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Keynote speakers: 
DAY 1 | October 18, 2019
From Sustainability to Resilience – Preaching Outside the Choir
Nina Maritz Architects, Windhoek, Namibia Sponsored by the Jeffrey Cook Charitable Trust

[Bio]
–  
http://www.ninamaritzarchitects.com/  

DAY 2 | October 19, 2019
Redefining Design Excellence for a Climate Positive World
Marsha Maytum, FAIA and Bill Leddy, FAIA, LMSA, San Francisco

[Bio]
LMSA is a teaching practice committed to developing complete, well-rounded architects, leaders in the profession and effective global citizens. 
Recognizing no distinction between design and the other elements of practice, we encourage staff to become skilled professionals within an 
open office environment that promotes an educational transparency of purpose, process and action. LMSA received the distinguished national 
AIA Architecture Firm Award in 2017.

https://www.lmsarch.com/
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In Practice Panel:

DAY 2 | October 19, 2019
How Did You Get There?

OPSIS Architecture: Oregon Zoo Education Center, selected 2019 AIA COTE© Top Ten Award, honoree

Heather DeGrella,  Senior Associate & Alec Holser, Partner in Charge

[OPSIS Architecture]:
“We embrace our responsibility as designers to improve the environment through the well-considered intervention of our architecture.”

Our architecture formulates our client’s goals and aspirations into a compelling concept that is derived from the unique qualities of the 
program, site and context. We aspire to realize buildings that work, inspire and express beauty through construction, composition and form, 
materiality and craftsmanship with attention to detail. The design quality of Opsis projects has been consistently recognized with over 75 
regional and national design awards.
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Reynolds Symposium: 
We are at a critical transition in architectural education – a transition that must propel schools to address the urgency of the 
multiple challenges facing our current environment. The 2019 Reynolds Symposium: Education by Design engages this transition 
and provides an opportunity of how we can move forward, by asking faculty, practitioners, content experts, and students, to 
share exemplary, significant lessons, activities, and innovative work to inspire future leaders to shape zero carbon buildings and 
communities. 

Selected papers went through a blind, abstract, and full paper review process. They were selected for innovative pedagogical 
content related to teaching and learning for design studios, lectures, or seminar courses. Six parallel sessions included these topics: 
Design Integration, Design with Climate, and Digital Approaches to Design Education. A total of 26 peer-reviewed papers and 
posters were presented.

The Symposium took place on Friday, October 18, 2019, with an evening keynote and reception. On Saturday, October 19, 2019, 
another keynote, parallel sessions, in–practice panel, and a reception sponsored by the Society of Building Science Educators at 
the University of Oregon’s White Stag Building in downtown Portland, Oregon. 

Past symposia held at the University of Oregon include: The John Reynolds Sustainability Symposium in May 2015 to celebrate 
John’s work, influence, and contributions; in May 2017, Transforming Architecture: A Festschrift Event honored Professor G.Z. 
“Charlie Brown” and was organized by the Energy Studies in Buildings Laboratory (ESBL). 

The 2019 Reynolds Symposium: Education by Design is supported by the University of Oregon Reynolds Sustainability Symposium 
Endowment, the Society of Building Science Educators, the Jeffrey Cook Charitable Trust, the UO Technical Teaching program, and 

the UO Department of Architecture.
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Day 1  | Oct 18, 2019  [1.0 AIA LU/HSW]

3:00 – 5:00   Registration (Light Court Commons, White Stag Building)

5:15 – 6:30 Keynote: From Sustainability to Resilience – Preaching Outside the Choir
  Nina Maritz, Nina Maritz Architects, Windhoek, Namibia
   
6:30 – 7:30  Welcome Reception
Room 142/144

Day 2  |  Oct 19, 2019  [6.0 AIA LU/HSW]
8:00 – 8:30  Registration, Coffee + Carbs (Light Court Commons, 
  White Stag Building)

