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Executive Summary

This guide describes how space planning influences the design of key community buildings like 
schools, city halls, hospitals, and university campuses. It discusses why the field is increasingly 
vital amid two converging global trends: accelerating climate change and rapid urban population 
growth. Targeted at a wide audience including elected officials, school board trustees, facility 
managers, healthcare administrators, and community members, it aims to make space planning 
understandable, relevant, and practical for all, regardless of technical expertise.

Space planning is an ongoing, evidence-driven process that aligns an organization's physical 
space with its current and future needs. It replaces reactive, one-off decisions with a continuous 
approach that considers demographics, regulatory standards, and climate changes. Mistakes in 
space planning are costly: facility audits commonly find that a significant share of publicly owned 
office and civic space is underused at any given time. Proper planning ensures effective capital 
use, enhances service delivery, and builds public trust.

The  guide  explores  how  these  pressures  influence  four  sectors:  state  government  and 
municipalities, K–12 schools, higher education institutions, and healthcare facilities. It uses the K–
12 sector as a detailed example of the entire planning process, from enrollment forecasting and 
stakeholder engagement to capital delivery. Additionally, it reviews the technological innovations 
transforming the field, including Building Information Modeling (BIM), Geographic Information 
Systems (GIS), Internet of Things (IoT) occupancy sensors, digital twins, and artificial intelligence. 
The guide underscores that  these tools are meant to support,  not replace, the professional 
judgment of experienced space planners.

The  central  message  is  that  proactive,  technically  rigorous  space  planning  consistently 
outperforms ad hoc, reactive decision-making. Organizations that plan today for the climate and 
population realities of the coming decades will invest their capital more effectively and serve their 
communities better than those that defer these decisions to a future with fewer resources and less 
time to act.

1. Glossary of Key Terms

The terms below appear throughout this guide. Each is defined in plain language so that readers 
from any industry or background can engage with the material with confidence. Two new entries, 
Climate Resilience and Passive Design, reflect the expanded focus of this edition on global 
warming and its implications for facility planning.

Adaptive Reuse

The process of repurposing an existing building for a use other than its original design intent — for 
example, converting a closed school into a community health hub, affordable housing, or an early 
childhood center.

BIM (Building Information Modeling)

A 3D, data-rich digital model of a building that captures geometry, materials, systems, and lifecycle 
data in a single environment, supporting planning, construction, and ongoing facility management.
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Capital Plan

A multi-year schedule of planned investments in physical assets, including construction, renovation, 
and major equipment replacement, aligned with available funding sources.

Climate Resilience

The capacity of a facility or facility portfolio to withstand, absorb, and adapt to climate-related 
hazards — including extreme heat, flooding, wildfire, and storm events while maintaining safe and 
functional operations.

Deferred Maintenance

The accumulation of  maintenance work  that  has been postponed due to  budget  constraints, 
representing a future financial liability and contributing to premature facility deterioration.

Digital Twin

A real-time virtual replica of a physical facility or portfolio, continuously updated with live operational 
data from IoT sensors, occupancy systems, and building infrastructure.

Discrete Event Simulation (DES)

A computational modeling approach that simulates the movement of people or items through a 
system over time, widely used to optimize patient flow and operational efficiency in healthcare and 
transit settings.

Enrollment Forecasting

The use of demographic, housing permit, and historical data to project future student population 
levels, forming the basis for K–12 capital planning decisions.

Evidence-Based Design (EBD)

An approach to facility design that grounds spatial decisions in peer-reviewed research on how the 
built environment affects health, learning, productivity, and wellbeing.

Facility Condition Assessment (FCA)

A systematic evaluation of the physical condition of a building’s components, structure, envelope, 
mechanical, electrical, and life safety systems to quantify deferred maintenance and remaining 
useful life.

Facilities Master Plan (FMP)

A comprehensive, long-range strategic document that guides facility investment decisions over a 
10- to 25-year horizon, typically including condition data, space analysis, scenario options, and a 
prioritized capital roadmap.

Functional Programming

The process of defining the types, quantities, sizes, and relationships of spaces required to support 
an organization’s programs and activities.

Generative Design

Prepared by Roth IAMS Ltd. Page 5 of 29



The Future of Space Planning

An AI-assisted design process that uses algorithms to rapidly produce and evaluate large numbers 
of design options against defined performance criteria such as daylighting, acoustic quality, and 
spatial adjacency.

GIS (Geographic Information System)

Software that captures, stores, analyzes, and visualizes spatial and geographic data, widely used in 
facilities planning for coverage mapping, demographic analysis, and site suitability studies.

IWMS (Integrated Workplace Management System)

Enterprise software that integrates space management, maintenance management, real estate 
portfolio tracking, and capital project management into a unified platform.

IoT (Internet of Things)

A network of physical devices embedded with sensors and software that collect and exchange data 
in real time, enabling continuous monitoring of facility occupancy, environmental conditions, and 
equipment performance.

Passive Design

Building strategies that manage heat, light, and ventilation through the inherent properties of the 
structure such as orientation, insulation, shading, and natural airflow without reliance on active 
mechanical systems.

Space Standards

Benchmarks that define the appropriate amount and type of space allocated to specific functions, 
staff roles, or user types, providing an objective basis for space programming decisions.

Utilization Rate

The percentage of time a space is occupied relative to the time it is available for use. A key metric 
for identifying underused space and guiding consolidation or reconfiguration decisions.

2. Introduction

Every building has a story to tell.  Schools,  city  halls,  fire stations,  hospitals,  and university 
campuses are not just static structures. The built form can be a dynamic system that either 
supports people’s best work through effective design and adaptation or hinders it. Space planning 
is the process that ensures our built environments effectively serve their users now and can adapt 
to meet future requirements.

This report targets a wide audience, including elected officials, school board trustees, facility 
managers, healthcare administrators, and community members. Our aim is to present space 
planning in a way that is clear, relevant, and actionable for everyone involved. It explains what 
space planning is, how it functions, its importance across industries, and how modern technology, 
especially artificial intelligence, is revolutionizing the way planners approach shared spaces.

Two significant forces are reshaping the future of space planning that require immediate attention. 
The first  is  climate change.  Rising temperatures combined with  more frequent  and intense 
flooding, more intense wildfires, prolonged periods of drought, and larger storms are putting 
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pressure on existing facilities. The impact is that older and poorer-designed facilities are at greater 
risk of becoming unsafe, less functional and usable, or cost-prohibitive to retrofit for heating, 
cooling, and rain management in communities around the world. The second force is intensified 
population change. The United Nations projects that by 2050, two-thirds of the world’s people will 
live in cities — adding 2.5 billion urban residents to the planet in just a generation (United Nations, 
2018). The impact of 2.5 billion more city dwellers will be to concentrate more people in an already 
overcrowded urban landscape where services are already under intense pressure. These two 
forces interact in complex ways: cities concentrate both the demand for facilities and increased 
vulnerability  to  climate  impacts.  Space  planning  sits  at  the  intersection  of  both.  As  global 
temperatures continue to rise, populations will have to adapt to build resilience to global change. 

