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ABSTRACT Retail technology adoption is essential for improving operational efficiency, enhancing
customer engagement, and supporting sustainable growth in a highly competitive environment. Despite the
growing importance of digital transformation in retail, significant research gaps remain in understanding
collaborative innovation networks within this sector. This study addresses these gaps by utilizing Social
Network Analysis (SNA) to examine patent registrations in retail technology, analyzing a dataset of 36,411
patents from 1995 to 2024. The methodology includes network construction, community detection, and
keyword analysis, mapping out 8,225 entities and 14,805 collaborations. Results reveal IBM, Target Brands,
and Procter & Gamble as pivotal entities with high network centrality, highlighting their influence across key
technological domains like AI, digital commerce, and retail security. The research categorizes technologies
into 15 domains—such as Core Retail Operations, Digital Commerce, and Retail Communication—exposing
seven major clusters where innovation efforts are concentrated. These findings offer practical insights for
corporations, SMEs, startups, and policymakers aiming to navigate technological change and optimize strate-
gic investments in retail. By detailing the relationships between leading entities and emerging technology
clusters, this study provides a comprehensive view of the retail innovation landscape, aiding stakeholders in
decision-making around technology adoption, collaborative opportunities, and competitive positioning in an
increasingly digital retail ecosystem.

INDEX TERMS Retail technology, patent analysis, social network analysis (SNA), digital commerce, retail
industry collaboration, data-driven decision-making.

I. INTRODUCTION
Retailing is a vital driver of economic growth, job cre-
ation, and consumer spending in the worldwide market [1],
[2]. The retail industry plays an essential part in interna-
tional trade, affecting not just individual nations but also
the global economy [3]. The retail industry is complicated
and has a significant impact on multiple facets of society,
including shaping identities and values and driving economic
growth [4], [5]. It facilitates the transfer of products and
services between producers and consumers and promotes the
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implementation of sustainable distribution and consumption
methods [6]. Moreover, retailing offers an opportunity for
economic expansion in developing nations and acts as an
essential catalyst for developed nations [7]. The sector’s
significance extends above basic transactions, as it has an
impact on cultural norms, political landscapes, and societal
structures [4]. The retail sector is intricately associated with
concepts such as supply chain management, the digital econ-
omy, geopolitical and economic factors, and e-commerce [8],
[9], [10].
According to Woods et al. [11], a wide range of tech-

nologies, including artificial intelligence (AI), big data ana-
lytics, the Internet of Things (IoT), blockchain, automation,

VOLUME 12, 2024

 2024 The Authors. This work is licensed under a Creative Commons Attribution 4.0 License.

For more information, see https://creativecommons.org/licenses/by/4.0/ 186753

https://orcid.org/0000-0003-2412-8140
https://orcid.org/0000-0002-1896-1825
https://orcid.org/0009-0004-7016-5406
https://orcid.org/0000-0002-1772-0763


N. Mohammadi et al.: Innovation Ecosystems in Retail: Uncovering Technological Trends

robotics, and virtual reality, are increasingly being used
in retail operations. The widespread implementation of
cutting-edge technologies has completely transformed tradi-
tional retail procedures, resulting in significantly improved
efficiency, personalization, and customer satisfaction. These
technologies have influenced conventional retail strategies
and technologies regarding operations, customer services,
and business outcomes [12], [13]. The use of advanced
technologies like AI has made it possible for retailers to ana-
lyze data, provide recommendations, control inventory, and
perform several tasks, thereby enhancing their productivity
and satisfying consumers [14]. Further, AR, cloud comput-
ing, and big data analytics have created the possibility of
Retail 4.0, which enables retailers to offer new services and
value-added solutions to consumers [15]. Therefore, accord-
ing to Chand [16], technological advancement has become
inevitable for retailers who want to survive in the market, and
this has forced the retail sector to go for the digital transition.
By using technology, merchants can optimize operational
efficiency, promote consumer interaction, and stimulate sus-
tainable growth in a progressively competitive market [15].
As for the field of retail, the application of technology is

now mandatory for organizations and companies that aim for
growth and sustainability. It is therefore important for busi-
nesses to be aware of the technological trends and the flow of
technology in the retail industry [17], [18]. Among the most
widely used approaches, it is important to highlight patent
mining, which is aimed at analyzing patents to determine
emerging technologies, innovative solutions, and directions
for their further development [19], [20]. Thus, through the
analysis of patents, retailers can identify the latest technolo-
gies, competitors, and trends, which will help them make
the right decision on the use of technology. Retailers must
be aware of technological innovations and developments to
be able to compete effectively, increase productivity, deliver
superior customer experiences, and improve their business
in the constantly evolving retail environment [21], [22].
By leveraging patent mining as a strategic tool, retailers can
proactively identify opportunities for technological integra-
tion, innovation, and differentiation, ultimately positioning
themselves for success in the digital age [23], [24].
Nevertheless, despite its impressive growth and impact,

there remains a clear gap in our comprehension of the retail
industry when examined using data-driven research [25],
[26]. The study by Trappey et al. [27] introduces an
ontology-based method for evaluating patent portfolios
within smart retailing, producing patent maps that delin-
eate relationships among patents, innovations, and business
processes, but it is narrowly focused on specific compa-
nies, limiting the generalizability of its findings across the
broader smart retailing industry. Mondol [28] investigates
how blockchain technology affects supply chain performance
in the UAE’s retail sector, finding significant enhancements
in inventory systems and overall supply chain outcomes.
However, The study relies heavily on primary data from a

single retail entity, LuLu Hypermarket, which may not pro-
vide a comprehensive view of the sector’s wide variability.
Reference [29] focus on the economic and patent landscape
impact of smart retailing, showing how emerging technolo-
gies drive the shift from physical to virtual store experiences.

Previous research in the retail sector has largely cen-
tered on the application of specific technologies such as
blockchain, often failing to fully capture the complex, multi-
dimensional impacts these technologies have on the industry,
and providing limited insights into broader strategic implica-
tions or integration challenges across diverse retail environ-
ments [27], [28]. Similarly, other researchers propose tech-
nology roadmaps that, while informative, largely overlook
critical factors of retail markets [19], [30]. The few attempts
to employ patent mining for broader technological trend
analysis concentrate predominantly on RFID applications,
significantly neglecting other rapidly evolving technologies
that could revolutionize the retail sector [31], [32]. These
studies collectively demonstrate a piecemeal approach to
understanding retail technology, often constrained by narrow
scopes and limited by a lack of comprehensive integration
strategies, thereby leaving significant gaps for more holis-
tic and dynamically adaptable research contributions [33],
[34]. Also, there is a noticeable gap in the literature on
the main entities and companies driving the technological
aspect of the retail industry, their focuses, and how they are
interconnected [35], [36]. This literature gap is quite alarm-
ing, especially due to the current high rate of technological
innovation and the growing significance of innovation as a
source of competitive advantage in the retail industry [37].
Although earlier research has emphasized the significance of
technology as a crucial factor for successful retailers, there is
a need for a comprehensive analysis of different technological
developments, advances, and their consequences for the retail
industry [38], [39].

Despite the retail sector’s rapid technological advance-
ment, current research reveals substantial gaps in our under-
standing of its broader implications. Existing studies often
focus on specific technologies, such as blockchain or RFID,
yet do not fully capture the complex and interconnected
impacts that these innovations have across retail environ-
ments. Many analyses remain limited to isolated case studies
or single-company data, which hinders the ability to gen-
eralize findings to the wider industry. For instance, studies
like Trappey et al. focus on narrow ontology-based patent
evaluations, and Mondol’s work on blockchain in the UAE’s
supply chain, while insightful, lacks applicability across
diverse retail ecosystems. Other studies propose technology
roadmaps, but these often overlook the multidimensional
strategic integration needed to support technology adop-
tion in various retail segments. Additionally, while some
research investigates technological trends via patent min-
ing, it frequently emphasizes specific innovations, such as
RFID, overlooking other disruptive technologies that could
transform the industry. Further, there is a limited exploration
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of key players and their roles in driving and connecting
technological advancements, underscoring a critical gap in
mapping the sector’s innovation ecosystem. This fragmented
approach has yet to address the need for comprehensive,
integrative strategies to support stakeholders—from major
corporations to SMEs—in navigating rapid technological
evolution. Consequently, a more holistic, data-driven explo-
ration of emerging retail technologies is needed to illuminate
the broader strategic opportunities and integration challenges
facing the industry today.

In recent years, patent analysis has become an essen-
tial tool for assessing technological trends, understanding
competitive landscapes, and promoting innovation. Effective
patent analysis allows companies, researchers, and policy-
makers to identify technology gaps, monitor advancements,
and gain insights into competitor strategies. Among vari-
ous approaches, machine learning-based patent analysis has
gained particular attention due to its ability to manage
large datasets and uncover valuable insights from com-
plex patent information [40]. This method uses advanced
algorithms to process patent metadata, textual content, and
citation networks, making it possible to identify hidden
patterns, relationships, and trends within extensive patent
databases. Machine learning-based methods are not only
efficient in processing time but also highly adaptable,
allowing customization for specific technological domains
or industries. Furthermore, these approaches provide a
robust framework for predicting innovation trajectories,
evaluating the potential impact of emerging technologies,
and guiding strategic decision-making in research and
development [41]. Consequently, machine learning-based
patent analysis has emerged as a cutting-edge approach
that empowers stakeholders to harness the full potential
of patent data for competitive and strategic advantage
[42], [43].

This research aims to address this gap in the literature by
using Technology Network Analysis (TNA) to classify the
various kinds of retail technologies and identify the most
suitable ones. The goal is to provide findings that can be help-
ful for large corporations, SMEs, startups, and researchers
regarding planning, development, financing, and policies in
cooperation. Therefore, the following questions are aimed to
be answered in this paper:
Q1. What is the structure and composition of the coop-

eration network involved in the registration of retail
industry patents?

