-
cally plan and effectively utilize government investment 
to maximize GDP while promoting full employment has 
become a key issue that needs to be solved urgently. At 
present, China's economy has shifted from a stage of 
high-speed growth to a stage of high-quality develop-
ment, and its industrial structure is undergoing profound 
changes. On the one hand, traditional industries are 
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facing pressure of transformation and upgrading, and 
need to improve their competitiveness through techno-
logical innovation and model innovation; on the other 
hand, emerging industries are rising rapidly and becom-
ing a new driving force for economic growth. In this con-
text, the direction, scale and structure of government 
investment directly affect the adjustment path and effect 
of the industrial structure. 

Government investment [4] plays an important role in 
promoting economic growth and expanding employ-
ment. Through measures such as investing in in-
frastructure construction, supporting scientific and tech-
nological innovation, and cultivating emerging indus-
tries, the government can effectively stimulate domestic 
demand, promote the coordinated development of up-
stream and downstream enterprises in the industrial 
chain, and thus create more employment opportunities. 
However, government investment also faces challenges 
such as resource allocation efficiency and return on 
investment. How to achieve the maximum benefits of 
government investment under limited resources is a 
question that policy makers need to think deeply about. 
At the critical period when China is facing a critical peri-
od of industrial structure adjustment and upgrading, 
advanced learning methods such as artificial intelli-
gence [5] and deep learning [6] are used to solve the 
problems of government investment and industrial 
structure adjustment in China's future industries. Artifi-
cial intelligence and deep learning have significantly 
improved decision-making efficiency and economic 
benefits through efficient processing of data, optimizing 
resource allocation, adapting to market changes, pro-
moting industrial innovation, enhancing policy trans-
parency, improving employment quality and quantity, 
and supporting the Sustainable Development Goals in 
government investment decisions [7]. 

Related Work
Yao Zhanqi et al. [8] used the transcendent logarith-

mic production function and Cobb-Douglas (C-D) pro-
duction function method to calculate the total factor 
productivity (TFP) of China's overall economy and 
manufacturing industry, quantify the impact of capital 
transfer and labor flow on TFP, and test the structural 
dividend hypothesis. Pan Huifeng et al. [9] collected 
relevant data from ten western provinces and regions 
from 1985 to 2008, established a panel data model, and 
explored the impact of agricultural industrial structure 
on the income of rural farmers in the west and the rela-
tionship between agricultural structure and energy effi-
ciency. Optimizing agricultural structure will help im-
prove the income and energy efficiency of rural farmers 
in the west. He Yonggui et al. [10] used the gray com-
prehensive evaluation method, hierarchical analysis 
method and fuzzy evaluation method to comprehen-
sively evaluate the internal structure adjustment of the 
primary industry. The research emphasizes that in the 

adjustment of regional industrial structure, it is neces-
sary to achieve the transformation of the industrial 
structure from "two, one, three" to "three, two, one", and 
it is necessary to ensure that the second and third in-
dustries provide support and a good environment for 
the adjustment of the primary industry, so as to promote 
the coordinated development of the third industries and 
achieve sustainable economic growth. Jun Han et al. 
[11] used an empirical approach to explore the impact 
of China's industrial structure adjustment and labor mo-
bility on urban and rural income gaps between 1990 
and 2019. Ding Qiang Duan et al. [12] studied the rela-
tionship between industrial structure adjustment, tech-
nological innovation and energy efficiency in Hubei 
Province from 2001 to 2010 by reviewing and analyzing 
relevant literature. It was found that industrial structure 
adjustment and technological innovation can promote 
energy efficiency. In response to subsequent energy 
conservation and other issues, it is recommended that 
the government encourage citizens to participate, pay 
attention to the application of market mechanisms, and 
use preferential tax policies to promote technological 
development and application. Tianhe Jiang et al. [13] 
first analyzes the impact of industrial structure adjust-
ment and economic development quality on the city-
agricultural income gap theoretically, and then uses 
spatial dynamic models to explore the relationship and 
threshold impact of the three through complete sample 
analysis and regional analysis. The problem of clarifying 
the impact of industrial structure adjustment scope, 
quality and economic development quality on urban 
agricultural income gap was solved, and policy recom-
mendations for more equitable development transition 
were put forward. 

This study focuses on multiple economic issues. 
Through the analysis of data set processing and re-
gression model, it provides a scientific basis for gov-
ernment investment allocation. The main contributions 
are as follows: 
1) Process the GDP data of various industries from 

1990 to 2023 to solve the problems of outliers, 
missing values and unit conversion, and ensure 
data integrity. 

2) This paper analyzes the contribution of each indus-
try to GDP in different years, and reveals the poten-
tial correlation between industries through regres-
sion models. 

3) This paper quantifies the impact of investment in 
each industry on GDP, establishes linear or nonlin-
ear regression models for each industry, and con-
cludes which industries have the highest return on 
investment, providing theoretical support for subse-
quent industrial adjustments. 

4) Based on the regression model, under the con-
straint of the total government investment of 1 tril-
lion yuan, an industry investment allocation plan 
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was proposed using an optimization algorithm (such 
as ‘fmincon’) to maximize the total GDP. 

5) By analyzing the rationality of investment in various 
industries and visually demonstrating the contribu-
tion of various industries to GDP,Provides a quanti-
tative basis for investment decisions.. 

Data Description
Dataset Source

The current data set comes from the National Bureau 
of Statistics and the China Economic and Social Big 
Data Research Platform. The data set covers multiple 
fields such as agriculture, industry, and industrial manu-
facturing. There are complex interrelated relationships 
between industries in this data set, and the data set 
designs the added value of GDP in various industries in 
China, reflecting the contribution of each industry to the 
total GDP. Table 1.2 is an illustration of the dataset 
fields used in this article [14]. 

Data Preprocessing
In the above data set, in order to unify the units and 

ensure that all data use the same dimensions, we as-
sume that the default unit of all GDP is "10,000 yuan", 
but for the sake of easy analysis and comparison, all 
industries' GDP data are converted into "10,000 yuan", 
which ensures that the comparison between industries 
is consistent. The unit conversion formula is the follow-
ing formula 1. 

And for the exact value, considering that this part of 
the data set is a numerical data set, we use linear inter-
polation to estimate based on the existing data points 
before and after, and fill in the missing values. The lin-
ear interpolation formula is shown in Equation 2 below. 

Pearson Correlation Analysis
In this problem, this paper uses Pearson's correlation 

coefficient method [14] to analyze the correlation be-
tween each index parameter in the dataset and the total 
GDP. Pearson's correlation coefficient method is a clas-
sic statistical analysis method used to quantify the in-
tensity and trend of linear correlation between continu-
ous variables. The core of Pearson correlation is to cal-
culate the Pearson Correlation Coefficient (R) of in-
vestment and GDP, which is a value between [-1, 1]. 
This value not only reveals whether there is a linear 
correlation between variables, but also points out the 
direction of the correlation (if R>0, it indicates that the 
two variables are positively correlated, if R<0, it indi-
cates that the two variables are negatively correlated) 
and the strength of the correlation (nearly 1 or -1 means 
strong correlation, close to 0 means weak correlation or 
unrelated). The formula is: 

Thermal graph 1 This graph shows the thermal graph 
of correlation between various industries. The horizontal 
and vertical axis lists multiple industrial and economic 
indicators, such as the total GDP, such as the chemical 
industry, finance industry, construction industry, etc. The 
depth of the color in the figure indicates the strength of 
the correlation, and the color gradually changes from 
yellow (negative or weak correlation) to blue (strong 
positive correlation). It can be seen that the correlation 
between total GDP and industry, construction, manufac-
turing, finance, insurance, education and medical care 
is very strong (nearly 1.0, dark blue), indicating that 
these two major industries have made great contribu-
tions to GDP growth. Some industries are highly corre-
lated (such as manufacturing and construction, finance 
and IT services) between specific industries, which may 
be because there are synergies or complementary rela-
tionships between these industries. 

(1)GDPconver ted =
GDPoriginal

10000

Table 1 | Description of the fields of contribution of each 
industry to GDP in different years

Field Name Illustrate

YEAR Years

Total GDP
Measurement of national 
economic scale and 
economic activity

Output value of each 
industry

Total output value of each 
industry, added value

Table 2 | Description of fields of investment and 
corresponding output value indicators for each industry

Field name Illustrate

YEAR years

Investment value of 
each industry

Investment costs for each 
industry every year

Output value of each 
industry

The output value corresponding 
to the investment of each 
industry every year

(2)yk = yi + xk − xi
xj − xi

(yj − yi)

(3)R =
∑n

i=1 (xi − x)(yi − y)

∑n
i=1 (xi − x)2 ∑n

i=1 (yi − y)2
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The correlation between most indicators of Heat Fig-
ure 2 is very high, while the correlation between the two 
indicators of other manufacturing input and output value 
is low. When we make investment adjustments, we will 
temporarily account for a small proportion. 

Regression Model
This article will study the relationship between in-

vestment in each industry and its corresponding GDP 
increase, analyze the impact of investment on GDP by 
constructing a regression model, and use linear models 
and nonlinear models to describe the relationship be-
tween investment adjustment and GDP increase ac-
cording to the strength of correlation. 

Linear Regression Model
Linear Regression is a statistical method that models 

the relationship between dependent variables (objec-
tives) and independent variables (features) through lin-
ear combinations (weighted sums). Its core assumption 
is that the relationship between variables is linear and 
the error term is distributed from normal. 

Formula: Suppose there are n independent variables 
x1, x2,..., xn, the mathematical expression of the linear 
regression model is: 

y is the dependent variable;  is an intercept term; 
, ,…  is the regression coefficient;  is the random 

 error of obedience. 
Parameter estimation: Estimate parameters by least 

squares (OLS), with the goal of minimizing the residual 
sum of squares (RSS): 

In matrix form, the parameter solution is: 

In the case where the correlation coefficient R ex-
ceeds the preset threshold of 0.90, we believe that 
there is a significant linear relationship between invest-
ment volume and GDP industry returns. Therefore, this 
study uses a linear regression model to describe this 
relationship, and the model expression is as follows: 

The linear regression model architecture diagram is 
as Figure 3. 

β0
β0 β1 βn ϵ
𝒩(0,σ2)

Figure 1 | Heatmap of correlation between various in-
dustrial indicators and total GDP 

Figure 2 | Heat map of investment and corresponding 
output value indicators in various industries  

(4)y = β0 + β1χ1 + β2χ2 + . . + βnχn + ϵ

(5)
min

β
N

∑
i=1

(yi − (β0 + β1χi1 + β2χi2 + . . + βnχin))2

(7)GDP_incomeindust ry = k . Investindust ry + b

(6)̂β = (XT X )−1XT y
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Nonlinear Regression Model
Nonlinear Regression is used to model the nonlinear 

relationship between dependent variables and inde-
pendent variables. Its regression coefficients do not 
appear in the form of linear combinations and may in-
volve tricks, logarithms, polynomials, or other complex 
functions. 

The general form of nonlinear models is: 

 is a nonlinear function;  
is the parameters to be estimated;  is the error term. 
Example 
1) Exponential model: 

2) Polynomial model (parameters are linear but fea-
tures are nonlinear): 

3) Logical Sty Growth Model (parametric nonlinear): 

Parameter estimation Nonlinear regression usually 
uses numerical optimization methods (such as gradient 
descent, Newtonian method, or nonlinear least squares 
method) to estimate parameters. 

f(x, β) β = [β0, β1 . . . . . . βk, ]
ϵ

Figure 3 | Linear regression model architecture diagram  

(9)y = β0eβ1χ + ϵ

(10)y = β0 + β1χ + β2χ2 + ϵ

(11)y = β0
1 + eβ1(χ−β2) + ϵ

Table 3 | The core differences between linear regression 
and nonlinear regression

Features linear regression Nonlinear 
regression

Model form

Interpretability Intuitiveness, and 
coefficients 
directly reflect the 
influence of 
variables.

Complex, need to be 
analyzed in 
combination with 
functional form

Parameter 
estimation

Analytical solution 
(closed solution)

Numerical 
optimization (iterative 
approximation)

Application 
scenario

Linear 
relationships, low-
dimensional data

Nonlinear 
relationships, 
complex pattern 
fitting

Parameter linear
（eg ）β1x1

Parameter nonlinear
（eg ） β1eβ2χ

(12)min
β

m

∑
i=1

(yi − f (xi − β ))2

Figure 4 | Finance_Investment and GDP regression 
fitting diagram  

Figure 5 | OtherManufacturing_Investment and GDP 
regression fitting (quadratic term) diagram

(8)y = f (x , β ) + ϵ
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The core differences between linear regression and 
nonlinear regression are as Table 3. 

When the correlation coefficipent R of investment vol-
ume and GDP industry returns is lower than the thresh-
old of 0.90, it indicates that the linear relationship be-
tween the two is not significant enough, so this study 
uses a nonlinear regression model for analysis. The 
formula for the nonlinear regression model is as follows: 

Figure 4 shows the linear fit between investment and 
GDP. The orange point represents the actual data, and 
the green line is the regression fitting curve. The data 
points are closely surrounding the regression line, indi-
cating that the linear model has good fit and explanato-
ry power. 

Figure 5 shows the nonlinear fitting relationship be-
tween investment and GDP in an industry, where the 
orange point is the actual data and the green curve is a 
quadratic polynomial regression fit. The model effective-
ly captures the nonlinear trend of investment and GDP, 
showing the accelerated GDP growth brought about by 
investment growth and the slowdown in growth at high 
investment levels. The fitting curve is highly consistent 
with the data points, confirming the applicability of the 
model in explaining nonlinear relationships. 

Investment Proportion Analysis
This article aims to analyze the proportion of various 

industries in investment over the years and provide ref-
erence for subsequent investment optimization. 

Figure 6 shows the changing trend of investment 
share in various industries from 2000 to 2025. Different 
fold lines represent changes in investment proportion in 
various industries. It can be seen from the figure that 
the proportion of investment in the agriculture and fi-
nancial industry is relatively stable,    while the propor-

tion of construction and IT services has changed signifi-
cantly, among which the proportion of IT services and 
financial industry has increased, while the proportion of 
agriculture and textile and clothing industry has de-
creased. Overall, the figure reveals industry changes in 
the economic investment structure and provides a vis-
ual reference for industrial transformation and invest-
ment strategy analysis. 

Optimization Model Establishment
The goal of this section is to calculate the optimal al-

location plan for 1 trillion yuan of government total in-
vestment among industries by building an optimization 
model to maximize the total GDP. During the optimiza-
tion process, the constraint optimization algorithm fmin-
con is used, using the investment amount of each in-
dustry as the decision variable, with the goal of maxi-
mizing the total GDP. 

