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ABSTRACT
This article reports on an ongoing academic and professional collaboration to develop and test computational, 
performance-based design methods, and to discover and develop design talent skilled in using them. We used 
the specific experiential, environmental, and economic challenges of mixed-use high-rise Living Building proj-
ects in Seattle as a context for exploration. We leveraged Perkins and Will’s Design Space Construction (DSC) 
performance-based computational framework, and University of Washington curricular initiatives. The collabora-
tion achieved several outcomes, including: advanced development of DSC Workflows and adapted them to the 
Living Building, high-rise, and University of Washington research contexts; explored how to teach these methods, 
and to apply them in the creative programming and form finding processes; discovered constraints and opportu-
nities in living high-rise building design spaces; and developed talent capable of executing these methods, and 
transforming our industry and organizations.
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1.0 INTRODUCTION
Building design processes are becoming more perfor-
mance-based, and computer-supported. In this context, 
how would you educate and organize teams to leverage 
computation to maximize design performance?

Clients and regulatory agencies are asking designers to 
meet a broadening set of more restrictive, sometimes 
conflicting environmental, economic, and experiential 
performance criteria. For example, the city of Seattle ad-
opted the unique Living Building Pilot Program (LBPP)1, 
which incentivizes aggressive energy and water-use re-
ductions, and the selection of healthy materials in ex-
change for additional height and floor area ratio (FAR).  
The city also developed the Housing Affordability and 
Livability Agenda (HALA) and Mandatory Housing Af-

fordability (MHA)2 program that requires developers to 
either build a certain number of affordable homes within 
their projects or make a one-time payment into an af-
fordable housing fund. The potential financial benefits 
and risks are driving the market for developers to more 
frequently ask architects to consider LBPP, HALA, and 
integrate more performance-based criteria into their de-
sign processes.

Design is an exploration and decision-making process. 
It starts with a constrained, but still infinite space of pos-
sible solutions. Designers work, within the resources 
they have available, to explore and reduce this space, 
making, and sometimes re-making decisions, until they 
discover a solution that satisfies objectives. Integrated 
performance-based design is a more iterative, collab-
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orative, and information-rich design process, targeted 
at meeting or exceeding specific environmental, eco-
nomic, and experiential performance criteria. Designers 
need to carefully define criteria, generate and analyze 
alternatives, weigh and interpret this data, and make 
many interrelated decisions. Those teams who can do 
this most effectively and efficiently will be able to create 
and search better design spaces, and discover better 
design alternatives.

Digital design technologies that facilitate performance-
based design generation and analysis processes are 
key components of integrated design. The software in-
dustry is actively creating tools that can help architects 
generate spaces of design alternatives, and analyze 
how well these designs meet various performance met-
rics. It is possible to model and receive feedback on the 
energy, daylight, thermal comfort, acoustics, view, cost 
and other implications of a design decision. In the previ-
ous issue of this journal, Aksamija and Brown reviewed 
many of these technologies, and their ability to integrate 
with parametric design software3. 

However, industry and academia have pretty much left 
design teams to their own devices when integrating 
these tools and metrics into professional decision-mak-
ing processes. In practice, architects often give analysis 
functions to consultants, and delay applying them until 
later stages of validation to keep process costs low. Even 
when consultants and designers are on the same team, 
technical, transactional, and contractual barriers inhibit 
efficient construction and exploration of performance-
based design spaces. The LBPP and HALA constrain 
the design space to assure solutions are environmen-
tally high performing and socially responsible. They 
do not address all of the economic and experiential 
factors of design. Large-scale commercial and institu-
tional projects are complex, fast moving, and each is 
unique in some way. Project teams therefore need to 
flexibly formulate, sequence, and iterate through design 
spaces and make and communicate decisions quickly. 
The formulaic nature of computation often conflicts with 
the desire to be novel and flexible. Project teams need 
methods to more efficiently communicate about and 
integrate performance goals, generate, analyze, and 
explore design spaces of alternatives, and make and 
communicate multidisciplinary, performance-based de-
cisions.

To address this need, Haymaker, Bernal, et al.4 synthe-
sized Design Space Construction (DSC)—a framework 
of processes and tools that support teams to construct 
and explore Design Spaces. Design Spaces are models 

that capture and relate the important information in a 
decision including the teams, objectives, alternatives, 
impacts and value. DSC implements Design Spaces 
with visual scripting environments to allow teams to flex-
ibly connect and adapt processes that help them con-
struct and explore unique design spaces. Perkins and 
Will is actively testing the framework and infrastructure, 
through iterative development and validation in profes-
sional projects and university classes. The challenge 
is now training designers to use these methods, and 
understanding how to deploy them most efficiently and 
effectively. This begins, at least in part, with how we 
educate architects. 

Deutsch5 asks: “Should working with data be introduced 
into the college curriculum? Or will there be better re-
sults and increased impact if those in the profession 
and industry address data use in practice?” A reason-
able concern is that young designers may get so used 
to working with data that they could miss opportunities 
to develop and exercise critical thinking. Understand-
ing how best to integrate performance analysis into ar-
chitectural curriculum is an active area of inquiry. Sev-
eral new topics emerge including building performance 
simulation, integrated design process methods, and 
interdisciplinary collaboration. Some universities are 
exploring applications of rigorous performance-based 
design optimization methods in seminar courses6,7, 
but serious application of performance-based tools in 
the design studio remains relatively uncommon. Digital 
analyses are generally relegated to support courses in 
the environmental controls, structures, computation, 
or materials and methods areas of the curriculum. It is 
largely up to individual students to transfer and apply 
the knowledge and design methods from these other 
courses to their design project in the studio.