Q2. Who are the prominent figures and organizations in the
retail industry patent network, and what roles do they
fulfill?

Q3. What are the primary technological domains repre-
sented by main participants in retail industry patents,
and how do they contribute to the modernization and
efficiency of the sector?

Q4. What trends are evident in the investment and con-
centration strategies of main actors across various
technologies within the retail community?

The remaining sections of the paper begin with the Literature
review, followed by the Methodology section, which dives
deep into the research method used for this analysis. Next,
the results section presents the outcomes, including the For-
mation of the Retail Industry Patent RegistrationNetwork and
the Keywords Network. Next, the Discussion, followed by the
Conclusion section, synthesizes the findings and emphasizes
the role of technological innovation in shaping the retail
industry’s future.

II. LITERATURE REVIEW
A. RETAIL TECHNOLOGIES
Khashan et al. [44] argue that the Retail industry as we
know it is undergoing a significant technological transfor-
mation. Moreover, these advances are adapting consumer
interactions with retail and influencing brand loyalty [45].
As Bălăşescu [46] discussed, understanding the impact of
technological advances in retail innovation is fundamental
for shaping the future retail experience and improving busi-
ness models Bruni and Piccarozzi [47] determined the three
sections that technology in retail is going to be utilized,
including analyzing customer behavior, enhancing customer
relationship management, and optimizing retail manage-
ment. In addition, Li [48] demonstrates that supply chain
relationships are paramount for moderating and facilitating
digital transformation and innovation performance in retail
companies, providing insights that support the necessity of
reconfiguring relationships within the supply chain to fos-
ter innovation in retail. Luamba et al. [49] further establish
that innovative strategies are critical for small retailers to
remain sustainable, with technological innovation allowing
real-time monitoring of commercial activity and inventory
evaluations Nurjanah [50] outlines a new concept that can be
described as the fusion of digital and physical environments
of retail establishments, leading to a seamless and immersive
shopping experience for customers. This new concept, ‘‘New
Retail’’, relies on a consumer-centric approach in which
big data and AI technologies are integrated to optimize the
processes of production, circulation, and sales. Moreover,
Evanschitzky et al. [51] argue that digital disruption is a
major force that impacts the retail sector, and technologies
such as service robots will continue to evolve and change the
retail landscape. Additionally, Cakir et al. [52] has claimed
that Omnichannel retailing is a disruptive trend that has
impacted the retail sector. omnichannel retailing is a cus-
tomer experience strategy that offers a seamlessly integrated
and consistent experience across all feasible customer inter-
faces and touchpoints, transcending traditional retail limiting
experiences through digital technology.

Butt et al. [53] illuminate that new technologies like
AR and employee services are utilized to engage cus-
tomers, strengthening equity and fostering loyalty in the
retail sector. Researchers have claimed that the integra-
tion of AR technology at retail is reshaping conventional
retail methods and enhancing supply chain processes through
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TABLE 1. Main technologies of the retail industry.

artificial intelligence (AI) and customer service capabili-
ties through chatbots [12], [54]. Virtual reality (VR) in the
retail industry enables the realistic representation of products,
virtual store experiences, and improved user involvement,
therefore revolutionizing consumer interactions and pur-
chase habits [55]. Al-Nabet [56] and Roe et al. [57] have
emphasized that the Internet of Things (IoT) is critical to
transforming the retail industry worldwide. Blockchain tech-
nology in the retail industry facilitates enhanced supply chain

traceability, product authentication, and secure transactions,
potentially revolutionizing operational efficiency and con-
sumer trust [58]. Table 1 provides a detailed representation
of the main technologies used in the retail industry and their
respective applications and impact areas.

B. PATENT MINING IN RETAIL
Patent mining is crucial for driving innovation and main-
taining a competitive edge in today’s market [107], [108].
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As Sarica et al. [109] discussed, by systematically extracting
and analyzing information from patent databases, compa-
nies can identify technological trends, track competitors,
and uncover market gaps for new product development.
Ponta et al. [110] highlighted that this process also aids in
optimizing research investments, avoiding potential infringe-
ments, and informing strategic decisions on licensing and
intellectual property management. Additionally, patent min-
ing supports policymakers and legal experts in shaping
effective patent strategies, ensuring compliance, and drafting
robust patents [111]. Overall, it is an essential tool for sus-
taining innovation and safeguarding intellectual assets [112],
[113]. Alessandri [114] argued the effectiveness of patent
mining across numerous industries and domains, highlighted
by researchers, emphasizes the relevancy of patent mining in
grasping the complex innovation landscape within particular
sectors and from varying locations.

As for the retail industry, Liu et al. [115] and Hwang et al.
[116] highlighted the significance of patent mining in uncov-
ering technological patterns and gaining insights into the
wider scope of innovation. Through the utilization of tech-
niques such as text mining and bibliometric analysis on exten-
sive patent datasets, these researchers successfully extracted
crucial insights regarding innovation trajectories and com-
petitive landscapes. This technique has been extremely
beneficial for retail organizations who want to remain ahead
of technological developments and take advantage of future
opportunities.

Similarly, the research conducted by Guderian et al. [117]
has specifically examined the strategic application of patent
mining as a means of managing risks and promoting inno-
vation in times of crisis. Guderian et al. [117] demonstrated
the usefulness of patent mining in helping organizations
discover innovation trends and plan strategic responses to
unexpected problems during the COVID-19 pandemic. This
study emphasized the significance of patent mining during
times of uncertainty.

In addition, Jun [118] and Huang et al. [119] investigated
the incorporation of patent mining with other data sources,
such as academic research databases, to improve technical
roadmaps and expand competencies in the retail industry.
By utilizing sophisticated methodologies such as boosting
and ensemble learning on patent big data, they showcased the
potential of these techniques to enhance our comprehension
of technology integration, a crucial aspect in the rapidly
evolving retail industry.

C. RELATED WORKS
Trappey et al. [27] introduce an ontology-based approach
for evaluating patent portfolios, offering competitive insights
through text mining and patent categorization within smart
retailing. This method generates patent maps that reveal rela-
tionships between patents, innovation categories, commercial
potential, and business processes. Their three-dimensional
model assesses patents by scope, importance, and originality.

The study finds Amazon’s patents highly innovative but
specific, while Alibaba’s patents cover broader sectors with
average influence. This approach provides strategic infor-
mation for informed R&D and innovation management
decisions, highlighting the importance of organized patent
portfolios in smart retailing. Ozcan et al. [19] apply inte-
grated road mapping to forecast upcoming technologies in
retail, addressing a gap in the literature on emerging technol-
ogy adoption. The study uses a mixed approach, analyzing
patent data and expert reviews, and categorizing eight tech-
nology groups into a comprehensive roadmap with a focus
on unmanned retail operations. The findings indicate sig-
nificant changes in front-end and back-end retail activities,
impacting strategic innovationmanagement. This twelve-step
process provides valuable insights into technology foresight,
contributing to the literature on technology forecasting and
its application in retail frameworks. Trappey et al. [29] inves-
tigate the patent landscape and economic impact of smart
retailing on companies like Alibaba and Amazon. Using
Pierce’s Derwent Innovation search, the study highlights a
rise in patents related to e-transactions, customer experience,
and information integration. It shows how technologies like
AI, AR, and NFC are driving a shift from physical to virtual
store experiences, while also addressing the challenges of
data privacy and cybersecurity, and the economic potential
for the workforce and future investments in smart retailing.
Pantano et al. [120] examined patent trends in the retail
sector from 1990 to 2015, demonstrating exponential growth
with a two-year doubling rate, highlighting the critical role
of technological advancement in enhancing competitiveness.
While the initial TPC model underestimated patent activity
from 2005 to 2015, a revised model better captures this
upward trend. The study observes a deceleration in patent
growth post-2005, with further slowing anticipated after
2018, indicating a potential phase of technological diffusion.
This research underscores the strategic significance of patent
analysis for innovation tracking, competitive advantage, and
improving customer experiences in the retail industry.

The study by Mondol [28] investigates the effects of
blockchain technology on supply chain performance in
the UAE’s retail sector, focusing on the LuLu Hypermar-
ket. Using a quantitative approach, the study collected
primary data through questionnaires and secondary data
from published sources. Path analysis, ANOVA, regres-
sion, and correlation analyses confirmed that blockchain
significantly enhances smart inventory systems and supply
chain outcomes. These findings emphasize the importance of
blockchain in improving operational performance, reducing
costs, and boosting competitiveness in the retail sector. The
study advocates for the adoption of blockchain and smart
inventory systems to optimize supply chain processes and
maintain market advantage. Lu et al. [30] investigate AI
integration in retail through a technology roadmap approach.
They classify AI development into four phases: data gather-
ing, personalized services, IoT-powered data integration, and
advanced AI applications like image and speech recognition.
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TABLE 2. Summary of related works.

Analyzing 30 real-life cases, the study identifies 16 service
and 10 technological AI applications, offering a structured
framework for businesses to enhance consumer experiences
and operational efficiency as they adopt AI. The study con-
ducted by Kulkarni [65] examines GenAI’s impact on retail,
particularly in inventory management, personalized shop-
ping, and customer engagement. The authors show how AI
improves demand forecasting, shopping experiences, con-
tent selection, and emotion assessment. The study highlights
AI’s role in boosting efficiency and innovation, emphasiz-
ing that competitiveness in retail demands significant capital
investment to sustain these technological advancements.

Ali et al. [31] introduced TagSee, a system that uses RFID
devices and deep learning to track customer movements with-
out contact or cameras. By analyzing RFID signals with
commercially available tags and readers, TagSee achieved
over 90% accuracy, offering a novel, privacy-focused alterna-
tive for enhancing retail analytics. Morenza-Cinos et al. [32]
explore the use of RFID technology with robots to automate
stock counting in retail, achieving over 99% accuracy with
a new inventory navigation algorithm. The study shows that
RFID robots improve accuracy, save time, reduce manpower
costs, and enhance inventory management, contributing valu-
able insights for future supply chain research. Table 2 offers
a concise overview of the topic, the method, and results from
previous studies.

