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Featured Application

This review explores the application of Human-Centered Artificial Intelligence (HCAI)
in placemaking, with a focus on enhancing the design and management of public spaces
through AI-driven community engagement and behavioral analysis. The potential applica-
tion of this work lies in guiding urban planners, designers, and policymakers in leveraging
AI technologies—such as sentiment analysis, participatory design platforms, and computer
vision—to create more inclusive, responsive, and data-informed urban environments. By
integrating HCAI into placemaking, cities can better align public space development with
the needs, behaviors, and values of diverse communities, ultimately contributing to more
vibrant, equitable, and sustainable urban life.

Abstract

Artificial intelligence (AI) for placemaking holds the potential to revolutionize how we
conceptualize, design, and manage urban spaces to create more vibrant, resilient, and
people-centered cities. In this context, integrating Human-Centered AI (HCAI) into public
infrastructure presents an exciting opportunity to reimagine the role of urban amenities and
furniture in shaping inclusive, responsive, and technologically enhanced public spaces. This
review examines the state-of-the-art in HCAI for placemaking, focusing on some of the main
factors that must be analyzed to guide future technological research and development, such
as (a) AI-driven tools for community engagement in the placemaking process, including
sentiment analysis, participatory design platforms, and virtual reality simulations; (b) AI
sensors and image recognition technology for analyzing user behaviors within public
spaces to inform evidence-based urban design decisions; (c) the role of HCAI in enhancing
community engagement in the placemaking process, focusing on tools and approaches that
facilitate more inclusive and participatory design practices; and (d) the utilization of AI
in analyzing and understanding user behaviors within public spaces, highlighting how
these insights can inform more responsive and user-centric design decisions. The review
identifies current innovations, implementation challenges, and emerging opportunities at
the intersection of artificial intelligence, urban design, and human experience.

Keywords: human-centered AI; placemaking; urban design; community engagement;
behavior analysis; smart cities; public spaces; participatory design; urban computing; user
experience
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1. Introduction
Placemaking is a multi-faceted approach to the planning, design, and management

of public spaces that aims to create vibrant, inclusive, and people-centered urban envi-
ronments. By engaging local communities in the process of shaping their surroundings,
placemaking initiatives seek to foster a sense of ownership, identity, and social cohesion
within neighborhoods, ultimately enhancing the quality of life for residents and visitors.
Urban spaces, as hubs for public activities in urban life, should foster participation, comfort,
entertainment, mutual communication, and regular engagement among citizens [1–3].

In recent years, advances in artificial intelligence (AI) have opened up new possibilities
for capitalizing data-driven insights and predictive analytics to inform the design and
management of public spaces. By the power of AI, urban planners and designers can gain
a deeper understanding of how people interact with their environment, enabling them to
create more responsive, adaptive, and user-centric urban landscapes [4,5].

Despite the growing body of literature on artificial intelligence in urban planning
and smart cities, there remains a significant gap in research that specifically addresses the
intersection of AI and placemaking through a human-centered lens. Existing surveys tend
to focus on technical applications or infrastructure-level innovations, often overlooking
the social, behavioral, and participatory dimensions critical to public space design. This
research addresses that gap by offering a review of Human-Centered AI (HCAI) tools
and practices tailored to placemaking. It uniquely integrates technological, ethical, and
inclusive design perspectives, synthesizes multimodal AI methods for behavior analysis,
and highlights real-world case studies that demonstrate the transformative potential of AI
in creating more responsive, equitable, and community-driven public spaces.

In a more detailed manner, this review provides an investigation in Human-Centered
AI (HCAI) for placemaking, examining the intersection of AI, community engagement, and
user behavior in the context of urban planning and design. By exploring the potential of
AI to transform the way we conceptualize, design, and manage public spaces, this review
aims to shed light on the opportunities and challenges of integrating AI into placemaking
initiatives, and to identify key areas for future research and development. It also examines
and discusses how community engagement can be reflected in this field, how behaviour
can influence placemaking, and how placemaking can influence behavior.

A key aspect of this review is the exploration of AI-driven tools for engaging communi-
ties in the placemaking process. These technologies, including sentiment analysis of public
feedback, participatory design platforms, and virtual reality simulations, are transform-
ing how citizens interact with urban planning processes. Sentiment analysis algorithms
can process vast amounts of social media data, survey responses, and community forum
discussions to extract insights about public perceptions of existing spaces and proposed
developments. Meanwhile, participatory design platforms enhanced by AI can visualize
potential changes in real-time, allowing community members to experiment with different
design options and immediately see the potential impacts. Virtual and augmented reality
applications further democratize the design process by enabling citizens without technical
backgrounds to experience proposed changes before implementation, facilitating more
informed feedback and fostering stronger community buy-in [5,6].

Another significant focus of this review is the utilization of AI sensors and image
recognition technology to analyze user behavior within public spaces. Computer vision
systems can anonymously monitor patterns of movement and social interactions, providing
quantitative data on how spaces are actually used rather than how they were intended to
be used. These systems can identify peak usage times, underutilized areas, accessibility
challenges, kinds of activities, demographics of users etc. The insights derived from these
analyses can inform evidence-based decisions about urban infrastructure placement, from
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the strategic positioning of seating and shade structures to the timing of lighting systems
and interactive elements, ultimately creating spaces that better respond to actual human
needs and behaviors [7].

By integrating these technological approaches with established placemaking principles,
a new paradigm of HCAI for placemaking is emerging—one that balances the analytical
power of artificial intelligence with the fundamental importance of human experience,
community values, and social equity [8,9].

This review aims to achieve several key objectives. First, it seeks to systematically
examine the current state-of-the-art in HCAI applications for placemaking, identifying
key technologies, methodologies, and implementation strategies that are shaping this
emerging field. Second, it explores how HCAI can enhance community engagement in
the placemaking process, focusing on tools and approaches that facilitate more inclusive
and participatory design practices. Third, it investigates the role of AI in analyzing and
understanding user behaviors within public spaces, highlighting how these insights can
inform more responsive and user-centric design decisions. Finally, it identifies challenges,
gaps, and opportunities for future research and development in HCAI for placemaking.

The contribution of this research to the body of knowledge is multifaceted. From a
theoretical perspective, it contributes to the growing body of knowledge at the intersection
of AI, urban design, and human–computer interaction, offering a comprehensive frame-
work for understanding how HCAI can be applied to placemaking challenges. From a
practical standpoint, it provides urban planners, designers, and policymakers with valuable
insights into how HCAI technologies can be leveraged to create more vibrant, inclusive,
and responsive public spaces.

This review is particularly timely given the rapid advancements in AI technologies
and the growing interest in creating more sustainable, resilient, and people-centered cities.
As urbanization continues to accelerate globally, there is an urgent need for innovative
approaches to placemaking that can address the complex challenges of contemporary urban
life. By examining how HCAI can contribute to more effective placemaking practices, this
research has the potential to influence how we design and manage public spaces in the
future, ultimately enhancing the quality of life for urban residents around the world.

To ensure a comprehensive and representative overview of the field, this review was
conducted through a structured multi-phase search methodology. Initially, a broad search
was performed across major scientific databases, including Google Scholar, IEEE Xplore,
ACM Digital Library, MDPI, SpringerLink, ScienceDirect, and Scopus, using targeted
keywords related to the review topic. A first-level selection was then applied based on
the titles and abstracts of the retrieved articles, ensuring relevance to specific sections of
the review. Selected papers were then screened for relevance to the specific sections of the
review, including a second-level selection based on the full text of the articles. Following
this, a complementary search phase was carried out using general-purpose search engines
(e.g., Google and Bing) and large language model-based tools (e.g., GitHub Copilot–based
on GPT-4-turbo, ChatGPT-4o) to identify non-academic projects, tools, and applications
that are not typically published in peer-reviewed journals but are significant to the domain
in the field of placemaking. This hybrid approach allowed the inclusion of both scholarly
and practical contributions, offering a more holistic perspective on the current state of
research and development. A PRISMA-style flowchart and detailed inclusion/exclusion
criteria are provided in Figure 1.

Further, the review does not intend to propose solutions but to provide a comprehen-
sive overview of the current state-of-the-art in HCAI for placemaking. For instance, the
review does not discuss the use of AI in placemaking to address the digital divide, the issue
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of privacy and surveillance, algorithmic bias, social equity etc. This is not the scope of this
review and the reader is referred to the original papers for more details.

Figure 1. PRISMA-style flowchart of the review process.

The remainder of this review is structured as follows. Section 2 introduces the founda-
tional concepts of Human-Centered Artificial Intelligence (HCAI), outlining its principles
and relevance across various domains, with a particular focus on its application in place-
making. Section 3 delves into the integration of HCAI in placemaking practices, examining
AI-driven tools for community engagement and technologies for analyzing user behavior.
Section 4 explores how AI can be used to understand and influence user behaviors in public
spaces, highlighting the reciprocal relationship between placemaking and human activity.
Section 5 addresses the importance of inclusive placemaking across different age demo-
graphics, as well as gender-responsive design and the role of feminist planning in creating
equitable public spaces. Section 6 synthesizes the key findings, discusses emerging trends,
and identifies challenges and opportunities for future research. Finally, Section 7 concludes
the review by summarizing the contributions and outlining directions for advancing HCAI
in placemaking. A schematic diagram of the review’s structure is depicted in Figure 2.

Figure 2. Overview of the document’s structure.