3. What Is Space Planning?

3.1 Space Planning Definition

Space planning examines how physical space is currently used to identify gaps between what 
exists and what an organization ideally needs. It then creates a plan to reshape existing rooms, 
build new facilities, or decommission unused or obsolete structures. Effective space planning is 
not a one-time event; it  is a continuous, evidence-based practice that responds to changing 
organizational needs, community demographics, regulatory requirements, and increasingly, to a 
changing climate. In today's data-driven society, planners rely on technology to access data and 
make better  decisions  regarding  current  physical  space utilization.  They use tools  such as 
databases, queries, and dashboards that visualize data patterns to identify optimal space use.

Space planning analyzes how physical  space is designed and utilized to find discrepancies 
between current layouts and organizational needs. It then develops a plan to modify existing 
rooms, construct new facilities, or remove unused structures. Advanced software and AI tools 
enhance this process by quickly and accurately identifying gaps, enabling planners to optimize 
space usage more effectively.

Consider it  like a family:  when their  household grows,  they might  need a bigger kitchen,  a 
dedicated home office, or an extra bedroom. Similarly, organizations must regularly evaluate 
whether their buildings still support their mission and are prepared for the conditions they will face 
in the decades ahead. Technology can assist families in identifying areas in the home that may 
require modifications to optimize space for a growing household. Artificial intelligence (AI) can 
support this process by analyzing data and offering tailored recommendations that best suit the 
household's needs, which is the future of space planning.

3.2  Components of Space Planning

These components are used in space planning to help planners create spaces that are both user-
friendly and cost-effective to operate. Each component also creates an opportunity to consider 
long-term climate resilience and the pressures of population change.
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■ Developing common core principles and standards for the user group for use in the space 
planning exercise.

■ Completing a Needs Assessment engaging stakeholders to understand the current state 
and the desired future state of the organization’s facilities.

■ Space Inventory & Utilization Analysis: counting and categorizing every room, measuring 
how frequently and effectively each space is used with technology.

■ Functional Programming: defining what types of spaces are needed, how large they should 
be, and how they should relate to one another.

■ Scenario Development: building multiple options and comparing them on cost, feasibility, 
impact, and climate vulnerability.

■ Master Plan Integration involves embedding space decisions into a comprehensive 
Facilities Master Plan that directs capital investments over a 10–25-year period. This plan 
can now be visualized through maps, dashboards, or other technological platforms, helping 
stakeholders make well-informed space-planning decisions.

■ Implementation Roadmap: sequencing projects with achievable timelines, cost estimates, 
and funding strategies, all displayed in an easy-to-read dashboard highlighting where 
funding should be allocated. 

3.3  Understanding of Space Planning

Space planning is often confused with architecture or interior design. Here is how they differ:

Table 1. Space Planning and Related Disciplines

Discipline Primary Focus When It Happens

Space Planning

What types and numbers of spaces are 
required? Where should spaces be 
located? What adjacencies and 
compatibilities need to be addressed?

Before designing strategic & analytical 
phase

Architecture

How will the building be designed and 
built to meet applicable code standards, 
the end user’s budget, and stated 
requirements?

After space planning, design & 
engineering

Interior Design
How will the space be fitted and 
furnished for the end user, with a focus 
on look, feel, and function?

Concurrent with or after architecture

4. Why Space Planning Matters

4.1 The Cost of Getting It Wrong

Ineffective space planning can cause significant  financial  strains  and operational  issues for 
organizations. A comprehensive space plan must account for demographic shifts and the specific 
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needs of the organization. The plan should delineate necessary modifications in accordance with 
population capacity. In the absence of such a plan, all responses to population fluctuations would 
be conducted on an ad-hoc basis.  For example, a school district might close or construct new 
schools  due  to  fluctuating  enrollment  numbers,  which  may  not  always  align  with  capacity 
requirements. This situation forces the district to incur costs for maintaining vacant facilities until 
they are sold, leased, or repurposed. Other sectors are similarly affected if they lack a space plan 
that ensures efficient building use and optimal utilization. Rushing or skipping the planning stage 
can  lead  to  buildings  that  are  too  large  or  small,  poorly  organized,  expensive  to  operate, 
inaccessible to disabled individuals, or misaligned with current work practices. Such poor design 
often results  in  costly  modifications later,  underused spaces,  or  early  building replacement. 
Facility audits in North American cities commonly find that a significant share of publicly owned 
office and civic space is underutilized at any given time, resulting in millions of dollars wasted 
annually on maintenance and operations.

The consequences extend beyond budget. A poorly planned school cannot adapt to a growing 
population or a changing climate. A hospital designed without infection control zones in mind 
proved catastrophically inadequate during the COVID-19 pandemic. A civic facility built without 
flood resilience in mind may require complete replacement after a single weather event. The cost 
of not planning well is always greater than the cost of planning thoroughly. The absence of 
technology to predict unforeseen facility underutilizations can affect all sectors that depend on 
data to identify cost-reduction practices. 

4.2  The Benefits of Space Planning

Effective  space  planning  allocates  capital  efficiently  by  directing  investments  to  the  most 
necessary facilities, helping to prevent costly overbuilding or premature replacement. It enhances 
service delivery through carefully designed spaces that enable staff to assist the public, students, 
or  patients  more  effectively.  Additionally,  it  improves  safety  and  compliance  by  proactively 
addressing code requirements, accessibility issues, and aging infrastructure before they escalate 
into  emergencies.  Creating  technologically  modern,  functional  workplaces  also  attracts  and 
retains employees, boosting recruitment and morale. Furthermore, incorporating environmental 
sustainability  and  right-sizing  facilities  can  reduce  operational  expenses,  energy  use,  and 
greenhouse  gas  emissions  over  time.  Overall,  space  planning  fosters  community  trust, 
encourages public confidence, and supports approval for capital funding.

4.3 The Global Context: Climate and Population as Planning Imperatives

Space planning has always responded to the forces of change — population growth, technological 
shifts, evolving work patterns. Today, two forces require planners to think in fundamentally new 
ways.

Global warming is accelerating. The Intergovernmental Panel on Climate Change (IPCC) warns 
that global average temperatures are projected to rise by 1.5°C over preindustrial levels within the 
next two decades (IPCC, 2021), with cascading effects including intensified heat waves, flooding, 
drought, and extreme weather events (IPCC, 2022). These are not future abstractions: they are 
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already damaging facilities, disrupting operations, and threatening the communities that public 
institutions serve. A school that is too hot for learning, a hospital that floods, or a community center 
that loses power during a wildfire is not a functioning public asset. Designing and planning for  
these realities is not optional; it is foundational to responsible, excellent service. Using technology 
to address these challenges will enhance efforts to reduce damage from global warming and 
mitigate its cascading effects with other helpful materials. 

Population  growth  is  concentrating  in  cities.  The  United  Nations  projects  that  by  2050, 
approximately 68% of the world’s population will live in urban areas, an increase of 2.5 billion 
people from 2018 levels, with nearly 90% of that growth occurring in Asia and Africa (United 
Nations, 2018). Even in North America, where overall population growth is slower, urbanization 
continues  to  reshape  demand  for  facilities:  some  regions  face  surging  enrollment  and 
infrastructure deficits, while others contend with declining populations and excess capacity. Space 
planners must navigate both realities simultaneously, often within the same organization. 

Global warming and shifting populations are about rethinking and reprioritizing space planning 
across all  sectors. Facilities need to be appropriately scaled for future populations that may 
increase or decrease due to climate conditions; reactionary or ad hoc planning will be more costly 
and far less effective than proactive space planning. Utilizing technology in space planning can 
identify optimal strategies to address a growing population and the impacts of global warming. 