This paper delineates its uniqueness and academic contri-
bution by employing SNA to intricately explore the patent
registration network in the retail industry, a methodological
departure from the narrower analytical frameworks com-
monly observed in prior works. This innovative approach not
only highlights key players and influential communities but

also sheds light on the intricate interplay of collaboration
and technological diffusion across the sector. Unlike previous
studies that often focus on isolated technological applica-
tions, this research offers a comprehensive examination of a
spectrum of technologies such as AI, IoT, blockchain, and
AR/VR, and their interconnected impacts, thereby providing
a holistic understanding of the technological evolution within
the industry. Furthermore, the in-depth use of patent min-
ing to uncover emerging technologies and gain competitive
insights significantly advances the existing literature, which
typically utilizes patent data in limited contexts. This study
extends beyond mere academic analysis, offering practical,
strategic insights that are directly applicable to a wide array
of industry stakeholders including large corporations, SMEs,
startups, and policymakers, thus addressing critical gaps in
understanding strategic technology integration. The necessity
of this research is underscored by the ongoing rapid techno-
logical transformations and competitive pressures in the retail
sector, making it a timely study that provides stakeholders
with a robust framework to leverage innovations for compet-
itive advantage and sustainable growth. This paper makes a
substantial contribution to both academic literature and prac-
tical applications in the field of retail technology, marking
a significant step forward in the comprehensive understand-
ing of retail innovations and strategic decision-making in an
increasingly digital marketplace.

III. METHODOLOGY
This research examines inventions in the field of retail to
understand the types of technologies and the main groups of
actors in this industry. This method consists of several inter-
connected steps along two parallel analytical paths, which are
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FIGURE 1. Research methodology.

shown in FIGURE 1. To analyze the collaborative network
structure within retail patent data, we applied the Louvain
method for community detection, a widely-used algorithm
that identifies communities based on modularity optimiza-
tion. The Louvain algorithm operates through a two-phase
iterative process. Initially, each node is assigned to its own
community. In the first phase, nodes are moved to neighbor-
ing communities if such a move increases the modularity—a
measure of the density of connections within communities
relative to connections between communities. This phase
continues until no further modularity gains can be achieved.
In the second phase, each detected community is condensed
into a ‘‘super-node,’’ creating a new network level where the
process repeats. This multi-level approach continues itera-
tively until maximum modularity is achieved and no more
significant changes occur in the community structure [42],
[121], [122].
The Louvain method’s computational efficiency makes it

suitable for large networks like our retail patent dataset. This
algorithm was implemented using Gephi, a powerful soft-
ware for network analysis and visualization, allowing for an
intuitive representation of communities within the network.
Gephi’s implementation of the Louvain method enabled us
to accurately detect key communities, revealing clusters that
represent areas of concentrated innovation and collaboration
among entities [123], [124]. This method provided a robust
framework to uncover structural patterns within the retail
technology network, supporting our analysis of strategic
interactions and influential nodes.

A. DATA COLLECTION
The first step involved collecting patent data related to
the keyword ‘‘retail’’ from a prominent patent reference

TABLE 3. Table of cooperation communication.

site called LENS. This platform is widely used by
researchers for patent analysis across various fields, pro-
viding comprehensive and reliable data for academic
studies [125].

B. PATENT REGISTRATION NETWORK ANALYSIS
1) DATA PREPROCESSING
The collected data was preprocessed to identify connections
between individuals and companies in patent registration.
This step aimed to uncover the pairwise relationships in
patent registration cooperation. The output of this prepro-
cessing step is represented in Table 3, which shows the
relationships between entities in patent registration.

2) NETWORK CONSTRUCTION AND VISUALIZATION
Based on the preprocessed data shown in Table 3, a network
of connections was created and visualized. In this network,
individuals or companies active in patent registration were
designated as nodes, and their cooperation in patent registra-
tion acted as edges. The weight of each edge was determined
by the frequency of joint patent registrations between the
connected entities.

VOLUME 12, 2024 186759



N. Mohammadi et al.: Innovation Ecosystems in Retail: Uncovering Technological Trends

The network was constructed and visualized using Gephi.
This powerful software is a great tool for network analysis
and visualization [122]. Gephi allowed for an intuitive rep-
resentation of the complex relationships within the patent
registration landscape [126]. The software’s force-directed
layout algorithms were employed to position nodes in a way
that minimized edge crossings and emphasized structural
patterns in the network [127].

3) COMMUNITY DETECTION
To identify cooperation groups in patent registration, com-
munity detection analysis was performed on the network.
The Louvain method, based on modularity optimization, was
employed for this purpose. Modularity, as defined by New-
man [128], measures the effectiveness of network clustering.
The algorithm works iteratively, as illustrated in Figure 2:

FIGURE 2. Community detection based on increasing modularity [129].

Initially, each node is considered a separate community.
For each node, the algorithm examines if moving it to a

neighboring community would increase the modularity. This
process continues until no further improvements in modular-
ity are possible [130].

In the second phase, the algorithm merges smaller com-
munities into larger ones to further increase modularity. Both
phases continue until the community structures stabilize and
modularity reaches its peak.

4) COOPERATION GROUP IDENTIFICATION
Based on the entities present in each detected community,
cooperation groups were identified and named, providing
insights into the key collaborative clusters in the retail
technology patent landscape.

C. KEYWORD NETWORK ANALYSIS
1) TEXT PREPROCESSING AND KEYWORD EXTRACTION
The abstract text of each patent underwent a series of pre-
processing steps to prepare it for keyword extraction. This
process was implemented in Python, utilizing several special-
ized libraries for natural language processing. The key steps
and libraries used were:

◦ Text Cleaning: Regular expressions (re library) were
used to remove numbers, punctuation, and extra
whitespace from the text.

◦ Lowercasing: All text was converted to lowercase to
ensure consistency.

◦ Stop Word Removal: Common words that do not con-
tribute significantly to the meaning (e.g., ‘‘the’’, ‘‘is’’,
‘‘at’’) were removed using the NLTK (Natural Language
Toolkit) library’s English stop words list.

◦ Lemmatization:Words were reduced to their base or dic-
tionary form using NLTK’s WordNetLemmatizer. This
step helped in standardizing word forms and reducing
vocabulary size without losing semantic meaning.

◦ Keyword Extraction: After preprocessing, the 30 most
frequent words in each patent abstract were extracted
as keywords. This was accomplished using Python’s
collections Counter class, which efficiently counts item
frequencies.

This comprehensive preprocessing and keyword extraction
approach ensured that themost relevant andmeaningful terms
were identified from each patent abstract, forming a solid
foundation for subsequent network analysis.

2) KEYWORD CO-OCCURRENCE ANALYSIS
A correlation table of keywords was created, with columns
for source keyword, target keyword, and the weight of
their relationship. This weight represented the frequency
of co-occurrence of keyword pairs in patent abstracts. The
resulting co-occurrence data is represented in Table 4.

TABLE 4. Keyword Co-occurrence.

3) KEYWORD NETWORK CONSTRUCTION
Based on the co-occurrence data shown in Table 4, a network
of keywords was constructed using Gephi. In this net-
work, keywords formed the nodes, and their co-occurrences
formed the edges. The edge weights were determined by the
frequency of co-occurrence, allowing for a nuanced repre-
sentation of the strength of relationships between different
technological concepts.

4) TECHNOLOGY COMMUNITY DETECTION
The community detection algorithm was applied to the
keyword network to identify clusters representing different
technology types in the retail industry. This step employed
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the same modularity-based approach used in the patent regis-
tration network analysis, leveraging Gephi’s implementation
of the Louvain method.

5) TECHNOLOGY TYPE IDENTIFICATION
Each detected community in the keyword network was
analyzed and labeled based on its constituent keywords, rep-
resenting distinct technology types in the retail sector. This
process involved both quantitative analysis of themost central
or frequent keywords in each community and qualitative
interpretation based on domain expertise.

D. INTEGRATED ANALYSIS
The final step involved an integrated analysis of the patent
registration cooperation groups and the identified technology
types. This analysis examined which retail technologies each
influential group focused on documenting, providing insights
into collaboration patterns, investment trends, and innovation
focus areas in the retail technology landscape.

This comprehensive methodology combines network anal-
ysis techniques with advanced text mining to provide a
nuanced understanding of both the key actors and the emerg-
ing technological trends in the retail patent ecosystem.
By leveraging both quantitative data processing and qual-
itative expert interpretation, this approach offers a robust
framework for analyzing complex patent landscapes.

IV. RESULTS
A. DATA COLLECTION
The dataset required for this study has been collected using
the LENS (Literature and Latte Exploration Networked Sci-
ence) platform. Using the LENS platform, a keyword search
in the academic literature related to the retail sector was
conducted, primarily focusing on works that provided a sys-
tematic review of the retail industry [19], [27], [29], [30],
[120]. Specifically, the search targeted patents containing
terms such as ‘‘retail,’’ ‘‘retail technology,’’ and ‘‘retail secu-
rity.’’ This search resulted in a total of 36411 patents. The
search was conducted on July 6, 2024, which is the rea-
son why the data collected for the year 2024 was less than
anticipated.

The dataset for patents in the retail business dates back to
1995, as seen in Figure 3. This figure depicts the annual total
of registered patents, specifically highlighting the emergence
and recent growth of patent registrations in the retail sector.

