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Abstract
Housing systems are increasingly understood as complex,
interconnected systems shaped by economic, social, techni-
cal, and regulatory forces. Despite growing awareness of this
complexity, outcomes across the housing sector remain in-
consistent. Some housing builders develop innovative best
practices and thrive despite increasing regulatory burdens,
while others seem to be disconnected from these advances
and cannot adapt their businesses accordingly. We suggest
that the core challenge is not a lack of knowledge, but the
difficulty of translating knowledge into consistent decisions
across the lifecycle of a building project. Drawing on prior
work in system dynamics, recent research on data supply
chains, and advances in construction informatics, we explore
the gap between understanding housing systems and opera-
tionalizing that understanding in practice. We propose that
a building systems-first, decision-centered perspective is re-
quired to bridge this gap and improve outcomes in building
delivery.

Introduction
The housing system is widely recognized as a complex adap-
tive system in which outcomes emerge from the interaction
of economic, social, technical, and regulatory factors. In re-
cent years, significant progress has been made in identifying
best practices for improving housing performance, including
energy efficiency, emissions reduction, and construction in-
novation. However, despite this growing body of knowledge,
project outcomes remain inconsistent.

This discrepancy suggests that the central challenge fac-
ing housing systems is no longer solely one of knowledge
generation, but of knowledge application i.e., how to apply
the right knowledge for a specific project at the right time.
While research, policy, and industry have converged on vari-
ous solutions, these solutions are not consistently realized in
practice. We examine the structural reasons for this gap and
explore how a whole systems-oriented approach can support
more reliable decision-making in building practice.

From System Dynamics to Housing Practice
Prior work (Khan 2021; Marzouk and Hosny 2016; Dia-
nati and Ryan-Collins 2023) has explored housing systems
using system dynamics modeling, demonstrating how vari-
ables such as housing supply, population growth, financing,

and investment interact through reinforcing and balancing
feedback loops. Rather than treating housing outcomes as
the result of isolated decisions, this approach frames them
as emergent properties of interconnected systems.

These systems can represent historical data and can model
scenarios of future outcomes based on specific policy inter-
ventions (Future Cities Institute 2026; Urban Data Research
Center 2026; Urban Predictive Analytics Lab 2026). To val-
idate that these outcomes can be realized, they need to be
based on mature data sets of high quality (Fox, Gajderow-
icz, and Lyu 2025) and must be connected to construction
supply chain data, in the future, as that field matures (Josa
and Borrion 2025).

This perspective reveals a key limitation in current policy-
making and research, specifically that data-driven economic
forces are not modeled in practice by governing bodies and
research to connect these models to construction innovations
is not available.

The Implementation Gap
Even when best practices are well understood, their im-
plementation is often inconsistent. For example, in en-
ergy retrofit projects, technologies such as heat pumps are
widely recognized as essential components of decarboniza-
tion strategies. However, these systems may not be properly
sized or integrated, due to gaps in information, communica-
tion, or coordination among stakeholders.

Had this process been reversed, where building systems
had been specified based on energy modeling and the pro-
curement of code-compliant components had been deter-
mined up front, these best practices could help optimize
costs and minimize downstream failures.

The Innovation Paradox
The adoption of innovative building systems introduces a
recurring paradox. To implement new technologies, project
teams must verify that products are compliant with building
codes, meet local by-law requirements, are available within
regional supply chains, and can be maintained over time.
When this analysis is delayed, projects often encounter late-
stage redesign or must accept low performance outcomes,
resulting in schedule risk and increased cost (Paulson 1976).

This dynamic reflects a broader structural issue: innova-
tion is constrained not by a lack of ideas, but by the diffi-
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culty of aligning regulatory, technical, and logistical consid-
erations early in the design process.

Top-Down Goals and Bottom-Up Decisions
As a best practice, a building systems-first strategy suggests
that these challenges can be mitigated by integrating top-
down goals with bottom-up feasibility analysis. Top-down
goals, such as costs, emissions targets, or performance re-
quirements, define desired outcomes, while bottom-up anal-
ysis ensures that these outcomes are achievable within real-
world constraints.

Early identification of viable materials, systems, and
equipment can reduce uncertainty in specification and pro-
curement, thereby lowering costs and improving delivery
timelines. This approach reframes decision-making as a con-
tinuous process across phases, rather than a sequence of iso-
lated steps.

From Data to Decisions
The increasing availability of urban and building-scale data
presents new opportunities to better understand housing sys-
tems. However, recent work on Canada’s AI strategy high-
lights that data alone is insufficient. Instead, the develop-
ment of structured data supply chains is required to trans-
form raw data into actionable insight (Sen 2026).

In the housing domain, data exists across multiple
sources, including design models, product specifications,
building codes, and operational data. Yet these datasets are
rarely integrated in ways that support consistent decision-
making. Froese et al. have demonstrated pragmatic ways
to integrate relevant data sets at the building level using
Building Information Modeling (BIM) to support integrated
decision-making across the building lifecycle (Froese 2010).
In an academic context, Gerber et al. propose the extension
of the digital twin concept to foster data-driven building re-
search in a living lab paradigm (Gerber et al. 2025).

BPiBS’s Collaborative Intelligence Vision (CIV) repre-
sents an important step toward addressing this challenge by
combining large language models with structured ontolo-
gies and graph-based knowledge systems. To close the loop,
these best practices could result in data sets, or data streams
from digital twins, that could act as new validation inputs for
knowledge integration, or as characterized data sets into the
CIV graph database.

Leading with Innovative Building Systems
The central challenge, therefore, is not only to align knowl-
edge across the housing system, but to ensure that this
knowledge is optimally applied in practice based on project
context. This requires a shift in perspective from viewing
knowledge as static information to understanding it as an
active component of decision-making.

It should be expected that innovation in building systems
will continue and when new best practices replace previous
ones, or outcome data sets revise best practice knowledge,
the entire community can benefit immediately via the CIV
system.

Building the right housing can only be achieved when
starting from the right approved, available, and maintainable
building systems. By modeling the overall housing system,
and modeling the building systems performance within these
projects, evidence-based housing policy can directly benefit
the entire industry.
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