In a reflection on teaching a studio that included struc-
tural engineering students as core design team mem-
ber, Nichols8 discusses the integration of “engineering 
thought” with “architecture thought”, using Bloom’s 
Taxonomy9 to identify levels of thinking at the intersec-
tion of analysis and synthesis. Different strategies for 
the integration of this knowledge emerge. Some es-
tablish consultancy-type, collaborative relationships to 
include engineering thinking into the design process 
through subject matter experts in allied disciplines10. 
Others explore teaching the use of simulation tools by 
architecture students themselves11. Gallas12 discusses 
advanced integrative design methods incorporating 
analysis, implementation and experimentation phas-
es—adapted to pedagogical architectural design con-
text.  
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Oxman13 hypothesizes that a unique and distinctive 
model of creativity and innovation called Parametric 
Design Thinking (PDT) is emerging. PDT is an evolu-
tionary process of explorative design of the parametric 
schema. The evolution from typological thinking to to-
pological thinking in creative design, she argues, is one 
of the most distinctive changes in design thinking in 
the design disciplines. Deutsch concludes, supported 
by multiple interviews with leading technologists from 
practice, that the need for more emphasis and re-
search in academia on this question. This understand-
ing comes down to not only how, but also when, one 
becomes prepared to integrate data in a way that ef-
ficiently informs and optimizes design decisions.

To explore the emerging computational and perfor-
mance-based paradigms our industry is grappling with, 
the University of Washington Department of Architec-

ture and Perkins and Will teamed with developer Martin 
Selig Partners, consulting engineer WSP, and faculty 
in the University of Washington’s Department of Con-
struction Management to deliver a research studio and 
linked seminar aimed at confronting these curricular 
and project delivery challenges. First, we describe the 
emerging performance-based design practice context 
that motivates this work. Next, we introduce the Perkins 
and Will DSC platform, and its adaptations to the Seattle 
high-rise context. We then outline the UW curriculum 
and the creation of research-based seminars and de-
sign studios to teach and explore performance-based, 
computer-enhanced design processes. We describe 
how students defined, managed and explored design 
spaces to inform creative processes and decisions like 
those shown in Figure 1. The article concludes with im-
plications for practice and research.
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Figure 1: Student design using performance concerns to shape the building form. (Image: Elham Soltani, Xiaoxi Jiao, Farhana 
Haque).



2.0 PERFORMANCE-BASED DESIGN PRACTICE 
The LBPP has the opportunity to drive architectural 
design firms toward a performance-based design prac-
tice. With an increased awareness in the development 
community of the potential to gain additional height and 
FAR there is great value for developers to team with ar-
chitects who are able to assess quickly the viability to 
pursue the LBPP and collaborate with contractors and 
consultants to provide performance and cost metrics. 
The emerging generation of developers who value the 
economic and environmental benefits of sustainable 
design will increasingly be looking for architecture firms 
that are advancing their practice to integrate perfor-
mance-based design. 

The building market in Seattle is currently experienc-
ing a significant growth of new construction attracting 
developers from the around the world. While the LBPP 
provides incentives for developers, the project schedule 
frequently requires a fast track design and construction 
timeline. Developers and design teams also weigh their 
decision-making processes to avoid unknown factors. It 
is critical that the design process quickly and accurately 
assess opportunities for complying with the LBPP. Cur-
rently, most design teams do not have the resources nor 
software tools to provide the necessary analysis within 
the limited time available.

The complexity of the decision making process is com-
pounded by the fact that there are alternative paths 
of compliance to be evaluated for complying with the 
LBPP. These compliance paths have requirements 
from both the Seattle Department of Construction and 
Inspections (SDCI)14 and the International Living Future 
Institute (ILFI)15. SDCI requires that the energy use is 
reduced 25 percent below the Seattle energy code and 
that all non-potable water uses such as toilet flushing 
and irrigation come from non-potable water sources 
such as storm water or treated greywater. ILFI requires 
that the project achieve Petal Certification for the Liv-
ing Building Challenge. This entails achieving three of 
the seven following categories: Energy, Water, Materials, 
Place, Beauty, Equity, Health and Happiness. One of 
the three needs to be either Energy, Water, or Materials. 
The selection of the optimal compliance path requires 
an analysis based on the specific site and building pro-
gram.

As the construction industry fluctuates between periods 
of rapid growth and recession, it is critical for architec-
ture firms to strengthen those aspects of their practice 

that will continue to provide benefit to clients when 
there is heightened competition for limited projects. For 
example, providing a client with the solar potential of 
their site and multiple energy efficiency measures for 
reducing utility costs could be a differentiator in an in-
terview and separate the firm from their competition. 
The more quickly and accurately design teams can cal-
culate the metrics, the more widespread these services 
can spread throughout the practice. Current practice, 
based on a fragmented delivery model and ineffective 
use of technology, is not meeting this challenge. De-
sign teams do not clearly define or effectively explore 
high-rise design spaces16. Arguably, the most resilient 
and successful design practices in the long term will 
be those that invest in and advance their performance-
based design practice.