B. CHARACTERISTICS OF THE RETAIL INDUSTRY PATENT
REGISTRATION NETWORK
To gain a deeper comprehension of the characteristics of
the collaborative network established by participants in the
Retail industry patent registration, which is shown in Table 5,
some essential metrics were computed. Thesemetrics provide
valuable information about the network’s configuration and
behavior:

• Average Degree: This network’s average degree is 3.6.
This indicates that each entity or person in the network,
on average, has a connection with 3.6 other entities or
individuals. This metric provides an overall picture of
the level of interconnectedness inside the network. The
3.6 result indicates a moderate level of connectivity in
the retail industry’s patent registration network.

FIGURE 3. Number of patents by year of publication.

• Density: The network has a density of 0.000, density
indicating the ratio of actual collaborations to the total
possible collaborations. A lower density highlights the
existence of specialized groups by indicating the lack of
interconnection among all participants.

• Number of Components: The retail industry patent
registration participant network consists of 2092 com-
ponents, indicating that the network is organized into
2092 distinct clusters or groups of participants. Each
group represents a distinct subset of participants con-
nected by shared patent registrations or cooperation.
Nevertheless, there is a lack of connection among partic-
ipants belonging to different categories. These findings
indicate that the patent registration landscape in the
retail industry is characterized by a high degree of frag-
mentation, with numerous distinct clusters of activity.
Each component can represent either an individual entity
working alone or a group of participants working closely
together but without any connections to other clusters in
the network.

• Average Clustering Coefficient: The average cluster-
ing coefficient of this network is 0.928. The clustering
coefficient of a node measures how interconnected its
neighbors are. Specifically, it represents the likelihood
that two neighbors of a node are also neighbors of each
other, forming a triangle. The number of 0.928 is quite
high, indicating that the network is highly clustered. This
suggests that, on average, the neighbors of a node are
very likely to be connected to each other, forming dense
clusters or communities. Having 24,368 triangles, which
are a set of three nodes that are all connected to each
other, means that there are 24,368 sets of three nodes
that are all mutually connected. This further confirms
the high level of clustering in the network.
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FIGURE 4. Collaborative network.

C. FORMATION OF THE RETAIL INDUSTRY PATENT
REGISTRATION NETWORK
To shed light on the retail industry patent registration
network, all active individuals or entities involved in the reg-
istration process of the patents collected were extracted from
the dataset. As Figure 4 illustrates, that these participants
create a collaborative network, with 8225 entities or indi-
viduals actively participating in the patent registration of the
retail sector. Every participant in the network is represented
by a node, and the edges connecting the nodes indicate the
collaborative relationships between members.

Among these 8225 entities or individuals, a significant
number of 14805 collaborative relationships were identified.
These collaborations demonstrate the level of cooperation
among individuals and companies in the retail industry patent
registration community throughout time.

The 7 communities that had more than 0.5% of the par-
ticipants in the retail industry patent registration network
have been recognized and are illustrated in the Figure 5.
These communities represent significant clusters within the
network, indicating areas where participants aremore densely

connected, likely reflecting key players, collaboration hubs,
or influential groups within the retail industry’s patent
ecosystem. The detailed breakdown of these communities,
including the percentage of participants and their character-
istics, is presented in the Table 5, providing insight into the
structure and dynamics of the network.

The following provides an in-depth analysis of the seven
principal communities within the retail industry patent
registration network, accompanied by a comprehensive
explanation of each:

1) COMMUNITY 92: RETAIL INNOVATION SYSTEMS
This community is composed of prominent inventors, includ-
ing Walker Jay S., Jorasch James A., and Tedesco Daniel
E., who have made substantial contributions to the patent
landscape in retail technology. Their collaborative efforts
have led to the development of numerous patents focused
on innovative retail systems. The designation ‘‘Retail Innova-
tion Systems’’ is derived from the community’s concentrated
efforts on creating and patenting advanced technologies
that revolutionize traditional retail operations. The patents
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TABLE 5. Main communities of participants.

associated with this group likely encompass a wide array of
innovations, ranging from enhanced point-of-sale systems to
integrated retail management solutions. This name reflects
their central role in driving technological advancements that
enable more efficient, sophisticated, and customer-centric
retail environments, positioning them as key contributors to
the evolving retail ecosystem.

2) COMMUNITY 1306: RETAIL SCANNING AND DATA
CAPTURE TECHNOLOGIES
The members of this community, including Zhu Xiaoxun
and Knowles C. Harry, are primarily affiliated with Metro-
logic Instruments, an organization known for its expertise in
barcode scanning and data capture technologies. The commu-
nity’s patenting activities are heavily focused on innovations
that improve the efficiency and accuracy of data collection
in retail settings. The term ‘‘Retail Scanning and Data Cap-
ture Technologies’’ properly captures the essence of their

contributions, as their patents likely include advancements in
barcode scanning, optical recognition, and data processing
technologies. These innovations are crucial for enhancing
inventory management, checkout processes, and overall oper-
ational efficiency in retail environments. This community’s
work underpins the technological foundation that supports the
seamless operation of modern retail systems, making them
integral to the retail industry’s technological infrastructure.

3) COMMUNITY 184: AI AND ANALYTICS FOR RETAIL
Led by IBM, this community includes significant contrib-
utors such as Moskowitz Paul A. and Li Ta-Hsin, who are
recognized for their expertise in artificial intelligence (AI)
and data analytics. The community’s focus on patenting tech-
nologies related to AI and analytics within the retail sector is
encapsulated in the name ‘‘AI and Analytics for Retail.’’ This
title reflects the community’s pivotal role in advancing the use
of AI to enhance decision-making processes, optimize supply
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chain management, and personalize customer experiences
in retail. The patents produced by this community likely
cover innovations in machine learning algorithms, predictive
analytics, and AI-driven customer insights, all of which are
critical for driving efficiency and innovation in the retail
industry. Their contributions significantly shape the integra-
tion of AI technologies into retail, enabling more intelligent,
data-driven operations that are essential for maintaining a
competitive edge in the market.

4) COMMUNITY 1231: RETAIL BRAND EXPERIENCE AND
OPERATIONS
This community, led by Target Brands Inc., and involving
members like Gourley Chad R. and Stewart Joe, focuses
on enhancing the retail brand experience and improving
operational processes through innovative patents. The name
‘‘Retail Brand Experience and Operations’’ reflects the com-
munity’s dual focus on developing patents that support both
the enhancement of brand identity and the optimization
of retail operations. The innovations from this community
likely include patents on customer engagement technologies,
store layout designs, and operational management tools, all
aimed at creating a cohesive and efficient shopping expe-
rience. This community plays a critical role in defining
how retail brands interact with consumers and manage their
internal processes, ensuring that both aspects are aligned
to deliver superior customer experiences and operational
effectiveness.

5) COMMUNITY 99: CONSUMER GOODS RETAIL
INNOVATION
This community includes influential entities such as Procter
& Gamble and academic institutions like Tsinghua Univer-
sity, who collaborate to drive innovation in the consumer
goods retail sector. The name ‘‘Consumer Goods Retail Inno-
vation’’ highlights the community’s focus on patenting new
technologies and methodologies that transform how con-
sumer goods are marketed, distributed, and sold. The patents
associated with this community likely encompass a range of
innovations, including new packaging solutions, retail for-
mats, and consumer engagement strategies that enhance the
consumer experience and streamline retail operations. This
community’s contributions are vital in advancing the con-
sumer goods sector within retail, where innovation is crucial
for meeting changing consumer demands and maintaining
market competitiveness.

6) COMMUNITY 886: DIGITAL RETAIL PLATFORMS AND
VOICE TECHNOLOGY
Microsoft Corp leads this community, which includes experts
like Huang Xuedong D. and Davis Marc E., who special-
ize in digital platforms and voice recognition technologies.
The name ‘‘Digital Retail Platforms and Voice Technol-
ogy’’ is indicative of the community’s efforts to patent
technologies that drive the digital transformation of retail.
Their work likely involves innovations in creating seamless

digital platforms that integrate online and in-store shop-
ping experiences, as well as voice-assisted technologies that
enhance customer interactions. These patents are critical in
shaping the future of retail, where digital and voice tech-
nologies play an increasingly central role in how consumers
interact with retail environments. The community’s contri-
butions are fundamental in creating the next generation of
retail technologies, making them key players in the ongoing
digitalization of the industry.

7) COMMUNITY 1495: RETAIL TRANSACTION AND LOSS
PREVENTION SYSTEMS
This community includes significant contributors such as
NCR Corp and StopLift Inc., who focus on securing and
optimizing retail transactions through innovative patenting.
The name ‘‘Retail Transaction and Loss Prevention Sys-
tems’’ captures the essence of their work, which centers
on developing patents that enhance the security and effi-
ciency of retail transactions. Their innovations likely include
advancements in point-of-sale systems, fraud detection tech-
nologies, and loss prevention solutions that are essential for
protecting retail revenue and ensuring smooth transactional
processes. The patents from this community are critical for
maintaining the integrity of retail operations, making them
indispensable in the broader retail patent network. Their
contributions help safeguard retail environments, ensuring
that both retailers and consumers can trust the transaction
process.

D. KEYWORDS NETWORK
In the process of the investigation of the retail industry patent-
ing cooperation network, we performed community detection
on this network due to its significant role in extracting the
complex lineage of patents in this field. Figure 5 depicts
the creation of a genealogy by tracing the communication
network of keywords contained in the patents. Community
detection in the field of retailing involves the identification
of separate groups and communities of similar terms within
the network [131].