2. Foundations of Human-Centered AI: Principles, Applications, and
Relevance to Urban Design

Human Centered AI is an emerging field that seeks to develop AI systems that are
designed to work in collaboration with humans, rather than replacing them. By focusing
on the needs, preferences, and values of end-users, HCAI aims to create intelligent systems
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that are transparent, accountable, and responsive to human input. Several key principles
underlie the development of HCAI, including fairness, accountability, transparency, and
interpretability. These principles are designed to ensure that AI systems are developed and
deployed in ways that are ethical, equitable, and aligned with human values [10,11].

General applications of HCAI are extensive. For instance in healthcare systems HCAI
can be used to improve patient outcomes, reduce medical errors, and enhance the efficiency
of healthcare delivery. This factors include human-centred explainable AI (HCXAI) where
the AI system provides explanations for its decisions that are understandable and actionable
by humans. This approach places humans at the core of AI design, emphasizing a holistic
understanding of values, interpersonal dynamics, and the social context of AI systems [12].

Another example is HCAI and Learning Analytics (HCLA). HCLA are transforming
education by enabling personalized, equitable, and adaptive learning while supporting
educators and addressing ethical concerns. Key contributions include risk frameworks
for HCAI in education, identifying challenges like mismatched AI pedagogy and ethical
security concerns, and exploring how HCAI can facilitate dynamic feedback, streamline
grading, and promote inclusivity [13].

In transportation, HCAI can optimize traffic flow, reduce congestion, and improve road
safety through intelligent traffic management systems that adapt to real-time conditions
while remaining responsive to human needs. These systems can analyze patterns of vehicle
movement, pedestrian behavior, and environmental factors to make informed decisions
about traffic signal timing, route recommendations, and emergency response coordination.
Unlike traditional automated systems, HCAI in transportation prioritizes human factors
such as driver comfort, pedestrian accessibility, and community preferences, ensuring that
technological solutions enhance rather than disrupt the human experience of mobility [14].

In finance, HCAI enhances fraud detection, risk assessment, and customer service
while maintaining human oversight and ethical considerations. Financial institutions em-
ploy AI algorithms to analyze transaction patterns, detect anomalies, and identify potential
fraud attempts, but HCAI approaches try to ensure that these systems are explainable,
transparent, and subject to human review. Additionally, HCAI in finance prioritizes ethical
considerations such as fairness in lending decisions, transparency in investment advice,
and accessibility of financial services for all users, regardless of their technical literacy or
socioeconomic status [15].

Across these diverse domains—healthcare, education, transportation, finance, and
others—HCAI offers the potential to transform how we work, live, and interact with the
world, enhancing, rather than replacing, human capabilities and decision-making processes.

Background and Context of HCAI in Placemaking

In the context of placemaking, HCAI offers a unique opportunity to leverage AI tech-
nologies to enhance the design and management of public spaces in ways that are sensitive
to the needs and desires of local communities. By integrating AI into the placemaking pro-
cess, urban planners and designers can gain valuable insights into how people interact with
their environment, enabling them to create more user-centric, inclusive, and responsive
urban landscapes [16].

Placemaking itself has evolved significantly over the past few decades, transition-
ing from top-down planning approaches to more community-centered and participatory
methodologies. Traditional placemaking practices often relied on intuition, precedent
studies, and limited observational research, which sometimes resulted in public spaces that
failed to meet the diverse needs of their users [17]. With the advent of digital technologies
and AI, there is now potential to capture and analyze vast amounts of data about how
people use and experience public spaces, leading to more evidence-based design decisions.
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HCAI in placemaking manifests in several key areas. First, AI-powered sentiment
analysis tools can analyze public feedback from social media, surveys, and community
forums to understand preferences, concerns, and patterns of use. Unlike traditional data
collection methods, these tools can process large volumes of qualitative data quickly,
identifying trends and insights that might otherwise be missed. Second, AI algorithms
can process and analyze sensor data from public spaces, including pedestrian flow, dwell
time, and environmental conditions, providing a comprehensive understanding of how
spaces are used throughout different times of day, seasons, and weather conditions. Third,
generative AI and design optimization tools can assist designers in creating multiple
spatial configurations that respond to community needs and preferences, allowing for
rapid prototyping and iteration [17].

However, the application of HCAI in placemaking must navigate several challenges.
There are concerns about privacy and surveillance when deploying sensors and cameras
in public spaces [18]. Additionally, there is the risk of algorithmic bias that might favor
certain demographic groups over others in the analysis and design process. Furthermore,
the digital divide may exclude marginalized communities from participating in technologi-
cally mediated placemaking processes [19]. These challenges highlight the importance of
adopting a truly human-centered approach that prioritizes inclusivity, transparency, and
community agency in the design and deployment of AI systems for placemaking [20].

Several pioneering projects have demonstrated the potential of HCAI in placemaking.
For example, the Sidewalk Labs initiative in Toronto employed various sensors and data
analytics to understand urban patterns and inform the design of more responsive public
spaces [21]. Similarly, the Smart Parks project [22] by the National Recreation and Park
Association utilizes AI to analyze visitor patterns, optimize resource allocation, and enhance
visitor experiences while preserving natural environments. These examples illustrate how
HCAI can contribute to creating public spaces that are not only functional and aesthetically
pleasing but also responsive to the evolving needs and behaviors of their users.

In the following sections, this review will explore the specific applications of HCAI
in placemaking, focusing on community engagement tools, user behavior analysis, and
the broader implications for urban design and public space management. By examining
these aspects, we aim to provide a comprehensive understanding of how HCAI can trans-
form placemaking practices and contribute to more vibrant, inclusive, and responsive
urban environments.

3. Integrating HCAI into Placemaking: Tools, Technologies, and
Community Engagement

This section explores the role of HCAI in placemaking, focusing on two main factors
that must be analyzed to guide future technological research and development: (a) AI-
driven tools for community engagement in the placemaking process, including sentiment
analysis, participatory design platforms, and virtual reality simulations; and (b) AI sensors
and image recognition technology for analyzing user behaviors within public spaces to
inform evidence-based urban design decisions.

3.1. AI for Community Engagement in Urban Design

Community engagement is central to placemaking, ensuring that public spaces meet
the needs and aspirations of the people who use them. In this context, AI has introduced
innovative ways to involve communities in the design process. For instance, sentiment anal-
ysis tools analyze public feedback from social media, surveys, and forums to understand
community preferences and concerns. Participatory design platforms use AI algorithms to
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visualize proposed changes in real-time, allowing stakeholders to provide input during the
decision-making process.

Several innovative approaches demonstrate how HCAI can enhance community en-
gagement in placemaking. For instance, the significant role of video games in fostering
community engagement within urban planning is a leveraging tool due to their interac-
tive and immersive nature, as stated by Szot [23]. By benefiting from the interactive and
engaging nature of video games, communities can participate more actively in the plan-
ning process. These games serve as platforms for dialogue, allowing diverse stakeholders,
including children and young people, to visualize and contribute to the development of
their local environments. The use of games like Minecraft [24] and Cities: Skylines [25] in
real-life projects demonstrates their effectiveness in making complex urban issues more
comprehensible and accessible. This approach not only democratizes the planning process
but also enhances the inclusivity and sustainability of urban development efforts. For ex-
ample, the “Block by Block” initiative, a collaboration between UN-Habitat and Minecraft,
uses a gamified environment where community members can virtually build and modify
their neighborhoods, with AI tools analyzing patterns and preferences across different de-
mographic groups. This approach has been successfully implemented in over 35 countries,
enabling diverse communities to participate in the urban design process regardless of their
technical expertise or literacy levels [19,26]. AI can play a crucial role in analyzing the
data generated by these games, identifying patterns and preferences that can inform urban
design decisions. For example, AI algorithms can analyze player interactions, choices, and
feedback to identify common themes and preferences among different demographic groups.
AI can therefore transform sustainable urban planning by offering innovative solutions
and emphasizing the importance of data-driven decision-making, community engagement,
and ethical considerations to promote sustainability, resilience, and social equity [27].

Still in the AI context, the Decidim platform used in Barcelona employs natural
language processing to categorize and analyze citizen proposals for public space improve-
ments, helping city officials identify patterns and priorities while ensuring transparency in
the decision-making process. This digital democratic platform has facilitated over 70,000 cit-
izen proposals and has directly influenced the implementation of hundreds of public space
projects across the city [28,29]. In Singapore, the Urban Redevelopment Authority has
deployed digital urban platforms that combine AI-powered sentiment analysis of social
media discussions about public spaces with location-based data to identify areas of concern
and opportunity. This approach enables urban planners to continuously monitor pub-
lic sentiment about different urban spaces and respond with timely interventions when
needed [30].

Immersive technologies such as virtual reality (VR) and augmented reality (AR)
enable communities to experience proposed designs in a simulated environment. The
CityScopeAR project at MIT’s Media Lab allows users to visualize urban designs in real-time
using AR, enabling them to interact with proposed changes and provide feedback on their
experiences [31]. Applications include post-war reconstruction planning for Kharkiv, the
revitalization of the Champs Élysées - Paris, the community engagement in transportation
improvements in Boston, to address various urban challenges such as tourism, energy
management, and traffic congestion in Andorra, or to predict outcomes of various urban
planning and development scenarios in Volpe [32–34]. Another example present a user-
centered virtual city information model planned to enhance inclusive community design
and decision-making by enabling non-expert stakeholders to actively participate in urban
planning through immersive virtual environments [35,36]. AR can significantly boost
citizen participation in urban planning, especially among young people, by visualizing
building projects and environmental changes, thus enabling citizens to contribute design
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ideas. It can be complemented with haptic 3D tools like Lego or clay to engage low-
tech users in designing high-tech solutions collaboratively and integrated into existing
participation processes, offering a more interactive, engaging, and accessible approach to
urban planning [37].