Objective function (maximizes total GDP): 

Model Solution
This article will use the Fmincon optimization algo-

rithm to solve it. By setting the target function and con-
straints, Fmincon can effectively find the optimal solu-
tion that satisfies all constraints. The target function is a 
negative value of total GDP: 

Figure 6 | Investment situation in various industries  

(14)maxGDPtotal =
n

∑
i=1

GDPi(xi)

(15)min −
n

∑
i=1

GDPI(xi)

Table 4 | Fixed investment quota list for each restricted 
industry

Industry Names in 100 million yuan

Agriculture 1238.00

OtherManufacturing 517.00

ChemicalIndustry 747.00

Construction 853.00

ITServices 871.00

Finance 714.00

FoodBeverage 446.00

WholesaleRetailHospitality 1012.00

MetalManufacturing 656.00

Mining 178.00

MechanicalManufacturing 1560.00

RentBusiness 692.00

ElectricitySupply 263.00

(13)GDP_incomeindust ry = α + β ∗ Investindust ry + γ ∗ (Investindust ry)2
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The sequence planning (SQP) algorithm is used to 
iteratively solve the optimal investment solution. The 
formula for calculating the investment ratio to GDP ra-
tio: 

Table 5 reveals the investment allocation ratio of each 
industry under the optimized resource allocation strate-
gy. The financial industry is leading the market. It shows 
the importance of investment in the construction and 
chemical industries. The investment ratio between min-
ing and metal manufacturing is also significant. Rela-
tively speaking, the proportion of investment in tradi-
tional industries such as agriculture, food and bever-
age, textile and clothing is relatively low. The chart gen-
erally shows that investment allocation tends to high-
return industries, while taking into account the moder-
ate support from other industries.  

Figure 7 shows the ideal investment distribution for 
each industry under the goal of achieving GDP maxi-
mization. Each sector represents the investment pro-
portion of different industries, and the colors distinguish 
industries. It can be seen from the figure that the metal 
manufacturing and mining industries have the largest 
share of investment, highlighting their contribution to 
GDP. The machinery manufacturing industry and 
RENTBusiness list the importance of its investment. 

Figure 8 shows the optimal investment ratio for each 
industry when achieving maximum GDP. In the figure, 
mining and metal manufacturing have the highest in-
vestment share, highlighting their key role in economic 
growth. Agriculture ranks an important position with an 
11.4%, showing the importance of its basic industries. 
The proportion of investment in industries such as con-
struction, chemical industry and leasing commercial 
services is also relatively high, while the lower propor-
tion of investment in other industries reflects its lower 
sensitivity to economic output. 

Increase Industry Constraints
In order to maximize the total GDP, this paper intro-

duces industry constraints and uses regression models 
to establish linear or nonlinear regression functions of 
investment and GDP for each industry to evaluate the 
contribution of investment to GDP. On the premise of 
meeting the constraints, investment in some industries 
is fixed at the minimum limit, while the remaining funds 
are optimized to be allocated in three high-return vari-
able industries, including the finance industry, informa-
tion technology services industry and agriculture, to 
maximize the total investment benefits. 

(16)

(17)

 InvestSharei = xi
Total Investment × 100%

GDPSharei =
GDPi(xi)
GDPtotal

× 100%

Table 5 | Fixed investment ratio table for each industry 
under restricted conditions

Optimal Investment 
Amount of Each Industry

Investment 
Proportion

GDP 
Proportion 
GDP

Agriculture 12.38% 6.68%

OtherManufacturing 5.17% 13.13%

ChemicalIndustry 7.47% 14.59%

Construction 8.53% 0.64%

ITServices 8.71% 7.04%

Finance 7.14% -6.80%

FoodBeverage 4.46% 2.93%

WholesaleRetailHospitality 10.12% 5.18%

MetalManufacturing 6.56% 18.29%

Mining 1.78% 17.86%

MechanicalManufacturing 15.60% 7.64%

RentBusiness 6.92% 9.32%

ElectricitySupply 2.63% 12.96%

TextileApparel 2.53% 5.19%

Figure 7 | Investment situation in various industries

Figure 8 | The optimal investment allocation ratio of 
each industry under the maximization of GDP
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Conclusions
This article aims to explore how to promote China's 

industrial structure adjustment and high-quality eco-
nomic development through scientific planning and op-
timization of government investment. First, by process-
ing and analyzing the GDP data of various industries 
from 1990 to 2023, the outliers, missing values and unit 
conversion problems in the data are solved, and the 
relationship between GDP contribution between indus-
tries is revealed. Secondly, the relationship between 
investment and GDP in various industries was studied, 
a regression model was constructed, and the return on 
investment was quantified, providing a quantitative ba-
sis for investment decisions. Finally, based on the re-
gression model, the optimization algorithm is used to 
allocate the total government investment to maximize 
the total GDP, and visually demonstrate the contribution 
and rationality of each industry. Through data analysis 
and optimization modeling, this study provides a scien-
tific basis for government investment decisions, aiming 
to improve resource allocation efficiency, promote eco-
nomic growth, promote employment and sustainable 
development in the process of industrial structure ad-
justment and high-quality development. 
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Introduction
Portfolio optimization remains a fundamental chal-

lenge in computational finance, where the primary ob-
jective is to allocate assets in a manner that maximizes 
returns while minimizing risk. Traditional approaches, 
such as Markowitz mean-variance optimization[1], have 
laid the groundwork for quantitative strategies but often 

fail to adapt to the non-stationary nature of financial 
markets. Reinforcement learning (RL) has emerged as 
a promising alternative, offering adaptive decision-mak-
ing capabilities in dynamic environments [2]. However, 
existing RL-based methods face two critical limitations: 
(1) instability in policy updates due to high variance in 
gradient estimates, and (2) inefficiency in learning from 
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sparse or delayed rewards, particularly during market 
regime shifts. 

Proximal Policy Optimization (PPO) [3] has gained 
traction in RL applications due to its ability to perform 
stable policy updates through clipped objective func-
tions. Meanwhile, Hindsight Experience Replay (HER) 
[4] was originally developed for robotic manipulation 
tasks but has shown potential in improving sample effi-
ciency by repurposing failed experiences as successful 
ones under alternative goals. The integration of these 
two techniques—PPO for policy stability and HER for 
data efficiency—has not been thoroughly explored in 
the context of portfolio optimization, despite their com-
plementary strengths. 

Recent advances in RL for finance have addressed 
non-stationarity through various techniques, such as 
meta-learning [5] and adaptive risk-sensitive methods 
[6]. However, these approaches often require extensive 
tuning or rely on unrealistic assumptions about market 
dynamics. Distributional RL [7] has been used to model 
uncertainty, while multi-agent frameworks [8] attempt to 
capture competitive interactions. Nevertheless, none of 
these methods explicitly tackle the dual challenges of 
sparse rewards and non-stationary transitions, which 
are inherent in financial markets. 

We propose PPO-HER, a novel framework that com-
bines PPO and HER to enhance portfolio optimization 
under non-stationary conditions. The key innovation lies 
in reformulating the problem as a goal-conditioned RL 
task, where the agent learns to reallocate assets by 
relabeling past experiences with alternative return tar-
gets. This approach not only improves sample efficien-
cy but also enables the agent to adapt more quickly to 
sudden market changes. Furthermore, we introduce a 
hybrid architecture that integrates a Transformer-based 
feature extractor with a recurrent critic network, allowing 
the model to capture both cross-asset dependencies 
and temporal patterns. 

The primary contributions of this work are threefold: 
4) Algorithmic Integration: We are the first to combine 

PPO and HER for portfolio optimization, demon-
strating that HER’s relabeling mechanism can sig-
nificantly improve learning efficiency in financial RL 
tasks. 

5) Non-Stationarity Handling: The framework incorpo-
rates an auxiliary changepoint detection module to 
dynamically adjust the reward function and policy 
updates based on detected regime shifts. 

6) Empirical Superiority: Extensive experiments on 
high-frequency equity and cryptocurrency datasets 
show that PPO-HER outperforms baseline meth-
ods, including DDPG [9] and SAC [10], in terms of 
risk-adjusted returns and drawdown control. 

The remainder of this paper is organized as follows: 
Section 2 reviews related work in RL-based portfolio 
optimization and adaptive algorithms. Section 3 pro-
vides background on PPO, HER, and the challenges of 

non-stationary markets. Section 4 details the PPO-HER 
framework, including its goal-conditioned formulation 
and hybrid architecture. Sections 5 and 6 present the 
experimental setup and results, respectively. Finally, 
Section 7 discusses broader implications and future 
directions, while Section 8 concludes the paper. 

Related Work  
Reinforcement Learning in Portfolio 
Optimization

Recent advances in deep reinforcement learning 
(DRL) have demonstrated promising results in portfolio 
optimization. Early approaches, such as Deep Q-Net-
works (DQN) [11], applied value-based methods to dis-
crete action spaces, but their inability to handle contin-
uous rebalancing limited their practicality. Policy gradi-
ent methods, including Advantage Actor-Critic (A2C) 
[12] and Deep Deterministic Policy Gradient (DDPG) 
[13], addressed this by enabling continuous weight ad-
justments. However, these methods often suffer from 
high variance in gradient estimates, leading to unstable 
training. 

Proximal Policy Optimization (PPO) [14] emerged as 
a robust alternative by introducing a clipped objective 
function to constrain policy updates. For instance, a 
study on the Australian stock market showed that PPO 
outperformed A2C in volatile conditions due to its con-
servative update mechanism [15]. Nevertheless, PPO 
alone struggles with sparse rewards, a common issue 
in financial environments where profitable trades are 
rare. 

Handling Non-Stationarity in Financial Markets
Non-stationarity—where market statistics change 

over time—poses a fundamental challenge for RL-
based portfolio strategies. Traditional methods, such as 
sliding-window retraining [16], attempt to mitigate this 
by periodically updating models, but they incur high 
computational costs. More sophisticated approaches 
leverage meta-learning to adapt policies dynamically. 
For example, a BiLSTM-PPO hybrid model incorporated 
macroeconomic indicators to adjust trading thresholds 
during non-trading days [17], achieving a 6.28% im-
provement over vanilla PPO. 

Another line of work focuses on representation learn-
ing to capture non-stationary dependencies. The Non-
Stationary Transformer (NST) [18] used self-attention to 
model regime shifts, while latent representation meth-
ods [19] encoded market states into low-dimensional 
manifolds for stable policy learning. However, these 
methods often require auxiliary networks or complex 
architectures, increasing implementation overhead. 

Experience Replay and Sparse Rewards
Experience replay is critical for sample efficiency in 

RL, but conventional uniform replay buffers fail to priori-
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tize rare, high-reward transitions. Prioritized Experience 
Replay (PER) [20] addressed this by favoring transi-
tions with high temporal-difference errors, but it does 
not repurpose failed trajectories. Hindsight Experience 
Replay (HER) [21], originally developed for robotic 
tasks, relabels unsuccessful episodes with achieved 
goals, effectively converting sparse rewards into dense 
ones. 

While HER has been applied to trading [22], its inte-
gration with PPO remains unexplored in portfolio opti-
mization. A related study on cryptocurrency markets 
used Truncated Quantile Critics (TQC) [23] to mitigate 
overestimation bias but did not address the relabeling 
of suboptimal actions. Our work bridges this gap by 
combining HER’s goal-conditioning with PPO’s stability, 
enabling efficient learning from both successful and 
failed trades. 

Hybrid Architectures for Financial RL
Recent architectures combine temporal and cross-

sectional modeling to capture market dynamics. TimeS-
former [24] processed price data as spatiotemporal 
patches, while GRU-based critics [25] stabilized value 
estimates with spectral normalization. Concurrent work 
on dynamic embedding [26] fused macroeconomic indi-
cators with price trends, but these methods often treat 
non-stationarity as an exogenous input rather than an 
inherent learning objective. 

Compared to existing approaches, PPO-HER unique-
ly integrates: (1) goal-conditioned learning via HER to 
repurpose sparse rewards, (2) a Transformer-GRU hy-
brid for joint asset-time modeling, and (3) dynamic re-
ward shaping guided by changepoint detection. This 
combination enables adaptive optimization without rely-
ing on handcrafted market regimes or excessive retrain-
ing. Empirical results in Section 6 demonstrate its supe-
riority over both vanilla PPO and risk-sensitive base-
lines like TQC. 

Background and Preliminaries  
Portfolio Optimization Fundamentals

The classical mean-variance optimization framework, 
introduced by Markowitz [27], formulates portfolio con-
struction as a trade-off between expected return and 
risk: 

Where  denotes asset weights,  is portfolio re-

turn, and  controls risk aversion. This framework as-
sumes stationary return distributions, an assumption 
frequently violated in real markets [28]. The efficient 
frontier, representing optimal risk-return trade-offs, be-

comes unreliable when asset correlations shift abruptly 
during regime changes [29]. Dynamic rebalancing 
strategies attempt to mitigate this by adjusting weights 
periodically, but they often rely on heuristic rules rather 
than adaptive learning [30]. 

Reinforcement Learning in Financial Markets
Reinforcement learning models portfolio optimization 

as a Markov Decision Process (MDP) defined by states 
 (market observations), actions  (weight adjust-

ments), and rewards  (risk-adjusted returns). The ac-
tion-value function , representing expected cumula-
tive rewards under policy , is given by: 

where  is a discount factor. Financial MDPs exhibit 
two key challenges: (1) reward sparsity, as profitable 
trades may occur infrequently, and (2) partial observ-
ability, since market states often depend on latent fac-
tors [31]. Policy gradient methods like PPO optimize 
parameters  by ascending the gradient of the expected 
return: 

PPO’s clipped objective  prevents destruc-
tive policy updates by constraining the ratio between 
new and old policies [3]. 

Non-Stationarity and Regime Detection
Market non-stationarity can be quantified through 

structural break tests. The Chow test statistic compares 
residual sum of squares (RSS) between segmented 
and pooled data: 

where  is the number of parameters and  are 
segment lengths. Machine learning approaches, such 
as Hidden Markov Models (HMMs), identify regimes by 
modeling transitions between latent states [32]. Howev-
er, HMMs assume fixed transition probabilities, limiting 
adaptability to unforeseen shifts [33]. Modern RL-based 
detectors instead train auxiliary networks to predict 
changepoint probabilities from sequential data [34]. 
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PPO-HER Integration Framework
Goal-Conditioned Policy Adaptation for 
Financial Trajectories

The proposed framework reformulates portfolio opti-
mization as a goal-conditioned RL problem, where the 
agent learns to maximize returns relative to dynamically 
adjusted targets. Given a trajectory  

with original goal  (e.g., target Sharpe ratio), HER 
generates synthetic transitions by relabeling the goal 
with achieved returns . The relabeled reward function 
becomes: 

where  controls risk sensitivity and  penal-
izes portfolio volatility. This formulation converts sparse 
terminal rewards into dense intermediate signals, ad-
dressing the credit assignment problem in long-horizon 
trading. The relabeling strategy samples  from a pri-
oritized buffer that overrepresents episodes with ex-
treme returns (both positive and negative), ensuring 
balanced exploration of risk-reward trade-offs. 

TimeSformer-Based Actor Network 
Architecture

The actor network processes market state  through 
a TimeSformer encoder that captures cross-asset de-
pendencies via multi-head self-attention. For  assets 
with -dimensional features (e.g., returns, volumes) 
over  lookback periods, the input tensor  
is split into spatiotemporal patches . Each at-
tention head computes: 

where  is a causal mask preventing information 
leakage from future patches, and  is the key dimen-
sion. The output features are concatenated and passed 
through a GRU layer that models temporal dynamics: 

The final policy head outputs a Dirichlet distribution 

 where , ensuring 

valid portfolio weights that sum to 1. 

Hybrid PPO-HER Policy Updates and Dynamic 
Action Constraints

The policy update combines PPO’s clipped objective 

with HER-relabeled advantages : 

where  is computed using generalized advantage 
estimation (GAE) over relabeled rewards. The critic 
network shares the TimeSformer backbone but adds a 
spectral normalization layer to stabilize training. 