3.0 DESIGN SPACE CONSTRUCTION
Perkins and Will is researching methods to enable 
teams to construct and explore better design spaces, 
and to understand how these methods impact the de-
sign process and outcome. To address these questions, 
the firm developed the DSC framework. Synthesized 
from concepts in design and decision theory and com-
putational design methodologies, DSC guides teams 
through an integrated set of decision-making pro-
cesses. Problem Formulation–where Decision Makers 
assemble teams and establish objectives and process; 
Alternative Generation–where Designers create a space 
of alternatives; Impact Assessment–where Experts un-
derstand, environmental, and economic performance; 
and Value Assessment–where Decision Makers weigh 
priorities and analyze information to make and commu-
nicate decisions. Figure 2 describes the process sup-
ported by the DSC framework, which Haymaker et al.4 
define in detail.

The goal of DSC is to help a team construct and ex-
plore a Design Space. Figure 3 illustrates much of the 
information contained in a Design Space, described in 
a Parallel Coordinate Plot17. Built to support a particular 
decision, it contains the teams involved in a decision,  
the (environmental, economic, and experiential) objec-
tives to be considered, a list of the alternatives (some-
times in the thousands), important design variables that 
characterize those alternatives, and the performance of 
each alternative on each objective. These numbers can 
be combined and weighted to reflect a Stakeholder’s 
values. In this way, it is possible to order all alternatives, 
from worst to first from that Stakeholder’s perspectives.
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Figure 2: DSC formalizes a set of concepts and processes to help design teams construct and explore Design Spaces.

Figure 3: A Parallel Coordinates Plot describes much of the important information and relationships in a Design Space.

In more detail, the DSC methodology begins by guid-
ing student and professional design teams to build their 
organization, and formulate the problem. In the con-
text of this Seattle high-rise, this means understand-
ing the potential residential, office, and commercial 
occupants that the developer and project teams seek 
to serve. They then identify the Gatekeepers, including 
key members of the city of Seattle planning and build-
ing departments, and the International Living Futures 
Institute. They also determine who the specific Deci-
sion Makers are who represent the developer client’s 
interests. The Designers then work with the Stakehold-

ers, Gatekeepers, and Decision Makers to identify the 
appropriate objectives and metrics, such as energy use 
intensity (kBtu/ft2-yr), illuminance (lux), and operating 
income ($/month). They further work with the team to 
understand constraints and relative priorities for these 
objectives. Next, the Designers identify the decisions 
they need to consider, the sequences of those deci-
sions, and plan and document the processes needed to 
construct and explore the Design Spaces. Building on 
this knowledge, they set about exploring alternatives for 
each decision. For example, they may first explore dif-
ferent percentages of residential, office, and commer-



cial program, focusing on potential operating income 
within the planning constraints. They may next explore 
different masses of preferred program percentages on 
the site, refining the financial analyses, while beginning 
to understand energy and experiential performance 
such as views and access to amenities. Finally, they 
can generate a new Design Space to explore different 
ranges of window-to-wall ratios and wall constructions 
on a few selected masses and programs. They further 
refine the financial and energy analyses, while explor-
ing daylight, views, and other objectives. With each of 
these Design Spaces, they may use a “design of ex-
periments” method to reduce the number of alterna-
tives they simulate, and a statistical analysis method 
to understand the driving parameters. They can also 
construct value equations that weigh Stakeholder’s ob-
jectives, and order alternatives from best to worst with 
respect to these priorities. They finally visualize these 
Design Spaces using a Parallel Coordinates Plots and 
other data visualization approaches that help students 
understand trade-offs, and optimize and clearly com-
municate the rationale for their design decisions. De-

sign teams may include uncertainty about any of this 
information, or probabilistic ranges, rather than specific 
values, for any of the performance or preference data. 
However, quantification of uncertainty adds a level of 
complexity that design teams often struggle to incorpo-
rate into their decision-making processes. 

We implement DSC using an extensible computational 
infrastructure based on a systems integration approach. 
This infrastructure includes visual parametric modeling 
technology (Rhino & Grasshopper) for automatic gen-
eration of alternatives, and management of the compu-
tational process. It relies on open-source plugins (Hon-
eybee and Ladybug for energy and daylight), Bespoke 
algorithms (for view and cost) performance, and statisti-
cal analysis (R). It uses web-based resources (Google 
Docs, Design Explorer) that selectively upload, share, 
and visualize data across systems. This infrastructure 
helps teams organize and define the objectives and 
parametric ranges of alternatives, and automates the 
generation, analysis and visualization of the Design 
Space.
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Figure 4: DSC impact analysis implementation developed for this collaboration.
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Perkins and Will has iteratively developed and validated 
DSC through university classes and professional proj-
ects over the last three years, adapting the framework 
to include new building types, and creating new design 
generators and analyzers18. Validation included ethno-
graphic-action methods to iteratively develop, test and 
improve the methods on multiple project contexts. A 
survey with advanced computational design students 
and professionals provided evidence that the DSC 
framework did help project teams construct and ex-
plore better Design Spaces. Perkins and Will and the 
University of Washington decided to explore the con-
vergence of the City of Seattle and Perkins and Will’s 
Seattle office’s burgeoning high-performance, high-rise  
building experience, Perkins and Will’s DSC framework, 
and the University’s deep expertise in integrated design 
research and education, to explore how Design Spaces 
might impact the teaching and design of living high-rise 
buildings.