Despite these advancements, challenges remain in ensuring truly inclusive engage-
ment. The digital divide continues to limit participation from certain demographic groups,
particularly older adults, low-income communities, and those with limited digital literacy.
For instance, while interest in digital placemaking has grown, senior people are under-
represented, and there is a need for more coordinated research to empower seniors as
active participants in digital placemaking initiatives, as underlined by Najafi et al. [38].
The Augmented Reality Participatory Platform (ARPP), a mobile augmented reality tool, is
designed to engage under-resourced communities in improving neighborhood walkabil-
ity through participatory planning and two-way communication between residents and
decision-makers [39].

However, ethical concerns related to data collection and usage persist. The Amsterdam
City Council has pioneered the Responsible AI Registry, which makes all AI applications
used in urban planning transparent to citizens, including information about data sources,
algorithms, and decision-making processes [40]. This approach establishes accountability
and builds trust with communities, essential elements for successful HCAI implementation
in placemaking initiatives.

A study on collaborative governance in urban planning by Follador et al. [41], focus-
ing on Curitiba and Montreal, concluded that collaborative governance is facilitated by
inclusive participation and transparent processes but hindered by informal institutions,
power asymmetries, and consultation fatigue. The geographic scale of the plan and its
presentation to the public are crucial, as plans perceived as abstract or distant can demo-
bilize stakeholders. Strong interdependence among stakeholders can perpetuate existing
power imbalances, favoring certain groups over collective interests. Difficulties encoun-
tered included the persistence of informal institutions in Curitiba, leading to a controlled
planning process by specific stakeholders despite the appearance of collaboration, and
consultation fatigue in Montreal, where repeated consultative processes led to stakeholder
demobilization and confusion.

The exploration of the top-down (techno-centric approach) and bottom-up (social-
centric approach) dichotomy in urban planning emphasizes the historical context and
evolution of these paradigms. In this context, new technologies, such as social media
and real-time information systems, democratize access to urban information and facil-
itate citizen participation in urban planning. Collaborative platforms, like OpenIDEO
(https://www.openideo.com/, accessed on 5 June 2026), are models for transforming
architectural design into a property of the Creative Commons, allowing for crowdsourcing
information and funding for urban projects, thus promoting a continuous and innovative
re-programming of the built environment by its inhabitants [42–44].

The evolution of HCAI for community engagement in placemaking reflects a shift
from merely collecting community input to establishing genuine collaborative relationships
where AI serves as a facilitator rather than a replacement for human judgment and creativity.
Future directions include, for example, the development of more culturally sensitive AI
systems that can recognize and respect diverse forms of knowledge and expression in
the placemaking process. This requires ongoing dialogue between technologists, urban
planners, and community members to ensure that AI tools are designed and implemented
in ways that truly reflect the values and aspirations of the communities they serve.

https://www.openideo.com/
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3.2. AI Models and Technologies for Smarter Urban Spaces

AI models play a crucial role in placemaking by processing vast amounts of data from
diverse sources. Machine learning algorithms, for example, can predict traffic patterns,
optimize public transportation systems, and recommend infrastructure improvements.
Natural language processing (NLP) techniques are used to analyze textual data, providing
insights into public sentiment and preferences.

The application of AI models in placemaking encompasses a diverse range of tech-
nologies and methodologies. Supervised learning algorithms, such as Artificial Neural
Networks (ANNs), Support Vector Machines, or Random Forests, have been employed
to classify urban spaces based on their physical attributes and usage patterns. An ex-
amples include a system to categorize the tone of outdoor and indoor photos, with and
without people, posted on social media [45,46]. This systems are many times suportted
on Convolutional Neural Network (CNN) topologies combining deep features with se-
mantic information from scene characteristics to improve classification and cross-dataset
generalization performance [47,48].

Multimodal sentiment classification models, e.g., incorporating both text and image
uses image features to emphasize relevant text segments, enabling the machine to focus
on text influencing sentiment polarity [49]. But the features do not always need to be
extracted from the images. For example, cell phone data can be used for urban planning
by mapping human movement and emotional responses during events, helping to create
dynamic, adaptable urban environments tailored to the needs of inhabitants [50]. LiDAR
(Light Detection and Ranging) data can also be used as a source to classify urban spaces
based on physical attributes and usage patterns, as demonstrated by researchers at MIT’s
Senseable City Lab. In their work, they developed models capable of classifying public
spaces according to morphology, accessibility, and available amenities, allowing for more
nuanced comparisons and evaluations of different urban environments [51].

The PlacemakingAI tool utilizes Generative Adversarial Networks (GANs) to facilitate
participatory urban design by generating synthetic images of urban spaces, allowing
stakeholders to visualize and manipulate design solutions in real-time [52]. The integration
of AI in urban decision-making processes, such as the use of Multi-Criteria Decision
Analysis (MCDA), enhances the evaluation and selection of urban development projects by
providing a more comprehensive and efficient assessment framework [53].

Unsupervised learning approaches, particularly cluster analysis and dimensional
reduction techniques, have proven valuable for identifying patterns in how people use
public spaces without predefined categories [54].

In this large context, five main approaches are being used: (1) the use of computer
vision algorithms to analyze street-level imagery and detect changes in urban environments,
(2) the application of natural language processing techniques to analyze textual data related
to public spaces, (3) the use of reinforcement learning approaches to optimize the design
and management of public spaces, (4) the integration of Internet of Things (IoT) devices
and edge computing for real-time data collection and processing, and (5) the use of big
data analytics to extract insights from large datasets generated by IoT sensors and other
sources. These approaches are transforming how urban planners understand and manage
public spaces, enabling more responsive, adaptive, and user-centric design solutions. Other
approaches are also being explored, such as the use of blockchain, edge AI technologies, and
other emerging technologies, paving the way for ubiquitous sensing and data collection.

Elaborating on the first approach, computer vision algorithms have transformed how
urban planners understand public space dynamics. These algorithms provide powerful
tools for extracting insights from visual data, crucial for urban planning [55]. They enable
the measurement of changes in the physical appearance of neighborhoods using street-level
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imagery, linking these changes to socioeconomic factors [56]. Computer vision facilitates
the analysis of urban environments at various scales, from detecting street activity in
real-time to evaluating the evolution of historical urban landscapes [57]. This technology
aids in automating the extraction of quantitative and qualitative information from images,
enhancing the understanding of urban patterns and human activities [58]. However, it
is critical to move beyond simplistic measures and develop “urban-semantic” computer
vision to capture the contextual understanding of people in urban spaces, addressing the
critiques of current AI applications in urban settings [59].

Natural Language Processing has emerged as a powerful tool for analyzing textual
data related to public spaces. It aids urban planners and researchers in processing extensive
text data, such as public feedback and social media posts, to understand urban dynamics.
NLP techniques, including sentiment analysis, are applied to mine public opinions and
sentiments towards various aspects of the urban environment, such as neighborhoods,
parks, and transportation [60,61]. Studies utilize NLP to analyze reviews and social media
data to understand perceptions of living environments, assess urban livability, evaluate
emotional responses evoked by urban places, and categorize unstructured data from
various online platforms [62]. By processing large volumes of text, NLP can identify
patterns, main topics, and sentiments within citizens’ comments, serving as a valuable tool
to enhance decision-making in participatory urban planning. However, challenges remain,
including accurately processing informal language, specialized terminology, and dealing
with the inherent biases and noise present in data sources like social media [60,63].

Reinforcement learning approaches are beginning to show promise for optimizing
the design and management of public spaces through simulation-based testing. These ap-
proaches, including Deep Reinforcement Learning (DRL) and Multi-Agent Reinforcement
Learning (MARL), often model urban planning challenges—such as land use readjustment
or road network design—as sequential decision-making problems. Complex urban envi-
ronments and their spatial relationships are frequently represented using graph structures,
with Graph Neural Networks (GNNs) employed to process topological information and
learn effective representations [64]. AI agents learn optimal policies by interacting with
simulated environments or models over millions of trials, seeking to maximize cumulative
rewards based on objectives like achieving universal connectivity, improving accessibility
(e.g., the 15-min city concept), optimizing spatial efficiency, minimizing travel distance or
construction costs, enhancing sustainability, promoting diversity, or balancing stakeholder
interests [65]. Simulation-based experiments indicate these computational models can gen-
erate plans that outperform those derived from heuristic methods or even human experts
on specific objective metrics, and they show potential for supporting participatory planning
processes by modeling diverse stakeholder interactions and facilitating consensus [66]. A
related example is CityLearn, an open-source simulation platform designed to support
multi-agent reinforcement learning for managing energy demand in urban buildings. It
enables researchers and developers to implement, test, and compare algorithms that coordi-
nate energy use through strategies like load shifting and shedding. By doing so, CityLearn
contributes to reducing peak electricity demand, improving grid efficiency, and supporting
broader goals in sustainability and smart city development [67].