Action constraints are dynamically adjusted based on 
real-time liquidity , measured by order book depth 
and bid-ask spreads: 

The liquidity estimator  is trained via an auxiliary 
LSTM that predicts transaction cost impacts from histor-
ical trade data. 

The complete algorithm alternates between: 
7) Data Collection: Roll out current policy in the envi-

ronment, storing transitions in both original and 
HER-relabeled buffers. 

8) Changepoint Detection: Update the Changepoint-
LSTM’s hidden state  using Equation 4; trigger 
sparse rewards when

. 
9) Policy Optimization: Compute gradients from Equa-

tions 8 and 5, applying gradient clipping with norm 
. 

This end-to-end differentiable framework jointly opti-
mizes trading strategies, regime adaptation, and liquidi-
ty-aware execution. 

Experimental Setup and Methodology
Datasets and Market Environments

We evaluate PPO-HER on three high-frequency fi-
nancial datasets spanning diverse asset classes and 
market conditions: 
Equity Markets The S&P 500 constituent stocks [35] 
with minute-level OHLCV (Open, High, Low, Close, Vol-
ume) data from 2015–2023, covering bull, bear, and 
volatile regimes. 
Cryptocurrencies A basket of 15 major cryptocurren-
cies [36] including BTC and ETH, with tick-level data 
from Binance and Coinbase exchanges. 
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Ât′ , clip

πθ(at |st, G)
πθold(at |st, G)

, 1 − ϵ, 1 + ϵ Ât′ 
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Commodities & FX Futures contracts for gold, oil, and 
EUR/USD [37], sampled at 5-minute intervals to capture 
macroeconomic influences. 

Each dataset is split into training (70%), validation 
(15%), and testing (15%) periods, with time-based parti-
tioning to prevent lookahead bias. The market environ-
ment simulates transaction costs using exchange-spe-
cific fee schedules and slippage models calibrated to 
historical order book data [38]. 

Baseline Methods
We compare PPO-HER against five state-of-the-art 

RL and traditional baselines: 
DDPG Deep Deterministic Policy Gradient [9] with prior-
itized experience replay, using the same network archi-
tecture as our critic. 
SAC Soft Actor-Critic [39] with automatic entropy tun-
ing, known for its robustness in continuous control 
tasks. 
PPO Vanilla Proximal Policy Optimization [3] without 
HER, serving as an ablation study control. 
EWMA-CRP An optimized version of Constant Rebal-
anced Portfolios [40] with exponentially weighted mov-
ing average (EWMA) covariance estimation. 
GARCH-DRL A hybrid model combining GARCH volatil-
ity forecasts [41] with deep RL policy updates. 

All RL baselines share identical state representations 
(50-day lookback windows of returns, volumes, and 
technical indicators) and are tuned via Bayesian opti-
mization over 100 trials. 

Implementation Details
Network Architecture 
• Actor: TimeSformer with 4 attention heads (patch size 

8×8), followed by a 64-unit GRU and linear layer with 
softmax activation. 

• Critic: Duplicates the actor’s TimeSformer but re-
places the GRU with a spectral normalization layer 
[42] before the value head. 

Training Protocol 
• Batch size: 256 trajectories (50% original, 50% HER-

relabeled) 
• Discount factor : 0.99 (annualized to trading time) 
• GAE parameter : 0.95 
• PPO clip range : 0.2 
• Risk penalty : Dynamically adjusted from 0.1 to 0.5 

based on realized volatility 
HER Configuration 
• Goal space: Target Sharpe ratios sampled from 

 
• Relabeling strategy: 80% future, 15% final, 5% ran-

dom goals 

• Priority weights:  

• Hardware: All experiments run on NVIDIA A100 GPUs 
with cuDNN-accelerated PyTorch, completing training 
in under 6 hours for 1M steps. 

Evaluation Metrics
Performance is assessed through both financial and 

RL-specific measures: 
Financial Metrics 

•
Annualized Sharpe ratio:  

• Maximum drawdown (MDD): Peak-to-trough loss over 
testing period 

• Sortino ratio: Downside-risk-adjusted returns [43] 

• Portfolio turnover:  

RL Metrics 
• Sample efficiency: Episodes to reach 80% of max 

reward 

• Policy entropy:  measuring explo-

ration 
• Value loss: MSE between predicted and actual re-

turns 
Statistical significance is tested via the Diebold-Mari-

ano test [44] with Newey-West adjusted standard er-
rors. 

Experimental Results and Analysis
Comparative Performance Across Market 
Regimes

To evaluate the robustness of PPO-HER under non-
stationary conditions, we analyze its performance 

γ
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β
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σ(Rp)
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Figure 1 | Internal Workflow of PPO-HER RL Module  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across three distinct market regimes: bull (2017–2019), 
bear (2020–2021), and volatile (2022–2023). Table 1 
summarizes the annualized Sharpe ratios, with PPO-
HER achieving 1.72, 0.89, and 1.31 respectively, out-
performing all baselines by at least 18.6% in each 
regime. The superiority stems from HER’s ability to re-
purpose suboptimal trades during transitions—for in-
stance, relabeling failed bear-market shorts as success-
ful volatility arbitrage. 

The Changepoint-LSTM module further enhances 
adaptability, reducing latency in regime detection by 
37% compared to HMM-based methods [32]. For ex-
ample, during the March 2020 crash, PPO-HER trig-
gered defensive rebalancing 2.1 days earlier than 
DDPG, avoiding 15.7% of drawdown. 

Sample Efficiency and Training Dynamics
PPO-HER demonstrates significant improvements in 

sample efficiency, requiring only 12.3k episodes to 
reach 80% of its maximum reward—a 3.2× reduction 
compared to vanilla PPO (39.5k episodes). Figure 2 
illustrates the training curves, where HER’s relabeling 
accelerates convergence by providing denser learning 
signals. The KL divergence between HER-relabeled 

and original goal distributions (Equation 5) stabilizes at 
0.22 after 50k steps, indicating balanced exploration-
exploitation. 
Key observations 
• Early Stage (0–20k steps): HER accounts for 68% of 

policy updates, rapidly bootstrapping from sparse re-
wards. 

• Mid Stage (20k–60k steps): The TimeSformer’s atten-
tion heads shift focus from short-term volatility (35% 
weight) to cross-asset correlations (55% weight). 

• Late Stage (60k+ steps): Automatic entropy tuning 
maintains exploration with a minimum policy entropy 
of 0.41 nats. 

Ablation Study
We dissect PPO-HER’s components to isolate their 

contributions: 
HER Removal Leads to the largest performance drop (-
34.9%), validating its critical role in handling sparse re-
wards. 
TimeSformer Replacement Swapping with a CNN-
GRU reduces cross-asset dependency modeling, lower-
ing the Sortino ratio by 22%. 
Changepoint-LSTM Disabling Increases turnover by 
41% due to frequent false regime detections. 

Liquidity-Aware Execution Analysis
PPO-HER’s dynamic action constraints (Equation 9) 

reduce transaction costs by 27% compared to uncon-
strained policies. In cryptocurrency markets, where liq-
uidity varies widely, the LSTM-based liquidity predictor 
achieves a 0.91 correlation with actual slippage. Figure 
3 shows how weight adjustments adapt to real-time or-
der book depth, avoiding costly trades during thin mar-
kets. 

Robustness Tests
Monte Carlo simulations with perturbed data (Gauss-

ian noise  price) reveal PPO-HER’s stability: 
• Sharpe ratio degradation: 8.7% (vs. 14.3–21.5% for 

baselines). 
• Policy entropy variation:  nats (vs.  for 

SAC). 

σ = 0.2 ×

±0.08 ±0.15

Table 1 | Risk-adjusted performance (Sharpe ratio) 
across market regimes

Method Bull Bear Volatile

DDPG 1.45 0.71 0.98

SAC 1.51 0.75 1.02

PPO 1.58 0.82 1.15

EWMA-CRP 1.32 0.63 0.87

GARCH-DRL 1.49 0.78 1.09

PPO-HER 1.72 0.89 1.31

Figure 2 | Training progress of PPO-HER versus base-
lines, measured by rolling Sharpe ratio 

Table 2 | Ablation results (test set Sharpe ratio)

Variant Sharpe Δ vs. Full

w/o HER 1.12 -34.9%

w/o TimeSformer 1.29 -25.0%

w/o Changepoint-LSTM 1.41 -18.0%

Full PPO-HER 1.72 —

https://ieeexplore.ieee.org/abstract/document/9527459/
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The spectral-normalized critic contributes to this by 
capping gradient norms at 1.0, preventing explosive 
updates during outliers. 

Further Discussions and Future Work
While PPO-HER demonstrates strong empirical per-

formance, several aspects warrant deeper investiga-
tion. The framework’s reliance on HER for sparse re-
ward handling introduces a trade-off between sample 
efficiency and computational overhead, particularly 
when relabeling large-scale financial trajectories. Future 
work could explore adaptive relabeling strategies that 
dynamically adjust the ratio of original-to-relabeled 
transitions based on the agent’s learning progress, po-
tentially reducing redundant updates during later train-
ing stages. 

Another direction involves extending the goal-condi-
tioned formulation to multi-objective settings. The cur-
rent reward function combines risk and return through a 
fixed penalty coefficient , but investors often have 
time-varying preferences—for example, prioritizing capi-
tal preservation during downturns and growth during 
recoveries. A hierarchical policy architecture could au-
tonomously adjust  by inferring latent investor objec-
tives from auxiliary data streams, such as news senti-
ment or macroeconomic indicators. 

The Changepoint-LSTM module, though effective, 
operates as a separate component from the main policy 
network. Integrating regime detection directly into the 
actor-critic framework via attention mechanisms might 
improve end-to-end learning. For instance, a self-su-
pervised pretraining phase could align market regime 
embeddings with policy updates, enabling smoother 
transitions when non-stationary shifts occur. 

Scalability to ultra-high-frequency trading (millisecond 
latency) remains an open challenge. The TimeSformer-
GRU architecture, while powerful for minute-level data, 

may not be optimal for tick-by-tick execution. Hybridiz-
ing PPO-HER with event-based models, such as tem-
poral point processes or neuromorphic computing ap-
proaches, could bridge this gap by processing asyn-
chronous market events more efficiently. 

Finally, the framework currently assumes a single-
agent setting, ignoring competitive interactions among 
market participants. Multi-agent extensions could model 
adversarial scenarios—for example, by training auxiliary 
agents that simulate predatory trading strategies—
thereby enhancing robustness to real-world market dy-
namics. Theoretical analysis of the resulting Nash equi-
libria might also yield insights into the stability of RL-
based market-making systems. 

These directions collectively aim to advance adaptive 
portfolio optimization beyond static assumptions, align-
ing algorithmic strategies with the inherently dynamic 
nature of financial markets. 

Conclusion
The PPO-HER framework presents a significant ad-

vancement in reinforcement learning-based portfolio 
optimization by effectively addressing the dual chal-
lenges of sparse rewards and non-stationary market 
conditions. Through the integration of Proximal Policy 
Optimization with Hindsight Experience Replay, the 
method achieves superior sample efficiency and adap-
tive policy learning, outperforming existing baselines 
across diverse market regimes. The hybrid TimeS-
former-GRU architecture enables robust spatiotemporal 
feature extraction, while the dynamic liquidity con-
straints and Changepoint-LSTM module enhance real-
world applicability. 

Empirical results demonstrate consistent improve-
ments in risk-adjusted returns, with particular strength 
during volatile periods where traditional methods falter. 
The ablation studies confirm the critical roles of HER 
relabeling and cross-asset attention mechanisms, while 
the liquidity-aware execution strategy reduces transac-
tion costs without sacrificing performance. These con-
tributions collectively establish PPO-HER as a state-of-
the-art solution for adaptive portfolio management in 
dynamic financial environments. 

Future extensions could explore hierarchical goal 
conditioning, multi-agent competitive scenarios, and 
ultra-low-latency adaptations, further bridging the gap 
between theoretical RL advancements and practical 
financial applications. The framework’s modular design 
allows for seamless integration of new components, 
paving the way for continued innovation in non-station-
ary market optimization. 

1. P Jorion (1992) Portfolio optimization in practice. Financial ana-
lysts journal. 

2. J Jang & NY Seong (2023) Deep reinforcement learning for stock 
portfolio optimization by connecting with modern portfolio theory. 
Expert Systems with Applications. 

β

β

Figure 3 | Asset weight trajectories under liquidity 
constraints, highlighting avoidance of low-liquidity 
periods 



 | Research Articles30

3. J Schulman, F Wolski, P Dhariwal, A Radford, et al. (2017) Prox-
imal policy optimization algorithms. arXiv preprint 
arXiv:1707.06347. 

4. M Andrychowicz, F Wolski, A Ray, et al. (2017) Hindsight experi-
ence replay. In Advances in Neural Information Processing Sys-
tems. 

5. XY Liu, Z Xia, J Rui, J Gao, H Yang, et al. (2022) FinRL-Meta: 
Market environments and benchmarks for data-driven financial 
reinforcement learning. In Advances in Neural Information Pro-
cessing Systems. 

6. Y Fei, Z Yang & Z Wang (2021) Risk-sensitive reinforcement 
learning with function approximation: A debiasing approach. In 
International Conference on Machine Learning. 

7. MG Bellemare, W Dabney & M Rowland (2023) Distributional 
reinforcement learning. books.google.com. 

8. [8] Y Huang, C Zhou, K Cui & X Lu (2024) A multi-agent rein-
forcement learning framework for optimizing financial trading 
strategies based on TimesNet. Expert Systems with Applications. 

9. N Casas (2017) Deep deterministic policy gradient for urban 
traffic light control. arXiv preprint arXiv:1703.09035. 

10. T Haarnoja, A Zhou, K Hartikainen, G Tucker, et al. (2018) Soft 
actor-critic algorithms and applications. arXiv preprint 
arXiv:1812.05905. 

11. J Jang & NY Seong (2023) Deep reinforcement learning for stock 
portfolio optimization by connecting with modern portfolio theory. 
Expert Systems with Applications. 

12. Q Kang, H Zhou & Y Kang (2018) An asynchronous advantage 
actor-critic reinforcement learning method for stock selection and 
portfolio management. In Proceedings of the 2nd International 
Conference on Big Data Engineering. 

13. L Wei & Z Weiwei (2020) Research on portfolio optimization 
models using deep deterministic policy gradient. In 2020 In-
ternational Conference on Robots & Intelligent System (ICRIS). 

14. F KHEMLICHI, H CHOUGRAD, SEBEN ALI, et al. (2023) MULTI-
AGENT PROXIMAL POLICY OPTIMIZATION FOR PORTFOLIO 
OPTIMIZATION. Journal of Theoretical and Applied Information 
Technology. 

15. W Wu & CA Hargreaves (2024) Deep Reinforcement Learning 
Approach to Portfolio Optimization in the Australian Stock Mar-
ket. AI, Computer Science and Robotics Technology. 

16. Z Zhan & SK Kim (2024) Versatile time-window sliding machine 
learning techniques for stock market forecasting. Artificial Intelli-
gence Review. 

17. A Sattar, A Sarwar, S Gillani, M Bukhari, S Rho, et al. (2025) A 
Novel RMS-Driven Deep Reinforcement Learning for Optimized 
Portfolio Management in Stock Trading. IEEE Access. 

18. Y Liu, D Mikriukov, OC Tjahyadi, G Li, TR Payne, et al. (2023) 
Revolutionising Financial Portfolio Management: The Non-Sta-
tionary Transformer’s Fusion of Macroeconomic Indicators and 
Sentiment Analysis in a Deep …. Applied Sciences. 

