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Abstract: This paper investigates the application of machine learning in urban and architectural
education, with a focus on addressing homelessness in Skid Row, Los Angeles. It presents a case study
of an urban design studio utilizing data-driven methods to propose transitional housing solutions,
emphasizing the importance of design in the context of social justice. The study explores the use
of machine learning and digital cartography for a detailed analysis of Skid Row’s dense homeless
population, offering students a thorough insight into urban challenges. The research also identifies
the complexities involved in integrating these technologies into educational frameworks, including
issues with data accuracy, technical hurdles, and ethical considerations. The paper concludes by
advocating for an interdisciplinary, data-informed, and socially conscious approach in architectural
and urban design education, highlighting its necessity in preparing students to effectively tackle
contemporary urban problems.
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1. Introduction

Los Angeles is at the forefront of America’s homelessness crisis, a challenge starkly
illustrated by the 2023 Greater Los Angeles Homeless Count. This count identified approxi-
mately 75,518 individuals experiencing homelessness across LA County on any given night,
with 46,260 of those in LA City alone [1]. In the midst of this crisis is Skid Row, a 50-block
area in downtown Los Angeles, which epitomizes the urban homelessness challenge. Home
to approximately 4402 sheltered and unsheltered homeless populations, Skid Row serves
as a striking representation of the intense density and complexity of homelessness in urban
America [2] (Figure 1). This research paper delves into the multifaceted nature of Skid
Row’s homelessness, examining the role of innovative, data-driven approaches in urban
design education and policy making, particularly focusing on machine learning’s potential
in shaping strategies to address this crisis.

Central to understanding Skid Row’s current state is the historical and policy-driven
factors that have shaped it. Exclusionary zoning practices, common across many urban
centers, have historically concentrated homelessness in specific areas, with Skid Row being
a prime example [3]. Over time, Skid Row has evolved into a neighborhood of last resort,
marked by an array of cheap, single-room occupancy (SRO) hotels and a concentration
of social services. This development has made it a refuge for individuals grappling with
extreme poverty, disability, mental illness, and addiction [4]. The 2023 homeless count,
highlighting the prevalence of makeshift shelters and vehicles as homes, underlines the
enduring challenge of providing adequate and stable housing in this area [1].
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substantially decreasing the overall number of homeless individuals [5–7]. This has led to 
a complicated and often contested landscape, where the goals of urban development and 
real estate interests clash with the basic needs and rights of the homeless population. 

 
Figure 1. Homeless tents in Skid Row—image by the author. 

Amidst this complex scenario, grassroots organizations, particularly the Los Angeles 
Community Action Network, have emerged as vocal advocates for the rights of Skid 
Row’s homeless residents. These organizations have been instrumental in opposing 
measures that undermine the welfare of homeless people and have actively championed 
legal initiatives to safeguard their interests [5,8]. Their efforts highlight the importance of 
community-led resistance in shaping policies and practices around urban homelessness. 

In light of this backdrop, the relevance of incorporating data-driven methods such as 
machine learning into urban design education becomes increasingly clear. By understand-
ing and addressing the complexities of areas like Skid Row, urban design studios can en-
courage students to integrate these advanced technologies into their work. This is partic-
ularly pertinent in developing transitional housing concepts for communities such as 
those in Skid Row. The integration of machine learning and other advanced technologies 
into urban design education serves a dual purpose: it enriches the students’ understand-
ing of multifaceted urban challenges and equips them with the skills necessary for data-
driven decision making in their future careers. The anticipated use of sophisticated digital 
tools, including the automation of satellite imagery and the TensorFlow Object Detection 
API, bridges the gap between traditional design practices and cutting-edge technology. 
This synthesis not only aligns with the interdisciplinary nature of modern urban chal-
lenges, but also underscores the importance of technological fluency for future urban de-
signers and architects. In doing so, it opens up avenues for these professionals to engage 
more effectively with the issues highlighted by grassroots organizations, potentially lead-
ing to more informed and equitable solutions for longstanding urban challenges like 
homelessness. 