Figure 4 elaborates the impact analysis section of Fig-
ure 1 to show the analyses processes that we provided 
to students. We provided a series of building generators 
that allowed student to create single floor plans or en-
tire building massing, and connected these to analysis 
engines. Finally, we provided Design Space visualiza-
tion tools that helped students visualize and analyze the 
information in the Design Space to support decision-
making. 

4.0 THE COURSEWORK: LBC HIGH-RISE RESEARCH 
AND DESIGN SERIES     
The seminar-studio course linkage serves multiple pur-
poses. In the context of a ten-week design studio, the 
time required to robustly investigate design frameworks 
and establish performance targets tailored to specific 
project typologies; and to contemplate appropriate 
tools and methods, severely limits time for design and 
synthesis. By dedicating an entire quarter to gathering 
and compiling resources, students were able to con-
duct a deep investigation of key design and outcome 
parameters without the pressure of immediately incor-
porating partial or incomplete findings into an active 
design project. Further, students in the design studio, 
after a briefing from the research seminar team, were 
equipped with tools and data to begin synthesis and 
evaluation immediately, rather than data gathering and 
tool selection. Studio participants were required to carry 
the same set of performance targets and baselines for 
energy, cost, materials, etc. through the duration of stu-
dio, to make comparisons between proposed project 
concepts and design alternatives possible.

The seminar-studio structure integrated the high-per-
formance buildings, economic, and human experi-
ence research from the participating university and 
practice-based research labs into the coursework. It 
also fostered interdisciplinary engagement in the stu-
dio, and strengthened collaborations among students, 
faculty, and professionals. The seminar and studio 
served as a laboratory to test tools and methods, and 
to evaluate outcomes that identify critical opportunities 
to overcome technical and financial barriers to high-
performance buildings in urban Seattle and elsewhere. 
The collaboration was framed around specific Perkins 
and Will project site contexts seeking Seattle’s LBPP 
and HALA, which presented very real and current in-
formation about existing conditions, zoning and code 
requirements, comparable revenue expectations, and 
construction cost. DSC was presented as a framework 
to both seminar and studio as a methodology to support 
formal design and decision-making process.

4.1 The Research Seminar
The seminar explicitly developed the groundwork for 
the advanced design studio and the design of a mixed-
use urban mid- to high-rise building. While aimed at 
students entering the post-professional HPB program, 
it was open to students in the professional MArch and 
the MS Design Computing program, as well as students 
in allied disciplines. Although ideally students would 
take both the seminar and studio, the seminar was suit-
able as a stand-alone course for students interested in 
topics of sustainable design and building performance 
evaluation. We delivered the seminar through guest 
lectures, discussions, and directed investigations into 
specific topic areas. The research topic areas assigned 
to groups and individuals are included in Figure 5.

Perkins and Will steered students towards zoning en-
velope limits and considerations based on their expe-
rience evaluating the site for a real-world project pro-
posal. We limited potential program use-types to office, 
retail, and multifamily residential since energy targets, 
revenue expectations, and construction costs for these 
space types are readily available on a unit or square-
foot normalized basis for use in establishing project per-
formance baselines and targets. 

The deliverables included identification of the Stake-
holder’s and objectives for the project, illustrations and 
presentations of performance-based design and deci-
sion making processes, and a formal publication for ref-
erence and use by studio participants. Figure 6 shows 
an example of the objectives and metrics. Students also 
identified promising design strategies, and worked with 
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Figure 5: Assigned topic areas in research seminar.
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Figure 6: Required project evaluation metrics.

Figure 7: Screenshots from the computational infrastructure and tutorials provided to students for modeling and analyzing data. 
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Perkins and Will DSC consultants to modify the DSC 
scripts, shown in Figure 7, to adapt to the specific proj-
ect context.

Students in the seminar finally prepared a brief slide-
show overview of their topic area, a detailed written re-
port, and a shared folder with tools, resources, and data 
sets. Students presented this material at the end of the 
seminar, and again during the first week of the studio 
the following quarter.

4.2 The Studio
The studio pedagogy intended to integrate computa-
tional and performance-based thinking into building 
design and representational processes. An overarching 
theme was to investigate and document project per-
formance potential in attribute categories of economy, 
ecology, and experience; and to interleave empirically-
based evaluation with design synthesis based on val-
ue-weighted outcome goals. In both iterations of the 
studio the design project was a mixed-use tower (one 
in Seattle’s South Lake Union technology hub and one 
in Seattle’s Belltown Urban Center Village), shown in 
Figure 8.
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Figure 8: Project locations in Seattle, Washington for two successive iterations of the design studio.



We divided the ten-week academic quarter into a fast-
paced structure with five themes: one week of project 
definition; then two weeks each of design concepts 
and performance metrics, consultant collaboration and 
analysis (which were a series of technical workshops); 
synthesis and innovation, and finally, production and 
communication. To achieve the highest level of devel-
opment possible during the ten-week term, students 
were encouraged, but not required, to work in teams 
of two or three. We assigned each team a cost consul-
tant (from the Construction Management program) and 
a structural and life cycle assessment consultant (from 
Civil Engineering program). We directed all students to 
co-craft deliverables, and to establish and meet shared 
roles and responsibilities.