5. Space Planning Across Industries

While space planning is found across all sectors, it varies by sector, as each has its own language, 
regulations,  funding,  and stakeholder expectations.  The table below summarizes how these 
differences appear across the four sectors discussed in this guide. Climate vulnerability and 
population pressure manifest differently across sectors, but they are present in all of them.

Table 2. Space Planning Across Sectors

Sector Primary Space Challenge Space Planning Outcome Climate & Population 
Consideration

State Government 
& Municipalities

Aging civic facilities, 
compliance changes, 
evolving service delivery 
models, budget constraints

Right-sized, accessible, 
multi-purpose civic 
infrastructure aligned with 
long-range capital plans

Flood-resilient civic 
centers; heat-safe 
recreation facilities; service 
demand from growing 
urban populations

K–12 Schools
Fluctuating enrollments, 
aging buildings, 21st-century 
pedagogy requirements

Learning environments 
matched to enrollment trends 
and modern instructional 
models

Overheated classrooms; 
surge and decline 
enrollment cycles; schools 
as climate shelters

Universities & 
Colleges

Shifting student 
demographics, practical 
research requirements, hybrid 
learning

Flexible, multi-modal 
academic and research 
spaces supporting evolving 
campus missions

Carbon-neutral campus 
commitments; climate 
research space; student 
wellness under heat stress

Medical Facilities
Infection control, regulatory 
compliance, technology 
integration, patient flow

Safe, efficient, scalable 
clinical environments built 
around patient experience 
and care standards

Heat-related illness surge 
capacity; flood-resilient 
critical systems; expanding 
elderly care demand
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6. State Government & Municipalities

6.1  The Unique Challenges of Public Sector Space

Government facilities are intended to be accessible to everyone. Spaces such as city halls, 
libraries, courthouses, recreation centers, public works yards, fire stations, and transit depots 
must be universally accessible, safe, and functional for staff, officials, and the public. They must 
also  operate  effectively  within  strict  budgetary  and  political  constraints.  Moreover,  certain 
government facilities lag in adopting technological upgrades, which are essential for making 
spaces accessible and implementing safety measures. These improvements are crucial to ensure 
that all public amenities provided by the government are effectively managed. 

Municipal space planning is complicated due to geographical diversity, aging infrastructure, and 
restrictive capital budgets that are set years in advance. This limits opportunities for reactive 
spending. Furthermore, the absence of technological tools for setting capital budgets (some still 
recorded on paper instead of in a database) impedes the maintenance of accurate data records 
essential for future investment planning. However, this situation can also accelerate procedural 
workflows and enable real-time visibility into where capital budgets need to be prioritized sooner. 

6.2  Key Factors

6.2.1  Right-Sizing

Since the pandemic, more people have worked from home or adopted hybrid schedules. Because 
of this, many government office buildings are operating well below capacity. Space planning helps 
municipalities  assess  their  actual  office  space  requirements,  develop  hoteling  and  flexible 
workstation strategies, and sell or repurpose surplus properties. Technological tools are aiding 
space planning by optimizing space use, which can reduce costs for government and non-
government organizations.

6.2.2  Emergency Services Facilities

Fire  stations,  police  stations,  and  emergency  operations  centers  each  have  specific  space 
requirements that demand careful planning. Coverage mapping, response time modeling, and 
population growth forecasts are essential for deciding new facility locations and sizing existing 
ones.  As  climate-related  emergencies  become  more  frequent  and  severe,  the  design  of 
emergency operations space must account for extended activation periods, surge staffing, and 
multi-agency  coordination.  These  service  facilities  are  beginning  to  adopt  and  develop 
technological tools to meet response time demands, accommodate population growth projections, 
and support climate change mitigation efforts. 

6.2.3  Community & Recreation Infrastructure

Community centers, arenas, libraries, and parks both offer programs and strengthen community 
identity.  Space  planning  involves  analyzing  demographics,  reviewing  program  usage  data, 
addressing accessibility  requirements,  and evaluating potential  partnerships.  These facilities 
increasingly serve as climate refuges, cooling centers during heat waves, warming centers in 
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winter emergencies, and emergency shelters following floods or wildfires. Space planning now 
utilizes advanced technology tools to develop and implement temperature-reduction technologies 
and analyze demographic characteristics that influence community needs. 

6.2.4 Long-Range Capital Planning

Cities plan their buildings 10 to 25 years in advance. These long-term plans decide which projects 
are built first, calculate future repair costs, and map out a step-by-step timeline funded by taxes, 
loans, grants, and savings. 

A mid-sized Canadian municipality discovered through space planning that three buildings were 
underused. By consolidating activities into two renovated structures and selling the third, the 
municipality reduced deferred maintenance expenses and operating costs over a ten-year period. 

Space planning can help guide municipalities' decisions to reduce deferred maintenance costs 
associated with aging facilities and other factors that impact government and municipalities. 
Growing urban populations are increasing demand for every government service, such as transit, 
recreation, social services, and emergency response, while climate events are simultaneously 
increasing the cost and complexity of operating aging facilities. Space planners collaborate with 
government and non-government agencies to incorporate climate vulnerability assessments into 
all capital decisions. They use technology to streamline long-term capital planning by offering real-
time data, which allows for faster decision-making, like utilizing databases and AI to identify 
optimal solutions. 

6.3  Common Deliverables

Space planning involves  various  deliverables,  ranging from assessment  reports  to  capacity 
utilization studies that guide future planning over the next 10-25 years to optimize space use. 
Typical deliverables produced during a municipal space planning project include:

■ Facility Condition Assessments (FCA) integrated with space utilization data

■ Space inventory and utilization reports

■ Emergency services coverage mapping and scenario analysis

■ Civic consolidation and co-location studies

■ Climate vulnerability and resilience assessments integrated with capital plans

■ 10- to 25-year Facilities Master Plans with capital cost estimates

These common deliverables are supported by technologies like Geographic Information Systems 
(GIS), databases, dashboards, and other tools, which enhance space planners' ability to narrate 
data stories and make informed decisions about the evaluated space.   
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7. K–12 Schools: An In-Depth Example of the Space Planning Process

Of all the sectors that space planning serves, K–12 school districts provide perhaps the clearest 
and most relatable illustration of how the discipline works end-to-end. Schools touch every family 
in a community,  their  facilities are visible and emotionally  significant  public  assets,  and the 
decisions made about them have consequences that span generations. For these reasons, this 
section uses the school district as a detailed worked example, explaining not just what space 
planning produces but also who is involved, how human judgment shapes every stage, and how 
the lessons of K–12 planning translates to other sectors.

7.1  Educating the Next Generation in the Right Spaces

School buildings serve as vital centers that unite communities and offer essential resources that 
may be lacking in certain neighborhoods: gathering spaces, recreational facilities, access to 
technology,  and,  in  times  of  crisis,  emergency  shelter.  They  not  only  support  educational 
development but also function as venues where individuals develop, attend school, mature, and 
influence the intellectual growth of future generations through community initiatives such as adult 
education programs, civic meetings, voting locations, and youth athletics.