8:30 – 8:50  Welcome and Overview
Room 142/144

8:50 – 9:50 Keynote: Redefining Design Excellence for a Climate 
Room 142/144 Positive World, Marsha Maytum, FAIA and Bill Leddy, FAIA, LMSA, 
  San Francisco  

10:00 – 11:00 Session 1: Design Integration 
Room 152 Chair: Emily McGlohn, Auburn University

10:00 – 11:00 Session 2: Design with Climate
Room 142/144 Chair: Ulrike Passe, Iowa State University
 
11:00 – 11:30   Coffee

11:30 – 12:30 Session 3: Design Integration 
Room 152 Chair: Nancy Cheng (Head, Department Architecture), 
  University of Oregon

11:30 – 12:30  Session 4: Design with Climate  
Room 142/144 Chair: Walter Grondzik, Ball State University

12:30 – 2:00  Lunch

Schedule:
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2:00 – 3:00 Session 5: Design Integration  
Room 152 Chair: Siobhan Rockcastle, University of Oregon

2:00 – 3:00 Session 6: Digital Approaches
Room 142/144 Chair Sharon Refvem, FAIA, Hawley Peterson Snyder

3:00 – 4:00   Poster Presentations + Coffee 
Room 142/144 Chair: John Reynolds, FAIA, University of Oregon

4:00 – 5:00 In Practice Panel, How Did You Get There? 
Room 142/144 Oregon Zoo Education Center selected 2019 AIA COTE© 

  Top Ten Award, Opsis Architecture: 
  Alec Holser PIC; Heather DeGrella, Sr. Associate 
   
5:00 – 5:20 Closing Remarks
Room 142/144

5:20 – 7:00  Symposium Reception, Light Court Commons

Day 3  |  Oct 20, 2019  [1.5 AIA LU/HSW]

9:30 – 11:00  Oregon Zoo Education Center Tour (optional) 
  Meet at the Oregon Zoo Education Center, SW Zoo Road, Portland, OR 97221
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Design Integration

Sustainable or regenerative design strategies require the tight integration of technical and scientific knowledge about energy, 
materials, and water into the design process to iteratively approach high-performance design goals. Are new curricular structures 
emerging which address the shift in NAAB from comprehensive to integrative design-related education? Calling for innovative 
pedagogy or professional practice, this theme surveys the current integrative studio design pedagogy by asking the following 
questions:

 How is the integration of energy modeling, daylight simulation, and/or occupant behavior progressing towards integrative 
 design pedagogy?

 Are new pedagogical approaches emerging to integrate water conservation and waste management systems into the 
 design process?

 What are the new models of interdisciplinary education between architecture and engineering disciplines or landscape 
 architecture and urban design in this regard?

 

Design with Climate
In Design with Climate: Bioclimatic Approach to Architectural Regionalism, Victor Olgyay describes designing a “climate balanced” 
building that would provide for comfort while minimizing the need for mechanical systems. Olgyay’s bioclimatic approach heavily 
influenced the passive solar building movement, was incorporated into energy modeling software and became a cornerstone of 
building science education. However, the rapid advancement of climate change requires us to rethink applying Olgyay’s method-
ology. This theme asks:

 How does designing with climate need to shift to address a rapid change in climate?

 How does the content and pedagogy of a studio shift to integrate issues of climate-related equity, vulnerability, and   
 adaptation in addition to traditional integration of building systems?

 How do design studios accurately convey and address metrics of passive and/or active design?
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Digital Approaches to Design Education

Digital tools and methods have transformed design education, research, and practice over the last several decades. Tools 
and methods such as computer-aided design software, parametric modeling plug-ins, 3D printers, and immersive virtual and 
augmented reality, have changed the way buildings are designed. At the same time, the race to master, expand, and integrate 
new tools places constant pressure on the integration of new pedagogical approaches and can run the risk of valuing digital 
proficiency over design ability. To this end, this theme asks:

 How do analog and digital methods reinforce one another to create better architecture?

 How can digital tools allow us to engage in sustainable design education in new ways?