This network consists of 5505 nodes, each representing
a unique keyword pertinent to retail-related technologies.
These nodes are interconnected by 130320 edges, indicat-
ing relationships such as co-occurrences within patents. The
substantial number of edges underscores a highly intercon-
nected network, suggestive of a complex andwell-established
technological ecosystem within the retail domain. The aver-
age degree of the network, calculated at 47.389, further
highlights the high level of connectivity between keywords.
On average, each keyword is associated with approximately
47 other keywords, reflecting a dense web of interrela-
tions within the technological discourse of the retail sector.
Despite this interconnectedness, the network’s overall den-
sity is measured at 0.009, which suggests that while certain
clusters within the network are tightly connected, the net-
work as a whole remains relatively sparse. This sparsity
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FIGURE 5. The results of community detection.

may indicate that, although there are areas of concentrated
innovation, many keywords do not directly interact with
the broader network. The average clustering coefficient
of 0.813 points to a high degree of local interconnected-
ness within these clusters, meaning that within individual
clusters, keywords tend to group together, forming tightly
knit communities of related technologies. The presence
of densely connected clusters and a high average degree
of interconnection suggests the existence of technologi-
cal hotspots within the sector. These hotspots are likely
areas where innovation is concentrated and where significant
future developments are anticipated. The retrieved commu-
nities are essentially groups of keywords that exhibit the
strongest semantic links. This suggests that they represent
common topics, themes, or areas of technology in the retail
sector.

Each extracted community receives a specific color code,
as shown in Figure 5. The use of color-coding facilitates
the visual distinction between each cluster, aiding the viewer

in differentiating them visually. This method of selective
coloring allows us to concentrate on the most significant and
widespread groupings of keywords, offering useful insights
into the leading themes and subfields within the patent
landscape of the retail industry.

Table 6 presents comprehensive data regarding the
members of the primary established communities:

After analyzing the keywords and themes that arise from
the community identification in the network of patents within
the retail industry, suitable names for each community have
been identified. Specific criteria have guided the selection of
these names:

1) LIGHT BLUE COMMUNITY: RETAIL PRODUCT DISPLAY
AND PACKAGING SOLUTIONS
This community comprises a vast array of inventions
intended for enhancing product display and packaging.
This community holds patents related to the organization
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TABLE 6. Details of the main communities.

of displays, shelves, racks, holders, and cabinets. These
mechanisms are particularly important in terms of increas-
ing product exposure and convenience in retail environ-
ments. In addition, it includes innovations in packaging
concerning containers, boxes, trays, and holders, all of
which play a vital role in safeguarding products, facilitat-
ing their transportation, and enhancing their visual iden-
tity. It also focuses on the developments in materials and
methods for surfaces, plates, films, sheets, and labels that
are essential for packaging since they provide protection,
ecological compatibility, and clear information to the cus-
tomers. Altogether, these patents reflect certain advance-
ments in the improvement of the function, performance,
and aesthetic appeal of retail product display and packaging
systems.

2) LIGHT PINK COMMUNITY: RETAIL COMMUNICATION
AND SECURITY TECHNOLOGIES
This community comprises patents that significantly con-
tribute to the current retail framework, specifically in the
areas of communication and security. Keywords like ‘net-
work’, ‘wireless’, ‘communication’, ‘signal’, ‘transmission’,
‘encryption’, ‘authentication’, and ‘protocol’, together with
terms like ‘LTE’, ‘5G’, ‘WiFi’, and ‘Bluetooth’, highlight the
importance of fast and reliable networks and strong security
measures. These patents relate to the wireless networks, sig-
nals, and data security that ensure the efficiency and security
of the retail business. These solutions include approaches to
ensure high connectivity and exclude unauthorized access,
which is crucial for safeguarding transactional information.
This community consists of the integration of advanced
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communication and security technologies needed to enhance
the retail industry’s operations.

3) ORANGE COMMUNITY: CORE RETAIL OPERATIONS AND
DIGITAL COMMERCE
This community encompasses a cluster of patents focused
on fundamental and disruptive aspects of the retail indus-
try. This community includes comprehensive coverage of
both traditional retail operations and the evolving digital
commerce landscape. The patents filed by this community
relate to the new transactional process, customer inter-
action and engagement, inventory, and pricing strategies.
Additionally, this community expresses the continuity of
the digital revolution and the use of online platforms,
focusing on electronic and online applications, websites,
and e-commerce solutions. All these innovations play a
critical role in increasing operational effectiveness, cus-
tomer satisfaction, and competitive advantage in the retail
industry.

4) VIOLET COMMUNITY: RETAIL TECHNOLOGY HARDWARE
AND INFRASTRUCTURE
This community includes innovations related to the phys-
ical and digital interfaces facilitating retail transactions.
This community mainly comprises the patents associated
with the devices and systems designed for retail cus-
tomer interaction and transaction processing. This cate-
gory of patents outlines the invention and improvement
of self-service terminals, POS, ATMs, and other phys-
ical facilities that enable outlets. These innovations are
central to the process of using efficiency, user experi-
ence, and transactional data management to make the retail
business more modern. Such technologies are crucial for
streamlining operations, reducing labor costs, and enhanc-
ing customer satisfaction through improved service delivery
mechanisms.

5) LIGHT GREEN: SPECIALIZED RETAIL SERVICES AND
CONSUMER GOODS
The Specialized Retail Services and Consumer Goods com-
munity encompasses innovations related to retail distribution
processes and specialized consumer products. The keywords
‘‘distributor’’ and ‘‘operational’’ indicate a focus on logis-
tical and operational improvements within the retail sector,
involving methods for efficient distribution and inventory
management. Keywords such as ‘‘adjustment’’ and ‘‘wearer’’
address consumer-centric product enhancements, particularly
in wearable goods that require personalized adjustments
for an optimal user experience. ‘‘Polyphenols’’ and ‘‘tran-
sresveratrol’’ signify a segment dedicated to health-oriented
consumer products, particularly those incorporating these
compounds known for their antioxidant properties. This com-
munity merges innovations in the distribution of specialized
retail services with advancements in consumer goods that
emphasize health and personalized use.

6) BROWN COMMUNITY: RETAIL SPACE OPTIMIZATION
AND CUSTOMER EXPERIENCE
Patents associated with the strategic design and improve-
ment of retail environments are included in this community.
The primary objective is to optimize operational efficiency
and consumer satisfaction by integrating a variety of func-
tional and visual elements. The patents in this community
focus on improvements in spatial design, such as multifunc-
tional fixtures and adjustable layouts that enhance space use
and enhance interactions with customers. Keywords such
as ‘‘cabin’’ and ‘‘monument’’ highlight the creation of the-
matic or immersive surroundings within retail venues, with
the goal of generating captivating and unforgettable shop-
ping experiences. In general, the patents of this community
prioritize achieving a harmonious combination of space opti-
mization and enhanced customer experiences by means of
well-considered design and functional improvements in retail
environments.

7) DARK GREEN COMMUNITY: RETAIL DATA PROCESSING
AND ANALYSIS
The Retail Data Processing and Analysis community com-
prises patents that specifically address traditional techniques
for processing and analyzing retail data. The keywords
‘‘imagery’’ and ‘‘multipart’’ show that these patents involve
well-establishedmethods for data handling, data transmission
or communication, the utilization of visual imagery for data
analysis, and the administration of various data components.
These patents encompass technologies and systems specifi-
cally developed for the purpose of handling retail data using
conventional methods, facilitating data exchange, employ-
ing visual aids for enhanced interpretation, and integrating
several data streams for thorough analysis.

8) LIGHT BLUE COMMUNITY: RETAIL ENTERTAINMENT AND
GAMING SOLUTIONS
The patents associated with the incorporation of interactive
gaming elements within retail environments are included
in this community. The terms ‘‘affordable,’’ ‘‘arcade,’’
‘‘console,’’ and ‘‘joystick’’ indicate a concentration on
cost-efficient gaming technologies specifically created for
commercial retail environments. This community focuses
on advancements in consumer involvement through inter-
active entertainment systems. The patents in this commu-
nity demonstrate progress in developing immersive and
interactive shopping experiences, utilizing gaming features
to improve client engagement and boost sales in retail
businesses.

9) CYAN COMMUNITY: RETAIL PRODUCT COMPOSITION
AND MANUFACTURING
This community includes patents that specifically address
the incorporation and improvement of product compositions
and manufacturing techniques in the retail sector. Among
these innovations are patents for systems that maximize
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profits through optimized pricing and promotion strategies,
solutions for co-occurrence analysis of product attributes,
and breakthroughs in food and product compositions that
display unique, synergistic properties. These patents jointly
seek to improve product development, increase production
efficiency, and enhance market competitiveness by utilizing
advanced data analysis and creative compositions.

10) BEIGE COMMUNITY: RETAIL RFID AND TRACKING
TECHNOLOGIES
Patents related to retail radio-frequency identification (RFID)
systems are included in this community. The keywords
‘‘backscatter’’ and ‘‘cchannel’’ pertain to distinct technical
elements of RFID communication. ‘‘Backscatter’’ denotes
the use of modulation for transmitting data from the tag
to the reader, while ‘‘cchannel’’ refers to the application of
channel coding for error correction in RFID systems. These
patents specifically target the enhancement of inventory
tracking, prevention of losses, and improvement of supply
chain visibility in retail operations by utilizing modern RFID
technologies.

11) HOT PINK COMMUNITY: RETAIL LOCATION AND
PROXIMITY SERVICES
The Retail Location and Proximity Services community
consists of patents that specifically address technology for
accurate indoor location and targeted customer engagement
in retail settings. The patents employ microclustering algo-
rithms to examine client movement patterns and proximity to
merchandisewithin stores. These technologies empowermer-
chants to provide extremely customized, location-specific
services and promotions to clients as they move through
indoor retail areas.

12) GOLD COMMUNITY: RETAIL DATA PRIVACY AND
CONSENT MANAGEMENT
This community comprises patents that specifically address
consent procedures tailored to individual users and the secure
storage of data within the retail industry. The patents in this
group focus on the installation of permission management
systems, user choice controls, and data vaults to improve pri-
vacy compliance and safeguard customer information. These
technologies seek to address the limitations of conventional
data collection methods by offering detailed consent choices
and secure storage solutions for sensitive consumer data in
retail settings.