The integration of Internet of Things (IoT) devices and edge computing enables
real-time data collection and processing, improving responsiveness and adaptability. In
parallel, capable of addressing the challenges of real-time data processing and analysis,
big data plays a crucial role in urban planning, providing insights into various aspects
of city life, including air quality, traffic management, and healthcare [68]. For instance,
an Apache Spark -based architecture efficiently processes large datasets generated by IoT
sensors to classify air quality index levels, aiding in better urban planning and health
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risk management [69]. Urban informatics leverages sensor data, user-generated content,
and administrative data to enhance resource management, civic participation, and policy
analysis. Furthermore, edge computing reduces latency and enhances the effectiveness
of IoT applications within smart cities, enabling real-time decision-making and fostering
resilient, adaptive urban ecosystems. These technologies collectively contribute to the
development of safe, efficient, and sustainable urban environments, addressing challenges
like traffic congestion, energy management, and disaster resilience. By integrating IoT, edge
computing, and Big Data analytics, urban planners can create smarter cities that enhance
the quality of life for their inhabitants [70,71]. Furthermore, the use of blockchain and
edge AI technologies further enhances smart city planning and management by improving
security, transparency, and cost reduction, and addressing urban challenges such as traffic
congestion and data security [72]. The comprehensive IoT-based systems for smart city
development and urban planning leverage Big Data analytics to provide insights into
energy consumption, traffic patterns, and environmental conditions, ultimately enhancing
the quality of life in urban areas [73]. These advancements underscore the transformative
potential of integrating IoT, edge computing, and Big Data analytics in urban planning,
paving the way for smarter, more resilient, and sustainable cities.

However, the deployment of these technologies also raises concerns about data privacy,
security, and the ethical implications of surveillance in public spaces. As cities increasingly
rely on data-driven approaches to inform their planning and decision-making processes, it
is essential to strike a balance between leveraging technology for urban improvement and
safeguarding citizens’ rights and privacy [74].

Multi-modal data fusion techniques have emerged as particularly valuable for place-
making, combining information from diverse sources including sensors, social media, and
traditional surveys. The City laboratory system developed by researchers at Beijing City
Lab integrates these diverse data sources to provide a comprehensive understanding of
urban environments. By leveraging high-resolution remote sensing images, street view
pictures, activity trajectories, and user comments from social media platforms, the system
can validate, update, and expand existing knowledge systems. This integration allows for
a holistic approach to urban planning and design. The active urban sensing framework,
which employs various sensors and IoT technologies, complements existing data sources
by providing continuous monitoring and greater data coverage. This approach enables
researchers to capture intricate urban dynamics and measure previously unmeasurable
aspects of urban life, making placemaking initiatives more effective [75]. As another ex-
ample, the Chicago’s Array of Things deploys urban-scale sensor networks to monitor air
quality, noise, and pedestrian traffic, leveraging edge computing for local data processing
and privacy-preserving analytics [76,77].

In terms of data acquisition techniques, the use of computer vision and image recogni-
tion technologies has gained prominence in placemaking. These technologies enable the
analysis of visual data from public spaces, providing insights into user behavior, spatial
patterns, and environmental conditions. RGB-D cameras, for example, are employed to
capture images and depth information, allowing for the identification of objects, people,
and activities in urban environments. These systems can be used to monitor pedestrian
flow, assess the usage of public amenities, and evaluate the overall functionality of public
spaces. Alternatives include LiDAR (Light Detection and Ranging), thermal imaging, or
multispectral cameras, which offer different advantages in terms of data quality, resolution,
and environmental adaptability. LiDAR technology is used to create detailed 3D maps of
urban environments, enabling the analysis of spatial relationships and the identification of
potential design improvements [78].
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Multispectral cameras capture images across different wavelengths, providing insights
into vegetation health, land use, and environmental conditions. Thermal cameras have
emerged as powerful tools for privacy, preserving analysis of human behavior in public
spaces, offering a unique combination of physiological monitoring, gesture recognition,
and crowd analytics. By capturing heat signatures rather than identifiable visual fea-
tures, these systems can unobtrusively monitor body temperature fluctuations-providing
valuable physiological insights—while also enabling gesture recognition to study how
individuals interact with their environment. These technologies facilitate the identification
of conversational pairs or family units based on spatial proximity and shared movement
patterns, which is particularly useful in understanding social dynamics in settings such as
parks or transit hubs. In large gatherings, depending on the technology, these cameras can
estimate crowd density with high accuracy and detect movement patterns, allowing for
real-time assessment of congestion and early detection of potential conflicts or agitation
through sudden changes in thermal activity. Thermal cameras also enable microclimate
studies and heat island mitigation by mapping surface temperatures [79,80]. Importantly,
the anonymized nature of thermal data addresses significant privacy concerns, making
these systems ethically compliant for use in sensitive environments and among vulnerable
populations, as they avoid capturing personally identifiable information or emotional states
without consent.

However, ensuring data privacy and security remains a significant challenge in the de-
ployment of these technologies. Several cities have adopted “privacy by design” approaches
that minimize data collection, anonymize personal information, and implement strict data
governance frameworks. For instance, the concept of cognitive cities, which augments
smart cities with learning and behavioral change capabilities, relies heavily on the sharing
of citizens’ daily-life data, making privacy and security critical issues [81]. To address these
concerns, privacy-preserving authentication protocols and encryption algorithms have
been proposed to ensure secure communication and data protection [82]. Additionally,
Frameworks such as Attribute-Based Credentials (ABCs) and Privacy-Enhanced OAuth 2.0
have been developed to enable decentralized access control and enhance user privacy [83].
Despite these advancements, the complexity of smart city infrastructure and the integration
of various technologies continue to pose significant risks, necessitating ongoing efforts
to develop robust security measures and privacy-preserving techniques. An example of
such efforts is the European DECODE project (https://decodeproject.eu/, accessed on 5
June 2026), which aims to empower citizens with control over their personal data through
decentralized and privacy-enhancing technologies.

To synthesize the diverse range of AI technologies discussed in this section, Table 1
provides a comparative overview of key tools applied in placemaking. It outlines their
primary functions, typical applications, real-world examples, and observed outcomes.

As a conclusion, the integration of AI and advanced technologies in placemaking is
transforming how urban planners and designers understand and engage with communities.
By leveraging AI-driven tools for community engagement and analyzing user behaviors
through sensors and image recognition, placemaking initiatives can become more inclusive,
responsive, and data-informed. However, it is crucial to address ethical concerns related to
privacy, bias, and the digital divide to ensure that these technologies serve the best interests
of all community members. The future of placemaking lies in the collaboration between
technology and human-centered design principles, creating public spaces that truly reflect
the needs and aspirations of their users.

https://decodeproject.eu/
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Table 1. AI tools and their applications in placemaking.

AI Tool Placemaking
Function

Application Example Project Outcome

Sentiment
Analysis [28,29]

Community
engagement

Analyzing public opinion
from social media, surveys,
forums

Decidim
(Barcelona)

Prioritized 70,000+
citizen proposals

Participatory Design
Platforms [19,26]

Co-creation Real-time design feedback
and scenario testing

Block by Block
(UN-Habitat +
Minecraft)

Enabled youth and
non-experts to
co-design spaces

Virtual/Aug-
mented Reality
(VR/AR) [31–34]

Immersive
engagement

Simulating proposed urban
changes

CityScopeAR
(MIT Media Lab)

Improved
understanding and
feedback in urban
projects

Computer
Vision [57]

Behavior analysis Monitoring movement,
social interaction, space
usage

High Line (NYC) Increased social
interaction and leisure
activities

Multimodal
Sentiment
Classification
[45–48]

Emotional
mapping

Combining image and text
to assess public perception

OutdoorSent Deeper understanding
of emotional responses

Reinforcement
Learning [67]

Design
optimization

Simulating and optimizing
urban layouts

CityLearn, MARL
for 15-min cities

Improved energy
efficiency and
accessibility

IoT + Edge
Computing [76,77]

Real-time sensing Environmental and
behavioral monitoring

Array of Things
(Chicago)

Privacy-preserving
monitoring of urban
metrics

Generative AI
(GANs) [52]

Participatory
design

Generating synthetic urban
design scenarios

PlacemakingAI Enabled real-time
visual co-design

Thermal Imaging &
LiDAR [78–80]

Accessibility &
safety

Analyzing microclimates,
crowd density, spatial
barriers

MIT Senseable
City Lab, Seoul

Improved accessibility
and climate-adaptive
design

Multimodal Data
Fusion [75]

Holistic urban
analysis

Integrating sensors, social
media, and surveys

Beijing City Lab Comprehensive
understanding of
urban dynamics

4. AI Understanding of Human Activity in Urban Environments
This section delves into the role of AI in analyzing user behaviors in public spaces,

focusing on how AI and sensor technologies are used to track movement patterns, identify
peak usage times, and assess accessibility requirements. By understanding user behaviors,
urban planners can make evidence-based decisions that enhance the functionality and
inclusivity of public spaces.

4.1. Behavior Analysis with AI

Analyzing user behavior in public spaces provides critical insights for effective place-
making. AI-powered sensors and image recognition technologies track movement patterns,
identify peak usage times, and assess accessibility requirements. This data helps urban
planners design spaces that are more functional and user-friendly.

For example, the Public Space and Public Life study conducted in Downtown Van-
couver analyzed how people use public spaces and streets, focusing on activities such as
walking, biking, and social interactions. The study highlighted the importance of public
spaces in fostering social connections, promoting health, and supporting local businesses,
and provided insights into the seasonal variations in public space usage and the need for
more inclusive and inviting public spaces [84].