 With so many different approaches and methods, what defines digital design education?
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ABSTRACT 
 
Design integration brings discrete elements of the design together early and often to optimize 
performance outcomes, achieve greater efficiencies, and identify synergies. In practice, design integration 
often involves getting consultants, clients, and construction managers into the same room to inform and 
strengthen decision-making. As such, integrated design is the emerging gold standard of building design 
delivery and an approach that NAAB now requires accredited architecture programs to incorporate into 
curricula. However, architecture programs, as silos within their institutions, typically do not have ready 
access to diverse stakeholders and team members with specialized disciplinary expertise as seen in 
practice. Thus, the problem facing many architecture programs is how to simulate a “real-life” integrated 
design process in ways that prepare students for professional careers; require them to consider technical 
and practical considerations; and expose them to the benefits of holistic, integrated design outcomes. The 
US Department of Energy’s Solar Decathlon (SD) Design Challenge (formerly Race to Zero) provides a 
useful framework for encouraging and supporting architecture, engineering, and construction 
management students in developing design teams that engage: industry experts for feedback, community 
partners as clients, and students across departments. This paper describes the challenges associated with 
simulating integrated design in an architecture studio setting; the beneficial role that the SD Design 
Challenge plays in establishing a clear framework with specific design and performance criteria to guide 
students; and the experiences over a three-year period of a graduate-level comprehensive design studio 
with supporting technical electives in using the competition to encourage integrated design solutions.  
 
INTRODUCTION 
 
Design integration, integrated design, or other associated terms are now commonly used in architectural 
practice and education to describe conceptual and practical ways of working and designing that differ 
from traditional modes of working and designing and that aim to produce superior results. Design 
integration represents a paradigm shift in the design professions and is often touted as the emerging gold-
standard because of its focus on enhanced team collaboration and its superior capabilities in addressing 
complex design challenges. In the same way that terms such as “green design”, “sustainability”, or 
“parametric” are commonly used in design discourse, “design integration” is a now a ubiquitous term that 
can be difficult to define precisely. For the purposes of this paper, “design integration” and “integrated 
design” will be used interchangeably. 

Definitions 
 
To better understand design integration as an idea and a method, it is instructive to examine some 
common definitions. The word “design” can be defined as the process of making a plan, sketch, or outline 
of something that is to be made or built. In the profession of architecture, design is the process by which 
ideas and practical solutions to space needs are clearly described and documented. The word “integration” 
can be defined as the act of combining things into a new holistic thing (Green Building Alliance 2019). By 
themselves, the definitions of these words do not adequately describe why design integration is innovative 
or better. After all, architects have always combined or brought together ideas and considerations to 
inform or guide the design and layout of buildings. 
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Several technical definitions are, perhaps, more helpful. One posits that “an integrated design process 
interlaces the multiple disciplines that inform a building. A series of steps can provide an orderly flow to 
this dialogue, and the full and constructive participation of all members of the design and delivery team 
will ensure the best results” (WBDG 2016). Emphasis is placed on the connections and collaboration 
between different disciplines working on a design project to ensure improved results. The Green Building 
Alliance suggests that this is a “common definition” for design integration predicated on improved 
working relationships between team members. However, they also suggest an “enhanced definition” 
predicated on teams working on or around four specific areas of optimization (climate, use, overall 
building design, and environmental systems) to find synergies across disciplines that allow for better 
analysis of alternative strategies and benefit design decision making (Green Building Alliance 2019). One 
final addition to these definitions is necessary; design integration emphasizes design team member 
involvement early and often to achieve the most effective synergies. These synergistic opportunities often 
allow integrated design teams to better address complex issues including, but not limited to, building 
performance, sustainability, climate change concerns, and durability.  
 
The National Architectural Accrediting Board (NAAB) “develops and maintains a system of accreditation 
in professional architectural education.” They highlight integrated design in the criteria they establish for 
accredited architecture programs and require that programs demonstrate that students “have the ability 
to synthesize a wide range of variables into an integrated design solution” (NAAB 2015). The emphasis 
here is on addressing a range of variables in ways that produce an improved, holistic outcome. 
 