Many schools are still operating from the 1960s and 70s in buildings designed for old-style rows of 
desks and chairs.  These aging layouts do not  fit  modern teaching,  which relies heavily  on 
technology, teamwork, and hands-on projects. A landmark study of 153 classrooms across 27 
English primary schools found that differences in physical classroom design explained roughly 
16%  of  the  variation  in  pupils’  learning  progress  over  a  single  year,  with  naturalness, 
individualization, and stimulation — the “SIN” framework — emerging as the most influential 
factors (Barrett,  Davies,  Zhang,  & Barrett,  2015;  Barrett,  Zhang,  Moffat,  & Kobbacy,  2013). 
Implementing space planning and advanced technology can enhance aging facilities to meet 
modern classroom requirements. For instance, a smart board is a proprietary technology. It has 
been replaced with other screen-based technologies in many schools due to cost. Now, screens 
are replaced with laptops that each student uses at their own workstation, enabling teachers and 
students to engage in diverse teaching methods, including audio and video presentations, which 
facilitate easier learning. 

Additionally, smart boards and interactive screens allow for greater mobility within the classroom, 
unlike chalkboards due to dust for air quality. Curiously, though, walls of whiteboards are used in 
thinking classrooms where students get a problem and then solve it  on their own using the 
whiteboard. A subsequent evidence synthesis prepared for the World Bank confirmed that the 
quality  of  school  infrastructure exerts a measurable influence on learning outcomes in both 
developed and developing economies (Barrett, Treves, Shmis, Ambasz, & Ustinova, 2019). The 
use of smart boards has enabled aging school facilities to improve learning by supporting different 
learning styles compared to traditional chalkboards. Swapping whiteboards for chalkboards is a 
low-cost solution used in many schools. Additionally, space planning involves using the most 
suitable  resources that  require  minimal  effort  to  retrofit  a  classroom.  This  approach avoids 
modifying the current space while integrating technology that meets the room’s needs without 
reducing its capacity. 
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Also, the effects of climate change have affected schools and need to be addressed to have plans 
in  place to  mitigate  the effects  on schools  and their  spaces that  meet  the right  size for  a 
community. The World Bank (2024) reports that over the past 20 years, schools were closed in 
approximately 75% or more of extreme weather events that impacted 5 million people or more. In 
Pakistan, the 2022 floods damaged or destroyed nearly 27,000 schools (UNICEF, 2022) and 
disrupted the education of more than 3.5 million students. In the United States, over 13,700 public 
schools are estimated to need air conditioning upgrades due to rising temperatures, at a projected 
cost of USD 40 billion (Center for Climate Integrity & Resilient Analytics, 2021). A child starting 
school in 2024 will, over their lifetime, face twice as many wildfires and tropical cyclones, and five 
times more droughts than a child who started school in 1970 (World Bank, 2024). These are not 
distant risks; they are present-day planning constraints. Effective space planning and technology 
can optimize the utilization of rightsized spaces, ensuring they meet the needs of schools and the 
children they serve. Additionally, changes in climate can be addressed through space planning 
using technology like Geographic Information Systems (GIS). This approach helps determine 
optimal  locations  for  building  schools  away  from  flood-prone  areas  and  geocodes  all  air 
conditioning units in schools to estimate upgrade costs to cope with climate change. 

7.2  The Space Planning Team: Who Is Involved?

One of the most important and most frequently overlooked dimensions of space planning is that it 
is a team endeavor. The space planner is not a lone expert who arrives with a predetermined 
answer. The planner is the facilitator, analyst, and synthesizer at the center of a diverse team 
whose collective  knowledge is  essential  to  producing  a  plan  that  is  accurate,  trusted,  and 
implementable. Having a diverse team of individuals and organizations helps planners gather 
better community input and ensure transparency. This enhances the Facility Master Plan process, 
aiding in the development and improvement of schools, government agencies, municipalities, 
universities, colleges, and medical facilities. 

In a typical K–12 school district engagement, the full planning team includes:

Table 3. The Space Planning Team

Role Who They Are What They Contribute

Space Planner / 
Consultant Roth IAMS or equivalent specialist

Leads the process; conducts data 
analysis; facilitates stakeholder 
engagement; develops scenarios and 
recommendations

Superintendent / 
CEO District’s senior executive

Sets strategic direction; communicates 
with the school board; frames community 
expectations

School Board Elected or appointed trustees
Provide governance oversight; approve 
recommendations; represent the public 
interest

Facilities Director In-house facilities manager
Provides condition knowledge, 
maintenance history, operational 
constraints, and cost reality checks
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Role Who They Are What They Contribute

Planning Staff In-house staff 
Prepare school population forecasts, 
boundary changes, capital requests, 
property matters

Principals & Vice-
Principals School-site leaders

Identify day-to-day spatial pain points; 
represent the educational perspective on 
design

Teachers & 
Educational Staff Instructors and support staff

Articulate how spaces support or hinder 
pedagogy; surface specialized program 
requirements

Students Current learners
Provide direct user perspective; identify 
barriers to learning and wellbeing often 
invisible to adults

Parents & 
Caregivers

Community members with children in 
the system

Represent family and neighborhood 
concerns; essential for community buy-in 
and funding support

Municipal & 
Regional Partners

City planners, transit agencies, public 
health

Provide demographic data, development 
pipeline information, and service 
coordination opportunities

Financial Officers CFO or equivalent
Validate cost estimates; confirm funding 
availability; stress-test capital plans 
against fiscal realities

Indigenous 
Community 
Representatives

Where applicable, First Nations, Métis, 
or Inuit partners

Ensure cultural space needs are 
embedded in programming; support 
reconciliation-informed design

7.3  Human Input and Critical Thinking in Space Planning

Technology and data are essential to space planning, but they present an incomplete picture. 
Every stage of the process requires human judgment, professional expertise, and critical thinking 
that no algorithm can fully replicate. Technology can only be as good as the person who provides 
the data and guides the technology to help make critical decisions for space planners and the 
people they serve. 

Consider enrollment forecasting. A machine learning model can ingest birth data, housing permit 
activity, and school transfer records and generate a 10-year projection in seconds. But a space 
planner must ask: Has the model accounted for the planned new subdivision on the district’s 
eastern boundary? Does the historical transfer data reflect a pattern that is about to change 
because a competing school program is closing? Is the demographic shift in this neighborhood 
driven by temporary displacement from an employment change such as factory closure, mine 
closure, or other larger employer changing the employment status of a large number of workers 
that  becomes a permanent  migration pattern? These questions cannot  be answered by an 
algorithm; they require a planner who knows the community, understands the local policy context, 
and exercises professional judgment about which data to trust and which to interrogate (Sajid, 
2026; PowerSchool, 2026). This also applies to other sectors that depend on experienced space 
planners who critically evaluate population and climate change, emphasizing that algorithms 
cannot replace human judgment.  Moreover,  machine learning depends solely on the data it 
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receives, without awareness of potential biases in data collection or the use of human judgment to 
separate good data from bad.