2. Methodology 
This paper presents a methodological exploration of the integration of machine learn-

ing within the domain of urban design and architectural education. Initially, it delves into 
existing urban pedagogies, highlighting participatory urban design, experiential commu-
nity-engaged learning, and interdisciplinary studio approaches. These traditional 
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The attempts to ‘clean up’ Skid Row since the 1980s have often exacerbated the plight
of its homeless residents. Efforts to redevelop the area and implement intensive policing
strategies have frequently resulted in the displacement of homeless populations without
substantially decreasing the overall number of homeless individuals [5–7]. This has led to
a complicated and often contested landscape, where the goals of urban development and
real estate interests clash with the basic needs and rights of the homeless population.

Amidst this complex scenario, grassroots organizations, particularly the Los Angeles
Community Action Network, have emerged as vocal advocates for the rights of Skid Row’s
homeless residents. These organizations have been instrumental in opposing measures that
undermine the welfare of homeless people and have actively championed legal initiatives
to safeguard their interests [5,8]. Their efforts highlight the importance of community-led
resistance in shaping policies and practices around urban homelessness.

In light of this backdrop, the relevance of incorporating data-driven methods such
as machine learning into urban design education becomes increasingly clear. By under-
standing and addressing the complexities of areas like Skid Row, urban design studios
can encourage students to integrate these advanced technologies into their work. This is
particularly pertinent in developing transitional housing concepts for communities such as
those in Skid Row. The integration of machine learning and other advanced technologies
into urban design education serves a dual purpose: it enriches the students’ understanding
of multifaceted urban challenges and equips them with the skills necessary for data-driven
decision making in their future careers. The anticipated use of sophisticated digital tools,
including the automation of satellite imagery and the TensorFlow Object Detection API,
bridges the gap between traditional design practices and cutting-edge technology. This
synthesis not only aligns with the interdisciplinary nature of modern urban challenges, but
also underscores the importance of technological fluency for future urban designers and
architects. In doing so, it opens up avenues for these professionals to engage more effec-
tively with the issues highlighted by grassroots organizations, potentially leading to more
informed and equitable solutions for longstanding urban challenges like homelessness.
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2. Methodology

This paper presents a methodological exploration of the integration of machine learn-
ing within the domain of urban design and architectural education. Initially, it delves
into existing urban pedagogies, highlighting participatory urban design, experiential
community-engaged learning, and interdisciplinary studio approaches. These traditional
methods underscore the importance of hands-on, real-world engagement and collaborative
problem solving in urban contexts.

Emerging methodologies are then introduced, focusing on the use of diverse data
sources such as satellite imagery, CCTV footage, and social media content to enrich urban
analysis. These innovative approaches mark a significant shift in architectural education,
offering a more nuanced and detailed perspective on urban landscapes. For instance,
satellite imagery provides a macroscopic view of urban sprawl and development patterns,
while CCTV footage offers insights into micro-level urban dynamics such as traffic flow
and pedestrian movement. Social media content, on the other hand, serves as a reflection
of public perception and interaction with urban spaces.

Following this exploration, the paper transitions to a case study in an urban design
class. Here, the application of machine learning is exemplified in the context of analyzing
homelessness in Skid Row, Los Angeles. This case study demonstrates how integrating
data-driven methods can offer profound insights into complex urban issues, aiding in the
development of more informed and effective urban design strategies. By combining tradi-
tional pedagogical approaches with these emerging methodologies, the study highlights
the evolving landscape of urban and architectural education, emphasizing the importance
of equipping future professionals with the skills to navigate and address the multifaceted
challenges of urban environments.

3. Urban Pedagogy and Data-Driven Approaches

Urban design pedagogy is evolving to incorporate more real-world, community-
engaged, and technologically enabled learning experiences. The recent literature high-
lights pedagogical innovations in studios and courses that address local community needs
through participatory planning and design. Participatory urban pedagogy, which involves
students in real-world community projects, offers a profound experiential learning expe-
rience. This method allows students to directly confront complex urban challenges and
diverse community requirements, honing essential skills such as problem solving, com-
munication, and empathy, and the ability to reconcile different viewpoints. For example,
Michael Neuman’s work illustrates the effectiveness of a collaborative, interdisciplinary
studio approach in education, where the involvement of students in practical, service-
based projects is emphasized [9]. This methodology, demonstrated in a project focused on
Palacios, integrates students, faculty, and clients in tackling real-world issues, from urban
redevelopment to regional planning.