In addition to defining what design integration is, it is also helpful to describe what it isn’t. Traditional 
practice is predicated on disciplinary silos in which architects work quasi-independently from engineers 
or other consultants, construction managers, builders, etc. This design process involves various 
disciplines when—and only when—they are absolutely needed in the sequential design process. For 
example, HVAC systems may be considered a technical consideration that is addressed later in the 
process once the program and space planning is finalized. This scenario means that engineers will likely 
not be involved during crucial conceptual development or schematic design. Synergies between spatial 
layouts and systems components, for example, may not be included in the final design and result in 
missed opportunities for optimization. Design integration aims to avoid such scenarios.  

Integrated Practice    
 
Design integration is rooted in the practice-based complexities of designing and delivering high quality 
and high-performance buildings. Elvin suggests that six principles underly successful integrated practices, 
which isn’t merely different disciplines working together in the same office. These principles are 
“adaptability, economy, innovation, learning, direct experience, and continuous process improvement” 
(Elvin 2010). 
 
Discussion about integrated practice and design seems to suggest that it is the preferred solution and that 
its application is now common or widespread. However, we should keep in mind that it represents a big 
shift in the way practices work and do business and, as such, there are barriers that inhibit or prevent 
firms from successfully applying the concept to their organizations. This is to say that implementing 
integrated design may be hard, and it has not been easy for practices to adjust to this mode of working 
and thinking (Elvin 2010). Elvin also describes integrated practice as an area of rapid growth in the 
profession and one in which previously separate disciplines are “integrated” into one organizational 
structure. These comprehensive service firms may include architecture, engineering, and construction 
services. However, traditional modes of professional work—separate disciplines as separate firms—can act 
as an impediment to the benefits of integrated practice which may include fast tracking, better 
coordination/communication, and quality control (Ibid). 
 
Several books have been written about integrated practice. Bachman describes the systematic way that 
integration can bridge gaps between design intentions and technical requirements and demands (2003). 
Elvin focuses on case studies of integrated practices that use design integration to create more dynamic 
workplaces, enhance adaptability to changes in practice, and ensure that businesses survive into the 
future (2007). These publications aim to present the advantages of integrated practice compared with 
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status quo practice and to provide strategies or guidelines to help firms shift focus to a new way of 
working. 
 
INTEGRATED DESIGN & ARCHITECTURE CURRICULA 
 
As integrated design grows in popularity within professional practice circles, accredited architecture 
programs now address this concept and approach in their curricula. What, perhaps, began as certain 
professionally-oriented programs aiming to better prepare students for the realities of professional work 
in practice is today included as criteria that accredited programs must address in their courses. 

NAAB Student Performance Criteria 
 
In their 2014 Conditions for Accreditation and 2015 Procedures for Accreditation, NAAB describes the 
requirements that an accredited architecture program must meet and the process by which a visiting 
accreditation team evaluates evidence that a program has met the requirements. Of particular interest and 
importance to programs and evaluators are the NAAB student performance criteria (SPC). These criteria 
are intended to provide some consistency to student preparation for the profession while also enabling 
programs to meet these criteria in their own ways through unique curricula. The SPC are divided into four 
realms, which help to organize expected skills and abilities more clearly: Realm A, Critical Thinking and 
Representation; Realm B, Building Practices, Technical Skills, and Knowledge; Realm C, Integrated 
Architectural Solutions; and Realm D, Professional Practice (NAAB 2014, NAAB 2015).  
 
Two realms address design integration specifically. First, Realm B includes “creating building designs 
with well-integrated systems” and the individual SPC under this realm focus on stages of the design 
process (e.g., predesign, etc.) as well as technical systems (e.g., structure, HVAC/lighting, 
materials/assemblies, etc.). Second, Realm C includes two SPC, C.2 and. C.3, which address integrated 
design and integrated decision-making, especially considerations that involve complex technical aspects 
and those related to environmental stewardship (NAAB 2014). Thus, design integration is a mandatory 
requirement for professionally-accredited architecture programs and several SPC provide a clear 
indication of the value that NAAB sees design integration providing to professional design education. 