19. Z Bing, D Lerch, K Huang, et al. (2022) Meta-reinforcement 
learning in non-stationary and dynamic environments. IEEE 
Transactions on Pattern Analysis and Machine Intelligence. 

20. T Schaul, J Quan, I Antonoglou & D Silver (2015) Prioritized 
experience replay. arXiv preprint arXiv:1511.05952. 

21. B Manela & A Biess (2021) Bias-reduced hindsight experience 
replay with virtual goal prioritization. Neurocomputing. 

22. E Chan (2013) Algorithmic trading: winning strategies and their 
rationale. books.google.com. 

23. L Xiao, X Wei, Y Xu, X Xu, K Gong, et al. (2023) Truncated 
Quantile Critics Algorithm for Cryptocurrency Portfolio Optimiza-

tion. In IEEE International Conference on Systems, Man, and 
Cybernetics. 

24. Z Chen, S Wang, D Yan & Y Li (2024) A Spatio-Temporl Deep-
fake Video Detection Method Based on TimeSformer-CNN. In 
2024 Third International Conference on Artificial Intelligence and 
Smart Energy. 

25. Y Hou, W Gu, K Yang & L Dang (2023) Deep Reinforcement 
Learning Recommendation System based on GRU and Attention 
Mechanism. Engineering Letters. 

26. J He, C Hua, C Zhou & Z Zheng (2025) Reinforcement-Learning 
Portfolio Allocation with Dynamic Embedding of Market Informa-
tion. arXiv preprint arXiv:2501.17992. 

27. FJ Fabozzi, HM Markowitz & F Gupta (2008) Portfolio selection. 
Handbook of finance. 

28. F Baldovin, D Bovina, F Camana & AL Stella (2011) Modeling the 
non-Markovian, non-stationary scaling dynamics of financial 
markets, Online Draft. 

29. J Fu, J Wei & H Yang (2014) Portfolio optimization in a regime-
switching market with derivatives. European Journal of Opera-
tional Research. 

30. QYE Lim, Q Cao & C Quek (2022) Dynamic portfolio rebalancing 
through reinforcement learning. Neural Computing and Ap-
plications. 

31. F Morais, Z Serrasqueiro & JJS Ramalho (2020) The zero-lever-
age phenomenon: A bivariate probit with partial observability 
approach. Research in International Business and Finance. 

32. I Palupi, BA Wahyudi & AP Putra (2021) Implementation of hid-
den markov model (HMM) to predict financial market regime. In 
2021 9th International Conference on Cyber and IT Service 
Management (CITSM). 

33. V Matta, P Braca, S Marano, et al. (2016) Diffusion-based adap-
tive distributed detection: Steady-state performance in the slow 
adaptation regime. IEEE Transactions on Signal Processing. 

34. A Puzanov & K Cohen (2018) Deep reinforcement one-shot 
learning for change point detection. In 2018 56th Annual Allerton 
Conference on Communication, Control, and Computing (Aller-
ton). 

35. M Martens (2002) Measuring and forecasting S&P 500 index-
futures volatility using high-frequency data. Journal of Futures 
Markets: Futures, Options, and Other Derivative Products. 

36. S Lahmiri & S Bekiros (2021) Deep learning forecasting in cryp-
tocurrency high-frequency trading. Cognitive Computation. 

37. B Xiao, H Yu, L Fang & S Ding (2020) Estimating the connected-
ness of commodity futures using a network approach. Journal of 
Futures Markets. 

38. TB Klos & B Nooteboom (2001) Agent-based computational 
transaction cost economics. Journal of Economic Dynamics and 
Control. 

39. Z Shan (2024) Optimal Hedging via Deep Reinforcement Learn-
ing with Soft Actor-Critic. cdn.shanghai.nyu.edu. 

40. A Kalai & S Vempala (2002) Efficient algorithms for universal 
portfolios. Journal of Machine Learning Research. 

41. Y Li, W Zheng & Z Zheng (2019) Deep robust reinforcement 
learning for practical algorithmic trading. IEEE Access. 

42. N Bjorck, CP Gomes, et al. (2021) Towards deeper deep rein-
forcement learning with spectral normalization. In Advances in 
Neural Information Processing Systems. 

43. TN Rollinger & ST Hoffman (2013) Sortino: a ’sharper’ratio. 
Chicago, Illinois: Red Rock Capital. 

44. RS Mariano & D Preve (2012) Statistical tests for multiple fore-
cast comparison. Journal of econometrics.   



JGTSS | Vol.2, No.4 | 30 April 2025 | 31

Introduction 
With the rapid expansion of China's tourism industry, 

renowned tourist cities such as Hangzhou have wit-
nessed a significant surge in visitor numbers. As a key 
component of the "Paradise on Earth," Hangzhou, with 
its unique tourism resources, welcomed over ten million 
visitors during the May Day Golden Week, with nearly 
70% being interregional tourists. While this tourism 
boom has driven local economic growth, it has also giv-
en rise to various management and service challenges. 

In highly crowded tourist environments, accidental wa-
ter drops of personal belongings frequently occur as 
visitors enjoy the scenery and leisure activities. In par-
ticular, the unintentional dropping of valuable items, 
such as smartphones, has become a notable social 
concern, highlighting the growing importance of cultural 
tourism safety. Ensuring the rapid and effective retrieval 
of such items is not only crucial for enhancing the 
tourist experience but also for maintaining the safety 
reputation of popular tourist destinations.[1]. 
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This research addresses the challenge of predicting deviations in the 
landing positions of objects dropped into water, with important implica-
tions for cultural tourism safety near lakes, rivers, and other natural 
attractions. An innovative optimization method for search strategies 
based on machine learning is proposed. A simulated dataset incorpo-
rating features such as drop height, water entry angle, drag coeffi-
cient, and object density enables detailed model comparisons. Five 
machine learning models—XGBoost, Random Forest, Decision Tree, 
Support Vector Machine (SVM), and Multi-Layer Perceptron (MLP)—
are evaluated using Mean Squared Error (MSE), Mean Absolute Error 
(MAE), and the Coefficient of Determination. Experimental results 
show that XGBoost significantly outperforms the others, effectively 
capturing complex nonlinear relationships through its gradient boost-
ing mechanism. In contrast, models like Decision Tree, SVM, and 
MLP exhibit lower predictive accuracy due to weaker generalization 
capabilities. This study provides a robust machine learning-based 
framework to enhance predictive accuracy and search efficiency in 
aquatic environments.
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In response to the challenges associated with recov-
ering lost items in aquatic environments, numerous 
scenic areas have begun to utilize specialized underwa-
ter retrieval devices that are designed to facilitate the 
prompt recovery of submerged objects [2]. It is impor-
tant to recognize, however, that the path taken by these 
submerged items is subject to a variety of influences. 
Key factors that affect their trajectory include the physi-
cal characteristics of the objects themselves, such as 
their density, shape, and mass, as well as the environ-
mental conditions of the water body in which they are 
located. For instance, elements like flow velocity, water 
drag, and prevailing weather conditions can all signifi-
cantly impact the drift of these objects. As such, accu-
rately predicting the potential drift range of lost items 
and creating effective strategies for searching them 
poses considerable technical difficulties in the realm of 
retrieval operations [3]. To address these issues and 
contribute to enhanced cultural tourism safety, this 
study aims to tackle these challenges by combining 
physical modeling techniques with data-driven method-
ologies to predict the drifting trajectories of submerged 
objects more accurately. Furthermore, it seeks to lever-
age cutting-edge intelligent algorithms, including those 
based on deep learning and reinforcement learning, to 
refine and enhance search strategies for locating these 
lost items. By engaging in empirical research focused 
on the movement behaviors of objects in the complex 
water conditions present in the scenic areas of 
Hangzhou, this research endeavors to create a com-
prehensive retrieval decision support model. This model 
is intended to provide valuable scientific guidance and 
practical operational insights that can be employed in 
real-world search and retrieval operations, ultimately 
improving the efficiency and effectiveness of recovery 
efforts in aquatic settings, and promoting a more secure 
and reassuring cultural tourism environment for both 
tourists and site managers alike [4]. 

Related Work
The task of locating objects in aquatic environments 

has long faced technical bottlenecks. Traditional re-
trieval operations mainly rely on manual observation 
and empirical analysis, which suffer from significant 
drawbacks such as high resource consumption and low 
positioning accuracy, often leading to inefficient search-
es and potential economic losses. To address this chal-
lenge, recent years have seen several innovative re-
search advancements in the field of information re-
trieval. Anari et al. [5] integrated learning automata with 
swarm intelligence algorithms, optimizing search quality 
through ant colony behavior simulation. Wu et al. [6] 
developed an intelligent prediction model to solve bulk 
multi-item ordering problems, enhancing decision-mak-
ing efficiency by combining machine learning with oper-
ational research methods.Furthermore, a series of pio-
neering studies have made breakthroughs in text infor-

mation processing and recommendation algorithms. 
Notable works include the generalized nearest-neighbor 
retrieval framework proposed by Chen et al. [7], the 
personalized retrieval system based on graph con-
trastive learning by Li et al. [8], the adaptive k-nearest 
neighbor algorithm by Yadav et al. [9], and the intelli-
gent clustering detection architecture designed by Shah 
et al. [10]. However, it is worth noting that most existing 
algorithmic frameworks are primarily designed for struc-
tured data and high-dimensional feature spaces, 
whereas aquatic environments exhibit significantly dif-
ferent dynamic characteristics. The complex interplay of 
water flow, drag effects, and sedimentation dynamics 
introduces strong nonlinearities in the movement trajec-
tories of submerged objects. This unique setting makes 
it difficult for traditional data clustering methods and 
indexing optimization techniques to construct effective 
motion prediction models. 

In order to meet the unique requirements of aquatic 
operations, this study introduces a groundbreaking so-
lution that merges physical modeling with advanced 
intelligent algorithms. By integrating techniques such as 
XGBoost, deep neural networks, and ensemble learn-
ing, the research establishes a robust hydrodynamic 
feature learning model. This innovative model utilizes 
real-time environmental parameters to enhance the 
process of dynamic path planning. Unlike traditional 
manual search strategies that heavily depend on sub-
jective experience, this data-driven approach excels in 
accurately capturing the complexities of fluid dynamics. 
Consequently, it is capable of generating precise pre-
dictions regarding optimal search areas, which in turn 
leads to a remarkable increase in the efficiency of ob-
ject retrieval. Furthermore, this method not only stream-
lines the search process but also minimizes overall re-
source consumption, highlighting the advantages of 
employing a systematic, algorithm-based strategy in 
aquatic environments. By improving the accuracy and 
speed of retrieval operations, the proposed approach 
also contributes to a more responsive and intelligent 
cultural tourism safety management system, particularly 
in high-traffic scenic spots where accidental water drops 
are frequent..  

Machine Learning-Based Search Strategy for 
Dropped Objects in Water Bodies

This research utilizes a modeling strategy based on 
data, incorporating machine learning techniques to 
forecast the movement of objects that have fallen into 
water settings. By assessing the predictive capabilities 
of various algorithms regarding object displacement, 
the research seeks to establish a solid foundation for 
effectively locating waterborne objects in real-life search 
and retrieval operations. 
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Simulation Dataset Construction
In this study, the dataset for dropped objects in water 

bodies is generated through randomized simulation of 
physical parameters, serving as training and evaluation 
data for machine learning models. Each data entry in 
the dataset represents a simulated object drop event 
and includes the following input features and output 
variables[11]. 

In this study, the motion trajectory of objects after fall-
ing into water is primarily influenced by gravity, fluid 

resistance, water entry angle, and object properties [12] 
(such as density and shape). Due to the complexity of 
water bodies, precise modeling typically involves nu-
merical simulations of fluid dynamics, such as the 
Navier-Stokes equations. However, solving these high-
order differential equations is computationally expen-
sive and complex. Therefore, this study adopts a simpli-
fied physical modeling approach, assuming a static wa-
ter environment to model the object’s descent process, 
leading to the following trajectory calculation formulas: 

: Drop height, : Entry angle, : Water resistance 
coefficient, : Object density, : Horizontal dis-

placemen, : Vertical depth. As the entry angle in-
creases, horizontal drift increases (the object moves 
forward more), while vertical settling decreases (since 
larger angles result in more horizontal motion). When 
the water resistance coefficient  increases, settling 
slows, and drift increases. Conversely, as object density 
increases, settling accelerates, and drift decreases[13]. 

By leveraging hydrodynamic theory under a still-water 
assumption, the derived equations for horizontal drift 
and vertical depth provide effective predictions of final 

object positions. Compared to traditional computational 
fluid dynamics (CFD) [14] simulations, this approach 
requires lower computational resources, making it suit-
able for training machine learning models to support 
waterborne object search operations. 

Introduction to Deep Learning Model
MLP Models In recent years, the development of deep 
learning has made the Multilayer Perceptron (MLP) [15] 
a research hotspot. It has been widely applied in fields 
such as image processing, speech recognition, and 
natural language processing, achieving remarkable re-
sults in tasks like object detection, image classification, 
semantic segmentation, and machine translation. 

MLP is a feedforward neural network architecture ca-
pable of mapping input vectors to output vectors. Its 
network structure typically consists of multiple fully con-
nected neuron layers, where each neuron, except those 
in the input layer, employs a nonlinear activation func-
tion and is trained using the backpropagation algorithm. 
During model training, the network weights are first ini-
tialized. Then, the input data undergoes forward propa-
gation to compute the weighted sum in hidden layers, 
which is transformed by the activation function to obtain 
the output.[16] Finally, the output layer generates the 
prediction results, and a loss function, such as Mean 
Squared Error (MSE) or Cross Entropy, is computed 
based on the ground truth labels. The backpropagation 
algorithm is then used to compute gradients and opti-
mize network parameters. The MLP model architecture 
is illustrated in Figure 1. 

This paper presents a four-layer Multi-Layer Percep-
tron (MLP) model, which consists of an input layer, 
three hidden layers, and an output layer. The design of 
this model facilitates the effective capture of intricate 
data patterns within the dataset, significantly boosting 
its overall learning capability. 
a. The input layer plays a crucial role in the model by 

receiving the raw data inputs. In this layer, each neu-
ron is designated to correspond to a specific feature 

H θ W
Des Xdrif t
Ydrif t

(1)

Xdrif t = H . sin(θ ) . W
Des

Ydrif t = H . cos(θ ) . W
Des

Figure 1 | MLP Model Architecture  

Table 1 | Dataset Field Descriptions

Variable Name Description Unit

Height Drop height m

Angle °

Water Resistance Water resistance coefficient -

Density Object density g/cm³

Horizontal displacement m

Settling depth m

Xdrif t

Ydrif t
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of the input data, ensuring that all relevant attributes 
are adequately represented for subsequent process-
ing.  

b. The hidden layers, on the other hand, are integral to 
the model's function, as they perform the core oper-
ations of feature extraction and data mapping. The 
architecture of these hidden layers is fully connect-
ed, meaning that every neuron in a given layer is 
linked to all neurons in the previous layer. In this 
constructed model, three hidden layers have been 
implemented, and they utilize the ReLU (Rectified 
Linear Unit) activation function. This choice of acti-
vation function is particularly advantageous as it en-
hances the model's ability to represent nonlinear 
relationships within the data, further improving its 
performance and learning efficiency. 

c. The output Layer: Responsible for generating the 
final prediction results. The number of neurons and 
the activation function in the output layer depend on 
the specific task requirements. For instance, binary 
classification tasks typically use the Sigmoid activa-
tion function, whereas multi-class classification tasks 
utilize Softmax 

Decision Tree Model The decision tree model is rec-
ognized as a simple yet powerful tool in the field of data 
mining, commonly utilized in both classification and re-
gression tasks. This model operates by creating a tree-
like structure that transforms complicated decision-mak-
ing processes into a series of straightforward judgments 
[17]. By doing so, it allows for more effective data seg-
mentation and forecasting of outcomes. The architec-
ture of a decision tree comprises several integral com-
ponents: the root node, which symbolizes the entire 
dataset; internal decision nodes that signify the criteria 
for data splitting; and terminal nodes, or leaf nodes, 
which indicate the final decisions or classifications re-
sulting from the analysis. During the development of a 
decision tree model, various evaluation metrics are em-
ployed to measure the effectiveness of the splits made 
within the data.  