In the evolving landscape of urban design pedagogy, addressing problems with a
focus on social justice is of considerable importance. This academic approach involves
instilling in students an understanding of the impacts of urban design on diverse social
groups, especially the marginalized and underserved. Emphasizing issues like housing
affordability and equitable access to public amenities, this pedagogy aims to equip future
urban designers with the skills to identify and address systemic biases. Such a curriculum
is crucial in developing professionals capable of creating urban environments that are
not only innovative, but also deeply rooted in social equity and inclusivity. For instance,
Loukaitou-Sideris and Mukhija employ participatory mapping and visualization in a
studio addressing informal settlements, reflecting on effective pedagogical approaches
when collaborating with marginalized communities [10].

On the other hand, interactive and visual technologies in urban design education
provide new opportunities for experiential learning. In urban design, Augmented Reality
(AR) and Virtual Reality (VR) serve as powerful tools, enabling immersive previews of pro-
posed projects. With AR, digital enhancements are superimposed onto actual environments,
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aiding in visualizing and planning within real-world contexts. Meanwhile, VR provides a
complete immersive experience, allowing users to explore future developments virtually,
thus improving both decision-making processes and stakeholder engagement. In line with
these advancements, Speranza demonstrates the use of parametric urban modeling to help
students grasp the complexities of urban characters [11]. This method blends traditional
design principles with advanced computational techniques, offering a nuanced approach
to urban design education. Similarly, Lim et al. provide a comprehensive review of digital
methods in urban design, highlighting how these technologies enable new ways of experi-
encing and learning about cities [12]. Their work emphasizes the use of digital media for
research that engages with oral, visual, and sensory experiences, further enhancing design
communication skills through tools such as video, animation, and interactive PDFs. These
approaches collectively bring new perspectives to traditional urban design concepts, show-
casing the evolving landscape of urban design education. In addition to these methods,
Ameijde et al. emphasize the role of information and communication technologies (ICTs)
in relation to studio design education and report on an innovative pedagogical initiative
which introduces data-driven methods to academic teaching practices [13].

While the existing literature on urban design pedagogy has largely focused on commu-
nity participation and mainly interactive and visual technologies, there is an emerging need
to discuss how big data and machine learning can revolutionize this field. The exponential
growth in urban datasets, both in size and complexity, calls for new computational meth-
ods to analyze and derive insights, offering alternative strategies to traditional top-down
planning, as suggested by Batty [14]. Machine learning, in particular, provides data-driven
ways to identify patterns, model complex urban systems, and potentially automate aspects
of design and planning, as noted by Carta [15].

Integrating these technologies into urban design education through the analysis of
real-world urban datasets is crucial for developing skills suited to data-intensive planning
and design practices. Urban design curricula should evolve to include more opportunities
for students to engage with big data, which will necessitate learning basic data science and
programming skills. Furthermore, advanced educational programs, such as doctoral and
graduate courses, should offer specialized training in machine learning applications for
urban design and planning.

This evolution in pedagogy is not just about integrating new technologies, it is about
preparing a new generation of urban designers and planners who are not only technologi-
cally proficient, but also socially conscious. The combination of community participation
with big data analytics and machine learning will enable these future professionals to
engage in evidence-based design and planning, creating urban spaces that are both innova-
tive and equitable. Therefore, it is essential for contemporary urban design education to
embrace this blend of community engagement, social justice, and advanced technological
methodologies, fostering an interdisciplinary approach to urban development.

4. Emerging Methodologies in Urban Analysis

The study of urban environments is evolving significantly with the incorporation
of advanced technologies such as machine learning into architectural and urban design
education. This evolution is characterized by an increased use of diverse data sources.
These cutting-edge methods offer a novel lens for understanding and analyzing urban
landscapes, enabling a more detailed and multifaceted perspective. Delving into these
varied technologies enhances the pedagogical framework, equipping students with the
essential skills to decipher and navigate the complexities of urban settings. Such integration
not only enriches the educational curriculum, but also prepares future professionals to
tackle the diverse challenges of contemporary urban planning and design.

One particular study utilizes the integration of deep-neural-network-based approaches
for urban analysis. The research conducted by a team of scholars, including Cao et al.,
combined aerial and street-level imagery in a novel way to enhance the precision of urban
land use classification [16]. Their work innovatively synthesized aerial imagery with
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street view data, thereby enhancing the accuracy and depth of urban land use analysis.
Their comprehensive study meticulously captured the complexities and subtleties inherent
within urban landscapes, offering a panoramic perspective that transcends conventional
methodologies. This advanced approach emerges as an invaluable asset within the urban
and architectural pedagogical sphere, equipping students with a sophisticated analytical
tool to dissect and interpret the layered dynamics of urban environments.