Precedents within Architecture Programs 
 
An analysis of the specifics ways in which accredited architecture programs in the United States are 
addressing NAAB criteria is beyond the scope of this paper. However, an internet search related to design 
integration and architecture programs suggests that a number of schools are explicitly including the topic 
in syllabi, program offerings, and prospective student information, etc. Princeton University (2019), 
University of Illinois (Illinois 2019), and Rensselaer Polytechnic Institute (2019) all offer integrated 
design studio courses as part of their professional or preprofessional curricula. NJIT offers a course that 
they call “4D Integration” that is cotaught with a design studio (2019). Some commonalities among these 
offerings include co-taught seminar or subject-area courses; working with and responding to feedback 
from “clients” or “consultants” outside the course (often practitioners or community partners); projects 
developed and documented to a higher level of technical detail and/or including a broader range of 
technical considerations; and attention to practical issues of design phases, time management, and 
financial aspects. 
 
There is even evidence of specific programs or offerings related to design integration outside of the 
accreditation requirements. The University of Idaho offers an MS degree in “integrated design” (M.S. 
Integrated Architecture and Design 2019) and the University of Texas at Austin has a Center for 
Integrated Design (CID), which is an interdisciplinary program for undergraduate students (Center for 
Integrated Design 2019).  
 
The above examples, although not exhaustive by any means, provide evidence that architecture programs 
are finding ways to incorporate design integration into their curricula to better prepare students for 
professional practice and to meet accreditation criteria, that they are doing so using a variety of 
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approaches, and that there are trends or common themes across these approaches that emphasize 
synergistic ways of integrating complex considerations into coherent design products.  

Barriers to Implementation of Design Integration 
 
Emergent trends in professional practice combined with professional accreditation criteria have resulted 
in architecture programs seeking new and improved ways to address design integration through their 
curricula and courses. There are, however, several significant barriers to addressing design integration in 
academia that stem from the realities of the college/university setting and the skill level of the students. 
First, architecture programs are typically not structured like architecture practices in which: there are 
often specialists that provide disciplinary expertise during design (e.g. engineers or code consultants); 
there is a defined budget and timeline for the design process; clients or user groups provide requirements 
or needs to be addressed by the design; and standards, codes, regulations, and predicted performance are 
critical to compliance and/or 3rd party certifications. Second, the length of the design process in an 
academic project is shorter in duration (typically 10-16 weeks) than the duration of a typical professional 
project, which limits the time students have to develop technical details, etc. For example, the typical 
design studio project often focuses exclusively on conceptual and schematic design. Fewer studio projects 
get to the design development or contract document phase. Third, opportunities for interdisciplinary 
collaboration across departments, programs, colleges, etc. are limited by university structures, 
disciplinary curricula, and availability (or lack of availability) of specific disciplines within an institution 
(e.g., some universities do not have a college of engineering). In addition, although NAAB requirements 
demand that students are exposed to issues related to design integration and integrated design decision 
making, the accreditation requirements include such a large number of SPC that many programs have 
limited room in their curricula for electives or cross-disciplinary courses. And, lastly, professionals often 
work collaboratively in teams composed of members possessing certain skills and abilities. In an 
architecture program, students within a course have a more limited range of skills and abilities that is 
highly connected to where they are in their program (e.g., a graduate student who has done an internship 
and completed 4-5 years of course work compared with a 3rd year undergraduate have vastly different skill 
sets and experience). Because of these and other legitimate reasons, many schools lack a clear roadmap or 
framework for structuring a design integration curricular experience. 
 