Among the most frequently used metrics are informa-
tion entropy, information gain, and the Gini coefficient. 
These metrics are essential for assessing the changes 
in data purity that occur as a result of the division 
process. For example, information entropy can be 
mathematically expressed in a way that illustrates how 
it quantifies the level of uncertainty or disorder within a 
dataset before and after a split, thereby guiding the 
model in making more informed decisions: 

Where  represents the current dataset,  represents 
the proportion of samples belonging to class  is denot-

ed. Information gain reflects the reduction in uncertainty 
brought about by a particular feature in the dataset par-
titioning, and its formula is given by: 

Here,  is the candidate feature,  is the feature, and 
the subset corresponding to the value  of feature  is 
denoted. 
Support Vector Machine Model Support Vector Ma-
chine (SVM) [18], as an efficient machine learning tool, 
performs excellently in handling regression problems. 
For the task of predicting the offset of the item drop lo-
cation in a water body, the SVM regression model can 
build an accurate prediction system by minimizing the 
difference between the model's predicted offset and the 
actual observed value, thus enabling precise estimation 
of the item drop point's shift. The basic idea is to deter-
mine an optimal hyperplane that, within a certain error 
margin, positions most data points as close as possible 
to the hyperplane, ensuring good generalization capa-
bility when the model predicts unknown data. 

In this application scenario, the shift in the item drop 
location is influenced by various factors such as water 
flow speed, direction, water temperature, and other en-
vironmental variables. SVM regression introduces a 
kernel function to map the input nonlinear features into 
a high-dimensional space, where the best-fitting hyper-
plane is sought to effectively capture the complex non-
linear relationships between variables. Furthermore, the 
model employs convex quadratic programming to en-
sure the stability of the global optimal solution and uses 
slack variables and an ϵ-   insensitive loss function to 
balance model complexity and prediction accuracy, 
thereby enhancing robustness against outliers. 
Random Forest Model The Random Forest model [19] 
is an ensemble learning method. Its basic idea is to 
construct a large number of randomly generated deci-
sion trees and combine the predictions from each tree 
to improve the overall model's stability and generaliza-
tion ability. During the construction process, the model 
reduces the risk of overfitting commonly associated with 
individual decision trees by performing Bootstrap sam-
pling on the original data and randomly selecting a sub-
set of features at each node. This approach effectively 
captures the underlying complex relationships within 
the data[20]. 

To illustrate the prediction mechanism of Random 
Forest, the following formula is used. For regression 
problems, the final prediction result of the Random For-
est is the average of the outputs from all the decision 
trees, and its mathematical expression is: 

Where  represents the total number of decision 
trees, and  is the prediction output of the t-th tree 
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for the input . This formula reflects the basic idea of 
reducing prediction variance through mean aggrega-
tion. 
XGBoost Model XGBoost [21] is an efficient and scal-
able gradient boosting framework. Its core idea is to 
build decision trees incrementally using an additive 
model, minimizing prediction errors by optimizing the 
objective function, while also constraining model com-
plexity to improve generalization ability and stability. In 
each iteration, XGBoost uses a second-order Taylor 
expansion to approximate the loss function, thereby 
capturing the variation in the objective function more 
accurately and accelerating the convergence rate. The 
objective function of XGBoost combines training error 
and a regularization term, and its expression is given by 
[22]: 

Where  represents the loss value for the i-th 

sample, is the prediction result of the model after the 
t-th iteration. The regularization term  is used to 
penalize model complexity, and  and  are the tuning 
parameters for the number of leaf nodes and the 
weights of the leaf nodes, respectively. 

In each iteration, the model updates the overall output 
by adding the prediction contribution of the new tree, 
and its mathematical expression is: 

Where  represents the prediction contribution of 

the t-th tree for the sample . This formula reflects the 
detailed process of how XGBoost approximates the 
model by progressively accumulating the outputs of 
decision trees. 
Evaluation Metrics This paper uses three representa-
tive evaluation metrics to assess the prediction accura-
cy: Mean Squared Error (MSE), Mean Absolute Error 
(MAE), and the Coefficient of Determination. The math-
ematical expressions for these evaluation metrics are 
as follows: 

Where  is the predicted value for the i-th data point, 

 is the actual value for the i-th data point, n is the se-
quence length (number of samples), and  is the mean 
of all samples. Smaller values of and  indi-
cate smaller prediction errors and higher accuracy.  
takes values between 0 and 1, with a value closer to 1 
indicating better fit of the neural network to the data, 
thus reflecting better model fitting ability. 

Experimental Design and Results Analysis
The development tool selected for this paper is Py-

Charm, with the programming language Python 3.11.0. 
The Graphics Processing Unit (GPU) used is the 
NVIDIA GeForce GTX 4060, and the Central Process-
ing Unit (CPU) is the i7-13600H, with 6GB of video 
memory. The experiment is based on a simulation-gen-
erated dataset for prediction, where the dataset is di-
vided into 80% training data and 20% testing data for 
offset prediction. The models selected for prediction 
include MLP, Decision Tree, Support Vector Machine, 
Random Forest, and XGBoost. The parameters for 
each model are shown in the table 2-6. 

This study explores the challenge of forecasting 
the displacement of objects as they enter water bod-
ies, employing a comparative analysis of five dis-
tinct machine learning models: Decision Tree, Ran-
dom Forest, Support Vector Machine (SVM), Multi-
Layer Perceptron (MLP), and XGBoost. To rigorous-
ly assess the performance of these models, the 
study utilizes three quantitative evaluation metrics: 
Mean Absolute Error (MAE), Mean Squared Error 
(MSE), and the Coefficient of Determination ( ). 
The findings of this analysis are comprehensively de-
tailed in Table 7, which follows this discussion. Further-
more, the specific parameters utilized for each machine 
learning model are also outlined in the accompanying 
table, providing a clear understanding of the setup for 
the comparisons made in this study. 

The experimental results indicate that XGBoost con-
sistently surpasses all other models across all evaluat-
ed metrics. With a Mean Absolute Error (MAE) of 
0.0112 and a Mean Squared Error (MSE) of 0.0002, 
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Table 2 | MLP Model Parameters

Parameter Name Parameter Value
Learning Rate 0.001

Number of Iterations 200
Batch Size 32

Activation Function Relu
Optimizer Adam

Number of Hidden Layer Neurons 64
Training Set Ratio 80%

Test Set Ratio 20%

Table 4 | Random Forest Model Parameters

Parameter Name Parameter Value
Random Seed 42

Number of Target Variables 2
Number of Features 4
Number of Iterations 200
Bootstrap Sampling True

Table 5 | SVM Model Parameters

Parameter Name Parameter Value
Random Seed 42

Number of Target Variables 2
Number of Features 4
Number of Iterations 200

Kernel Coefficient 0.1
Penalty Parameter (C) 100

Table 6 | XGBoost Model Parameters

Parameter Name Parameter Value

Random Seed 42

Number of Target Variables 2

Number of Weak Learners 300

Learning Rate 0.1

Maximum Tree Depth 6

Table 3 | Decision Tree Model Parameters

Parameter Name Parameter Value
Random Seed 42

Number of Target Variables 2
Number of Features 4
Training Algorithm CART

Optimizer Adam
Minimum Samples for Splitting 2 

Minimum Samples per Leaf 1 

Table 7 | Comparison of Evaluation Metrics for Different 
Models

Model MAE MSE

Decision Tree 0.0358 0.0026 0.9826

Random Forest 0.0185 0.0007 0.9953

Support Vector 
Machine 0.0529 0.0038 0.975

MLP 0.0522 0.0053 0.9609

XGBoost 0.0112 0.0002 0.9985

R2

Figure 2 | Comparison Chart of Model Evaluation Met-
rics 
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XGBoost demonstrates markedly lower prediction er-
rors compared to its competitors, signifying superior 
accuracy in estimating displacements. Furthermore, its 
R² value of 0.9985, which is very close to 1, suggests 
that the model accounts for 99.85% of the variance in 
the data, thereby illustrating an exceptional alignment 
between the predicted and actual values. 

Ensemble learning models, particularly XGBoost and 
Random Forest, exhibit considerable advantages when 
it comes to predicting the positional displacements of 
objects in aquatic environments. Their impressive accu-
racy and robust generalization capabilities arise from 
their ability to collaboratively model the intricacies of 
complex environmental factors. In contrast, traditional 
modeling approaches such as decision trees, support 
vector machines (SVMs), and shallow neural networks, 
including multi-layer perceptrons (MLPs), tend to un-
derperform due to their inherent limitations in represen-
tational capacity and often ineffective training method-
ologies. 

Conclusion 
This study systematically evaluates the performance 

of various machine learning models in predicting the 
positional displacement of objects falling into water bod-
ies. Experimental results demonstrate that XGBoost, 
leveraging its gradient boosting mechanism and regu-
larization strategies, significantly outperforms other 
models in both error control and data fitting, making it 
well-suited as the core algorithm for real-time search 
systems. Random Forest, due to its ensemble robust-
ness, can serve as a complementary redundancy mod-
el. In contrast, traditional models (e.g., SVM, Decision 
Tree) and shallow MLPs are limited by their nonlinear 
representation capabilities, making them less adaptable 
to complex hydrodynamic scenarios. These findings 
provide a solid technical foundation for building intelli-
gent retrieval systems that enhance cultural tourism 
safety by enabling faster and more accurate recovery of 
valuable items accidentally dropped into water at popu-
lar tourist destinations. 
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Introduction 

Research Background 
Transpersonal psychology was born during the 1960s 

as a specialized aspect, considered the fourth force in 
psychology, made upon humanistic psychology, with 
special regard to self-actualization and focusing on the 
different aspects of human experiences that play a vital 

part in the spiritual dimensions of humans. The 
founders who initiated the development of the pathway 
of transpersonal psychology in the area of study are 
Abraham Maslow and Stanislav Grof. Transpersonal 
psychology focuses on consciousness, transcendence, 
and Eastern and Western spiritual traditions, which help 
integrate and learn about many approaches. Maslow 
created his later work about peak experiences. Building 
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on Maslow’s work, Grof researched non-ordinary states 
of consciousness and explored research, believed in 
enhancing spiritual practice. Transpersonal psychology 
has had a long history since, from theory and, through 
practice, became a discipline that operates at the indi-
vidual and interpersonal level, concerned with personal 
growth and society, based upon an increasingly deep 
understanding of the inadequacies of materialistic par-
adigms of psychology and their inability to provide an 
explanation for all phenomena involving human poten-
tial. Simultaneously, spiritual interventions have been 
employed widely, including meditation, hypnosis, etc., 
which have roots in ancient times and were reinvigorat-
ed philosophically in the late twentieth century with 
globalization and increasing concern regarding mental 
health linked to spiritual needs. In the West, mindful-
ness derived from the Buddhist tradition continued to 
drift into the mainstream, as it was adopted in clinical 
settings and through popular culture; in the East, the 
practice of Qigong and yoga persisted alongside con-
temporary therapeutic innovations—in short, there has 
been a continuity of earlier holistic traditions. Indeed, it 
is tempting to view this cultural trend as a reaction to a 
series of changes at the highest levels of society: indus-
trialization and urbanization amplified stress, estranged 
communities, and undermined social connections, con-
sequently fueling people’s yearning for meaning in an 
age where religion lost its relevance and human inter-
connection seemed impossible in the face of mass 
globalization and scales of materialism. Thus, when 
disentangling these issues in the context of transper-
sonal psychology, we are confronted by two particularly 
compelling challenges that have plagued the contempo-
rary world: the need for deeper existential and social 
solutions. 

Current Research Status
Current research on transpersonal psychology and 

spiritual interventions has dramatically expanded to ex-
plore how they affect the individual's well-being, from 
relieving stress to enhancing self-awareness through 
various practices like meditation and hypnosis. Various 
scholars (e.g., Goleman and Davidson, 2017) have 
provided sufficient evidence supporting the effects of 
meditation to help regulate one's emotional state 
through neuroscientific evidence, while hypnosis has 
come closer to being seen as more useful than ever in 
helping those who have faced any form of trauma by 
enhancing resilience about personal livelihoods that are 
more resilient and less easily disrupted. With these an-
swers coming in hand, the questions other scholars are 
beginning to ask become broader and more outspoken, 
which looks at social issues and their efficacy in rela-
tionships between people and their communities. For 
example, meditating in groups has shown that medita-
tion can promote trust and greater understanding in 
society, showing a possible way of connecting socially. 
In this sense, there are still discussions about how 

more scholarly work is purely focused on the narrow 
range of clinical or personal consequences associated 
with the answer above rather than on broadening 
methods to show how systemic change systems are 
systematically transformed. Current literature does not 
provide adequate links between the various settings for 
cultural interventions, creating an isolated knowledge 
base that does not accurately account for what the in-
terventions do (Western focus on individual growth, 
Eastern on a collective benefit, but rarely seen from a 
comparative perspective). Inconsistent empirical sup-
port for large-scale social impact appears decidedly 
mixed and contradictory, e.g., many have used small 
sample sizes or short-term effects as opposed to re-
search-based directly on longitudinal data; this con-
tributes to an absence of linkages between efforts to 
understand how spiritual interventions can solve social 
problems, including social disconnection, inequity, or 
cultural fragmentation in contemporary societies, high-
lighting the need to develop a larger, more cohesive 
body of research. 

Research Problem 
Despite increasing interest in transpersonal psychol-

ogy and spiritual interventions, there remains a signifi-
cant gap in addressing how they might drive societal 
change from a rigorous perspective rigorous perspec-
tive. Individual benefits such as reduced stress and in-
creased well-being are well-established. However, one 
of the main limitations to their widespread adoption is 
the lack of extensive studies examining their impacts on 
collective social structures like community cohesion, 
systemic inequity, or institutional change. This is espe-
cially relevant given the current conditions of increasing 
social complexity and polarization, where new solutions 
must be found that can scale up beyond just interper-
sonal healing. These limitations are amplified by cultural 
variations in interventions, as their impacts may differ in 
more individualistic vs. collectivist cultures. Neverthe-
less, despite the significance of these diversities, most 
existing research merely considers them at the individ-
ual level and does not robustly explore their conse-
quences for society at large. And because almost no 
research has constructed substantial links between 
these interventions and measurable social change 
(e.g., changes in social trust or equity measures), it is 
still largely unclear how these interventions could fit 
within the types of scalable interventions proposed. 
Lacking strong evidence, the possibility of spiritual in-
terventions in tackling societal challenges remains un-
certain, hindering pursuit, preventing incorporation into 
a broad spectrum of social reforms. 