In a similar vein of utilizing advanced imaging for urban analytics, semantic segmen-
tation’s pivotal role is skillfully demonstrated in student work from the Stuart Weitzman
School of Design at University of Pennsylvania, focusing on land-use classification in 2023.
The students’ project presents semantic segmentation as a precise tool for categorizing vari-
ous types of land uses. This cutting-edge approach aids educators in imparting a deep and
nuanced comprehension of urban form and structure to their students. The work provides
an explorative narrative on the complex relationship between the built environment and
land utilization, granting students an integrated perspective of urban landscapes and their
evolving patterns [17].

Shifting the focus to a different aspect of urban design, the study conducted by Rezaei
et al. explores the application of CCTV footage for 3D traffic monitoring using a single
camera [18]. Their work delves into the advancements in object detection algorithms and
tracking methodologies, which facilitate an exhaustive analysis of traffic patterns. Such
insights can be invaluable for urban design and planning classes, providing a detailed
investigation into urban traffic behaviors and their implications for urban planning and
architectural designs. This understanding further contributes to the broader discussion
on sustainable urban development, wherein traffic management emerges as a crucial
consideration [18].

In a separate yet technologically innovative exploration, Algiriyage et al. discuss
the utilization of advanced algorithms for analyzing traffic data from surveillance video
footage [19]. Their study offers students insights into real-time urban dynamics, highlight-
ing the potential of modern technologies in traffic flow estimation. This aspect is crucial for
urban planning and development, emphasizing the potential of leveraging cutting-edge
technology to address urban challenges and enrich the academic curriculum with practical,
real-world applications [19].

Exploring another technological advancement, drones, as discussed in the article by
Hannah Wood, provide a unique perspective for urban data collection. Their capabilities
extend from construction monitoring to nuanced site analysis, offering a plethora of new
opportunities for architects and urban planners. The narrative elucidates the myriad ways
in which drone technology is revolutionizing the architectural domain, enabling a more
nuanced understanding and analysis of urban landscapes [20]. The incorporation of drone
technology in educational modules can equip students with practical exposure to modern
data collection methodologies, nurturing skills that are becoming increasingly pertinent in
this domain.

Similarly, the role of street-view imagery in urban analytics, as examined by Biljecki
and Ito, underscores the importance of visual data in urban analysis and geographic infor-
mation systems [21]. In addition to traditional street-view data, platforms like Mapillary
and KartaView offer a rich repository of user-generated street-level imagery. Mapillary,
for instance, employs a collaborative platform where individuals contribute imagery data,
which are then made accessible for various urban analysis tasks. Similarly, KartaView
provides an open platform for sharing and utilizing street-level photos for a multitude
of applications, including urban planning and analysis. These platforms are emblematic
of the burgeoning trend of crowdsourced data collection, which not only democratizes
data, but also significantly broadens the scope and depth of available imagery for urban
analytics. By engaging with such platforms, students can gain a hands-on understanding
of contemporary data collection methodologies, further enhancing their comprehension of
urban locales and their complex dynamics [21].
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Lastly, the emergence of social media imagery as a fresh data source for grasping
urban spaces is exemplified in the ASLA’s 2019 case study on Seattle Freeway Park. This
case underscores how social media platforms can mirror the public engagement with and
perception of urban environments, providing a unique lens through which students can
examine the human facet embedded in urban and architectural analysis. It highlights the
transformative potential of leveraging social media data in understanding and enhancing
public spaces, thus enriching the academic discourse on urban design and planning [22].

While the comparative analysis highlights the distinct values of each data source,
it is evident that all contribute uniquely to a better understanding of urban spaces. As
demonstrated, numerous scholars have effectively utilized these data sources in conjunc-
tion with machine learning to enrich urban studies. Incorporating diverse data sources
and methodologies into urban and architectural education significantly enhances the cur-
riculum, transcending traditional teaching paradigms (Table 1). This integration equips
students to adeptly address the complex aspects of contemporary urban planning and
design. Through an in-depth exploration of both the physical and social dimensions of
urban environments, students develop a sophisticated understanding of the interplay be-
tween architectural forms, their functions, and human experiences. Such a comprehensive
perspective is not only vital for confronting challenges in urban contexts, but also lays the
groundwork for applying these approaches in practical scenarios. Reflecting on this, the
following section will touch upon a studio at the College of Architecture & Environmental
Design at Kent State University, where we specifically chose aerial imagery to address the
critical issue of homelessness, owing to its accessibility and the breadth of data it provides.