4.2.1 Design Space Construction Workshop
After a brief introduction to the studio, site, and program 
challenges, the students worked with Perkins and Will’s 
Research Labs to learn the DSC framework and meth-
ods, and to adapt them to the needs of their project. 
This began with a workshop that combined an introduc-

tion; a theory and a hands on experience with the visual 
programming-based parametric analysis script shown 
previously. Students used and adapted the DSC work-
flow throughout the studio to output performance data 
for design scenarios for comparative analysis. Figure 9 
illustrates that students also had tutorials for how to ap-
ply the scripts to the high-rise context, and access to a 
Perkins and Will computational designer to assist with 
formulating and troubleshooting computational tools 
during studio hours. These resources were available to 
enable students to focus on testing design alternatives 
and conducting synthesis activities rather than spend-
ing time in the mechanics of the quantification tools.

Students were then asked to develop four concept-level 
programmatic briefs for their project and preliminary 
massing diagrams for site around the parameters of 
experience, ecology, and economy using the zoning 
guidelines and performance criteria baselines derived 
from data provided from the seminar course. Per City 
of Seattle requirements, each project provided a retail 
base, and preserved an existing historic “character” fa-
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Figure 9: Screenshots from the computational infrastructure and tutorials provided to students for modeling and analyzing data.
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cade of the existing building on site. At the outset of 
the studio, the project program remained undefined. 
Students were asked to construct and explore a De-
sign Space that explored a program mix of retail, office, 
and residential to optimize building height and leasable 
area, number and type of dwelling units, sustainability, 
and qualitative concerns within the site and zoning en-
velope. 

The establishment of the building scale and program-
mix was the first of several opportunities for the stu-
dents to utilize DSC. The relatively simple program al-
lowed students to examine how various building sizes 
and programmatic configurations affected their resul-
tant building’s likely cost, energy consumption, water 
use, and revenue; and to identify the critical challenges 
associated with meeting the LBPP framework. Figure 
10 shows one student group’s proposals aimed at dif-
ferent priorities for maximizing their goals.

We also asked students to create a “preferred” option 
that integrated the best of each scheme as they saw 
it, and to report approximately twenty key metrics for 
each option in the second week of the studio. Figure 
11 shows another student group’s proposal, with values 
plotted in the Parallel Coordinates Plot, and normal-
ized for easier relative comparison. Students presented 
these proposals, to a group of building owners, archi-
tects, and developers for their feedback. Based on this 
feedback, each group derived one range of alternatives 
to carry forward into a series of weeklong technical 
workshops focused on energy, facade design, water, 
materials, and information communication design. 

The structure of the Seattle LBBP requires each project 
to achieve full compliance with one of the three most 
technically challenging LBC “Petals”: zero-net wa-
ter, zero-net energy, or meeting the materials “Petal.”  
These areas plus a facade design became the focus of a 
sequence of weekly technical workshops. The structure 
of these workshops included a Monday guest-lecture 
and hands-on workshop, Wednesday desk crits and 
simulation assistance, and a Friday pin-up and review 
with practitioner subject-matter experts. During the Fri-
day session, students presented case studies and their 
own methods for representing performance data for key 
attributes of their project. In the final week before pro-
duction, we held a technical integration review aimed 
at synthesis of all of the technical sessions into Design 
Spaces that explored optimization and trade-offs of ob-
jectives.

4.2.2 Energy and Renewables Simulation Workshop
The energy and renewables workshop identified and ex-
plored the key variables that drive energy use intensity, 
peak heating and cooling loads, and opportunities for 
on-site renewable energy generation. At this stage, we 
asked students to test floor plate geometry, program mix, 
and window patterns to understand how choices either 
improve or diminish building energy performance. The 
DSC Grasshopper tool had been “pre-loaded” with typi-
cal energy consumption patterns and schedules for the 
primary program types. At this stage of design only ar-
chitectural components such as glazing, massing, and 
program type were subject to modification. This iso-
lated the energy-effects of architectural form decision 
making, which allowed students to see the interactive 
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Figure 10: Early massing studies to optimize various priorities. (Image: Erik Rostad, Amanda Weinstein).
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Figure 11: Student Design Space, with parallel coordinates plot of normalized data. (Image: Elham Soltani, Xiaoxi Jiao, Farhana 
Haque). 

impacts of heating, cooling and lighting while seeing 
whether those changes had an overall positive of nega-
tive impact on building energy consumption.

Concurrently, student teams explored renewable energy 
production potential. This included creating parametric 
ranges of horizontal photovoltaic (PV) area and/or solar-
thermal hot water required to provide for net-zero ener-
gy annual use of their massing and program concepts. 
They subsequently identified potential PV area on their 
designs, calculating the percentage of estimated annual 
energy consumption, and developing system diagrams 
shown in Figure 12. This exercise enabled students to 

test-fit the viability of achieving the Energy Petal for their 
various scenarios.

4.2.3 Water Design Workshop
The water workshop focused around three key objec-
tives. First students estimated the total annual gallons 
of harvestable rainwater falling on the building site 
area. Second students identified the anticipated water 
use intensity and total consumption for each program 
component. Third, the student teams calculated the po-
tential greywater production and consumption for each 
program type. This exercise allowed students to test-fit 
their project for achieving the Water Petal, and further 
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Figure 12: Energy analysis: reduction from baseline by energy use type with renewable supply. (Image: Katelyn Bristow, Erik 
Rostad).