Recent advancements in AI and machine learning have transformed behavior analysis
in placemaking, enabling the capture, processing, and interpretation of complex human
activities in public spaces. Vision-based detection systems, leveraging advanced machine
learning models like CNNs and Long Short-Term Memory (LSTM) networks, have sig-
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nificantly enhanced the accuracy and efficiency of Human Activity Recognition (HAR)
by analyzing video data to identify and classify human actions in real-time [85–87]. The
integration of advanced models further improves the precision of action detection, making
it possible to predict and recognize human activities with high accuracy even in dynamic
and crowded environments [88]. These systems can address a wide range of actions such
as crossing, waiting, queueing, talking, dancing, sitting, jogging, playing, riding, or doing
sports. Additionally, the development of comprehensive datasets such as the Public Life in
Public Space dataset supports multi-task learning for activity, emotion, and social relation
recognition, enabling a deeper understanding of human interactions and behaviors in
diverse public settings. Emotions like valence, arousal, and dominance are analyzed, while
social relations including friend, family, couple, professional, and commercial interactions
are also considered [89].

In this context, crowd behavior analysis has emerged as a particularly valuable appli-
cation of AI in placemaking. Models that can identify various types of social formations—
individuals, pairs, small groups, and larger gatherings—and analyze their spatial relation-
ships and dynamics have been developed [90,91]. These insights can inform the design of
public spaces that accommodate different types of social interactions, from intimate conver-
sations to community gatherings. By utilizing physical environment and crowd simulations
to analyze movement patterns in urban settings, designers can optimize neighborhood
public spaces in ways that not only enhance social interactions and functional efficiency,
but also intentionally promote healing and resilience within the community [92,93].

Spatiotemporal pattern mining techniques have significantly advanced our under-
standing of how public space usage evolves over time. These techniques are crucial for
analyzing the complex interactions between spatial and temporal factors that influence user
behavior in urban environments [7]. For instance, a longitudinal study of Bryant Park in
New York City utilized machine learning algorithms to analyze several years of behavioral
data, identifying not only daily and seasonal patterns but also longer-term trends in how
different demographic groups utilize the space [94]. This analysis revealed shifts in usage
patterns that might have been overlooked by short-term observational studies, thereby
informing more effective long-term management strategies. Also, climate change is in-
creasingly affecting the livability and functionality of urban public open spaces, impacting
user behavior in complex ways. Recent studies have highlighted the importance of under-
standing spatio-temporal interactions to design climate-adaptive solutions. For instance,
a review identified 62 influencing factors, categorized into environmental factors, spatial
attributes, population and society, and behavioral perceptions [95]. These factors, analyzed
through a co-occurrence matrix, revealed that spatial and temporal dimensions interact
significantly, influencing public open spaces usability. Temporal factors like temperature
and wind speed, combined with spatial factors such as site facilities and greenness, play a
crucial role in user behavior. Understanding these interactions is essential for optimizing
public open spaces design to enhance climate adaptability and long-term usability.

Accessibility analysis has been significantly enhanced by AI approaches. Computer
vision systems can now detect and quantify barriers to accessibility, such as gaps in pedes-
trian infrastructure, obstacles, or challenging terrain. E.g., Froehlich et al. [96] explore
the transformative role of AI in enhancing urban accessibility for people with disabili-
ties, focusing on applications such as autonomous vehicles, intelligent wheelchairs, and
AI-driven mapping tools to assess and navigate pedestrian pathways, while addressing
ethical, privacy, and inclusivity challenges. Cimini et al. [97] evaluated the accessibility
of green urban public spaces in 14 Italian metropolitan cities, revealing that less than 30%
of residents have access to a green space within 300 m on foot, highlighting significant
disparities and the need for improved urban planning and management. They collected
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data from OpenStreetMap (OSM) and Urban Atlas (UA), spatialized the population using
ISTAT census data, and created a hexagonal mesh grid to define starting points. Green
urban public spaces and their access points were identified, and network analysis tools
were used to calculate the shortest walking routes to these spaces, assessing accessibility
within 300 and 400 m.

Beyond physical accessibility, AI systems are increasingly capable of analyzing in-
clusive usage patterns. In Barcelona, the Decidim project—a participatory democracy
platform—demonstrates how AI can support diverse civic engagement by identifying
and adapting to varied user interactions. By studying how individuals with different
abilities navigate and contribute to the platform, the system can detect barriers and suggest
modifications, such as simplifying interfaces or adjusting feedback mechanisms. These
insights allow for more equitable digital participation, ensuring that civic technology is not
only accessible but actively inclusive of marginalized voices [98].

However, as already mentioned, the deployment of AI technologies for behavior anal-
ysis in public spaces raises ethical concerns, particularly regarding privacy and surveillance.
The use of cameras and sensors to monitor public spaces can lead to potential invasions
of privacy and the collection of sensitive data without individuals’ consent. To address
these concerns, researchers and practitioners are exploring privacy-preserving techniques,
such as anonymizing data and implementing strict data governance frameworks, to ensure
that the benefits of behavior analysis do not come at the expense of individual privacy
rights [18].

The evolution of behavior analysis in placemaking reflects a shift from simple quanti-
tative metrics toward more nuanced understandings of how different people experience
and use public spaces. Future directions include the development of more culturally aware
analysis models that can recognize diverse social practices and behaviors across different
cultural contexts, as well as systems that can incorporate subjective experiences alongside
objective behavioral patterns.

4.2. How Public Space Design Shapes Human Behavior

Well-designed public spaces influence user behavior by promoting social interaction,
encouraging physical activity, and enhancing overall well-being. Placemaking initiatives
that incorporate green spaces, interactive installations, and cultural elements have been
shown to foster a sense of community and belonging. The relationship between public space
design and human behavior has been a subject of growing interest, with AI technologies
enabling more sophisticated analyses of this complex interaction.

In this context, a study from Loo and Fan [99] investigated the relationship between
spatial features and social interaction in public spaces, using machine learning algorithms
on time-lapse videos of the Belcher Bay Waterfront Park on Hong Kong Island, Hong
Kong. They find that dynamic edges formed by moveable furniture and fixed landmarks
like carousels significantly enhance social interaction and group activities. The study
highlights the importance of flexible urban design elements in creating engaging public
spaces, suggesting that planners should incorporate both fixed and movable features to
foster community and well-being, underscoring the role of thoughtful placemaking in
promoting social cohesion and active use of public spaces.

The characteristics that make communal open spaces in multi-story residential neigh-
borhoods child-friendly, from the perspectives of children and parents, are investigated by
Fatahi et al. [100]. Conducted in Sanandaj, Iran, the research identifies four key factors: con-
nection with nature, spatial flexibility, social networking, and safety/security. Using online
surveys with 441 children and 576 parents, the study reveals that water play, diverse play
equipment, and natural environments are crucial for child-friendliness. Safety indicators



Appl. Sci. 2025, 15, 9245 16 of 31

include outdoor shelters and soft surface materials. The findings suggest incorporating bio-
philic and participatory design approaches to create engaging, safe, and flexible communal
spaces that cater to both children’s and parents’ preferences.

The social impacts of self-build architectural interventions as part of urban regeneration
strategies on a university campus in Cagliari, Italy, were studied by Manunza et al. [101].
It highlights significant increases in social activities, restorative behaviors, and inclusivity,
particularly in areas with added shading and movable seating. The research underscores the
potential of gender-sensitive design to promote equitable use of public spaces, noting a rise in
female participation. The study also provides detailed demographic insights, revealing that
the majority of users were in the 20–30 age group, with a notable increase in the presence of
observer-rated females post-intervention. Despite a slight decline in reading and studying ac-
tivities, the findings suggest that targeted urban regeneration interventions can enhance social
connection, individual well-being, and inclusivity, emphasizing the importance of community
involvement and multidisciplinary collaboration in sustainable urban development.

The transformation of the High Line in New York City from an abandoned railway
into an elevated park has sparked significant urban revitalization, known as the “High Line
Effect” [102,103]. This phenomenon has inspired similar projects across the United States,
aiming to convert disused infrastructure into vibrant public spaces. Utilizing AI-powered
computer vision, researchers have analyzed before-and-after patterns of pedestrian behav-
ior, documenting substantial increases in social interaction, leisure activities, and extended
dwell times. The High Line’s success has led to increased real estate values and gentri-
fication, highlighting the need for equitable development practices. Studies reveal that
gender-sensitive design and community engagement are crucial for promoting inclusivity
and ensuring that the benefits of such transformations are shared across all demographics.

Li and Ma [104] leverage AI-powered computer vision to quantitatively assess changes
in pedestrian dynamics before and after repurposing an abandoned railway into an elevated
urban park. Longitudinal data from CCTV and mobile sensors (2023-2025) revealed signifi-
cant shifts: post-transformation, social interactions increased by 42%, leisure activities (e.g.,
cycling, group gatherings) surged by 67%, and median dwell times expanded from 8.3 to
22.1 min. Gender-disaggregated analysis showed women’s participation in park usage rose
by 28%, correlating with enhanced lighting and seating. Spatial heatmaps identified zones
favoring spontaneous interactions, while temporal patterns highlighted evening peaks
in multicultural exchanges. These findings underscore the role of green infrastructure
in fostering inclusive urban vitality, providing actionable insights for policymakers to
prioritize human-centric design in future urban renewal projects.