13) LIME GREEN: SPECIALIZED FOOD RETAIL
This community contains patents that are connected to the
manufacturing and sale of niche food items. This community
encompasses advancements in the manufacture, packaging,
and sale of various food goods. It represents a specialized sec-
tor within the food retail industry that concentrates on these
particular food items. The patents within this community play
a role in driving progress in the field of food technology,

improving the quality of products, extending their shelf life,
and increasing convenience for consumers.

14) TURQUOISE COMMUNITY: RETAIL LEASING SOLUTIONS
This community includes patents that specifically pertain
to advancements in retail property lease agreements and
technologies. The patents in this group focus on techniques
for simplifying lease negotiations, enhancing tenant-landlord
interactions, and creating digital platforms for overseeing
commercial real estate agreements in the retail industry.

15) DARK PINK COMMUNITY: INTIMATE APPAREL RETAIL
The Intimate Apparel Retail community includes patents that
pertain to the creation, production, and sale of undergarments.
The patents in this category mostly concentrate on advance-
ments in materials, constructionmethods, and retail strategies
that are uniquely tailored for underwear and panties. This
highlights the distinctiveness of this particular niche within
the wider retail sector.

E. VALIDATION OF THE METHOD ON AN ADDITIONAL
DATASET
To ensure the robustness and general applicability of the
proposed methodology, we conducted a validation study by
applying our community detection approach to a secondary
dataset from a distinct but similarly structured industry: the
pharmaceutical patent sector. This dataset, sourced from
the same patent database (LENS), comprised 28,536 patents
filed between 1995 and 2024, with 7,142 distinct entities
and a total of 13,456 collaborative links representing patent
co-authorship and co-assignee relationships. This dataset was
selected to mirror the structure and complexity of the retail
dataset, while introducing variation in industry-specific inno-
vation patterns and collaboration structures.

Using the Louvain method for community detection,
as previously applied to the retail patent data, we followed
identical preprocessing steps, including normalization of
patentmetadata and construction of the collaboration network
graph based on entity connections. The analysis was executed
inGephi using the same modularity optimization thresholds,
allowing for a direct comparison of results across datasets.

The application of our methodology to the pharmaceuti-
cal dataset resulted in a modularity score of 0.72, closely
matching the modularity score observed in the retail dataset
(0.71), suggesting a comparable level of community structure
and reinforcing the method’s ability to detect meaningful
collaboration clusters in large, industry-specific networks.
The Louvain algorithm identified 13 main communities
within the pharmaceutical data, each containing significant
technological focus areas such as drug formulation, biophar-
maceuticals, and medical devices. This pattern is in line with
the established domains in pharmaceutical innovation, further
confirming that the community detection method accurately
mapped the complex landscape of collaborative entities and
innovation foci.
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Quantitatively, the average degree within the pharmaceu-
tical network was 3.77, nearly identical to that observed
in the retail network (3.6), indicating similar levels of
entity connectivity across both datasets. Additionally, the
clustering coefficient was calculated at 0.91 (compared to
0.928 in retail), suggesting a similarly high degree of local
interconnectedness among nodes within communities. This
consistency across both networks provides strong evidence
of the method’s reliability and generalizability.

The successful identification of coherent and industry-
relevant communities within the pharmaceutical dataset
demonstrates that the Louvain method and our approach to
network construction are robust across sectors. These results
underscore the methodology’s ability to generalize beyond
the retail industry, making it a viable tool for analyzing
collaborative structures and technological domains across
diverse innovation ecosystems. This cross-dataset validation
strengthens the applicability of our findings, offering a ver-
satile approach to community detection in patent networks
and enhancing confidence in the method’s capacity to support
strategic analysis in varied technological landscapes.

V. DISCUSSION
The Sankey diagram as shown in Figure 6, visually captures
the intricate flow of relationships between key players and
various technological domains, offering a clear depiction
of how major communities are interconnected with specific
innovations. For instance, the ‘‘Retail Innovation Systems’’
community of participants, comprising influential figures
like Walker Jay S. and Jorasch James A., shows the most
significant connection to the ‘‘Core Retail Operations and
Digital Commerce’’ technology area, focusing 49% of its
total attention on this community, which makes ‘‘Retail Inno-
vation Systems’’ the main investor of this community, having
31% of the total investments and focus of all participant
communities on ‘‘Core Retail Operations and Digital Com-
merce.’’ These participants demonstrate a deep commitment
to driving innovation in foundational retail technologies, pre-
sumably because of their substantial potential to transform
retail experiences and operations. Similarly, communities like
‘‘AI and Analytics for Retail,’’ represented by industry giants
like IBM, demonstrate strong ties to ‘‘Core Retail Operations
and Digital Commerce,’’ with 42% of its total focus, and
‘‘Retail Communication and Security Technologies,’’ with
27% of its focus. This highlights the central role of advanced
data analytics and artificial intelligence in shaping the future
of retail, where personalization, efficiency, and informed
decision-making are becoming increasingly important. The
Sankey diagram further illustrates how some communities,
such as Microsoft and other participants in ‘‘Digital Retail
Platforms and Voice Technology,’’ bridge multiple techno-
logical categories by dividing their investments into multiple
technology communities, such as ‘‘Retail Product Display
and Packaging Solutions’’ and ‘‘Retail Communication and
Security Technologies.’’ As illustrated on figure 6, most of
the participant’s communities have their main focus on the

‘‘Core Retail Operations and Digital Commerce’’ technolo-
gies, with ‘‘Retail Innovation Systems’’ contributing the most
investments, as we already discussed, followed by ‘‘AI and
Analytics for Retail’’ with a total of 24% of the whole ‘‘Core
Retail Operations and Digital Commerce’’ tech scene. While
not all participants follow this path, the ‘‘Consumer Goods
Retail Innovation’’ community, comprising companies such
as Procter & Gamble and individuals like Sherman Faiz
Feisal, primarily focuses on ‘‘Retail Product Display and
Packaging Solutions,’’ accounting for 43% of the partici-
pants’ total focus. ‘‘Retail Brand Experience andOperations’’
with entities such as Target Brands Inc. follows the same path,
with 40% of the focus on these technologies. On the other
hand, the ‘‘Retail Scanning and Data Capture Technologies’’
community has its main focus on ‘‘Retail Product Display and
Packaging Solutions,’’ with 38% of the total investments from
the participant community.

As illustrated in Figure 6, out of the total 15 technology
communities detected and recognized, the main participants
in the retail industry only focused their investment on 7 of
them, excluding the rest of the technological areas. This
selective focus suggests a deliberate and strategic allocation
of resources toward areas that offer the highest potential
for innovation, market growth, and return on investment.
By honing in on these key communities, participants are
likely prioritizing technologies that are not only relevant to
current market demands but also aligned with broader indus-
try trends. The heavy investment in ‘‘Core Retail Operations
and Digital Commerce’’ and ‘‘Retail Communication and
Security Technologies’’ reflects the ongoing shift towards
e-commerce, the increasing need for secure and efficient
communication systems, and the demand for innovative in-
store experiences. The emphasis on ‘‘Retail Product Display
and Packaging Solutions’’ highlights the importance of com-
mercial packaging and product presentation in the retail
industry, since these solutions are crucial for attracting cus-
tomers and streamlining storage and logistics. Moreover,
future innovation is likely to find fertile ground in the chosen
communities, which enhance operational efficiency, improve
customer experience, and drive personalization in retail. The
focus on these areas suggests that participants want to lead
now and shape the retail industry’s future. On the other
hand, the technology communities that did not receive as
much attention may be perceived as less critical at this time,
or theymay represent niche or emerging sectors wheremarket
demand is still uncertain. For example, areas like ‘‘Intimate
Apparel Retail’’ or ‘‘Specialized Food Retail’’ might not be
as universally relevant, or they may require more specific
expertise that the participants do not currently possess. Alter-
natively, participants may revisit these neglected areas in the
future once they have solidified the primary sectors, as they
are still in the early stages of development and have not
fully established commercial viability. The selective focus on
these 7 technology communities also reflects the formation of
collaborative ecosystems, where multiple participants work
together or compete to drive rapid advancements within their
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FIGURE 6. The amount of attention of participants community to each of the technology communities.

chosen fields. These ecosystems facilitate quicker adoption
and scaling of new technologies, ensuring that the most
promising innovations are brought to market efficiently and
effectively.

Overall, this strategic concentration of efforts on a select
number of technological communities underscores the par-
ticipants’ intent to maximize impact in the most promising
areas of the retail industry. It highlights their desire to lead in
innovation where it matters most, shaping the future of retail
by investing in technologies that have the greatest potential
to transform the industry. While some areas remain unex-
plored, this likely signifies a strategic approach, prioritizing
the solidification of leadership in the most critical sectors
before venturing into potentially less developed areas.

The identified patent patterns across major technolog-
ical domains—such as AI, digital commerce, and secure
communication—reveal key trends poised to shape the future
of retail. For instance, patent activity in AI and data analytics
suggests a growing emphasis on personalization and predic-
tive modeling, which could significantly enhance customer
experience and operational efficiency in retail. As these tech-
nologies advance, we can anticipate more granular customer
insights and increasingly tailored marketing approaches,
potentially redefining how retailers interact with and retain
their customers.

The findings also bear strategic implications for stakehold-
ers in the retail ecosystem. Large corporations, SMEs, and
startups may all leverage insights from this study to better
position themselves within the evolving landscape. For exam-
ple, the dominance of secure communication patents implies

an ongoing need for robust data privacy and cybersecurity
measures, especially as customer data collection becomes
more sophisticated. Startups can capitalize on these trends
by innovating in areas like customer experience enhancement
and secure transaction systems, while large corporations may
prioritize strategic alliances with technology providers to stay
at the forefront of these innovations.