Figure 13: Water analysis: Office residential greywater balance - non-potable production vs. use. (Image: Vy Nguyen).
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to identify synergies between each program typology 
potable water consumption, grey water production, and 
greywater consumption. They developed water system 
flow diagrams shown in Figure 13, and parametrized 
these into a Design Space. Though the LBC Water Petal 
requires meeting all water use through on-site captured 
rainwater, the Seattle LBPP requires all projects to use 
non-potable water uses (e.g. toilet flushing) are met 
with non-potable water. This requirement led several 
teams to size residential areas (which produce signifi-
cantly more greywater than they can use) to optimally 
serve office areas (which require significant greywater 
for toilet flushing).

4.2.4. Facade Development Workshop
The facade workshop synthesized energy concepts 
with goal setting for daylighting, views, passive ventila-
tion, and solar control to help students create a Design 
Space for shaping the geometry and location of win-
dows, shading devices, and exterior spaces. This used 
both the DSC Grasshopper parametric analysis tools 

and the quick facade evaluation tool COMFEN. Further, 
students identified facade case studies, cladding, and 
detailing methods for potential material choices. These 
studies targeted “typical” components of the project 
such as an office floor and a residential floor. Figure 
14 illustrates aspects of one student Design Space.  
These studies began to shape the visual character of 
the building enclosure.

4.2.5. Design Synthesis and Documentation
In the synthesis and innovation section of the studio, 
students used this analysis process and information 
about performance in a creative synthesis process in 
which they explored Design Spaces further, adding new 
decisions. For example, Figure 15 shows one student 
group’s process of iteratively understanding the perfor-
mance, and developing more detail in a sequence of 
steps. The early program analysis led them to identify 
where they could rotate different sections of the build-
ing to different orientations. These masses were then 
further faceted and warped to minimize incident solar 

Figure 14: Facade analysis: Window-to-wall ratio and energy impacts. (Image: Erik Rostad and Amanda Weinstein).
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Figure 15: Rotating and creating a faceted facade to optimize daylighting and energy use. (Image: Rachel Myers and Seemi 
Hasan).
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Figure 16: Student project renderings. (Image: Vy Nguyen, Atif Khwaja, Jeremy Smith, Katelyn Bristow, Erik Rostad, Elham 
Soltani, Xiaoxi Jiao, Farhana Haque)
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Figure 17: Parallel Coordinates Plot showing comparison of all students’ final projects across a selection of metrics.
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radiation in the summer, while maximizing it in the win-
ter. The forms were further modified for structural effi-
ciency, and then finally fenestrated to optimize daylight 
penetration.

We asked students to design and document their pro-
cesses for evaluating spatial, material, and formal de-
sign decisions based on empirical multidisciplinary 
performance criteria. Particular emphasis included 
collaborative project development and communication 
of performance intent, design and evaluation process, 
performance outcomes, and decision-making. Figure 
16 shows student representations of their designs. Fig-
ure 17 shows they provided final design data enabling 
comparison across schemes in terms of several input 
and output parameters defined by the instructors. Stu-
dents presented slideshows describing their Design 
Spaces, and discussing key decision-points, questions 
asked, and evidence supporting those choices, and de-
sign boards that communicated the architecture. Figure 
18 shows one student illustration of the experience of 
the internal space of their concept. They also reflected 
on the process, identifying new areas of research and 
development that can improve the financial, environ-
mental, and social impacts of the built environment.

5.0 CONCLUSIONS
Design practice is becoming more performance-based, 
and computer-driven. This article described a collab-

oration to create curriculum to meet the rising needs 
for new professionals who are conversant in a broad 
range of environmental, experiential, and economic 
metrics, and in the computational methods needed to 
find designs that maximize and balance performance. 
This collaboration included many stakeholders; includ-
ing students, professors, researchers, architects, en-
gineers, and developers—each looking to understand 
how to leverage DSC technologies to support better, 
faster, more performance-driven design decisions. In 
class surveys, one student remarked, “(the class) chal-
lenged us to think of the building as a system”.  Another 
said it “taught me to step out of my typical intuitive way 
of designing”. A third mentioned that she “came out 
of the studio having more confidence about building 
performance”. A consulting engineer was “surprised 
by the variety of design responses to the same prob-
lem”. A researcher described how they were pleased 
that it “brought together emerging tools and methods 
with real-world feedback”. The client called it “Brilliant. 
I have never seen anything like this”. This article con-
cludes with an analysis of the impacts on teaching and 
practice, and outlines lessons learned for future work. 

5.1 Impacts on Teaching  
The seminar and studio highlighted several challenges 
and opportunities for learning and teaching through its 
development and delivery. It tested the ways in which 
creative and computational work converge, helping 
students leverage quantitative data to inform and de-
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Figure 18: Student project renderings. (Image: Elham Soltani, Xiaoxi Jiao, Farhana Haque).
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fend design intention, while identifying and develop-
ing both the analytic and synthesis skills needed for 
performance-based, computationally-informed design 
processes.

One concern raised early on by students was that by 
using empirical methods to define program, massing, 
scale and other building components, all of the build-
ings in the studio would come out very similar—that 
we had essentially structured the studio as a “math 
problem” with a single solution. Ultimately, this was not 
the case. In fact, as students overlaid different value 
systems (e.g. economy, ecology, and experience), the 
range of building sizes, shapes, and material expres-
sion was highly varied. However, when students pri-
oritized residual dollar value, most buildings fared best 
when fully maximizing the zoning envelope.