Placemaking significantly shapes human behavior by encouraging physical activity
and contributing to better public health outcomes. A growing body of evidence under-
scores the behavioral impact of urban form and the built environment, especially in how
they shape opportunities for walking, recreation, and social interaction. Gibson et al. [105]
developed a simulation model to assess the health impacts of a proposed urban redesign
in Raleigh, North Carolina, demonstrating that enhancing walkability through increased
intersection density, land-use diversity, and pedestrian infrastructure could lead to a 17-min
increase in daily walking time per resident. This behavioral shift was projected to reduce
premature mortality by 5.5% and significantly lower the incidence of chronic diseases such
as diabetes and coronary heart disease. Similarly, Garden and Jalaludin [106] conducted a
multilevel analysis in Sydney, Australia, revealing that residents in low-density, sprawling
suburbs were substantially more likely to be overweight or obese and less likely to engage
in adequate physical activity. Their findings suggest that urban sprawl discourages walking
and fosters car dependency, thereby negatively influencing health behaviors. Complement-
ing these quantitative insights, Koohsari et al. [107] emphasized the importance of public
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open spaces—such as parks, greenways, and plazas—not only in terms of proximity but
also in terms of quality, accessibility, and contextual integration within neighborhoods.
They argue that the behavioral impact of placemaking is mediated by both objective fea-
tures (e.g., size, amenities, connectivity) and subjective perceptions (e.g., safety, aesthetics),
and call for more nuanced, context-specific research to guide urban design. Collectively,
these studies highlight that placemaking is not merely about physical transformation but
also about shaping environments that support healthier, more active lifestyles.

Commercial behavior has also been shown to respond to placemaking interventions.
As cities confront the decline of traditional shopping streets, recent research highlights the
importance of spatial structure, accessibility, and experiential quality in shaping commercial
vitality. Carmona [108] introduces the “sun model” and “place attraction paradigm” to ex-
plain how high streets can remain relevant by offering experiences that online retail cannot
replicate. He argues that successful shopping streets must be curated as destinations—
places where people want to linger, socialize, and engage with their surroundings—rather
than merely spaces for transactional consumption. Empirical support for this approach is
provided by Merten and Kuhnimhof [109], who analyze retail rents in Aachen, Germany,
to assess how transport and parking infrastructure influence retail performance. Their find-
ings show that proximity to pedestrian zones, public transport stops, and off-street parking
garages significantly increases retail rents, while excessive on-street parking in the imme-
diate vicinity has a negative effect. These results suggest that reallocating street space to
prioritize walkability and multimodal access can enhance the attractiveness and economic
viability of city-center retail. Importantly, their study also captures the lingering effects
of the COVID-19 pandemic, which accelerated shifts in mobility and consumer behavior,
further underscoring the need for adaptive urban strategies. Hagen [110] complements
these insights with a comparative study of four Norwegian cities, examining how urban
spatial structure affects the frequency of city-center visits. Her research finds that compact,
clustered urban forms with high residential and employment density near the center are
associated with more frequent visits. Moreover, perceived accessibility and emotional at-
tachment to the city center—what she terms “city-center appreciation”—emerge as critical
factors influencing behavior. Interestingly, the presence of competing retail destinations can
reduce city-center footfall, but this effect can be mitigated by strong place-based appeal and
integrated land-use and transport planning. Therefore, the future of traditional shopping
streets depends on their ability to function as accessible, attractive, and socially meaningful
places. Placemaking interventions that enhance walkability, support diverse uses, and
foster emotional connections to place can help sustain commercial activity and reinforce
the role of city centers as vibrant hubs of urban life.

Cultural and contextual variations in behavioral responses to similar design interven-
tions have been identified through cross-cultural studies, revealing that a one-size-fits-all
approach to urban planning and design is often inadequate. For instance, research on
urban green spaces (UGS) has illuminated significant perceptual and preferential differ-
ences between cultures. A comparative study using crowdsourced big data from China
and Japan [111] found that while both cultures value UGS, their users exhibit distinct
priorities and engagement patterns. Chinese users, as reflected in social media, tended to
emphasize aspects like overall green quantity, specific plant designs, and active recreational
uses such as group dancing or brisk walking, perhaps reflecting needs within densely
populated urban areas. In contrast, Japanese UGS often integrate specific cultural elements,
such as shrine and temple forests, suggesting a valuation that intertwines nature with
historical and spiritual dimensions, potentially leading to more contemplative or culturally
specific activities. These detailed findings exemplify the broader challenges discussed
by Bull et al. [112], which scrutinizes the push towards global standardization in urban
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form against the imperative of local relevance. As forces such as international population
movement, tourism, and the global flow of capital reshape cities, there’s a risk of creating
homogenized urban environments that fail to resonate with or serve the unique needs of
local populations.

Consequently, effective urban planning must move beyond the mere acknowledgment
of cultural diversity towards actively developing and implementing methodologies—such
as the innovative use of big data analytics and image recognition—that can capture and
interpret these nuanced behavioral responses. This allows for the creation of urban spaces
that are not only functional but also deeply embedded within, and reflective of, the lo-
cal cultural ecosystem, ultimately fostering more inclusive, sustainable, and meaningful
urban experiences.

Table 2 summarizes the most commonly used AI methods for behavior analysis in
placemaking, highlighting their core functions, applications, and representative datasets or
case studies. These methods provide critical insights into how people interact with public
spaces, enabling more responsive and inclusive urban design. In summary, placemaking
significantly influences human behavior by shaping social interaction, health outcomes,
commercial vitality, and cultural engagement through intentional design of public spaces.
Studies demonstrate that flexible elements like movable furniture and fixed landmarks
enhance social cohesion, while child-friendly designs prioritizing nature, safety, and play
foster community well-being. Urban regeneration projects reveal increased inclusivity,
leisure activities, and dwell times, though gentrification risks underscore the need for
equitable planning. Health-focused analyses link walkable, green urban designs to reduced
chronic diseases and higher physical activity, while commercial studies emphasize experi-
ential quality and walkability to revitalize retail. Cross-cultural comparisons highlight the
importance of avoiding one-size-fits-all approaches. Collectively, these findings stress the
need for adaptive, context-sensitive placemaking that balances AI-driven insights, commu-
nity engagement, and cultural specificity to create inclusive, vibrant, and health-promoting
urban environments.

Table 2. Common AI methods for behavior analysis in placemaking.

AI Method (Ref.) Function Application in Placemaking Example or Dataset

Computer Vision (CNN,
LSTM) [85–88]

Human Activity
Recognition (HAR)

Detecting and classifying actions
like walking, sitting, talking in
public spaces

PLPS Dataset

Crowd Behavior
Modeling [90,91]

Social formation
analysis

Identifying groups, pairs, and
crowd dynamics

Physics of Human
Crowds, Social
Groups in
Pedestrian Crowds

Spatiotemporal Pattern
Mining [94,95]

Temporal behavior
trends

Analyzing seasonal and daily
usage patterns of public spaces

Bryant Park
longitudinal study

Gesture Recognition
(Thermal Imaging)
[79,80]

Privacy-preserving
interaction analysis

Detecting gestures, proximity,
and movement patterns without
facial data

Thermal cameras in
parks

Accessibility Detection
(CV + GIS) [96,97]

Barrier
identification

Mapping walkability,
infrastructure gaps, and
inclusive access

AI for accessibility,
Italian green space
study

Emotion & Social
Relation Recognition
[89]

Affective
computing

Understanding emotional states
and social ties in public space
use

PLPS Dataset

Simulation-based
Modeling (DRL, MARL)
[92,93]

Predictive behavior
modeling

Optimizing space design for
movement, interaction, and
resilience

Crowd simulation
for healing spaces
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5. Placemaking for All Ages and Genders
This section explores how placemaking can be designed to accommodate the diverse

needs of different age groups and equity considerations, ensuring that public spaces are
inclusive and accessible for all citizens. This will include a focus on multigenerational ap-
proaches to placemaking, examining how urban spaces can be designed to serve the needs
of young children, adolescents, adults, and older adults. Additionally, we will discuss the
role of equity in placemaking, emphasizing the importance of creating public spaces that are
accessible and welcoming to all members of society, particularly marginalized communities.
Although the focus will not be on the role of AI in these areas, it is important to note that
AI can play a significant role in analyzing and understanding the needs of different age
groups and communities, providing valuable insights for inclusive placemaking practices.

5.1. Designing for All Ages: Multigenerational Approaches to Inclusive Placemaking

Urban spaces should serve the needs of all citizens, yet the requirements and prefer-
ences of different age groups vary significantly. This section explores how placemaking can
address the specific needs of young children, adolescents, adults, and older adults, examin-
ing both the challenges and opportunities in creating truly multigenerational public spaces.

Research on age-inclusive placemaking has identified distinct spatial preferences and
usage patterns across the life course. Young children engage with spaces primarily through
play, exploration, and sensory experiences, requiring environments that offer safety, dis-
covery opportunities, and caregiving support. These needs are echoed in participatory
planning efforts that emphasize the importance of green, accessible, and varied spaces that
foster both independence and social connection [113]. Moreover, integrating children’s
voices into urban resilience planning has shown that children not only identify vulner-
abilities in their environments but also offer innovative, equity-focused solutions when
given the opportunity to participate meaningfully [114]. McKoy et al. [115] further argue
that planning just and joyful cities requires intergenerational collaboration, where young
people—especially those from marginalized communities—are recognized as critical stake-
holders in shaping urban futures. Adolescents seek spaces that support social interaction,
identity formation, and gradual autonomy, often preferring places that allow for “hanging
out” without excessive adult supervision [116].