SOLAR DECATHLON DESIGN CHALLENGE AS A FRAMEWORK FOR 
DESIGN INTEGRATION 
 
Now in its 7th year, the SD Design Challenge (previously the Race to Zero (RTZ)—is an annual student 
design competition sponsored by the US Department of Energy (DOE) and the National Renewable 
Energy Laboratory (NREL). This paper will use SD Design Challenge and RTZ interchangeably. A 
requirement of the SD Design Challenge is “the effective integration of building science principles and 
best practice guidelines for the building enclosure and mechanical systems” (USDOE 2018) as a means of 
preparing the next generation of architects, engineers, construction managers, and other building 
professionals to solve real-world problems related to net-zero energy design (NREL 2017). The primary 
goal of the competition is for students to demonstrate that they can achieve the stringent building 
performance goals of the DOE’s Zero Energy Ready Home (ZERH) program (USDOE 1 2019) through 
integrated design thinking and decision-making. See Table 1 below for detailed requirements of the ZERH 
program. As such, the SD Design Challenge provides a useful framework for architecture programs to 
follow to meet NAAB accreditation criteria and to prepare students for professional practice.  
 
SD Design Challenge is a two-stage competition with entrants submitting draft and then detailed 
proposals to a jury of industry experts for review and critique. Annually, 40+ teams compete from 34+ 
colleges and universities in the US, Canada, and abroad (USDOE 2 2019).The competition originally 
included only residential building typologies including attached housing, single-family urban, single-
family suburban, and small multi-family. The building types have expanded in recent years to include 
mixed-use and non-residential building types such as small schools and office buildings (USDOE 2018). 
This change is one example of the ways in which the USDOE use feedback from the competition teams to 
refine and enhance the competition in subsequent years. Indeed, each year at the competition event, 



235 

organizers schedule dedicated meeting time with faculty advisors to solicit feedback. Students and faculty 
also provide feedback through an evaluation form at the conclusion of the event. One core aspect of the 
competition that has not changed and remains a signature feature of the SD Design Challenge, is that 
students are highly encouraged to assemble interdisciplinary teams and to engage community and 
industry partners outside the university in the design process to provide feedback. 

Table 1: Zero Energy Ready Home (ZERH) mandatory requirements (USDOE 2019). 

 
 
The competition begins in November and ends at a juried event in Denver at NREL in April. A 10-page 
progress report is submitted in February and a 40+ page final report is submitted in late March/early 
April. This schedule allows for differences in how teams run the competition (e.g., one semester vs. two 
semesters). The competition does not require the competition to be run as a course, which also results in 
differences among the teams (e.g., with lecture classes, design studios, student clubs, independent studies, 
etc. being used as the academic home for project development). See Figure 1 below for the range or 
resources and feedback supporting competition teams. 

 
Figure 1: The range of resources and feedback informing SD Design Challenge or RTZ projects is diverse and 
assists student teams to address complex criteria and to develop the schemes to a higher level of detail. (by authors). 

Juries of industry experts evaluate project reports and presentations based on ten criteria or “contests:” 
energy performance; engineering; financial feasibility and affordability; resilience; architecture; 
operations; market potential; comfort and environmental quality; innovation; and presentation quality 
(USDOE 2018). The “contests” evolve from year-to-year and reflects current industry trends (e.g. 
resilience and operations were new for 2019). These changes require repeat teams to refine their design 
strategies while responding to a set of criteria that are generally consistent.  
 
Although the competition does not dictate, specify, or scaffold the means, procedures, or processes by 

DOE Zero Energy Ready Home 
National Program Requirements (Rev. 07)
May 1, 2019 

Effective for Homes Revised May 1, 2019 Page 2 of 11 
Permitted Starting June 1, 2019 

CFA Home to be Built = Conditioned Floor Area of the Home to be Built

Since the Size Modification Factor cannot exceed 1.0, it only modifies the HERS Index score for homes larger than the CFA of 
the Benchmark Home. 