We required students to clearly define their project 
goals, generate measurable results, and use both com-
putation and intuition to test design ideas to drive to-
ward optimization. A recurring challenge with this ap-
proach was to continue to track building performance 
outcomes across a range of attributes and metrics 
through the very fluid early stages of the design pro-
cess. Each student team ultimately gravitated toward 
different project goals and establishing a “story” for the 
project, which seemed to be a way to keep progress 
on track. The DSC tool enabled the tracking of perfor-
mance metrics, but the stories that students told about 
the people who would use the building, or the idea of 
how it could serve critical social functions, were crucial 
organizing structures that drove toward a meaningful 
piece of architecture.

Commensurate with the short quarter and the relent-
less pace of developing a large complex building from 
program to schematic design-ready building proposal 
in ten weeks was a challenge. The students who had 
the most success tended to be able to effectively set-up 
simulation questions, quickly make decisions based on 
the output, and then synthesize that information into a 
design framework. Where students struggled most was 
in the management and prioritization of information. Of-
ten an effective strategy was, when evaluating a range 
of options, to identify variables where there may be 
some difference, but that in the bigger picture were not 
meaningful, and to eliminate those from the explora-
tion. This had the beneficial effect of requiring students 
to use critical decision-making to identify where archi-
tectural or behavioral changes truly “moved the needle” 
in terms of performance, and where the false precision 
of a few decimal points difference, was not a meaning-

ful distinction. This is an area where the outcome of the 
research seminar was beneficial. Students in the studio 
could reference similar project attributes and outcome 
ranges to calibrate whether their results were in the 
ballpark, way off, or where they might exclude certain 
metrics from a decision-making process.

Given more time, we would include more opportunities 
for iterative feedback loops and open-ended search for 
synergies. However, the speed required to bring the 
project up to expected level of resolution served to fo-
cus the effort, and is a reasonable approximation of the 
stresses of professional practice.

Constructive feedback from students came in a few key 
threads. The main one was that there were too many 
subject matter experts coming at them, and that it was 
overwhelming to take in all of information provided.  
Further, the students felt as though they did not have 
enough unstructured “design time” with informal desk 
crits and time to work in studio. In the second offering 
of the studio, we eliminated the materials workshop in 
favor of more unstructured time so that the students 
could focus on how performance metrics can drive 
their design. In both iterations of the studio, a practic-
ing computational designer was available during studio 
time to assist with troubleshooting and to provide tech-
nical guidance on developing and executing simulation. 
Students universally praised this valuable asset to the 
studio.

Curriculum engagement serves several purposes for 
each type of participant. The students learned emerging 
performance-based design methods from and experts 
in key areas of building performance and simulation.  
For the design firm, participation in the development 
and delivery of the curriculum enabled the firm to: vali-
date and test the workflows in a project-based setting;  
advance these workflows in collaboration with student 
and researcher perspectives; produce case studies 
and data in how new modes of practice can apply to 
projects; and, evaluate and recruit prospective profes-
sionals. The faculty and university were able to test a 
new research-studio model in advance of changes to 
the larger curriculum. 

5.2 Impacts on Practice       
The collaboration is having an impact on practice by 
influencing the training of the students we hire, testing 
and advancing the tools we use in a low risk environ-
ment, and using the data to better understand the de-
sign problems we face. 
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The studio provided an ideal environment in which a 
group of students and professionals can get to know 
each other. Students had the opportunity to engage in 
the context of an actual project, and understand the 
issues that are most relevant to a design firm and their 
clients and consultants. The design firm had the oppor-
tunity to see how adept students are with tools and anal-
ysis, how well they work with colleagues and how gifted 
they were at synthesizing interesting design spaces.

The collaboration also provided the opportunity to test 
and advance DSC workflows. Students are more tech-
nology savvy, curious, and do not know what they do 
not know. They are more willing and able to engage in 
testing prototype tools, and trying new things. The col-
laboration helped us adapt the workflow to address the 
high-rise building typology more specifically. For exam-
ple, we added building generators geared towards mod-
eling single floors, as well as entire building massing, 
and modified the analyses to be able to process these 
forms in acceptable time. The students also advanced 
these workflows, for example, prototyping a construc-
tability analysis module, and proposing ways to better 
assess team performance while constructing Design 
Spaces19.

The work in the studio has helped us develop the con-
fidence in the DSC workflow to begin to apply it into our 
practices. We have built Design Spaces for our clients 
that explore a wide range of building typologies, in-
cluding schools, residences, hospitals, and high-rises, 
and helped answer questions about the siting, mass-
ing, envelope, and articulation of these building types. 
Through delivery of this curriculum, we are more confi-
dent in the power of the DSC process to support the cre-
ative process. Student results varied broadly depending 
on the goals they chose to prioritize and the strategies 
they chose to explore. 