Table 1. This table provides a comparison of the key data sources utilized in urban analysis, high-
lighting their respective pros and cons.

Overview of Data Sources in Urban Analysis

Data Source Advantages Disadvantages

Aerial and
Street-Level Imagery

• Provides a comprehensive view of
urban landscapes

• Useful for detailed land use classification
• Enhances the accuracy of urban analysis

• Can be limited by resolution and coverage
• Requires significant processing and

analysis skills

Drone Footage

• Offers unique and up-to-date perspectives
• Useful for monitoring urban development and

environmental changes
• Versatile in capturing varied urban dynamics

• Regulatory and privacy concerns
• Weather-dependent and may have limited

flight times

CCTV
• Enables continuous monitoring of urban areas
• Useful for traffic and crowd analysis
• Provides real-time data for urban planning

• Privacy and ethical concerns
• Limited to areas under surveillance
• Can be data-intensive to store and process

Social Media Visuals

• Provides insights into public perception
and engagement

• Rich source of user-generated content
• Reflects real-time events and trends in

urban areas

• Can be biased towards certain
demographics

• Quality and accuracy of data can vary
• May not represent a comprehensive view of

urban dynamics

5. Digital Cartography and Machine Learning

The exploration of transitional housing and the intricacies of homelessness in urban
settings are pivotal facets of architectural education and practice, particularly as they pertain
to areas with dense instances of homelessness, such as Skid Row in Los Angeles. Our
traveling urban design studio engaged in a longitudinal study focusing on this region, with
an aim to contribute substantive analysis and solutions to the chronic issue of homelessness.

During two distinct studio sessions, students engaged in a thorough and detailed
examination of the Skid Row landscape, employing a comprehensive analytical approach.
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Initially, their investigation encompassed an extensive study of housing and homeless-
ness policies, police raids, and the resources available to the unsheltered population over
a decade. This preliminary research provided a critical context for understanding the
dynamics at play in urban homelessness.

Following this foundational analysis, the focus shifted to a methodological exami-
nation revolving around the quantification and location of tents on sidewalks—a stark,
visible indicator of homelessness. In the initial studio segment, students manually collected
data using Google Maps Satellite View and Google Street View. They identified tents on
assigned streets, cross-checked their locations for accuracy between the satellite and street
views, and recorded the coordinates of each tent in a spreadsheet. This detailed process,
while time-consuming, ensured the precision of the data. The outcome of this task was a
comprehensive spreadsheet mapping the distribution of homeless encampments (Figure 2).
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Julia Kenny.

This pedagogical approach was adopted to address key questions: identifying urban
locations predominantly favored by the homeless, understanding how these preferences
have evolved over time, and unraveling the reasons behind these patterns, be it the urban
physical fabric, availability of resources, or other factors.

The comprehensive tableau of Skid Row’s homelessness that emerged from this
study, while enlightening, also presented its challenges. The task’s detail-oriented nature
deepened students’ understanding of urban homelessness through a data-driven approach,
enhancing their skills in site selection and providing them with a more comprehensive
historical perspective on space utilization. Mapping tent clusters revealed transient yet
resilient patterns of homeless communities, providing rich insights into urban dynamics.
However, the extensive manual data collection underscored the need for more efficient
methodologies in urban studies, highlighting the practical challenges in analyzing complex
urban phenomena.

In response to these challenges, there was a shift towards incorporating advanced
digital tools, reflecting the growing accessibility of such technologies. This approach
leveraged automated processes for satellite image acquisition, involving a script that
captured and labeled images based on coordinates for object detection. The TensorFlow
Object Detection API (version 2.13.0) was utilized, specifically the SSD MobileNet V1 FPN
640 × 640 model, chosen for its balance of speed, accuracy, and our computational capacity.
The quality of the satellite images was a crucial factor, as images with a lower quality
hindered accurate tent detection.