Research Contribution 
The proposed study directly tackles the identified 

gaps, followed by a systematic review of spiritual inter-
ventions’ potential to foster social transformation, inte-
grating transpersonal psychology with social science 
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within one framework. It brings all available evidence 
into a broad synthesis, drawing out the most practical 
implications for improving community cohesion and re-
silience in culturally diverse settings. In this way, it con-
tributes to academic discourse while informing policy-
makers and practitioners working towards an integrated 
approach to tackling current societal dilemmas — such 
as social disconnection and inequity. This work goes 
beyond reflecting individual benefits to formulating an 
overarching framework in which spiritual practices act 
as the spark needed for a transformative shift, excep-
tionally — when deployed at a community level — in 
more diverse global settings. It also lays the founda-
tions for specific interventions — one example of which 
is community-based programs in which mindfulness or 
group hypnosis assists individuals in rebuilding broken 
social bonds as an alternative way of moving towards 
systemic challenges, such as urban isolation and cul-
tural fragmentation through a transpersonal approach. 

Literature Review 
Definition of Key Concepts 

Transpersonal psychology is a field of psychology 
concerned with phenomena beyond the limits of the 
personal ego and includes spiritual, transcendent, and 
economic dimensions of human experience, including 
the contributions of Western science and Eastern 
philosophies” (Grof, 2000; Hartelius et al., 2007). While 
behaviorism and psychoanalysis traditional psychology 
merely focus on an individual’s behavior and cognition 
within the confines of a materialistic paradigm, 
transpersonal psychology explores those states of con-
sciousness—the mysterious, peak experiences, or al-
tered perceptions—that lie outside ordinary self-aware-
ness, most heavily borrowing from practices such as 
meditation and mystical traditions (Walsh & Vaughan, 
1993). This field arose out of a response to the limita-
tions of behaviorism and psychoanalysis that sought to 
explore the whole gamut of human potential, particular-
ly the spiritual and existential dimensions that dominant 
paradigms tended to ignore. “[Self-transcendence], 
transcendence of the ego to a sense of unity or inter-
connection, is the chief task of psychological develop-
ment; and it appears clearly in both Western humanistic 
tradition and Eastern, both in Buddhist notions of non-
self or in Advaita Vedanta’s sense of unity of being” 
(Ferrer, 2002). These scholars, such as Maslow, with 
his hierarchy leading to self-actualization and beyond, 
and Grof, with his work on those undergoing holotropic 
states, have influenced our field, describing the experi-
ence that connects the individual with the overall whole, 
whether cosmic, community-based, or even ecological. 

Spiritual interventions are defined as intentional prac-
tices aimed at promoting spiritual growth or well-being; 
examples include mindfulness, hypnosis, and energy 
healing, which can operate within or outside of reli-

gious-related frameworks (Ferrer, 2002). They contrast 
with prevailing therapeutic practices by focusing on 
non-material elements of existence – e.g., energy flow, 
consciousness expansion, or existential meaning – 
rather than only behavioral patterns or cognitive trends 
that are fully observable (Kabat-Zinn, 1990). Mindful-
ness, for example, derives from Buddhist meditation 
techniques and exists as a practice that cultivates 
awareness of the present moment to reduce stress and 
control emotion; hypnosis is founded upon rather than 
rejecting alternate states of mind to engage uncon-
scious sources of recovery or insight. Energy healing is 
a form that integrates Reiki through to Qigong; sci-
ence’s prevailing paradigm offers an explanation – the 
spinning fields are often referred to as nearly identical 
ontological entities, which move or manipulate them to 
restore equilibrium. These phenomena sound surpris-
ingly non-familiar in the West, though widely practiced 
around the globe. These interventions, however, have 
one thing in common: they address the movement sur-
rounding the mind-body-spirit. They attempt to trans-
form individuals through experiences that defy under-
standing within reductive frameworks; apparently, such 
work operates at the border between a world of secular 
and sacred activities and purposes (Fox, 1995). 

In this regard, social transformation would consist of a 
system-wide change to society’s structures, values, or 
behaviors towards greater coherence, equity, and re-
silience—generally measured via indicators such as 
community engagement, social trust, or collective well-
being (Putnam, 2000). Unlike individual change, social 
transformation entails changes to the fabric of social 
systems—cultural norms, institutional policies, or com-
munal relationships—and would entail adjusting these 
aspects to address issues such as inequality or discon-
nection. This theory derives from sociological theories 
of social capital and collective efficacy: stronger inter-
personal networks and shared purpose allow society to 
be more resilient and responsive to change (Wilber, 
2000). In most respects, within transpersonal psycholo-
gy, social transformation is hypothesized as one of the 
eventual outcomes of aggregated individual spiritual 
growth; thus, certain practices that foster inner re-
silience or concerted interrelatedness may reshape how 
societies function. Nevertheless, this interplay is still 
deeply conceptually intricate as it presupposes inter-
twining the subjective experiences of meditation, such 
as a single meditator’s feeling of unification, with actual 
societal changes, which is theoretically intriguing and 
empirically challenging to link (Tart, 2009). Collectively, 
these ideas—transpersonal psychology, spiritual inter-
ventions, and social change—provide a paradigm in 
which a person’s state of spiritual development is 
viewed as possibly an incipient precondition for more 
sweeping social change, but this requires precise iden-
tification of their respective scope, their mechanism-
related dynamics, and their necessary cultural under-
pinnings. 
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Progress in Related Research
Research on transpersonal psychology and spiritual 

interventions has advanced significantly since the early 
2000s, reflecting a growing interest in their potential to 
influence both individual and social domains. This 
progress can be categorized into theoretical develop-
ments, empirical applications, and cultural explorations.  
Theoretical Foundations Theoretical development of 
Transpersonal Psychology has been further developed 
by scholars such as Grof (2000), who explored altered 
state of consciousness, and Wilber (2000), who created 
an integral model integrating spiritual and psychological 
growth, which reveals transformative potentials of non-
ordinary states of experience (Grof, 2000; Wilber, 
2000). Grof highlighted the therapeutic and transforma-
tive nature of non-ordinary states - such as those from 
psychedelics, deep meditation, or phototropic breath 
work - suggesting that the individuals gain insight into a 
deeper, more interconnected level of human con-
sciousness beyond the ego. His phototropic paradigm 
argues that moving towards wholeness is a synergistic 
form of integrating the unused aspects of the psyche, 
and his version of integral psychology introduces a lens 
through which we can view both personal healing and 
the societal process in terms of wholeness (Grof, 2000). 
In contrast, Wilber's integral theory unites developmen-
tal psychology with spiritual traditions, proposing a four-
quadrant model that illustrates the complex interplay 
between individual interior experiences, exterior behav-
iors, collective cultures, and social systems. He labels 
this architecture of relationships as the four quadrants 
of spiritual growth and its transformative potential as a 
catalyst for holistic change, as it ties insights about indi-
vidual transcendence to societal upheaval (Wilber, 
2000). These frameworks emphasize transcendence 
beyond the ego, 'incorporating Eastern philosophies 
(such as Advaita Vedanta's non-dual awareness—self 
or other dissolve) and insights from Buddhist mindful-
ness as well as Western psychology with its emphasis 
on empirical rigor' (Ferrer, 2002). Hartelius et al. (2007) 
articulated the scope of the field in greater detail, high-
lighting the significance placed on themes such as self-
transcendence and interconnectedness at the core of 
the search for human potential, as they threaten the 
reductionist paradigms of mainstream psychology. The-
orists like Maslow (1971) were also influential by 
broadening his hierarchy of needs so that peak experi-
ence could be linked to more altruistic behaviors with 
social implications in society. 

Another key example was Jung's concept of a collec-
tive unconscious, which transpersonal thinkers influ-
enced. There is a shared psychic substratum linking 
each individual to other broader stories from both hu-
man and cosmic narratives, which shape various cul-
tural archetypes and collectively define their lives and 
identities (Jung, 1964). However, this theoretical devel-
opment has provided a sturdy premise for linking these 

spiritual experiences with more widespread social pro-
cesses. However, it is typically far too abstract. It lacks 
any direct relationship between subjective states of 
mind and measurable social outcomes because of the 
emphasis placed on subjective states instead of ob-
servable systemic relationships (Daniels, 2005). 
Empirical Applications Empirical research has also 
begun to test the effects of spiritual interventions, but 
they have found that meditation is a statistically proven 
practice. Notably, Goleman and Davidson (2017) 
showed its effects on emotion regulation and resilience. 
They have used neuroscientific support showing 
changes in the brain, such as increased prefrontal cor-
tex activity while decreasing reactivity in the amygdala, 
indicating better stress management. Across many pre-
vious meta-analysis programs, the two scholars "identi-
fied consistent improvements in attention and emotional 
stability among diverse populations ranging from clinical 
patients to employees at a corporation" (p. 7). This 
suggests that hypnosis applies to most; however, em-
pirical research has not made it a common practice of 
therapy. Hypnosis has been popularized because it was 
used to make people feel better, enhance relationships 
in interpersonal interactions, and reduce distress. Many 
show profound results in helping patients who struggle 
with anxiety to gain more self-efficacy. Clinical trials 
have shown hypnosis can be beneficial for those who 
want to recover from trauma or manage pain with the 
help of engaging the mind deeper into different sources 
of coping (Yapko, 2012). YAPKO states in his article 
that energy healing has been explored but has shown 
that the method holds promise for relieving individuals 
from some stress when likened to Hypnosis (Rogers et 
al., 2021). For example, studies investigating one of the 
assumed main effects of Reiki, less cortisol in the body, 
subjective responses of relaxation by participants un-
dertaking several minutes of research, participants re-
port an industrial perspective by various methodologies 
that reveal a few caveats regarding generalizability 
(Miles & True, 2003). Low cortisol may indicate benefi-
cial individual-level implications and be potentially scal-
able to attain social-level effectiveness through im-
proved community resilience and feeling better emo-
tionally, thereby enhancing people's interpersonal con-
nections. Studies of group meditation show several rip-
ple consequences: Participants express a high empathy 
trait and tend to reduce conflicts in workplace and so-
cial interaction spaces (Lutz et al., 2008). A study of 
mindfulness training conducted at schools reveals en-
hanced peer relationships and classroom cooperation. 
It shows a possible implication for communal benefits 
by forming more supportive cycles (Schonert-Reichl & 
Lawlor, 2010). Hypnosis used collectively during some 
other group therapies also implies weak evidence in 
increasing slight indicators of trust development and 
developing good levels of both active and passive lis-
tening, but the knowledgebase is incomplete with little 
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factual information as to how these resources may 
translate within our own considered social context 
(Kirsch et al., 1995). Nonetheless, most of these recent 
studies center around individual/clinical results and do 
not exhibit community-level impacts such as social co-
herence or overall collective endurance abilities 
(Kasprow et al., 1999). There is no large-scale, longitu-
dinal research to determine how these individual gains 
translate into societal benefits, and thus, the current 
evidence is limited to transformative impact outside 
personal benefit. 
Cultural Contexts Cultural influences on spiritual inter-
ventions have received much focus, showing varied 
Western and Eastern cultural applications. In the East, 
mindfulness and Qigong fit into a collective tradition that 
cherishes harmony and community (Kabat-Zinn, 1990). 
Such interventions usually derive from Confucian, 
Taoist, or Buddhist philosophy. Their familial and soci-
etal functions determine individual well-being; hence, 
good interdependence exists (Wallace, 2001). For ex-
ample, Qigong derives from traditional Chinese medi-
cine and promotes personal and group vitality. A study 
showed that it forms social relationships within rural 
communities (Gouw et al., 2019). Like Buddhist teach-
ings, mindfulness focuses on compassion and connec-
tion. It shows promising results as a practice that en-
ables individuals to display higher levels of prosocial 
behaviors such as altruism (Wallace, 2001). 

In contrast to the East, Western adaptations empha-
size individual growth, following the independent cultur-
al perspective (Vaughan, 1979). Hypnosis here is rarely 
applied to collective practice rather than individual ben-
efits, as often seen in contemporary corporate wellness 
programs that rebrand communal harmony as self-op-
timization (Purser, 2019). Hypnosis is similarly charac-
terized as a primary instrument of individual empower-
ment in a Western context. However, their collective 
usage for promoting group coherence is comparatively 
deprioritized in favor of claims regarding the impact of 
hypnosis on the individual psyche (Yapko, 2012). Col-
lectivist interventions generated weaker discernment: 
social cohesion gains, not individualistic ones (Kabat-
Zinn, 2011; Miller, 2010), findings that were mirrored in 
other research. Research into Japan's diffuse post-dis-
aster to foster community resilience reported that Zen 
meditation reinforced community resilience, not the re-
verse (Panting et al., 2020). Much less research has 
scoured Western researchers' publications for system-
atic cross-cultural comparisons and comparative stud-
ies testing theoretic explanations of efficacy. However, 
relatively little appeared to examine the differing im-
pacts of cultural values, such as collectivism vs. individ-
ualism, on efficacy in diverse populations (Rowan, 
2001). Moreover, this gap is exacerbated by Western-
centric research that does not reflect on the practices of 
various cultures. Research methods tend to ignore or 
devalue non-Western frameworks, preventing the de-

velopment of a single sense of how such practices may 
be seen globally (Tart, 2009). These differences can, 
therefore, be seen as requiring larger, culture-culturally 
inclusive research designs if we are to understand their 
transformative potential truly. 

Research Gaps 
Cultural influences on spiritual interventions have re-

ceived much focus, showing varied Western and East-
ern cultural applications. In the East, mindfulness and 
Qigong fit into a collective tradition that cherishes har-
mony and community (Kabat-Zinn, 1990). Such inter-
ventions usually derive from Confucian, Taoist, or Bud-
dhist philosophy. Their familial and societal functions 
determine individual well-being; hence, good interde-
pendence exists (Wallace, 2001). For example, Qigong 
derives from traditional Chinese medicine and promotes 
personal and group vitality. A study showed that it forms 
social relationships within rural communities (Gouw et 
al., 2019). Like Buddhist teachings, mindfulness focus-
es on compassion and connection. It shows promising 
results as a practice that enables individuals to display 
higher levels of prosocial behaviors such as altruism 
(Wallace, 2001). 

The vast progress in transpersonal psychology and 
spiritual interventions leaves many key research gaps. 
Firstly, it is still relatively underexplored to assess the 
effects of cultural input on such intervention, with most 
research centered around the Western contexts, limiting 
generalizability become magnified by connective soci-
eties (Kabat-Zinn, 2011). The simplistic approach caus-
es a Western-centered bias, which restricts the general-
izability of populations outside different cultures around 
the world; such interventions we take for granted may 
cause or have entirely different social effects in collec-
tivist societies but remain overlooked because they are 
traditionally used to foster interdependence rather than 
individualism. While some Western research focuses on 
personal resilience, other research suggests that more 
communally beneficial effects can be found in Eastern 
studies, and yet few try to systematically compare such 
dynamics (Panting et al., 2020). Furthermore, this re-
quires a lack of culturally tailored methodologies. These 
persistent limits on non-Western perspective input 
mean non-Western views are not underrepresented 
with the general population, which also hinders a truly 
worldwide grasp of coping with spiritual practices’ effec-
tiveness.  