Similarly, capacity analysis requires critical thinking that goes beyond square footage. A school 
built in 1960 with ten classrooms might have been designed to hold 350 students. Today, the 
same building may only accommodate 175 to 200 students because of smaller required class 
sizes,  dedicated space for special  education,  and areas for student withdrawal and support 
features not included in the original design. A planner who applies a historical capacity number 
without adjustment is not doing space planning; they are repeating a mistake. This kind of context-
sensitive analysis is the core of what experienced planners provide. A district in a mid-sized 
Canadian city  was projecting declining enrollment  based on census data showing an aging 
neighborhood  population.  A  space  planner’s  site  visits  revealed  that  three  large  apartment 
buildings were under construction within the catchment, targeting young families. The planner’s 
critical re-examination of the demographic data, integrating building permit records with school 
transfer history, revealed that the ‘declining’ school was actually entering a growth phase. The 
recommendation shifted from consolidation to expansion planning, preventing the district from 
making a costly mistake. This illustrates how technology can sometimes be limited without access 
to sufficient data or the resources for a human to conduct on-site research. For example, declining 
school enrollment might seem straightforward from data, but it only provides a snapshot. A space 
planner, however, could gain deeper insights by visiting the location, understanding the true 
community growth beyond what numbers show. 

7.4  Enrollment-Driven Planning

K–12 space planning is heavily influenced by demographic trends. Key decisions about facilities 
are mostly driven by enrollment forecasts that consider birth rates, housing development plans, 
migration trends, and transfers between schools.

■ Growing enrollment regions require new schools or additions.

■ Declining enrollment regions may trigger consolidation, boundary adjustments, or program 
concentration strategies.

■ Stable enrollment regions focus on renewal: replacing aging systems, right-sizing 
programs, and modernizing learning environments.

Since these phases are cyclical rather than linear, effective master planning considers each 
condition as temporary and prepares for the next change. A school designed for current growth 
might experience stabilization or decline in about ten years, just as a school that consolidates 
during a downturn may later need to expand when the area redevelops. Recognizing this cycle 
helps districts make more resilient and adaptable decisions, rather than reacting to enrollment 
fluctuations as if they were permanent trends.

Global population dynamics add a new dimension to this analysis. Internationally, the United 
Nations projects that  the bulk of  urban population growth through 2050 will  occur in seven 
countries — India, Nigeria, Pakistan, the Democratic Republic of Congo, Egypt, Bangladesh, and 
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Ethiopia — adding over 500 million urban residents (United Nations, 2025). For school districts in 
these regions,  the planning challenge is  one of  massive,  urgent  expansion.  For  districts  in 
declining-population regions of North America and Europe, the challenge is managing a shrinking 
portfolio without eroding educational quality. Space planners must develop the tools and judgment 
to navigate both realities. Technology can assist in both situations by enabling space planners to 
make the most efficient decisions and prepare for changes in population. Accurate and clean data 
on population growth is crucial to accommodate counties experiencing growth as well as those 
with declining populations. 

7.5  Climate Resilience in K–12 Facility Planning

Climate change is not a background consideration in K–12 space planning — it is an active 
planning constraint. Across North America, extreme heat is already disrupting school operations. 
In Canada, overheated classrooms became a recurring problem in 2024, impairing learning and 
creating health risks particularly for younger children, who overheat faster and cool down more 
slowly than adults. Research confirms that academic performance deteriorates when classroom 
temperatures rise above a comfortable threshold, with effects that are disproportionately felt by 
students from lower-income families who lack climate-controlled home environments.

The response to this challenge must be embedded in space planning decisions at every level. A 
review of passive cooling strategies in Mediterranean schools found that natural ventilation, green 
roofs,  low  thermal  transmittance  windows,  and  solar  shading  can  reduce  total  energy 
consumption by up to 50% while measurably improving thermal comfort and student outcomes 
(Díaz-López,  Serrano-Jiménez,  Verichev,  &  Barrios-Padura,  2022).  These  are  not  luxury 
features; they are cost-effective investments that space planners should be incorporating into 
every school renewal and new construction program. Dunlop, Turkenburg-Van Diepen, & Hudson 
(2026), in a survey of 179 UK schools, found that adaptation to extreme heat was hindered 
primarily by limited awareness among school leaders and inadequate building infrastructure. They 
advocate for climate adaptation training for school leaders and push for political action on building 
standards. Effective space planning directly tackles infrastructure challenges through measures 
like reflective or “cool” roofs to lower surface temperatures, operable windows combined with 
clerestories for natural airflow, strategic exterior shading, biophilic design elements such as trees 
and shade structures in outdoor spaces, and improved mechanical ventilation systems. These are 
among the most supported interventions. Schools that incorporate or upgrade these features act 
as climate refuges for the community during heatwaves, enhancing their public importance.

7.6  Modern Learning Environment Standards

Modern effective school design has evolved from the traditional single-corridor layout to include 
learning  studios  and  versatile,  acoustically  optimized  classrooms  that  can  be  adapted  for 
individual tasks, small-group work, or entire classes. It also features maker spaces and stem labs, 
specialized environments for project-based, hands-on activities. Shared learning commons serve 
as open, resource-rich centers that replace traditional libraries, offering maker projects, reading 
areas, and digital research facilities. Dedicated support spaces provide targeted areas for English-
language  learners,  students  in  special  education,  counseling,  and  mental  health  services. 
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Community  access design facilities  are  intentionally  created for  after-hours  community  use, 
ensuring the public gains maximum value from capital investments. Additionally, climate-ready 
outdoor  environments  with  shaded play zones,  permeable  paving,  rain  gardens,  and green 
spaces help control heat and stormwater, while supporting ecological education.

7.7  Regulatory & Funding Considerations

K–12 capital projects are overseen by provincial or state authorities and often require approval 
from education ministries before construction begins.  In California,  the Division of  the State 
Architect (DSA) reviews all public-school building plans for structural safety and accessibility. In 
Ontario, capital and renewal funding flows through the Ministry of Education’s Grants for Student 
Needs framework, with individual projects requiring ministry approval. Alberta follows a similar 
model through Alberta Infrastructure and Alberta Education. New York State requires approval 
from the State Education Department’s Office of Facilities Planning. Beyond North America, the 
United Kingdom and Australia centralize school capital approval at the national or state level, 
reflecting a broader global pattern in which education infrastructure decisions sit with senior levels 
of government rather than local authorities alone.

Funding structures differ markedly between the US and Canada. In the US, funding mainly comes 
from  local  property  taxes,  state  grants,  and  federal  infrastructure  programs.  This  creates 
significant funding disparities between wealthy and lower-income districts. In many Canadian 
provinces, local taxation authority for school boards has been reduced or removed, with almost all 
funding coming from the provincial government in a centralized, formula-based system that limits 
local flexibility but improves equity across districts.

7.8  How the K–12 Process Translates to Other Sectors

The K–12 space planning process with its  emphasis  on demographic  analysis,  stakeholder 
engagement, scenario development, regulatory compliance, and long-range capital planning is a 
direct template for every other sector. The specific content changes remain, while the structure 
and philosophy stay the same. This process illustrates how other sectors can leverage the K-12 
space planning approach and highlights the similarities between K-12 planning and those sectors. 