3. The HERS Index of the DOE Zero Energy Ready Home Target Home is calculated next 

DOE Zero Energy Ready Home HERS Index Target = 
HERS Index of DOE Zero Energy Ready Home Target Home x Size Modification Factor 

4. Complete HERS software calculations for preferred set of energy measures and verify resulting HERS Index 
Score at or below DOE Zero Energy Ready Home Target Home HERS Index Score modified, as required, for 
house size. 7:

5. Construct the home using measures that result in a HERS Index at or below the DOE Zero Energy Ready Home 
HERS Target, calculated above, and the mandatory requirements for all labeled homes, Exhibit 1.

6. Verify that all requirements have been met using an approved verifier.

All homes certified through the Performance Path shall be submitted to DOE by submitting the home to the RESNET
National Registry or by submitting the compliance verification report to zero@newportpartnersllc.com. 

Exhibit 1: DOE Zero Energy Ready Home Mandatory Requirements for All Labeled Homes 

Area of Improvement Mandatory Requirements 

1. ENERGY STAR for
Homes Baseline

□ Certified under ENERGY STAR Qualified Homes Program Version 3, 3.1, or 3.2 (depending 
on state), or under ENERGY STAR Multifamily New Construction program Version 1.0 or 1.1 
(depending on state) 

2. Envelope
□ Fenestration shall meet or exceed ENERGY STAR requirements.  See End Note for specific 

U, SHGC values, and exceptions.
□ Ceiling, wall, floor, and slab insulation shall meet or exceed 2015 IECC levels

3. Duct System
□ Duct distribution systems located within the home’s thermal and air barrier boundary or an 

optimized location to achieve comparable performance.
□ HVAC air handler is located within the home’s thermal and air barrier boundary.

4. Water Efficiency
□ Hot water delivery systems (distributed and central) shall meet efficient design requirements 

or
□ Water heaters and fixtures shall meet efficiency criteria

5. Lighting &
Appliances

□ All installed refrigerators, dishwashers, and clothes washers are ENERGY STAR qualified. 

□ 80% of lighting fixtures are ENERGY STAR qualified  or ENERGY STAR lamps (bulbs) in 
minimum 80% of sockets

□ All installed bathroom ventilation and ceiling fans are ENERGY STAR qualified

6. Indoor Air Quality □ Certified under EPA Indoor airPLUS 

7. Renewable Ready □ Provisions of the DOE Zero Energy Ready Home PV-Ready Checklist are Completed 
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which the design teams address these technical and performance-based concerns within their projects, 
DOE does provide significant resources to assist students with these complex concerns. For example, they 
require 12-hours of online building science training and provide access to software applications. To meet 
the competition expectations, architecture students need to know and understand far more about the 
technical and performance aspects of building design than they may be accustomed to engaging in a 
studio or seminar setting. The competition requirements, framework, and resources assist instructors 
with helping the students achieve higher levels of detail, address complex criteria, and to seek integrated 
solutions. However, there is no denying that the competition demands rigor and is a high-pressure 
experience. Anecdotal evidence gathered from conversations with other faculty and observations of the 
teams at the event suggest that most teams engage the process with intensity and seriousness. 
 
DESIGN STUDIO EXAMPLE 

Design Studio Course  
 
Since 2017, a mid-sized Midwestern public architecture program has used the SD Design Challenge as a 
framework for addressing design integration within its curriculum. A Spring Semester graduate-level 
comprehensive design studio course (8-9 students typically) functions with two to three teams each 
competing in a different SD Design Challenge typology category (e.g., Urban Single-family, Attached 
Housing, etc.). One or two graduate-level elective classes taught by a different instructor act as technical 
consultants for the studio. There is some overlap between the students taking the elective and the studio, 
although they are not co-requisites. The mainstay supporting elective course has been focused on energy 
performance and simulation. Over the years, there have also been electives focused on LEED certification 
and materials/embodied energy. The content and deliverables for these electives are aligned with the 
studio and thus the SD Design Challenge milestones. Enlisting participation from a broader range of 
departments or programs on campus has proved challenging likely due to misalignments between course 
schedules, a lack of familiarity with the competition, and/or challenges aligning course content. However, 
several construction management students working with a faculty member from that department provide 
assistance with the financial analysis and affordability issues and this partnership combined with the 
seminar-studio arrangement allows for adequate cross-course and cross-disciplinary collaboration 
opportunities for the teams. Improvements in this area are considered each year. 
 