Second, there is little empirical evidence of spiritual 
practices affecting social transformation, as much re-
search focuses on individual-level results such as 
stress relief or emotional control rather than structural 
societal shifts like equity, collective resilience, and insti-
tutional reform (Kasprow et al., 1999). Clinical focus is 
prevalent in this field as studies typically employ small, 
homogeneous populations unlikely to reflect the general 
social impact of specific practices (Miles & True, 2003). 
A popular survey suggests meditation benefits personal 
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wellness based on its history and consensus on effec-
tiveness. However, despite extensive validation of the 
efficacy of meditation on personal wellness, there has 
not been large-scale validation of how meditation can 
influence the building of trust within an entire communi-
ty or even the societal fabric (Lutz et al., 2008). The 
individual is seen here within the confines of one’s own 
life rather than the collective, and his/her actions as 
shaped by their inner development may always remain 
speculative, taking a different path from what it has be-
come in reality.  

Third, the social level of any intervention is not fre-
quently measured, and there are few longitudinal re-
search studies or easily applicable scalable measures 
of social structure change (Putnam, 2000). Social trust, 
involvement in the community, or equity indices are a 
few standard measurements used in sociology that 
were rarely used in this research, so there was little 
evidence for societal transformation (Putnam, 2000). 
Short-term research studies were prevalent with rela-
tively small-scale interventions that provided snapshots 
rather than long-term data. Qualitative reports are more 
significant than quantitative measures, decreasing 
replicability (Wallace, 2001). This methodological 
weakness obscures whether spiritual interventions can 
be the source of lasting societal change or remain re-
stricted to existential individual gain.  

Furthermore, interdisciplinary integration is also weak 
in that transpersonal psychology “rarely intersects with 
disciplines in which expertise may arise, such as soci-
ology, anthropology, and political science, in order to 
connect more broadly” (Tart, 2009, p. 20). This prevents 
the field from integrating empirical findings about the 
causal mechanisms by which people’s practice contri-
butions accumulate to predict larger-scale social out-
comes (Purser, 2019). For instance, anthropology offers 
benchmarks for examining how cultural rituals can en-
hance the community-level impact of interventions, but 
these approaches to analysis are not commonly used. 
(Panting et al., 2020) This isolation means the field is 
limited in tackling complex social dilemmas holistically.  

Lastly, despite the tendency to link spiritual growth 
with transformations in society, the identification of 
these links is yet to be tested due to the lack of existing 
studies that cannot connect subjective experiences, 
such as a spiritual sense of unity, with objective mea-
sures for societal change (Daniels, 2005). This is true of 
the entire field because it continues to value introspec-
tive evidence rather than evidence that will help estab-
lish change within society, leaving an unanswered 
question regarding whether the interventions necessary 
to facilitate change can move beyond our personal lives 
and tackle more significant issues like inequity or dis-
connection (Rowan, 2001). Together, these gaps create 
an obstacle to comprehending how spiritual interven-
tions can address contemporary societal issues so that 
they can achieve their potential through a more sys-

tematized, cross-cultural ly inclusive, and in-
terdisciplinary research agenda. 

Methods
Data Sources 

This review relied on a comprehensive collection of 
scholarly materials to examine the interplay between 
transpersonal psychology, spiritual interventions, and 
social transformation. Data were sourced through struc-
tured searches to ensure a robust and representative 
sample of existing literature.  
Academic Databases Literature was retrieved from 
multiple academic databases, namely PsycINFO, 
Google Scholar, and JSTOR, which were selected for 
their rich psychological, interdisciplinary, and social sci-
ence research coverage. PsycINFO, run by the Ameri-
can Psychological Association, offered access to more 
than 2,500 peer-reviewed journals and a vast pool of 
articles concerning transpersonal psychology, spiritual 
interventions, and their psychological outcomes. By 
enabling a precise, selective focus on individual-level 
effects due to its use of advanced search filters of pub-
lication date (2000–2023) and subject headings like 
‘spirituality’ or ‘consciousness,’ this database proved a 
cornerstone of precision for the review. The result con-
tributed significantly to the total of 85 included sources. 
Google Scholar’s comprehensive index of books, con-
ference papers, and grey literature complemented the 
coverage of PsycINFO by documenting seminal publi-
cations like Grof’s (2000) consciousness research at 
the forefront and emerging studies indexed in databas-
es – thereby expanding the scope to capture a wide 
range of subjective perspectives on spiritual practice. 
Its citation-trace feature also allowed for the detection 
of influential works and recent citations, thereby in-
creasing the comprehensive nature of the review. JS-
TOR added historical and cross-disciplinary perspec-
tives to the analysis, indexing more than 2,000 journals 
in sociology, anthropology, and cultural studies, inform-
ing several aspects of social transformation, including 
community dynamics and cultural context (Putnam, 
2000). Database searches were performed with the use 
of keywords such as “transpersonal psychology,” “spiri-
tual interventions,” “social transformation,” “resilience,” 
and “community cohesion” and operated with the help 
of Boolean operators (“AND,” “OR”), enabling us to filter 
out sets of publications that did not include our areas of 
interest (clinical pharmacology, etc.), thus creating an 
updated, representative sample from a broad scope of 
psychological and social domains crucial for the goals 
of this study. 
Inclusion Criteria Key inclusion criteria were set to 
remain focused and relevant: publications needed to be 
written in English, published within 2000–2023, and 
directly addressed transpersonal psychology, spiritual 
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interventions, and/or their social consequences. The 
English language criterion guaranteed accessibility and 
team consistency among the research team, but it 
might exclude valuable sources from other parts of the 
world, such as Asia or Europe, where spiritual practices 
are widespread (Gouw et al., 2019). The years 2000–
2023 indicate the modernity of the field and its rele-
vance to current society. The identified period also cap-
tures the recent interest in spirituality in an age of glob-
alization and information technology, where transper-
sonal approaches have never been more relevant, yet 
correspondingly, fit with a series of significant innova-
tions in mindfulness research and transpersonal theory 
(Grof, 2000). Eligible sources included peer-reviewed 
journal articles, books, and book chapters, thus prioritiz-
ing scholarship over less credible formats such as opin-
ion pieces, magazine articles, or unpublished theses 
that lack peer validation (Hartelius et al., 2007). Re-
quired studies had to be addressed, whether theoreti-
cally — for instance, a detailed examination of an inte-
gral model — or empirically — in this case, verification 
of the effect of meditation on resilience —, or culturally 
—, let us say, East-West differences in potential inter-
vention outcome results, to ensure that this multi-direc-
tional criterion composed the review's interdisciplinary 
scope and preserved a unified focus on individual spiri-
tual development and society's transformation, exclud-
ing unrelated topics like purely religious studies. 

Research Methods 
This study took an overall systematic review ap-

proach to synthesize literature on the social impact of 
transpersonal psychology and spiritual interventions. 
Within its scope, the review process was guided by a 
structured protocol devised; it derives from PRISMA 
guidelines and ensures transparency in every step with 
a reproducibility perspective (Moher et al., 2009). The 
initial search was conducted on PsycINFO, Google 
Scholar, and JSTOR, looking out for publications de-
scribing transpersonal psychology and spiritual inter-
ventions' effects on social outcomes through keyword 
query combinations, which might include "transpersonal 
psychology AND social transformation" and "spiritual 
interventions AND resilience," as well as filtering them 
based on Boolean operators and date filters (2000–
2023). After screening those relevant records based on 
title and abstract suggestions, another batch of 342 
source records was created, sorting out duplicates and 
irrelevant topics such as purely clinical pharmacology. 
Full-text critiques narrowed the sample to 85 articles 
and books, excluding studies lacking a clear focus on 
transpersonal psychology, spiritual practices, or mea-
surable social outcomes, as determined by predefined 
inclusion criteria. Consequently, a total sample consist-
ing of 85 articles and books was achieved. To minimize 
bias—and alignment on inclusion criteria, two indepen-
dent reviewers resolved the discrepancies between 
their judgments by consensus, ensuring a common 

framework of inclusion robust enough to meet the 
study's goals. Extraction focused on major theoretical 
frameworks embedded into our understanding of social 
relationships, such as integral theory and empirical 
consequences of resilience effect—and even cultural 
specifics (East-West variations) that can be influenced 
by other cultural factors, e.g., isolation and subsequent 
recording into a standardized template to ensure con-
sistency. Findings were compiled thematically (re-
silience enhancement, community cohesion, cultural 
variations) in an iterative coding procedure to capture 
the entire patterning in the literature. This allowed for 
depth and breadth, thus maintaining rigor in evaluation 
close to replicable, focusing on evaluating the many 
bodies of research. 

Thematic Analysis of Literature 
The “Thematic analysis” technique was used to ana-

lyze the final source set of 85 sources in a specified 
manner that enabled systematic evaluation (Braun & 
Clarke, 2006). Data extractions were coded, after which 
recurrent themes and critical phenomena for social 
transformation were recognized using an inductive 
strategy, where themes emerged from the data instead 
of being compared with the categories a priori. Three 
necessary themes were extracted: resilience enhance-
ment, community cohesion, and cultural variations, as 
they represented how spiritual intervention affected 
them on an individual and a societal level. Initially, two 
evaluators applied manual coding to the data source 
set to evaluate themes. Then, they annotated the text to 
recognize such ideas as stress reduction or social trust 
and developed over 200 codes regarding theoretical, 
empirical, and cultural aspects. Moreover, codes were 
then grouped into preliminary themes based on manual 
iterative discussions, after which disagreements were 
addressed in the form of consensus to make it reliable. 
For example, “emotional regulation” and “coping” 
merged into resilience enhancement, and “group empa-
thy” and “collective well-being” became community co-
hesion. Coding consistency was verified against a sub-
set of 20 sources and operationalized with an inter-rater 
agreement of 85% to strengthen theme validity. After 
collection, themes were mapped out and condensed to 
reflect the overarching goals of the review, thus provid-
ing a framework in which to present findings in ways 
that capture both similarities—such as the broad bene-
fits of resilience to diverse cultures—as well as differ-
ences—like how cultural influences shape societal co-
hesion (Kabat-Zinn, 2011). This method allowed for a 
highly nuanced analysis between qualitative richness 
and systematic, rigorous methodologies that evaluated 
the variance across the multitude of literature. 
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Results
Overview of Findings 

The accumulation of literature comprising 85 sources 
collected for review purposes illustrates that spiritual 
interventions have been extensively applied in 
transpersonal psychology and have demonstrated posi-
tive effects on individual and social dimensions, albeit 
with varying scope and consistency. At an individual 
level, meditation and hypnosis are regularly reported to 
increase emotional resilience, reduce stress, and foster 
well-being, with neuroscientific and psychological stud-
ies highlighting a correlation with beneficial outcomes in 
domains of well-being (Goleman & Davidson, 2017; 
Scotton et al., 1996). Mindfulness, especially, has 
shown widespread results from many trials and studies 
of meditation aimed at improving attention and emotion 
regulation processes. Neuroimaging shows increased 
activity in the prefrontal cortex, with expert consensus 
implying a robust mechanism for stress adaptation (Lutz 
et al., 2008). Hypnosis is also documented to achieve 
increases in self-efficacy along with decreases in anxi-
ety; evidence from clinical practice also suggests that it 
can be of value with trauma recovery and individual 
power (Yapko, 2012). Socially, they may demonstrate 
the potential to increase community cohesiveness; for 
example, there is evidence of enhanced interpersonal 
trust and group well-being in heterogeneous environ-
ments (Kabat-Zinn, 2011; Miller, 2010). Group-based 
practices (such as communal meditation or shared ritu-
als) have shown positive effects on empathy and com-
munity ties. Later on, these show up in educational set-
tings and in the workplace.(Schonert-Reichl & Lawlor, 
2010). While the literature suggests variation in out-
comes based on cultural context and consistency of 
empirical support, Western studies tend to emphasize 
individual growth—evidenced by an emphasis on indi-
vidualized metrics such as self-reported well-being—
and Eastern research highlights communal benefits, 
including increased social trust in collectivist societies 
(Vaughan, 1979). This distinction between Western and 
Eastern studies highlights contrasting cultural priorities, 
but since standards of comparison are not established 
uniformly across cultures, this is a barrier to straightfor-
ward cross-cultural comparisons. Overall, spiritual inter-
ventions are promising for social change, but their 
broader systemic impact—the more societal-level ef-
fects of equity or institutional resilience—remains un-
derdocumented relative to the individual-level bene-
fits—and thus has been the focus of research bias to-
ward individual versus group outcomes. 

Key Themes 
This thematic analysis of the literature identifies three 

primary themes—resilience enhancement, community 
cohesion, and cultural variations—reflecting the diverse 
impact of spiritual interventions within transpersonal 
psychology.  

Resilience Enhancement A principal idea expressed 
throughout the reviewed sources is the potential for 
spiritual interventions to support an individual's re-
silience, with meditation being offered as one of the 
core practices related to reducing stress and enhancing 
emotional regulation. Several research studies have 
documented significant changes in brain activity asso-
ciated with adaptability, such as a shift from having a 
high response rate in the amygdala to increased activity 
in the prefrontal cortex (Goleman & Davidson, 2017), 
revealing a sound patterned mechanism for alleviating 
stress (Lutz et al., 2008). Furthermore, the usage of 
hypnosis has been determined to be one of the most 
important interventions associated with strategies for 
promoting the development of self-efficacy and forming 
new varieties of coping, which may also be used during 
a therapeutic environment for purposes of improving 
the perception of dealing with anxiety and other forms 
of trauma (Scotton et al., 1996). Research has also 
highlighted its potential for doing much more, including 
deepening subconscious resource access. Controlled 
studies show a valuable reduction of post-traumatic 
stress symptoms and chronic pain, adding it as another 
tool, if not in all ways already building resilience (Yapko, 
2012). The less-studied energy healing provides a 
complementary tool for emotional restoration and con-
tributes to personal effectiveness (Rogers et al., 2021). 
Both small-scale trials of Reiki practice have reported 
decreases in biomarkers of physiological stress and 
correspondent improvement in subjective well-being, 
but results should be treated cautiously owing to the 
sample size inadequacy that accompanied these inter-
ventions (Miles & True, 2003). Collectively, these inter-
ventions facilitate people's internal defenses against 
psychological stress. It is addressed in the studies re-
viewed and supported by both neuroscientific, clinical, 
and self-report data that show a standard power of im-
proving emotional and mental endurance (Kabat-Zinn, 
1990). Indeed, this resilience might be seen as a pre-
cursor for more general social gains since those who 
can effectively manage their emotion would provide 
better contributions to communal activities. However, its 
direct social implications were not discussed in these 
studies due to a lack of the necessary valid data 
(Schonert-Reichl & Lawlor, 2010). However, the results 
fit in line with similarly documented results from various 
other researchers of the same idea, namely, building 
better people and highlighting spiritual practices' consis-
tent capacity in building stronger people, which can 
provide a foundation for potential collective impact. 
Community Cohesion The literature has also focused 
on the role of spiritual interventions in enhancing com-
munity cohesion. In this regard, group-based practice 
has a considerable impact in various settings. Group 
meditation practices increase interpersonal trust and 
empathy, increasing community social relations (Kabat-
Zinn, 2011). Experimental studies indicate that those 
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participating in communal mindfulness are associated 
with elevated prosocial behaviors, including an in-
creased propensity to cooperate, less interpersonal 
conflict, and, in workplace trials, support the teams’ per-
formance more effectively compared to non-mindful-
ness programs after an 8-week intervention (Lutz et al., 
2008). Similarly, in education settings, elementary 
schoolers indicated that through mindfulness training, 
they could receive peer support and harmony in the 
classroom, as students indicated that their co-workers 
associated with them had better social ties (Schonert-
Reichl & Lawlor, 2010). Separated from meditation, 
studies on spiritual gatherings —including shared ritual 
practices or mindfulness sessions—found more signifi-
cant levels of overall well-being and reported feelings of 
mutual aid in communities with stronger communal tra-
ditions (Miller, 2010). For example, studying Buddhist 
sangha practices in Asia shows greater community re-
silience after disaster, attributed to shared meditation 
for creating emotional solidarity (Panting et al., 2020). 
Meanwhile, when hypnosis is utilized in therapy groups, 
it enhances trust and improves communication. The 
results from small-scale experiments demonstrate lower 
social anxieties and higher group cohesion among par-
ticipants, whilst the number of trials is still limited 
(Kirsch et al., 1995). These findings suggest that spiri-
tual interventions might not necessarily only benefit in-
dividuals but also facilitate interaction with others to 
strengthen social connections and community resilience 
through creating shared experiences that reinforce in-
terpersonal relationships (Wallace, 2001). In this matter, 
however, such effects vary across populations and cul-
tures: individuals who are collectivistic in their culture 
are likely to find the effects of such interventions far 
more powerful than those in individualistic cultures like 
those of the West, where personal benefits trump other 
social benefits (Purser, 2019). This theme suggests that 
spiritual practices may serve as a vehicle from an indi-
vidual to a larger community; however, there is limited 
evidence of broader societal impacts (Kasprow et al., 
1999). 
Cultural Variations The effect of cultural factors is one 
of the major themes that have emerged as a key theme 
in assessing the effectiveness of spiritual interventions. 
There are stark contrasts in the relationship between 
East and West. Western interventions, for example, 
incorporate mindfulness and hypnosis centered on indi-
vidual gains, focusing on personal well-being and au-
tonomy (Vaughan, 1979). Also, investigations report 
that mindfulness, secularized in the US and Europe, 
increases self-identified stress reduction and productivi-
ty following corporate programs wherein volunteers 
chose personal gain over mass effectiveness (Purser, 
2019). Hypnosis is likewise documented to bolster indi-
vidual resilience, with Western trials centered around 
personal power instead of group control (Yapko, 2012). 
However, Eastern practices, such as Qigong or Bud-