Table 4. K–12 Elements and Their Parallels in Other Sectors

K–12 Element Direct Parallel in Other Sectors Why It Matters

Enrollment 
forecasting

Population growth/service demand 
modeling (municipalities, healthcare)

Right-sizing prevents both costly 
overbuilding and capacity shortfalls

Multi-stakeholder 
engagement

Community, staff, patient, resident 
engagement in every sector

Plans without community ownership 
fail at implementation

Capacity standards 
review

Space standards review in government 
offices, hospitals, universities

Standards evolve; applying outdated 
benchmarks produces incorrect 
programs

Climate resilience 
integration

Heat management, flood resilience in 
every public building type

Climate risk is universal; planning 
responses are sector-specific
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K–12 Element Direct Parallel in Other Sectors Why It Matters

Cyclical planning 
refresh

Living plans updated as conditions 
change in all sectors

A plan that is more than 5–7 years old 
without review is likely out of date

Ministry/regulatory 
approval

Building codes, accreditation, health 
authority approval in other sectors

Regulatory context shapes what is 
permissible and what funding flows

8. Universities & Colleges

8.1  Higher Education’s Spaces

Post-secondary institutions face a dilemma: their campuses have typically expanded gradually 
over  many  years,  resulting  in  large,  diverse  facilities  that  include  both  crowded  research 
laboratories and nearly vacant lecture halls, sometimes in adjacent buildings. Effective space 
planning is crucial to address this inconsistency. International studies of campus space repeatedly 
find that general-purpose classrooms are used well below their nominal capacity, and data-driven 
campus management, increasingly built on integrated building models and live sensor data, has 
emerged to close the gap between scheduled and actual use (Lu et al., 2020). By combining this 
data with direct feedback from stakeholders, including students who can identify specific pain 
points in their daily use of a building, institutions can target improvements that most directly 
support academic success. 

Campuses are increasingly expected to model the sustainability practices they teach. Many 
institutions have committed to net-zero carbon operations by 2030–2050, commitments that 
require  integrating  building  energy  performance  into  every  space  planning  decision. 
Simultaneously, demographic shifts are reshaping who attends university: declining domestic 
birth rates in many Western countries are reducing traditional-age student populations even as 
international student demand grows. Space planning must respond to both: right-sizing lecture 
infrastructure while expanding graduate research facilities, international student support services, 
and the collaborative, technology-rich environments that attract students from around the world

8.2  Shift Toward Flexible & Hybrid Learning

The  widespread  shift  to  hybrid  and  online  learning  has  permanently  transformed  student 
interactions with campus spaces. Large lecture halls are now being replaced by smaller, tech-
enabled collaborative areas. Space utilization surveys show that classrooms are often empty 
during peak teaching times. The rise in college and university tuition has forced many students to 
work during the day/evening/night to make ends meet. Classes typically run now from 8:00 am to 
11:00 pm in many faculties with students picking a section that fits their schedule. Similarly, these 
schools have turned in greater measure to part-time faculty who can cover course times that 
extend beyond 4:00 pm. By optimizing academic scheduling, institutions can reclaim a meaningful 
share of capacity without expanding physical space. Hybrid-friendly design incorporates in-room 
technology, acoustics, and sightlines to support both in-person and remote students.
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8.3  Student Life & Wellness Spaces

Space planning for higher education now extensively considers students'  mental  health and 
counseling facilities, focusing on privacy, accessibility, and capacity to meet enrollment needs. 
Student housing designs incorporate unit mix, amenity programming, and density models based 
on demand studies. Athletics and recreation facilities are planned using utilization data to ensure 
proper sizing and promote inclusive programming. Additionally, spaces dedicated to Indigenous 
and cultural communities are purpose-built to celebrate and support diverse student populations.

8.4  Research Space Planning

Research facilities  demand specialized design that  addresses hazardous material  handling, 
vivarium  needs,  cleanroom  standards,  specialized  ventilation,  vibration  mitigation,  and 
interdisciplinary  adjacencies.  Effective  space  planning  in  research  settings  requires  close 
cooperation  among facilities  planners,  faculty,  environmental  health  &  safety,  and  research 
administration. A campus-wide space utilization study that revealed general-purpose classrooms 
were occupied only during scheduled times allowed one institution, by adjusting the academic 
schedule and converting three underused classrooms into collaborative study lounges, to avoid a 
costly classroom expansion. Additionally, technology is used in classrooms with Construction 
Management Services (CMS) software to analyze digital data on space usage. This helps identify 
when classrooms are unoccupied, allowing facility planners to conduct space utilization studies 
without interrupting ongoing classes. 

9. Medical Facilities

9.1  Where Space Planning Meets Patient Safety

Healthcare settings are among the most challenging for space planning. Hospitals, clinics, long-
term care facilities, and diagnostic centers must meet strict infection control standards, manage 
complex patient flows, operate around the clock, and incorporate rapidly advancing medical 
technologies all while creating a healing, therapeutic environment. 

This principle is supported by research, including Ulrich’s 1984 groundbreaking study, which 
showed that  surgical  patients with a view of  nature recovered faster  and needed less pain 
medication than those facing a brick wall a finding that helped establish the field of evidence-
based design (Ulrich  et  al.,  2008).  Findings like  these give planners  concrete  evidence for 
decisions such as room orientation, natural light access, and views to the outdoors decisions that 
directly affect how well patients recover. 

As the climate and population change, so does the need and resources in healthcare for space 
planning. An aging global population is driving higher demand for healthcare facilities at all levels. 
By 2050, the worldwide population of those 65 and older is expected to more than double, from 
761 million in 2021 to 1.6 billion (United Nations, 2023). At the same time, rising temperatures are 
leading to more heat-related illnesses, increasing pressure on emergency departments during 
heatwaves.  Space  planners  collaborating  with  health  authorities  need  to  consider  these 
concurrent trends by creating adaptable, scalable clinical spaces that can adjust to fluctuating 
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demand. Additionally, they must ensure that critical building systems power, temperature, and 
water are resilient enough to withstand climate events that threaten continuous care delivery.

9.2  Patient Flow

A  key  challenge  in  healthcare  space  planning  involves  optimizing  patient  flow  covering 
registration, triage, examination, treatment, and discharge. Emergency department crowding is a 
well-studied issue; a prominent systematic review linked it to higher mortality rates, treatment 
delays, and ambulance diversion (Hoot & Aronsky, 2008). Space planning tools like discrete event 
simulation and process mapping help planners model and improve this flow before walls are 
moved. Discrete event simulation has been utilized for healthcare capacity and patient-flow issues 
for many years, spanning clinic scheduling, capacity planning, and patient-flow optimization (Jun, 
Jacobson, & Swisher, 1999). As planners continue to refine their use of these simulations, the 
space planning process for medical facilities can be continually enhanced.

9.3  Infection Control & Room Design

The COVID-19 pandemic accelerated a pre-existing trend toward single-patient rooms, negative-
pressure isolation capacity, and flexible clinical spaces. Space planners working in healthcare 
must  be familiar  with guidelines from Health Canada,  the CDC, and the Facility  Guidelines 
Institute  (FGI).  Comprehensive  reviews  of  the  evidence  confirm  that  single-patient  rooms, 
effective ventilation, and good acoustic design measurably reduce hospital-acquired infections 
and medical errors (Ulrich et al., 2008). Space planners require in-depth training to translate these 
standards into practical layouts. Examples include AIIR (Airborne Infection Isolation Rooms), 
which need negative pressure, dedicated exhaust, and anteroom separation. Flex capacity design 
spaces are built to easily switch between different acuity levels with minimal intervention. Clean 
and soiled utility separation during workflow zoning helps reduce cross-contamination risk in 
clinical corridors.

9.4  Technology Integration

Modern healthcare facilities are technology-dense environments. Space planning must account 
for medical imaging suites, robot-assisted surgery systems, pharmacy automation, telemetry 
monitoring, and telemedicine consultation rooms, each with specific space, structural, power, and 
ventilation requirements that must be addressed early in the planning process.