Finally, the work is beginning to inform the industry 
about high performance building. The client benefited 
by being presented with a wide range of innovative de-
sign solutions on their project site that complied with 
the LBPP triggering the incentives for additional height 
and floor area ratio. When we work with Design Spaces, 
we begin to get a better picture of the design problems 
we are facing. The case studies provided us with evi-
dence about the constraints associated with complying 
with the Living Building Pilot Program. For example, 
the project needs to pursue at least one of the follow-
ing petals, which all have specific challenges: Energy, 
Water, or Materials. The Energy and Water petals rely 

on the rooftop as a resource for using solar panels to 
generate electricity and surfaces for collecting storm-
water. For buildings that are more than seven stories, 
the relatively small size of the rooftop compared with the 
building area is proving to not be sufficient. For projects 
over seven stories, they are left with either the Materials 
Petal or use the ILFI Offsite Renewables Exception to 
meet the Energy Petal by “scale jumping” and providing 
solar panels both onsite and offsite. The Materials Petal 
requires complying with the ILFI Red List to avoid using 
harmful chemicals in the building materials. In addition 
to being a significant effort by the design and construc-
tion team, the current estimate is a 10 percent increase 
to the total construction cost. This cost premium will 
likely go down over time as the industry certifies more 
building products with the ILFI Declare program build-
ing. Additional resources such as the Perkins and Will 
Transparency List are also helping to drive the build-
ing industry toward healthy materials which will create 
more competition and drive the costs down.

Another finding from the Design Spaces for these case 
studies is that the combination of residential and office 
in a mixed-use building helps meet the LBPP water re-
quirement of providing non-potable water for non-po-
table uses. In other words, the water for toilet flushing, 
irrigation, and cooling towers needs to come from cap-
tured rainwater and treated greywater from sinks and 
showers. The greywater from the residences, mostly 
showers, helps balance the needs for toilet flushing in 
the offices and any irrigation needs. 

The Design Spaces were also analyzing the financial 
metrics associated with complying with the ecological 
requirements of the LBPP. Because the case studies 
were in locations zoned for high-rise construction, in 
order to take advantage of the additional height and 
FAR, many of the projects analyzed how to maximize 
the leasable area. A deep floor plate, however, can have 
a negative impact on daylighting and natural ventilation 
cooling which makes it more difficult to meet the energy 
requirements. One of the findings from these Design 
Spaces balancing daylighting and revenue is that the 
distance from the building core to the perimeter glazing 
should be about two to three times the floor to ceiling 
height. Another finding related to thermal performance 
is the significant impact of the window to wall ratio and 
the benefit of finely tuning it for each of the elevations 
to maximize daylighting and views while minimizing un-
wanted solar heat gain and thermal loss through the 
glass.
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5.3 Future Work
The collaboration revealed many challenges and poten-
tial areas of future work related to how to form and train 
teams, how to define and manage objectives, how best 
to generate the alternatives, run analyses, and synthe-
size this information into creative, performance-based 
design processes.

Team formation is critical. The concepts of integrated 
decision making require in depth knowledge on many 
topics: computational design, performance analysis, 
data analysis are three domains that today’s typical 
architect is not familiar with, but needs to develop or 
get access to in order to execute the DSC workflow. In-
corporating additional domains, such as real estate to 
understand the lifecycle economic impacts, civil and 
construction engineering, and even neuroscience that 
helps us understand the human experience, would en-
able more informed design processes, but would also 
create additional coordination costs. In addition to this 
domain expertise, the studio revealed just how impor-
tant design synthesis skills are. Future work will explore, 
what skills are needed for performance-based high-rise 
design. It will also explore when is it better to teach de-
signers these skills, or to teach them to collaborate with 
those who possess them.

Objectives focus the process. While the metrics provid-
ed to the students adequately capture the requirements 
of LBPP, they lacked metrics to capture the first and 
lifecycle economic cost implications, as well as many 
experiential criteria that factor into decision making. 
Further students lacked a sense of hierarchy for un-
derstanding which metrics have the most importance 
for specific decisions. Future work will explore, what 
are the most relevant environmental, economic, experi-
ential performance criteria for these projects, and how 
best to measure them.

Performance-based design is about discovering high-
performing alternatives. Historically, designers have 
relied on precedent and intuition to identify the alterna-
tives and parameter ranges to explore. DSC results in 
a database of alternatives and their performance that 
creates the potential for the reuse of rationale devel-
oped for one design space in a similar context for a new 
design decision. Future work will explore, what are the 
most important decision variables in high-rise design, 
and how to rapidly generate promising high-rise build-
ing typologies and systems?

Design teams need fast and accurate multidisciplinary 
impacts. We still lack meaningful analysis processes for 
many experiential and lifecycle economic factors. Meth-
ods for natural ventilation, energy, and daylight analy-
sis, while advancing in terms of speed and accuracy, 
still require too much time for very large design spaces. 
Emerging circadian lighting analysis and occupancy 
simulation models promise to provide further informa-
tion about the human experience in space. Parallel 
cloud-based computing and statistical and machine-
learning methods promise faster analysis processes, 
and to reduce the amount of information that we need 
to simulate. Finally, performance-based design is full 
of uncertainties in the information. Design teams need 
more experience calculating and using uncertainty in-
formation in the Design Spaces they construct. Future 
work will explore how to increase the types, speed, and 
fidelity of the impact analyses processes to give design-
ers the right information more quickly.

Finally, design processes ultimately need to deliver 
value—to clients and to society. Performance-based 
design requires different sets of skills from traditional 
architecture. Future designers need to master the col-
laborative problem formulation skills of engaging stake-
holders and defining objectives, the analytical skills of 
doing performance and data analysis, and the synthe-
sis skills of sensing promising design spaces to explore. 
They need to learn to internalize many of these skills, 
while also learning greater collaboration skills to lever-
age skills of their team members. Ultimately, our work 
will continue to investigate how to train the next genera-
tion of talent to integrate emerging technical processes 
with design synthesis processes to maximize the eco-
nomic, environmental and experiential performance 
and value of their projects.
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