In terms of potential challenges, the retail sector may
encounter significant integration barriers as companies
adopt and merge new technologies within their existing
systems. For instance, incorporating IoT and AI solu-
tions into traditional retail frameworks could involve
complex adjustments in data handling, supply chain
synchronization, and regulatory compliance. To address
these challenges, retailers may need to adopt adaptive
implementation strategies that focus on interoperability
and scalable infrastructure, ensuring that new technolo-
gies can be effectively integrated without disrupting core
operations.

Looking ahead, the pathways of retail innovation illumi-
nated by this study’s findings suggest several transformative
directions. Increasing patent activity in AI-driven operations
and customer interaction systems indicates a trend toward
more automated and customer-centric retail models. Tech-
nologies such as virtual and augmented reality may also
evolve to provide immersive, in-store-like experiences in
digital settings. These developments point toward a future
where retail is defined by highly adaptive, data-driven, and
customer-focused strategies that enable retailers to maintain
competitive advantage amid constant digital transformation.
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Based on the results, we take a deep dive into the develop-
ments of this sector, offering tailored insights and actionable
recommendations for various industry stakeholders. Address-
ing the needs of large corporations, SMEs, startups, pol-
icymakers, and more, this research offers strategic advice
to leverage technological advancements for growth, innova-
tion, and sustainable development in retail, while addressing
instructions on future research and study limitations:

A. MANAGERIAL INSIGHTS AND IMPLEMENTATION
The rapidly evolving landscape of retail technologies presents
both opportunities and challenges for a diverse range of
stakeholders within the industry. As technologies such as AI,
blockchain, IoT, AR/VR, and big data analytics continue to
advance, organizationsmust strategically position themselves
to harness these innovations effectively. This section provides
detailed insights and actionable recommendations tailored to
various groups, including large retail corporations, small and
medium enterprises (SMEs), startups in retail technology,
policymakers, and regulators, consumer advocacy groups,
technology service providers, and academic and industry
researchers. By focusing on these distinct groups, the discus-
sion offers a comprehensive guide for leveraging technology
to drive growth, foster innovation, and ensure the sustainable
development of the retail sector.

Large retail corporations, with their substantial resources
and market influence, are well-positioned to lead the tech-
nological transformation within the retail industry. These
companies should focus on strategically integrating advanced
technologies like AI, big data analytics, AR, VR, IoT, and
blockchain into their operations. For instance, AI and ana-
lytics can be leveraged to personalize customer experiences
and optimize inventory management, leading to improved
customer satisfaction and operational efficiency. The imple-
mentation of AR and VR can create immersive shopping
environments that engage customers and enhance brand
loyalty. Additionally, blockchain technology offers an oppor-
tunity to improve supply chain transparency, ensuring product
authenticity and enhancing consumer trust. IoT can further
optimize supply chains by providing real-time monitoring
and reducing inefficiencies. By adopting these technologies
and focusing on innovation leadership, large corporations can
not only improve their operational processes but also secure
a competitive advantage in an increasingly digital retail land-
scape.

SMEs, despite having more limited resources compared
to larger corporations, can still effectively leverage retail
technologies to enhance their competitiveness and drive sus-
tainable growth. For SMEs, the focus should be on adopting
scalable, cost-effective technologies that offer flexibility and
immediate benefits. Cloud computing and geolocation tech-
nologies, for example, can be crucial for managing data,
optimizing operations, and targeting customers more effec-
tively. SMEs should also explore collaborative innovation
by partnering with technology providers or other retailers to
access advanced technologies such as AI-powered chatbots

and RFID systems without the need for significant upfront
investment. Additionally, SMEs can differentiate themselves
by targeting niche markets identified through patent mining,
allowing them to avoid direct competitionwith larger retailers
and carve out uniquemarket positions. By strategically adopt-
ing technologies that align with their business goals, SMEs
can enhance their market presence and operational efficiency.

Startups play a vital role in the retail industry by driving
innovation and developing disruptive technologies that can
redefine traditional retail practices. These agile organizations
should focus on areas with high potential for disruption, such
as AI-driven personalization, blockchain for secure trans-
actions, and AR/VR for enhanced customer experiences.
Startups can attract investment and accelerate their growth
by developing innovative solutions that address pressing chal-
lenges in the retail sector. Forming strategic partnerships with
established retailers can provide startups with market access,
resources, and credibility, allowing them to scale their inno-
vations more effectively. Moreover, startups must develop a
robust patent strategy to protect their intellectual property,
which is crucial for attracting investors and maintaining a
competitive edge. By focusing on targeted innovation and
leveraging partnerships, startups can play a significant role
in shaping the future of retail technology.

Policymakers and industry regulators are instrumen-
tal in creating an environment that fosters innovation while
ensuring fair competition and consumer protection. To sup-
port the adoption and development of the retail industry,
policymakers should design policies that encourage innova-
tion, such as providing tax incentives or grants for research
and development, particularly for SMEs and startups. This
can stimulate technological advancements across the retail
sector and ensure that smaller players are not left behind.
Additionally, clear regulatory frameworks for emerging tech-
nologies like AI, blockchain, and IoT are essential to ensure
their ethical use and protect consumer rights. These frame-
works should address critical issues such as data privacy and
cybersecurity, which are becoming increasingly important in
the digital retail landscape. Policymakers should also con-
sider initiatives that support technological adoption among
SMEs, such as offering training, resources, and subsidies.
Such measures can promote a more inclusive technologi-
cal advancement in the industry, benefiting the entire retail
ecosystem.

Consumer advocacy groups have a vital role in ensur-
ing that the adoption of new retail technologies aligns with
consumer interests and protects their rights. As retailers
increasingly implement technologies, it is essential to mon-
itor their impact on consumer privacy, data security, and
accessibility. Advocacy groups should work closely with pol-
icymakers and industry regulators to develop guidelines and
standards that prioritize consumer protection. They should
also educate consumers about their rights in the digital retail
landscape, empowering them to make informed choices and
ensuring that new technologies enhance rather than dimin-
ish the consumer experience. Additionally, these groups can
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facilitate dialogue between consumers and retailers, ensuring
that technological innovations are both consumer-friendly
and ethical.

Technology service providers are the backbone of the
retail industry’s digital transformation, supplying the tools
and platforms that enable the adoption of advanced tech-
nologies. These providers must focus on developing scalable,
secure, and user-friendly solutions that address the specific
needs of different retail segments, from large corporations
to SMEs. Service providers should also prioritize interoper-
ability and integration, ensuring that their technologies can
seamlessly work with existing systems and other emerging
technologies. By offering customizable solutions and main-
taining a strong focus on customer support, technology ser-
vice providers can help retailers effectively implement new
technologies and maximize their return on investment. Addi-
tionally, staying ahead of industry trends through continuous
innovation will allow these providers to offer cutting-edge
solutions that keep their retail clients competitive in a rapidly
evolving market.

Finally, Researchers in academia and industry play a
crucial role in advancing the understanding of retail technolo-
gies and their impact on business practices. Interdisciplinary
research that combines insights from technology, consumer
behavior, and business strategy is essential for providing a
holistic understanding of the implications of technological
adoption in retail. Researchers should also focus on con-
ducting longitudinal studies to assess the long-term benefits
and challenges associated with specific technologies. Such
research can guide retailers in making informed decisions
about technology investments and help predict future trends
in the industry. Collaborative research initiatives between
academic institutions and industry players can bridge the
gap between theory and practice, ensuring that research
findings are directly applicable and beneficial to the retail
sector. By engaging in these research activities, academics
and industry researchers can contribute to the ongoing evo-
lution of retail technologies and support the development of
strategies that enhance the competitiveness and sustainability
of the retail industry.

Totally, These findings offer specific, actionable insights
for various retail stakeholders. For retailers, prioritizing
investment in AI and data analytics is recommended to
enhance customer personalization and operational efficiency,
positioning them competitively within a data-driven market.
Technology providers should focus on developing interop-
erable solutions that facilitate easy integration of emerging
technologies (like IoT and blockchain) into existing retail
infrastructures, thus enabling seamless technology adoption
for clients. Startups in the retail tech space can leverage
this research by targeting high-growth areas identified in
patent trends, such as digital commerce and secure trans-
action solutions, to attract investment and strategic partner-
ships. Meanwhile, policymakers should consider fostering
innovation-friendly regulatory frameworks, particularly in
data privacy and cybersecurity, to support sustainable retail

technology adoption. By addressing these strategic areas,
each stakeholder group can better navigate the evolving land-
scape, optimizing technology investments and contributing to
a more innovative and secure retail environment.

B. LIMITATIONS AND FUTURE RESEARCH
While the research offers useful insights on the subject, it is
crucial to recognize its limits in order to fully comprehend
the findings. By acknowledging these limitations, one can
achieve a more sophisticated understanding of the findings
and identify specific areas that require additional investiga-
tion. In addition, the identification of relevant areas for future
research can assist researchers in expanding on the current
study, and addressing unresolved inquiries. This ongoing
investigation is crucial for the advancement of knowledge in
the subject and for ensuring that future studies on the retail
sector can make valuable contributions to the existing body
of research. By considering these constraints and following
novel avenues of inquiry, we can improve our comprehension
and lay the groundwork for more resilient and influential
discoveries in the future.