9.5  Long-Term Care & Community Health

As North America’s populations age, there is a rising need for long-term care beds, assisted living 
units, and community health centers. Designing these spaces requires a balance between clinical 
requirements and residential aesthetics; the aim is to create environments that feel homelike 
rather than hospital-like. For instance, many older hospitals and schools have been repurposed 
into long-term care facilities.  A regional health authority that utilized space planning and patient 
flow  simulation  to  reconfigure  triage,  registration,  and  fast-track  areas  in  its  emergency 
department reduced patient wait times and increased the number of patients served daily without 
expanding the building footprint.
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10. Technology, Tools & Artificial Intelligence in Space Planning

10.1  From Pencil and Paper to Digital Intelligence

Space planning has traditionally involved precise measurement, analysis, and judgment. Over the 
last twenty years, the tools used by planners have become much more advanced and accessible. 
Tasks that previously required several weeks of manual effort can now be accomplished within 
hours,  with  significantly  enhanced  precision,  particularly  through  the  utilization  of  artificial 
intelligence and other machine learning technologies. Crucially, however, better tools do not 
replace the planner’s role; they amplify it. The quality of a plan’s outputs depends entirely on the 
quality of the questions the planner asks, the data they feed into the tools, and the professional  
judgment they apply in interpreting results.

10.2  New and Emerging Tools in Space Planning

Beyond the platforms that have defined the field for the past decade, a new generation of tools is 
reshaping what is possible. Three are particularly significant:

Post-Occupancy  Evaluation  (POE)  Platforms.  Digital  POE tools  now allow organizations  to 
systematically measure whether completed or renovated spaces are achieving the outcomes they 
were designed to deliver in terms of utilization, occupant satisfaction, energy performance, and 
learning or health outcomes. This feedback loop closes the gap between what planners intended 
and what users experience, and continuously improves the quality of future planning decisions.

Space Management Dashboards. Cloud-based dashboards that integrate real-time sensor data, 
booking systems, and facility management records into a single interface are moving space 
management from periodic review to continuous intelligence. Facility leaders can see, at a glance, 
which spaces are used, how intensively, and at what cost, enabling proactive, evidence-based 
decisions rather than reactive responses to problems that have already become crises.

Climate Simulation and Resilience Modeling Tools. Platforms such as ClimateStudio, NOAA’s 
weather data integration tools, and FEMA flood mapping APIs can now be integrated directly into 
the space planning process, allowing planners to model how a proposed facility will perform under 
projected future climate conditions including extreme heat, increased precipitation, and flooding 
scenarios. These tools are moving from specialized engineering practice into mainstream space 
planning workflows, and organizations that are not yet using them are making capital decisions 
without a critical dimension of information.

10.3  Technology Platforms

10.3.1  Computer-Aided Design (CAD) & Building Information Modeling (BIM)

Computer-Aided Design (CAD) software has been integral to space planning for many years. 
Building Information Modeling (BIM) advances this by developing a comprehensive 3D, data-
driven model of a building that includes details about every component and their interactions. 
Studies of  major  construction projects show that  implementing BIM can significantly  reduce 
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project timelines and rework, while enhancing coordination across disciplines (Azhar, 2011). 
BIM’s application in operations and maintenance is also expanding, supporting facilities and 
space management long after a building open (Pärn, Edwards, & Sing, 2017). For space planners, 
BIM offers accurate space inventory generation directly from building models, clash detection 
identifying conflicts between space programs and structural or mechanical constraints before 
construction,  visualization  that  enables  non-technical  stakeholders  to  understand  proposed 
changes intuitively, and lifecycle data management for tracking maintenance, replacement, and 
condition data over time.

10.3.2  Integrated Workplace Management Systems (IWMS)

Integrated Workplace Management Systems (IWMS) platforms integrate space management, 
maintenance  management,  real  estate  portfolio  management,  and  capital  project  tracking. 
Leading platforms include Archibus, IBM Tririga, Planon, and iOFFICE. Key capabilities include 
real-time space inventory tracking and allocation management, occupancy request and move 
management workflows, lease administration and portfolio optimization, and integration with IoT 
sensors for live utilization data.

10.3.3  Geographic Information Systems (GIS)

Geographic Information Systems (GIS) platforms led by Esri’s ArcGIS suite are essential for 
space planning exercises with a geographic dimension: emergency services coverage mapping, 
school catchment boundary analysis, population growth modeling, and infrastructure capacity 
assessment. In our experience, GIS data is typically three years behind in reflecting census and 
development changes, which underscores the importance of planners supplementing GIS data 
with  current  building  permit  records,  student  yield  data,  and local  development  knowledge. 
Nevertheless, alternative data sources containing current information are available for purchase, 
which can assist GIS and other platforms in offering valuable data for population growth modeling. 
Climate risk mapping, flood zones, wildfire interface areas, and extreme heat vulnerability indices 
are increasingly being integrated into GIS-based planning platforms, enabling planners to overlay 
demographic demand with environmental risk in a single analytical environment.

10.3.4  Space Utilization Sensors & IoT (Internet of Things)

Internet of Things (IoT) sensor technology revolutionized how we measure space usage. Motion 
sensors, badge-in systems, Wi-Fi connection tracking, and overhead occupancy counters provide 
constant, anonymized data that support evidence-based space management decisions. This shift 
from periodic manual surveys to continuous occupancy intelligence is one of the most significant 
methodological advances in space planning practice.

10.3.5  Discrete Event Simulation (DES)

Discrete Event Simulation (DES) software is especially effective in healthcare environments, 
where it  builds computational models of patient or visitor movement within physical spaces. 
Planners can simulate hundreds of layout options and operational scenarios virtually, allowing 
them to find the best designs before implementing any physical modifications. Surveys of the field 
trace DES applications in healthcare back several decades, spanning clinic scheduling, capacity 
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planning, and patient-flow optimization (Jun, Jacobson, & Swisher, 1999). As these tools mature, 
they are expected to play an increasingly  central  role  in  planning across all  sectors where 
throughput and flow matter.

10.4  Artificial Intelligence in Space Planning

Artificial  intelligence (AI) is quickly transitioning from a novelty to an essential  tool in space 
planning, transforming each stage of the process. However, AI tools do not automatically embed 
themselves into planning workflows this requires deliberate action by the space planner, who 
serves as the critical link between raw AI output and defensible planning decisions. Embedding 
these tools typically involves several concrete steps: identifying which stage of the planning 
process stands to benefit most from AI augmentation; selecting and validating a tool against the 
organization’s own historical data before relying on its outputs; integrating the tool’s data feeds 
with existing systems such as student information systems, GIS platforms, and facility condition 
databases; and establishing a review protocol in which the planner interprets, sense-checks, and 
contextualizes AI-generated outputs before they inform recommendations to a client or governing 
board (Sajid, 2026). AI is the most widely used technology across various industries and space 
planning sectors, enhancing productivity by better identifying needs. 

In this sense, the space planner’s role shifts from manually compiling and analyzing data to 
curating data quality, framing the right questions for the tool to answer, and translating statistical 
outputs into planning narratives that account for local context, community values, political realities, 
and site-specific constraints that an algorithm cannot weigh on its own.

A systematic literature review of AI applications in facilities management found that although 
various maturity models exist for AI adoption generally, none had been specifically adapted to the 
facilities management environment, and that many facilities management processes still rely on 
manual, disconnected operations, which increases the complexity of adopting new technologies 
(Quinello & Tromboni de Souza Nascimento, 2025). This underscores the need for practitioners to 
actively structure how these tools are introduced rather than assuming seamless integration.