Initially, satellite imagery of high fidelity was harvested, dating back a decade to 2013,
to discern temporal patterns in the proliferation of homeless encampments. Subsequently,
we engaged in the rigors of machine learning, meticulously training and testing a detection
model to identify and categorize tents. This nuanced process distinguished between tents
utilized by the homeless, predominantly situated on public pavements, and other tent
structures located on private grounds or atop buildings (Figure 3).

With a refined model, we processed extensive maps encompassing Skid Row, ex-
tracting tent coordinates to construct a dynamic visual narrative of the decade’s spatial
transformations. This digital cartography serves not only as a historical record, but also
as a basis for correlative analysis with ancillary data streams—such as the evolution
of municipal resources for the homeless, the enforcement of urban policies, and their
spatial ramifications.
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The incorporation of digital mapping and object detection technologies marks a sig-
nificant evolution in design studio methodologies. In the past, conducting such detailed
analyses required either extensive time commitments or specialized technical skills. Now,
with the advent of these advanced technologies, this process has become more accessible,
providing a comprehensive dataset that enhances scholarly research.

This development has profound implications for architectural education. It enables
students to underpin their design proposals with empirical data, effectively bridging
the gap between abstract theoretical concepts and the concrete realities of urban social
issues. The integration of these digital tools into architectural pedagogy is emblematic
of a broader shift. It highlights the transformative impact these technologies can have in
redefining design practices at multiple levels, from material innovation to critical urban
interventions. By leveraging these tools, students gain a deeper understanding of the
complexities of urban environments, fostering a more informed and responsive approach to
architectural design.

6. Limitations in the Integration of Machine Learning in Architecture and Urban
Design Teaching

The incorporation of machine learning into the teaching of architecture and urban
design signifies a major leap forward in educational practices. However, it is essential to
recognize that this innovative approach comes with its own set of limitations and challenges.
Moreover, we recognize the significant efforts of specialized scientific communities in
addressing a spectrum of challenges inherent to AI/ML, encompassing issues like data
quality and accuracy, the complexity of machine learning models, ensuring sufficient
computing power, and navigating the critical aspects of ethics and privacy. This manuscript
examines a selection of these challenges, particularly relevant to the incorporation of
such technologies in architecture and urban design education, but it is by no means an
exhaustive exploration of the extensive work conducted by these communities. Despite the
considerable advantages it offers in terms of deepening learning experiences and expanding
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analytical capacities, there are inherent constraints and difficulties that need to be carefully
considered. These limitations play a crucial role in shaping the overall effectiveness and
applicability of machine learning technologies in the context of architectural and urban
design education.

6.1. Data Quality and Accuracy Concerns

A primary limitation lies in the quality and accuracy of the data sources utilized.
Aerial imagery, street-view data, and social media imagery, while invaluable, are prone
to inaccuracies and inconsistencies. The reliance on these data sources for urban analysis
introduces a risk of erroneous or misleading outcomes. Inaccuracies can lead to a skewed
understanding of urban landscapes, affecting both the learning process and the eventual
practical application of this knowledge.

6.2. Complexity of Machine Learning Models

The intricacy of machine learning models presents a considerable challenge, partic-
ularly for those new to the fields of architecture and urban planning. These beginners
often face a steep learning curve when attempting to understand and apply these complex
models. Machine learning, with its intricate algorithms and technical subtleties, requires
substantial expertise, especially in computational sciences. For students and professionals
in urban design and architecture who may not have an extensive background in these areas,
accurately implementing and utilizing these tools can be daunting. This level of complexity
not only poses a barrier to entry, but could also impede the widespread adoption and
effective integration of machine learning in architectural education, underscoring the need
for tailored educational strategies and interdisciplinary support.

6.3. Access to Computing Power

In the realm of architecture and urban design education, the effective integration of
machine learning is deeply influenced by the availability of sufficient computing resources.
Teaching advanced models necessitates high-end GPUs, yet limitations in speed and data
handling are prevalent, even with powerful hardware. Constraints in RAM and CPU
speed pose significant bottlenecks in both the training and application of ML models in
the classroom. This scenario is analogous to challenges faced in deploying ML models
in resource-limited environments, such as the Europa Clipper spacecraft project, where
computational resource scarcity necessitated the use of less demanding ML techniques [23].
Moreover, the environmental impact of training ML models, with its substantial energy
and greenhouse gas footprint, presents an additional layer of complexity, emphasizing the
need for teaching computationally efficient practices.