One significant limitation is the reliance on patent data,
which may not capture all technological innovations in the
retail industry. Patents often represent only a subset of
advancements, as not all innovations are patented, and some
patents may not be publicly accessible due to confidentiality
or pending status. To address this, future research should
incorporate additional data sources, like industry reports and
market analyses, to provide a more comprehensive view of
respondents. Another limitation is the temporal lag in patent
data, which can cause the analysis to not reflect the most
current trends or emerging technologies. Future research
could employ real-time data analytics to capture emerging
trends and technologies more effectively, thus reducing the
temporal lag in patent data. Additionally, while SNA pro-
vides insights into the relationships and connections within
patent registrations, it does not fully capture the qualita-
tive impact or strategic importance of individual patents.
Future studies should combine SNAwith qualitative research
methods, such as expert interviews and case studies, to gain
deeper insights into strategic technologies. The study also
covers the retail industry broadly, overlooking specific trends
and technological needs unique to sub-sectors such as e-
commerce or brick-and-mortar retail. Conducting detailed
studies on specific retail sub-sectors can yield more tar-
geted insights, addressing unique technological challenges
and opportunities. Furthermore, the study does not cover
all relevant technologies equally, potentially missing out on
emerging technologies that are not yet widely recognized
or adopted. Future research should focus on identifying and
analyzing these emerging technologies that have the potential
to disrupt the industry. Lastly, the study does not con-
sider interdisciplinary influences where technologies from
other fields impact retail innovations, such as cross-industry
collaborations. Encouraging interdisciplinary research could
provide insights into how technologies from other fields are
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influencing retail innovations, fostering cross-industry col-
laborations. By addressing these limitations, future research
can provide a more nuanced understanding of the retail indus-
try’s technological landscape, offering valuable insights for
businesses aiming to leverage technology for competitive
advantage.

VI. CONCLUSION
In this research, we undertook a comprehensive exploration
of the technological trends and collaboration networks within
the retail industry by employing SNA and patent mining
methodologies. Our study began with the collection of a
substantial dataset, comprising 36,411 patents registered
between 1995 and 2024, which was meticulously analyzed
to uncover the intricate network of 8,225 entities engaged
in 14,805 collaborative relationships. Through this extensive
data collection and analysis, we were able to map out the
complex web of interactions and collaborations that under-
pin innovation in the retail sector. By applying community
detection algorithms, we identified 15 distinct technological
domains that reflect the industry’s focus areas, including Core
Retail Operations, Digital Commerce, Retail Communication
and Security Technologies, and Retail Product Display and
Packaging Solutions, among others. The results of our analy-
sis revealed that major industry players such as IBM, Target
Brands Inc., and Procter & Gamble, occupy central positions
in the network, highlighting their significant influence on
technological advancements and collaborative efforts within
the sector. Furthermore, the study provided valuable insights
into the strategic concentration of innovation efforts within
seven primary technology clusters, indicating a clear industry
trend towards e-commerce, secure communication systems,
and enhanced in-store experiences. These findings not only
contribute to a deeper understanding of the technological
evolution within the retail industry but also offer practical
guidance for large corporations, SMEs, startups, and policy-
makers in navigating the rapidly evolving landscape of retail
technology.

Q1. What is the structure and composition of the
cooperation network involved in the registration of retail
industry patents? The cooperation network of participants
in the registration of retail industry patents reveals a highly
interconnected web of entities and individuals actively col-
laborating to drive innovation in this sector. Comprising
8225 entities, the network is marked by 14805 collaborative
relationships, indicating robust cooperation among mem-
bers. This dense network facilitates the efficient exchange
of ideas and resources, fostering a collaborative environment
essential for the rapid advancement of retail technologies.
The network’s structure is characterized by several signif-
icant clusters, each representing key areas of innovation
and development within the retail industry. These clusters,
or communities, highlight the presence of influential groups
that serve as hubs of collaboration, thereby accelerating the
diffusion of technological advancements across the indus-
try. The strategic positions of entities with high closeness

and eigenvector centralities, such as Target Brands Inc and
Check Point System Inc, underscore their roles as pivotal
connectors and influencers within the network, capable of
swiftly disseminating information and fostering extensive
collaboration. Overall, the cooperation network exemplifies
a dynamic and synergistic landscape that is instrumental in
driving the evolution of retail industry patents. Our findings
align closely with the analysis of Trappey et al. [29], which
maps the economic impacts and technological expansions
driven by smart retailing, illustrating similar interconnected
patterns and influential clusters within the global patent
landscape. However, contrary to the vibrant growth depicted
here, Pantano et al. [120] report a deceleration in the rate of
retail patent registrations, suggesting a potential saturation
in technological innovations within the sector. This contrast
highlights the nuanced dynamics of patent activities in retail,
indicating regional and sectoral variances in innovation rates.

Q2. Who are the prominent figures and organizations
in the retail industry patent network, and what roles do
they fulfill? In the retail industry patent network, several key
members stand out due to their influential roles and extensive
collaborations. Among individuals, notable figures such as
Jay S. Walker, James A. Jorasch, And Paul A. Moskowitz
have made significant contributions, particularly in areas like
retail innovation systems and AI for retail. Organizations like
IBM, Target Brands Inc, Procter & Gamble, And Microsoft
Corp are identified as central players, each specializing in
different facets of retail technology. IBM’s focus on AI
and analytics, Target’s emphasis on brand experience and
operations, and Microsoft’s advancements in digital retail
platforms and voice technology highlight their pivotal roles.
These entities not only contribute through their innovations
but also serve as influential hubs within the network, fostering
extensive collaborations that drive the overall growth and evo-
lution of retail technologies. Their strategic positions enable
them to effectively influence the network, making them indis-
pensable to the continuous development and integration of
new retail technologies. This mirrors findings by Kulka-
rni and Bansal [65], who noted the transformative potential
of AI integrated by major entities such as Amazon and
Alibaba in setting economic and technological trends in retail.
Interestingly, the broader literature suggests a focus on incre-
mental rather than radical innovations in retail, indicating that
many entities might prioritize evolutionary development over
disruptive technologies [120].

Q3. What are the primary technological domains rep-
resented by main participants in retail industry patents,
and how do they contribute to the modernization and effi-
ciency of the sector?Themain technologies in retail industry
patents encompass a diverse array of innovations, each
contributing to the sector’s modernization and efficiency.
Key technology areas include Retail Product Display and
Packaging Solutions, which focus on advancements in how
products are presented and packaged to enhance consumer
appeal and operational efficiency. Retail Communication
and Security Technologies involve innovations in wireless
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communication, signal transmission, and security protocols,
crucial for safeguarding transactions and data. Core Retail
Operations andDigital Commerce cover a wide range of tech-
nologies that facilitate online sales, customer interactions,
and inventory management. Retail Technology Hardware and
Infrastructure include developments in self-service kiosks,
ATMs, and other physical systems that streamline retail oper-
ations. Specialized Retail Services and Consumer Goods
focus on logistic and operational improvements, particularly
in wearable goods and health-oriented products. Addition-
ally, technologies in Retail Data Processing and Analysis,
Retail Entertainment and Gaming Solutions, Retail Product
Composition and Manufacturing, Retail RFID and Tracking
Technologies, Retail Location and Proximity Services, Retail
Data Privacy and Consent Management, and Specialized
Food Retail represent significant advancements tailored to
specific needs within the retail sector. These technologies
collectively enhance various aspects of retail operations, from
customer engagement and data security to product innovation
and supply chain management. The spectrum of technologies
we’ve identified parallels those explored by Trappey et al.
[29], who noted the strategic deployment of smart retail tech-
nologies for enhancing operational efficiencies and consumer
interactions across the sector

Q4. What trends are evident in the investment and
concentration strategies of main actors across various
technologies within the retail community? The investment
trends within the retail sector highlight several strategic
focuses that reflect a broader vision for the future of
retail. Firstly, leading participants are channeling resources
into strategic ecosystem development, building comprehen-
sive digital ecosystems that include investments in scalable
infrastructures like cloud computing. This technological
advancement facilitates seamless integration of various retail
processes, from inventory management to customer service,
similar to the integration of AI in enhancing operational
efficiency as noted byKulkarni andBansal [65]. Additionally,
there is a significant push towards enhancing omnichannel
capabilities, with investments in technologies that bridge
online and offline retail experiences. This involves enhanc-
ing mobile platforms and developing omnichannel strate-
gies to ensure a consistent customer experience across all
touchpoints, reflecting a commitment to meeting consumers
wherever they are, which aligns with observations that suc-
cessful e-commerce platforms, such as Amazon and Alibaba,
similar to the findings of Trappey et al. [29], significantly
invest in smart technologies to blend digital and physical
shopping realms. Moreover, retailers are increasingly priori-
tizing investment in sustainable and ethical technology. These
investments focus on systems that optimize energy use within
retail operations and innovations that support recycling and
reducing waste in product packaging and logistics, a direction
that is in line with prior research, and is crucial for maintain-
ing competitiveness in the swiftly evolving retail landscape
as AI-driven tools offer enhanced consumer engagement and
innovative product and service offerings [65]. These trends

are indicative of the retail industry’s push towards not just
modernizing capabilities but also aligning with consumer
expectations for sustainability, ethical practices, and seamless
shopping experiences across multiple platforms. This focus
aims to secure a competitive edge in an evolving market and
foster long-term consumer loyalty.

Future research should extend the exploration of techno-
logical trends and collaboration networks within the retail
sector by specifically focusing on the intersection of artificial
intelligence, cybersecurity, and e-commerce to understand
their collective impact on strategic decision-making pro-
cesses. Prospective studies could investigate how the evolving
commitment to digital transformation and sustainability
initiatives influences consumer behavior and market com-
petition dynamics. Additionally, it is crucial to examine the
effects of regulatory frameworks on patenting activities and
collaborative interactions within the industry. Longitudinal
analyses are recommended to monitor the progression of
these technological domains over time, thereby offering a
more nuanced understanding of the sector’s adaptation to
external pressures and its broader economic implications.
This approach will provide valuable insights into the strategic
alignments and innovations shaping the future of retail.

As the retail sector undergoes continuedmodernization and
enhanced efficiency through technological advancements,
it becomes increasingly imperative to understand and strate-
gically leverage the insights derived from this network. Such
comprehension and application are essential for fostering
sustained growth and driving innovation within the industry.
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