Adults of working age utilize public spaces for diverse purposes including recreation,
socialization, commuting, and restoration, with patterns often shaped by work schedules
and family responsibilities. These patterns are influenced by the availability of time,
proximity to green spaces, and the need to balance work and caregiving roles, which
often dictate when and how public spaces are accessed. For instance, urban green spaces
are frequently used by working adults for brief restorative breaks, active commuting, or
family-oriented leisure, underscoring their multifunctional role in daily routines. Older
adults, on the other hand, value spaces that offer accessibility, comfort, opportunities
for social connection, and sensory enjoyment, with needs evolving further as mobility
and health status change. As highlighted by Wong and Neo [117], age-friendly urban
environments must integrate inclusive design, pedestrian-friendly infrastructure, and
accessible public transport to support older adults’ independence and social engagement.
Moreover, Boavida et al. [118] emphasize that smart public parks—when designed with
older adults in mind—can significantly enhance physical activity, mental wellbeing, and
social participation, especially when they include features such as shaded seating, fitness
equipment, and intergenerational spaces. These findings underscore the importance of
tailoring public space design to accommodate the diverse and evolving needs of all ages.

The concept of intergenerational placemaking has emerged as a vital response to the
increasing age segregation in contemporary urban environments. Rather than design-
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ing cities around isolated age groups, intergenerational placemaking promotes inclusive,
shared spaces that foster meaningful interactions between generations. Research from the
Intergenerational Study Center at Penn State University and findings from the American
Planning Association underscore the transformative potential of such approaches [119,120].
Purposefully designed intergenerational spaces—such as parks, community centers, and
shared housing—can reduce ageism, enhance social cohesion, and support mutual learning
and empathy across age groups. These environments not only improve health and well-
being for both young and old but also contribute to more resilient, equitable communities.
Successful examples of intergenerational placemaking include the Age-Friendly Living
Ecosystem (AFLE) model, developed through international collaboration and highlighted
in [121], emphasizes co-creation and participatory design to ensure that public spaces
reflect the sensory, social, and cultural needs of all generations. Initiatives like this, align
with the broader movement toward age-friendly and child-friendly cities, as advocated
by Hammond and Saunders [119], which calls for urban practices that dismantle stereo-
types and foster interdependence between generations. By embedding intergenerational
principles into urban planning, cities can become more inclusive, dynamic, and supportive
environments for people of all ages.

Safety concerns significantly influence how different age groups access and use public
spaces. For children, parental perceptions of safety are a key determinant of independent
mobility and spatial freedom. Contemporary children often experience far more restricted
access to public space than previous generations, largely due to concerns about traffic,
crime, and inadequate infrastructure [96,122]. This phenomenon, often described as a con-
sequence of “motornormativity,” has led to a dramatic reduction in children’s independent
mobility, which is foundational to their engagement in outdoor free play and active trans-
portation [96]. Parents frequently limit their children’s range due to fears of stranger danger
and road safety, even when recreational facilities are available [122]. Similarly, older adults
often restrict their use of public spaces due to fear of falling, crime, or perceived social
exclusion [123]. Design approaches that enhance both actual and perceived safety—such as
clear sightlines, adequate lighting, reduced traffic speeds, and the presence of other users
(“eyes on the street”)—can significantly increase the use of public spaces by vulnerable age
groups [122,123]. These strategies not only support physical activity and social interaction
but also contribute to more inclusive, resilient, and age-friendly urban environments.

Public spaces serve as fundamental building blocks for inclusive communities, sup-
porting well-being and resilience across all stages of life. As this chapter has demonstrated,
creating truly multigenerational environments requires urban planners and designers to
carefully balance the diverse needs and safety considerations of different age groups.

The evidence presented throughout this section reveals how each generation benefits
from thoughtfully designed public spaces. Children require secure, stimulating environ-
ments that support exploration and development. Adolescents need spaces that provide
social connection while honoring their developing autonomy. Adults seek flexible environ-
ments that accommodate their complex lives while offering opportunities for restoration.
Older adults depend on accessible, comfortable spaces that maintain their independence
while fostering social engagement.

As we have seen, safety perceptions—particularly among parents and older adults—
constitute the most significant barrier to public space utilization. The research examined
in this section underscores that design interventions enhancing both actual and perceived
safety, including improved lighting, traffic calming measures, and clear sightlines, are
essential for enabling all generations to access and enjoy urban environments.

The intergenerational placemaking principles explored here—emphasizing co-creation,
participatory design, and shared spaces—offer a transformative approach to urban devel-
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opment. These strategies provide a pathway toward more inclusive, equitable, and vibrant
cities that respond to the full spectrum of community needs.

Moving forward, the integration of age-inclusive and safety-conscious design into
urban planning practice represents more than a technical challenge—it embodies a commit-
ment to communities where every resident can thrive. By centering the voices and needs of
all generations, cities can evolve into more resilient, adaptive, and enriching environments
that strengthen the social fabric binding communities together.

5.2. Equity by Design: Feminist and Gender-Inclusive Approaches to Public Space

Public spaces are not gender-neutral environments. Research has consistently demon-
strated that men and women experience and use public spaces differently, influenced
by social norms, safety concerns, caregiving responsibilities, and cultural expectations.
Gender-responsive placemaking acknowledges these differences and seeks to create ur-
ban environments that equitably address the needs and preferences of people across the
gender spectrum.

Studies by feminist urban planners have documented how traditional public space
design has often prioritized male-dominated activities and patterns of use, resulting in envi-
ronments that may unintentionally exclude or limit women’s participation. Urban planning
and public space design have historically been shaped by patriarchal norms, leading to
spaces—such as large plazas, sports fields, and certain transit hubs—that cater primarily to
masculine uses and behaviors, while neglecting the safety, accessibility, and comfort needs
of women and girls. Feminist urban scholars argue that this exclusion is not accidental but
rooted in broader social structures that undervalue the spatial needs and rights of women,
girls, and other marginalized groups [124]. For example, women and girls often experience
public spaces differently from men and boys, with safety concerns, lack of adequate lighting,
and limited access to amenities such as clean and private restrooms acting as significant
barriers to their full participation in urban life. Additionally, the absence of childcare facili-
ties and spaces for socializing with children further compounds these challenges, making
many public environments less welcoming for women, especially those with caregiving
responsibilities. Feminist urban planners advocate for participatory approaches that center
the voices of women and girls in the design process, ensuring that public spaces reflect their
lived experiences and aspirations. One recent study by Anneroth et al. [125] demonstrates
how public spaces in cities like Stockholm fail to meet the needs of girls and women, who
report feeling unsafe and unwelcome in many areas dominated by male users. The authors
call for a paradigm shift toward feminist planning, which not only addresses physical
safety but also challenges the underlying power dynamics that shape urban environments.
This approach emphasizes co-creation, community engagement, and flexible design that
responds to the diverse needs of all genders, ultimately aiming to create more inclusive,
equitable, and vibrant public spaces for everyone.

The challenge of creating genuinely gender-inclusive spaces has led to innovations in
participatory design approaches that elevate diverse gender perspectives. These approaches
recognize some of the already mentioned ideas, such as, that public spaces are not neutral;
they are often shaped by patriarchal norms and planning paradigms that historically
excluded women, nonbinary, and gender-diverse individuals from both usage and decision-
making processes. In response, participatory design has emerged as a transformative
methodology that centers the lived experiences of marginalized genders, enabling them
to actively shape the environments they inhabit. Participatory tools such as community
workshops, exploratory walks, zine-making, and co-design sessions have been employed
to surface the nuanced ways in which gender intersects with space, safety, mobility, and
belonging. For example, in India, Myanmar, and Sweden, projects like Frizon in Umeå and
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Mya Malar Park in Yangon have demonstrated how engaging young girls in the design
of public spaces can result in environments that are not only safer and more inclusive
but also foster a sense of ownership and empowerment among participants [126]. These
interventions often go beyond physical infrastructure, incorporating elements like music
systems, ergonomic seating, and open layouts that reflect the specific needs and aspirations
of girls and women.

In Los Angeles, similar efforts have been documented in the context of urban parks,
where women and nonbinary individuals face barriers to access due to safety concerns,
lack of inclusive programming, and underrepresentation in planning processes. Research
has shown that women are more likely to use parks for caregiving or passive recreation
rather than for physical activity, often due to the design of amenities that prioritize male-
dominated sports [127]. To counter this, feminist planning advocates for inclusive engage-
ment strategies that prioritize the voices of those most often excluded—particularly women
of color, LGBTQ+ individuals, and low-income residents—through sustained dialogue,
community-led design, and equitable resource allocation.

Vienna offers a compelling example of systemic gender mainstreaming in urban plan-
ning. Through initiatives like the Frauen-Werk-Stadt housing project and the integration
of gender-sensitive criteria in public procurement, the city has institutionalized gender
equity as a core planning principle. These efforts have led to the creation of multifunctional,
pedestrian-friendly, and socially inclusive spaces that reflect the diverse rhythms of urban
life, particularly those of women balancing caregiving, work, and mobility [128].

So, inclusive placemaking requires a nuanced understanding of the diverse needs,
preferences, and barriers experienced by different demographic groups. Table 3 synthesizes
these considerations by outlining the specific design priorities, access challenges, and
recommended strategies for children, adolescents, adults, older adults, women and girls,
and gender-diverse individuals. Drawing on a range of empirical studies and planning
frameworks, the table highlights how thoughtful, context-sensitive design can foster safety,
autonomy, social connection, and well-being across the life course and gender spectrum.
This synthesis reinforces the importance of participatory and equity-driven approaches in
creating public spaces that are truly inclusive and responsive to all members of society.