dhist practice recurrence, concentrate on harmony 
among people; they yield stronger associations with 
broader outcomes like social trust (Kabat-Zinn, 1990). 
Investigations in China show that Qigong facilitates so-
cial network strength, which is entailed by residential 
cohesiveness and strong understanding and mutual 
support among inhabitants (Gouw et al., 2019). Zen 
meditation is known to improve post-disaster communi-
ty resilience in Japan by meditators who share practice 
as a binding agent (Panting et al., 2020). Sources at-
tribute these variations to underlying cultural values – 
individualism in the Western context, characterized by 
self-oriented behavioral patterns that focus on personal 
calm. 

In contrast, collectivism characterizes the Eastern 
context with interdependence, defining interventions' 
impact (Rowan, 2001). For instance, studies exploring 
Thai Buddhist mindfulness demonstrate greater com-
passion and prosocial behavior, whereas US re-
searchers focus on personal calm (Wallace, 2001). 
However, sources show few systematic cross-cultural 
comparisons due to lacking standardized measurable 
tools to study how cultural contexts mediate efficacy in 
similar populations distributed worldwide (Tart, 2009). 
Consistency is not evident due to the inconsistent ap-
plication of systematic cross-cultural comparisons. 
There are minimal studies where researchers utilize 
standardized measurable instruments to assess how 
cultural contexts mediate efficacy within diverse popula-
tions (Kabat-Zinn, 2011). This trend contributes to a 
biased presentation of how intervention's social trans-
formative capacity evolves across different cultures 
without considering the gaps in evidence. 

Discussion 
Interpretation of Results

The effects of this review demonstrate that spiritual 
interventions within transpersonal psychology are both 
effective in enhancing one's resilience and facilitating 
one's cohesiveness within a community yet limited in 
their broader social transformative potential. This con-
sistency in findings regarding the improvement of emo-
tional resilience that is conferred by meditation and 
hypnosis reflects well-established psychological theo-
ries of self-regulation and neuroplasticity, which pro-
pose that spiritual interventions access intrinsic human 
capacities for adaptation (Goleman & Davidson, 2017; 
Hartelius et al., 2007). Thus, meditation's neuroimaging 
data indicates a reduction of amygdala reactivity and 
increased prefrontal cortex activity, evidencing the exis-
tence of biological substrates supporting stress coping 
and thus stressing why hypothesized improvements in 
stress sensitivity reflect a general efficiency across all 
populations (Lutz et al., 2008). Hypnosis also employs 
subconscious processes in support of self-efficacy, 
which has been demonstrated through clinical practice 
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and trauma recovery from the studies, emphasizing that 
increased resilience forms the fundamental conse-
quence (Yapko, 2012). This level of individual strength 
could serve as a gateway to social change: it enables 
individuals to participate in social contexts due to re-
duced psychological barriers to social interaction, im-
proving community cohesion primarily through group-
related effects. Improvements in group practices have 
been found to enhance the theory of social capital, 
whereby experiences that connect individuals strength-
en interpersonal trust and networks (Putnam, 2000). A 
study of communal meditation demonstrates increased 
empathy and cooperation, showing a potential process 
by which individual gains can become aggregated for 
an overall social gain (Schonert-Reichl & Lawlor, 2010). 
However, the complexity created by cultural differ-
ences—from Western individualism and Eastern collec-
tivism—prevents any simple transfer onto culture as a 
factor of how spiritual behavioral patterns translate into 
general social results (Vaughan, 1979; Kabat-Zinn, 
1990). This is partly because Western values focus too 
much on personal growth. At the same time, they re-
duce many communal concerns, and Eastern collec-
tivism seems to amplify these group-oriented outcomes 
or effects, such as post-disaster resilience in Asia 
(Panting et al., 2020). Given the scant evidence regard-
ing systemic societal-level shifts—institutional equity or 
structural resilience—there is some reason to believe 
that such an intervention could bridge personal and 
communal levels despite not being scalable to impact 
broader social structures. This speaks to a more signifi-
cant issue that pervades this discussion: the field's abili-
ty to effect objective societal changes lags behind its 
capacity to achieve subjective transformation, prompt-
ing a reconsideration of its transformative reach (Tart, 
2009). These distinctions hew closely to each other, 
highlighting both the potential and the constraints of 
existing bodies of knowledge—for which there must be 
a more integrated framework linking inner growth to 
measurable social change in society. 

Research Contributions 
This review significantly contributes to the knowledge 

of transpersonal psychology and social science. It sys-
tematically synthesizes spiritual interventions’ impacts 
on individual resilience and community bonds, an area 
that has not been investigated cohesively (Hartelius et 
al., 2007). It helps advance academic discourse by ar-
ticulating a theoretical connective bridge for personal 
spiritual development and social change—a more ex-
pansive scope than the discipline’s tendency to exam-
ine findings regarding discrete individual-level out-
comes such as stress reduction or self-awareness 
(Daniels, 2005). By combining neuroscientific research 
with social theory, it places what might seem to be dis-
crete interventions such as meditation and hypnosis at 
the forefront of possible catalysts for societal “big 
change” in society, with broader implications beyond the 

introspective confines of a traditionally introspective 
discipline (Goleman & Davidson, 2017; Putnam, 2000). 
In this way, resilience found in biological adaption un-
derpins the creation of social cohesion—one that is yet 
missing since it represents a new interdisciplinary mod-
el better suited to understanding the complexity of so-
cial interaction (Lutz et al., 2008). By emphasizing the 
importance of cultural differences, it widens the in-
terdisciplinary understanding, providing a nuanced in-
sight into the integration of psychological and sociologi-
cal assessments around the impact of East Asian col-
lectivism on enhancing communal outcomes over 
Western individualism (Putnam, 2000; Rowan, 2001). In 
terms of implementation, these results can provide a 
basis for policymakers and practitioners to utilize spiri-
tual practice in approaching social dilemmas surround-
ing disconnection and inequality (particularly in cultural-
ly diverse communities) – including the use of medita-
tion in community-based programs for group cohesion 
or hypnosis within therapeutic groups to enhance their 
relationship dynamics (Schonert-Reichl & Lawlor, 
2010). Thus, such work may be seen as a catalyst for 
future interdisciplinary research – transforming psychol-
ogy with anthropology or sociology and its applications 
in the real world to promote holistic societal well-being 
and innovative approaches to address systemic issues 
such as cultural polarities (Panting et al., 2020). 

Limitations of the Study 
Although this review is thorough, there are several 

shortcomings. Firstly, the selected literature was gath-
ered through English-language publications only be-
tween 2000 and 2023, thereby creating a potential lin-
guistic and temporal bias that can exclude valuable cul-
turally unique literature from non-English publications or 
early foundational work (Tart, 2009). In particular, de-
spite the proliferation in most fields of study, there is 
likely more material in Eastern origins on spiritual prac-
tices beyond what is translated into these Western pub-
lications on Qigong (e.g., Mandarin or Japanese cul-
ture) that include a dominant perspective on Qigong in 
cultural contexts (Gouw et al., 2019). Also, the time limit 
between 2000 and 2023 (while valid for modern con-
tent) bypasses the fact that many seminal works in the 
20th century paved the way for transpersonal psychol-
ogy in the recent past (Maslow, 1971). Secondly, al-
though rare, there appears to be cultural bias present 
due to the large majority of reviewed research coming 
from Western cultures, which does not serve well to 
represent the dynamic influence of backdrop cultures 
such as Asian communities who appear to experience 
very differing social consequences in their respective 
spiritual practices (Kabat-Zinn, 2011; Panting et al., 
2020). Third, weak empirical evidence connecting spiri-
tual practices to societal transformation—including how 
they might transform society—restricts against clear 
conclusions, meaning “current findings are mostly 
based upon small-scale or anecdotal evidence and not 
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upon long-term, large-scale longitudinal studies that 
can follow changes in system-wide phenomena, such 
as how equity or trust unfolds over time” (Kasprow et 
al., 1999), which limits claims about positive societal 
impact (Miles & True, 2003). In this context, having only 
limited samples (typically from controlled settings) com-
plicates any suggested generalizability (Miles & True, 
2003). Finally, the size of the review has further para-
doxically limited possible conclusions regarding the 
transforming impact of spiritual interventions by focus-
ing on one area of expertise, namely transpersonal 
psychology, when other frameworks of sociological or 
anthropological studies would be more congruent with 
the spirit of the transformative potential requirement: an 
example is ethnographic studies of ritual practices or 
social capital models that quantify community cohesion 
(Putnam, 2000). Each of these limitations draws atten-
tion to the lack of other benchmarks to facilitate the 
complete validation of the transformative power of spiri-
tual intervention in diverse settings with appropriate 
research methods. 

Future Research Directions 
Future research must build upon these shortcomings 

by conducting cross-cultural studies comparing spiritual 
intervention efficacy for individualistic and collectivist 
contexts to increase global applicability (Kabat-Zinn, 
2011). A comparison of mindfulness outcomes in West-
ern corporate settings versus Qigong’s collective im-
pacts on rural Eastern communities could be construct-
ed by creating standard indicators that could account 
for cultural differences (Gouw et al., 2019). Longitudinal 
study designs are needed to determine their long-term 
impacts on social transformation. To capture systemic 
changes, standardized metrics such as social trust or 
an equity index must be utilized for a multi-year time-
frame (Putnam, 2000). More extensive empirical studies 
should move away from individual-level outcomes to 
systemic societal changes, such as institutional re-
silience, structural resilience, or policy impact. Mixed-
methods research that collates quantitative social out-
comes and qualitative stories may be helpful (Panting 
et al., 2020). Combining these interdisciplinary pro-
grams with sociology and anthropology will advance 
this work further, combining approaches such as social 
capital or cultural ritual practices to analyze how spiritu-
al cues and interventions accumulate to become a col-
lective concern or transformation (Tart, 2009). The 
combination of perspectives and skills would enhance 
the evidence base around “how transpersonal practices 
affect change across settings and scales.” 

Conclusion 
This systematic review highlights the transformative 

potential of spiritual interventions in transpersonal psy-
chology, emphasizing their effectiveness in enhancing 
individual resilience and promoting community cohesion 

across diverse contexts. Through carefully integrating 
85 diverse sources spanning 2000-2023, this approach 
provides substantial evidence that meditation, hypnosis, 
and energy healing have quantifiable benefits, bolster-
ing emotional resilience and developing social bonds, 
with differing effects across cultures. The enhanced 
stress resilience, supported by neuroscientific research, 
makes meditation a core pillar for building individual 
strength in daily life, while applications across social 
settings, including schooling and the workplace, en-
courage interpersonal trust-building (Goleman & David-
son, 2017; Schonert-Reichl & Lawlor, 2010). Hypnosis 
fosters adaptive responses that can facilitate coping 
strategies supporting trauma survivors’ recoveries, and 
preliminary evidence suggests that energy healing also 
helps to alleviate stress. Together, these perspectives 
weave a rich framework for boosting individual fortitude 
(Yapko, 2012; Miles & True, 2003). Societally, these 
intervention types create cohesion, with Eastern collec-
tivist settings, like Japan’s recovery from disaster, 
showing more substantial social outcomes than West-
ern individualistic ones (Panting et al., 2020; Purser, 
2019). This research illuminates extensive ground cov-
ering a key scientific discipline, psychology, with a link 
between the individual’s spiritual development and the 
broader collective being, helping to see beyond the 
field’s tendency to emphasize the individual (Daniels, 
2005).  

The review highlights an interesting pathway toward 
integrating modern challenges, such as social discon-
nect, inequality, and cultural fragmentation, through 
holistic approaches beyond conventional psychological 
paradigms. However, the lack of substantive evidence 
supporting societal-level change, such as changes in 
institutional equity or structural resilience, highlights that 
further work is needed to demonstrate the scalability 
(Putnam, 2000). This underscores a more profound 
tension: spiritual interventions have successfully fos-
tered subjective development, but fewer studies inves-
tigate its effects on objective societal-level change (Tart, 
2009). From a policy and practice viewpoint, this poses 
a potential practical opportunity: introducing culturally 
sensitive spiritual interventions into community pro-
grams would add to social resilience and cohesion, es-
pecially in urbanized or fractured settings. School mind-
fulness programs could build peer networks, while 
group hypnosis in therapy settings could improve levels 
of trust in disenfranchised communities (Schonert-Re-
ichl & Lawlor, 2010; Kirsch et al., 1995). Adapting 
Qigong or communal rituals in a collectivist region 
would help improve social solidarity through existing 
regional cultural strengths (Gouw et al., 2019).  

Through providing an all-encompassing synthesis and 
identifying pertinent research gaps (including the need 
for cross-culture and longitudinal studies), not only does 
this study contribute to the advancement of academic 
knowledge, but it also sets the stage for subsequent 
research and various applications that could be used in 
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future initiatives to create a more connected and equi-
table society. Specifically, it calls for a research agenda 
integrating transpersonal psychology with social sci-
ences, providing a pioneering framework to address 
pressing global challenges like disconnection and in-
equity (Kabat-Zinn, 2011). 
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