6.4. Ethical and Privacy Concerns

Additionally, the use of public and user-generated data, such as CCTV footage and
social media content, raises ethical and privacy concerns. The balance between leveraging
such data for urban analytics and respecting individual privacy rights is delicate. There is
a risk of inadvertently infringing upon personal privacy or misusing data, which can lead
to ethical dilemmas and potential legal implications. This aspect of data usage necessitates
careful consideration and responsible management, especially in an educational context
where students are learning the foundations of ethical professional practice. Furthermore,
the increased delegation of functions to algorithms, often at the expense of human control,
amplifies concerns for loss of fairness and equitability, as well as the potential emergence
of ‘garbage-in-garbage-out’ issues in contexts where external control is limited [24,25].

While the incorporation of machine learning into architectural and urban design edu-
cation offers exciting prospects for enhanced learning and sophisticated analysis, it is not
without its challenges. Concerns regarding data quality, the complexity of machine learn-
ing models, access to computing power, and ethical considerations represent significant
barriers. These limitations must be carefully navigated to ensure that the integration of
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these advanced technologies into educational curriculums is both effective and responsible.
Furthermore, one effective way to overcome these limitations is through interdisciplinary
collaboration, particularly with computer science departments, leveraging the expertise of
faculty and students who are already well-versed in AI/ML methodologies. This approach
is ultimately fostering a generation of architects and urban planners who are well-equipped
to utilize technology ethically and effectively in their future professional endeavors.

7. Discussion

In the field of architectural and urban design education, especially when tackling
complex urban issues like homelessness, the shift towards data-driven methods represents
a significant development. This is illustrated in the urban design studio’s study of Skid
Row in Los Angeles, where the potential for integrating advanced technologies such as
machine learning and digital mapping was explored to deepen the understanding of
urban landscapes. This methodology enabled students to synthesize diverse data sources,
including aerial imagery, street-level photography, and social media content, enhancing
their analytical capacity.

The application of such integrated approaches not only enriches students’ comprehen-
sion of urban spaces, but also equips them with practical skills for addressing real-world
challenges. As students confront actual urban issues, they gain preparedness for the com-
plex demands of professional practice, contributing to socially responsible urban design
solutions. Moreover, this method promotes interdisciplinary collaboration, necessitat-
ing interaction with specialists in fields like data science, sociology, and urban planning,
thereby expanding the students’ perspectives on urban design and fostering a more diverse
approach to learning and problem solving.

However, this transition to advanced methodologies is not devoid of challenges. The
technical intricacy and accessibility of machine learning models and digital mapping tools
can be daunting, especially for individuals who lack a robust background in computational
sciences. Ensuring that these technologies are accessible and comprehensible is crucial
for their effective integration into architectural education. Moreover, as students work
with real-world datasets, issues of data quality, privacy, and ethics become increasingly
relevant. The challenge lies in leveraging data for educational purposes while respecting
individual privacy rights and maintaining ethical standards. Additionally, the requirement
for significant computational power to process and analyze large datasets poses a chal-
lenge, especially in resource-limited educational settings. The environmental impact of
resource-intensive machine learning models also raises concerns, necessitating a focus on
sustainability in the era of climate change.

To navigate these opportunities and challenges effectively, architectural and urban
design programs must evolve. Curriculum development should include comprehensive
courses on data science and machine learning, ensuring that students are not only proficient
in using these technologies, but also understand their principles and limitations. Creating
collaborative learning environments that encourage interaction between architecture, urban
planning, data science, and related fields can provide a more rounded education, reflect-
ing the interdisciplinary nature of contemporary urban design challenges. Furthermore,
instilling a strong ethical framework in students is imperative, especially concerning data
usage and environmental considerations. By prioritizing ethical practices and sustainable
methodologies, educational institutions can play a pivotal role in shaping architects and
urban planners who are not only technologically adept, but also socially conscious and
environmentally responsible.

In conclusion, the future of architectural and urban design education lies in effectively
leveraging the potential of data-driven approaches while conscientiously navigating their
complexities. By preparing students to tackle real-world challenges with technological
proficiency, ethical responsibility, and a commitment to sustainability, educational insti-
tutions can contribute significantly to addressing critical issues like urban inequality and
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homelessness, shaping a new generation of architects and urban planners ready to confront
the pressing challenges of our times.
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