Enrollment forecasting research demonstrates a similar pattern: platforms combining machine 
learning with GIS data can identify new housing developments and translate them into projected 
student counts, but this functions only when planners feed the models accurate, localized inputs 
such as residential development plans and student yield data (PowerSchool, 2026). Similarly, 
research on AI in facility design has shown that generative and predictive design tools can 
optimize layouts and workflows, but only when integrated deliberately into existing design and 
review processes rather than used as standalone black boxes (Kilari, 2025). Taken together, this 
body of research supports a central conclusion: AI functions as a decision-support tool that 
augments the space planner’s judgment rather than replacing it.

10.4.1  Predictive Enrollment

Machine learning models can incorporate birth rates, housing permit activity, migration trends, 
school boundary data, and historical enrollment patterns to produce more precise enrollment 
forecasts compared to traditional trend-line methods. These models improve over time as they 
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learn from new data. Critically, they must be coupled with planners who validate their geographic 
and demographic assumptions against current local conditions (Sajid, 2026). The human factor 
remains crucial for guiding and training AI to determine optimal outcomes in predictive enrollment 
and population growth.

10.4.2  AI-Assisted Space Programming & Generative Design

Generative design tools powered by AI can rapidly generate and evaluate hundreds of space 
layout  options  against  defined  programming  requirements  and  constraints.  Platforms  like 
Autodesk Forma and Spacemaker use AI to optimize building massing, daylighting, circulation, 
and  acoustic  performance  simultaneously.  Autodesk’s  “Project  Discover”  used  evolutionary 
algorithms to generate and evaluate thousands of office-layout options against measurable goals 
such as daylight access, views, and adjacency preferences (Nagy et al., 2017). AI is changing 
how planners work day to day, shifting the role from one focused mainly on policy development to 
one that also requires hands-on use of technology.

10.4.3  Predictive Maintenance

AI-driven  facility  condition  platforms analyze  sensor  data  from building  systems to  forecast 
equipment  failures  before  they  happen,  help  prioritize  maintenance,  and  produce  real-time 
lifecycle cost projections. This allows for a transition from reactive repairs to proactive capital 
planning particularly valuable for organizations managing large, aging facility portfolios under 
budget pressure.

10.4.4  Natural Language Processing

AI tools leveraging natural language processing (NLP) can analyze extensive stakeholder survey 
responses, public comments, and interview transcripts to identify key themes, priorities, and 
concerns, shortening the time needed to synthesize community input from weeks to hours. This 
makes broader  and deeper  stakeholder  engagement  operationally  feasible  for  projects  that 
previously could not afford the analysis time.

10.4.5  Digital Twins

A digital twin is a real-time, continuously updated virtual replica of a physical building or campus 
that integrates BIM geometry with live IoT sensor data, occupancy systems, maintenance records, 
and energy consumption data. Planners can test “what-if” scenarios and immediately see the 
predicted impact on space utilization, energy use, and cost. Academic reviews confirm the rapid 
growth of digital twin technology across the architecture, engineering, construction, and facility-
management  sector  and  its  value  for  real-time  monitoring  and  predictive  decision-making 
(Hosamo et al., 2022; Hakimi, Liu, & Abudayyeh, 2024). A widely cited demonstration at the 
University of Cambridge’s West Cambridge campus integrated live sensor data with building 
models to support asset and space management at both building and city scales (Lu et al., 2020). 
Early pilots of digital twin platforms by health authorities suggest they can help reduce ED patient 
boarding by giving administrators real-time visibility into system-wide capacity.
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10.5  Technology Comparison Summary

Table 5. Technology Comparison Summary

Technology Primary Use in Space 
Planning

Best Suited For Climate / Pop. 
Relevance

BIM / CAD 3D building modeling, space 
measurement, clash detection All sectors

Energy performance 
modeling, climate-
resilient design

IWMS
Portfolio-wide space inventory, 
occupancy workflows, lease 
management

Government, universities, 
large healthcare systems

Portfolio-wide carbon 
tracking

GIS
Spatial analysis, coverage 
mapping, demographic 
forecasting

Municipalities, school boards, 
emergency services

Flood/wildfire / heat risk 
mapping

IoT Sensors Real-time occupancy data, 
utilization heat maps

Universities, offices, large civic 
facilities

Energy & comfort 
monitoring

DES Simulation Patient/people flow optimization Hospitals, emergency 
departments

Surge capacity modeling

Generative AI 
Design

Rapid layout option generation 
and evaluation

New facility programming, 
campus planning

Passive cooling 
optimization

Digital Twins Real-time operational 
intelligence, scenario modeling

Hospitals, campuses, large 
government portfolios

Real-time energy & 
climate monitoring

AI / ML 
Forecasting

Enrollment, demand, and 
maintenance prediction

K–12, higher education, long-
term care

Population 
growth/decline modeling

Climate 
Simulation Tools

Future climate performance 
modeling under projected 
scenarios

All sectors, particularly new 
construction and major 
renovation

Core climate resilience 
tool

POE Platforms Post-occupancy performance 
measurement and feedback

All sectors; especially valuable 
for learning and health 
settings

Verifying climate & 
wellness outcomes

11. Conclusion: Strategic Space Planning for a Changing World

Space  planning  is  a  strategic  discipline  that  integrates  people,  mission,  investment,  and 
increasingly,  planetary context.  When executed effectively,  it  could ensure that  every dollar 
invested in facilities leads to improved services, enhanced learning outcomes, superior patient 
care, and stronger communities.

The convergence of two forces global warming and global population change is making the case 
for rigorous, forward-looking space planning more urgent than ever. Buildings designed and built 
today will still be in use in 2075 and beyond. The average public school building in the United 
States is 49 years old (NCES, 2024), and some of them have not been closed. So, on average, 
schools are greater than 50 years old, with many over 100 years old, and are elementary, middle, 
and high school facilities that were built in the 1800s to 1900s. By that time, the world will have 
added billions of urban residents, average temperatures will have risen measurably, and the 
frequency and severity of  extreme weather events will  have increased across every region. 
Organizations that plan their facilities today without accounting for these realities are not being 
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fiscally responsible; they are deferring costs to a future generation that will have fewer resources 
and less time to address them.

The K–12 sector illustrates, with particular clarity, how space planning works at its best: a diverse 
team of  stakeholders,  led by a  skilled planner,  combining quantitative  analysis  with  human 
judgment to produce a plan that is technically rigorous, contextually appropriate, and broadly 
supported. This is the model that every sector should aspire to. Government agencies, hospitals, 
and  universities  that  embed  the  same  disciplines  comprehensive  data  collection,  genuine 
stakeholder engagement, scenario-based analysis, climate resilience integration, and regular 
plan refresh will consistently outperform those that do not.

Technology is a powerful amplifier of this process. AI, digital twins, GIS, IoT sensors, and climate 
simulation  tools  can generate  insight  and evaluate  options  at  a  speed and scale  that  was 
impossible a decade ago. But technology amplifies judgment; it does not replace it. 

The planner who asks the right questions, validates the data, listens to the community, and 
exercises professional expertise in interpreting what the tools produce will always be the most 
essential element in a successful space planning engagement.
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