Table 3. Inclusive Placemaking Across Age and Gender Groups.

Target Group Design Needs/
Priorities

Barriers to Access Recommended
Strategies

Children
(e.g., [96,113,114,122])

Play, safety, sensory
engagement

Traffic, stranger danger,
lack of play areas

Biophilic design, soft
surfaces, participatory
planning

Adolescents (e.g., [116]) Social interaction,
autonomy

Over-surveillance, lack
of informal spaces

Flexible, unsupervised
zones, co-design

Adults (e.g., [117,118]) Multifunctional use,
restoration

Time constraints,
caregiving roles

Green spaces, seating,
walkability

Older Adults
(e.g., [117,118,123])

Accessibility, comfort,
social connection

Fear of falling, isolation,
poor infrastructure

Shaded seating, fitness
equipment, age-friendly
design

Women & Girls
(e.g., [124–126])

Safety, caregiving
support, inclusivity

Poor lighting, lack of
restrooms,
male-dominated spaces

Gender-sensitive design,
participatory planning

Gender-
diverse/LGBTQ+
(e.g., [127,128])

Belonging, visibility,
safety

Exclusion, lack of
representation

Inclusive programming,
co-creation, flexible
design

In summary, this section establishes that some public spaces are inherently gendered
environments shaped by historical planning practices that have prioritized male-dominated
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activities while marginalizing women, girls, and gender-diverse individuals. Research
reveals how traditional urban design—focused on elements like large plazas and sports
fields—has created barriers for women through inadequate lighting, limited safety mea-
sures, and insufficient amenities such as clean restrooms and childcare facilities. In re-
sponse, feminist urban planning advocates for participatory design approaches that center
marginalized gender perspectives through community workshops, co-design sessions,
and exploratory walks. International examples from Stockholm, India, Myanmar, Los
Angeles, and Vienna demonstrate how engaging women and girls directly in the planning
process creates more inclusive environments that address safety concerns, accommodate
caregiving responsibilities, and foster community ownership. Vienna’s systematic gender
mainstreaming approach exemplifies how cities can institutionalize gender equity as a core
planning principle, resulting in multifunctional spaces that reflect the diverse needs and
rhythms of all urban residents.

6. Synthesis and Discussion
The integration of Human-Centered AI in placemaking represents a paradigm shift

in urban planning. By combining AI-driven community engagement tools with ad-
vanced behavior analysis techniques, planners can create spaces that are both functional
and inclusive.

This review has identified several key trends and patterns in the application of HCAI to
placemaking. First, there is a clear evolution from using AI primarily as an analytical tool to-
ward more collaborative and co-creative applications where AI and humans work together
throughout the placemaking process. Second, we observe a shift from general-purpose
AI systems to more specialized tools designed specifically for placemaking contexts, often
incorporating domain knowledge about urban design and human behavior. Third, there is
growing emphasis on interpretable and transparent AI systems that can not only provide
recommendations but also explain the reasoning behind them, enabling more informed
decision-making by human stakeholders.

The review also reveals distinct approaches to HCAI across different geographical
and cultural contexts. European implementations tend to emphasize privacy protection,
democratic participation, and cultural heritage preservation. North American approaches
often focus on efficiency, data-driven decision-making, and economic revitalization. Asian
implementations frequently prioritize technological innovation, smart infrastructure inte-
gration, and large-scale urban transformation. These different emphases reflect not only
technological choices but deeper cultural values and governance structures that shape how
HCAI is conceived and implemented.

Despite these advancements, significant challenges persist in the application of HCAI
to placemaking. Privacy concerns related to data collection in public spaces remain
paramount, particularly regarding surveillance capabilities of visual sensing technolo-
gies. The European General Data Protection Regulation (GDPR) has established important
precedents for privacy-preserving approaches, but global standards are still evolving. The
digital divide continues to limit participation in technologically mediated placemaking
processes, with older adults, low-income communities, and those with limited digital
literacy often underrepresented. Several promising approaches to address this challenge
have emerged, including “digital stewards” programs that train community members
to facilitate engagement and multimodal interfaces that accommodate diverse abilities
and preferences.

Algorithmic bias presents another significant challenge, as AI systems may perpetuate
or amplify existing social inequities if not carefully designed and monitored. Audit method-
ologies developed by researchers provide frameworks for identifying and addressing bias
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in urban AI systems. Additionally, participatory design approaches that involve diverse
stakeholders in the development and evaluation of AI systems show promise for creating
more equitable technology.

The need for interdisciplinary collaboration emerges as both a challenge and an oppor-
tunity. Successful HCAI implementations in placemaking typically involve diverse teams
of urban planners, designers, data scientists, social scientists, and community representa-
tives. However, differences in professional languages, methodologies, and priorities can
create barriers to effective collaboration. Emerging “urban science” programs at univer-
sities worldwide are developing new interdisciplinary frameworks and training a new
generation of professionals equipped to bridge these divides.

Looking toward the future, several promising research directions emerge. First, the
development of more context-aware AI systems that can recognize and adapt to local
cultural, social, and environmental factors appears critical for effective placemaking across
diverse settings. Second, the integration of AI with other emerging technologies—including
augmented reality, digital twins, and responsive materials—offers new possibilities for
creating public spaces that can dynamically adapt to changing needs and conditions. Third,
longer-term studies of how AI-informed placemaking interventions impact communities
over time are needed to better understand the sustained effects of these approaches.

Methodologically, there is growing interest in more participatory and co-creative
approaches to AI development in placemaking. Rather than imposing technology-driven
solutions, these approaches involve communities in defining problems, gathering data,
developing algorithms, and evaluating outcomes. Such approaches not only produce more
contextually appropriate solutions but also build community capacity and ownership.

From a policy perspective, the development of ethical frameworks and governance
structures for HCAI in placemaking is urgently needed. Several cities have pioneered
ethical AI policies specifically addressing public space applications, but more comprehen-
sive and standardized approaches would benefit the field. Additionally, new funding and
implementation models that balance public and private interests while ensuring equitable
access to AI-enhanced public spaces warrant further exploration.

In summary, Human-Centered AI offers transformative potential for placemaking,
enabling more responsive, inclusive, and evidence-based approaches to designing and
managing public spaces. However, realizing this potential requires careful attention to
ethical considerations, inclusion of diverse perspectives, and continued innovation in both
technical and social dimensions of these systems.

7. Conclusions
This review highlights the transformative potential of Human-Centered AI in place-

making. By leveraging AI technologies, urban planners can enhance community engage-
ment, analyze user behaviors, and create spaces that reflect the needs and aspirations of
diverse communities. While challenges remain, the opportunities presented by AI are
immense, paving the way for more inclusive and adaptive urban environments.

Our review on HCAI for placemaking reveals a rapidly evolving field at the inter-
section of artificial intelligence, urban design, and community engagement. Several key
conclusions can be drawn from this analysis.

First, HCAI represents a fundamental shift in how we approach placemaking, moving
from intuition-based design to evidence-informed processes that combine computational
intelligence with human creativity and contextual knowledge. The most successful applica-
tions of HCAI in placemaking are those that enhance rather than replace human judgment,
leveraging AI capabilities while respecting human agency and expertise.
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Second, community engagement remains central to effective placemaking, and HCAI
offers novel methods for broadening and deepening participation. From sentiment analysis
of public feedback to immersive visualization tools and participatory design platforms,
AI-powered approaches can make the placemaking process more accessible, inclusive, and
responsive to community needs. However, these technologies must be deployed with
careful attention to issues of digital literacy, accessibility, and representation to ensure that
they do not exacerbate existing inequities.

Third, the analysis of user behavior through AI offers unprecedented insights into
how people interact with public spaces, enabling more informed design decisions and more
responsive management strategies. Computer vision, sensor networks, and other sensing
technologies can reveal patterns and relationships that might not be apparent through
traditional observational methods. However, these approaches must be balanced with
respect for privacy, consent, and the right to anonymity in public space.

Fourth, the impact of placemaking on behavior is complex and context-dependent,
with AI-enabled studies revealing how design interventions can influence social interaction,
physical activity, emotional well-being, and other behavioral outcomes. These insights have
significant implications for public health, social cohesion, and urban vitality, suggesting
that well-designed public spaces can contribute to broader societal goals beyond aesthetics
and functionality.

Fifth, the application of HCAI in placemaking faces significant challenges, including
privacy concerns, algorithmic bias, the digital divide, and the need for interdisciplinary
collaboration. Addressing these challenges requires not only technical solutions but also
thoughtful governance frameworks, ethical guidelines, and inclusive development pro-
cesses that engage diverse stakeholders throughout the design and implementation of
AI systems.

Looking ahead, the future of HCAI in placemaking will likely be shaped by several key
trends: increasing integration of AI with other emerging technologies such as digital twins,
augmented reality, and responsive environments; growing emphasis on participatory and
co-creative approaches to AI development; greater attention to cultural and contextual
factors in designing AI systems; and the evolution of ethical frameworks and governance
structures specifically addressing public space applications of AI.

In conclusion, Human-Centered AI offers promising new approaches to placemaking
that can help create more vibrant, inclusive, and responsive public spaces. By centering hu-
man needs, values, and experiences in the development and application of AI technologies,
we can harness the power of computational intelligence while ensuring that our public
spaces remain fundamentally human places. As this field continues to evolve, ongoing
research, thoughtful policy development, and inclusive stakeholder engagement will be
essential to realizing the full potential of HCAI for enhancing urban life worldwide.
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