Industry partners from outside the university provide expertise in specific disciplines such as: green 
design, housing design, photovoltaic systems, HVAC systems, construction, real-estate trends, etc. These 
partners interface with the studio in different ways. Approaches include: a series of Friday discussions on 
campus where the partners present information and answer student questions; partners providing PDF 
mark-ups of drawings and reports as feedback to the teams; and in-studio charrettes with the partners to 
generate ideas. The approaches differ based on the proximity of the partners to our off-the-beaten-path 
campus and/or availability. However, video conferencing, field trips, and a limited number of in-person 
visits are sufficient in terms of harnessing the expertise of these professionals and soliciting feedback. See 
Figure 2 below for a photo of student teams working an industry partner. 

 

Figure 2: Student team with an industry partner acting as a consultant. Both sides are collaborating to develop a 
viable solution to a real-world problem, which is very different from a guest lecture, etc. (by authors) 
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Local community partners act as clients for the teams. Most recently, these partners have been local non-
profit agencies that focus on affordable housing. They join us for critiques and reviews as well as host 
groups at their offices or at potential sites. Through experience, we have found that community partners 
that can provide challenging constraints—whether budgetary, user need-based, regulatory, etc.—provide 
the best experiences for the student teams to distinguish their projects from others in the competition. See 
Table 2 below for typical student responses to the competition contests. 

Table 2: SD Design Challenge contests and how these concerns are typically 
addressed in an architecture design studio (by authors). 

SD Design Challenge Contests Typical architecture studio response 
Energy performance Perhaps the most prescribed of the contests in terms of approach, 

benchmarks, and metrics. Responses often highlighting the ways 
in which the performance modeling impacted the design 
throughout the development and/or going above and beyond to 
include analysis from tools/software not required. Associated 
elective courses provide assistance and quasi-expertise. 

Engineering A less familiar set of criteria for architecture students. However, 
high efficiency systems and high performance industry practices 
are advocated, which narrow the choices and ease the decision-
making. Industry partners provide assistance with details. 

Financial feasibility & affordability The least familiar set of criteria for architecture students. SD 
Design Challenge eases the process with a spreadsheet, but 
assistance from industry partners or cross disciplinary 
collaboration (e.g. with construction management) is essential. 

Resilience Not clearly or sufficiently defined in the SD Design Challenge 
guidelines. Students approach this in different ways (e.g. 
durability, climate forecasting, natural disaster 
avoidance/mitigation, embodied energy/carbon of materials, 
etc.). 

Architecture Teams struggle with this contest because it appears that 1/10 
areas are concerned with architecture. In reality, architectural 
concerns permeate many other contests. A typical response is 
compelling graphics that highlight the spatial or formal aspects of 
the scheme. 

Operations Conceptually familiar to students, but a challenge for students to 
critically think about users, behavior, controls, maintenance, etc. 
This area is not as easily informed by partners. 

Market potential Conceptually easy for students to understand, but they lack the 
skills or knowledge to effectively analyze the market. Industry 
partners are very helpful (e.g. non-profits, real-estate, etc.). 

Comfort & environmental quality Conceptually familiar to students but includes very detailed 
requirements and compliance with standards that often fall 
outside the purview of partners or elective courses and, as a 
result, are often underdeveloped. 

Innovation This contest allows teams to demonstrate something unique 
about their schemes that goes above and beyond the technical 
and performance requirements that are necessary from every 
team. The responses vary widely from a unique partnership to 
attention to some emerging/intriguing area in design (e.g. social 
justice, embodied carbon, etc.). 

Presentation quality 25 and 10 minute oral/slide presentations and a graphic poster. 
Oral presentations are rehearsed for delivery and transitions 
among team members. Slide shows are not the standard design 
studio presentation medium, but the graphic poster is familiar 
and straightforward for students. 
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In addition to community, industry, and cross-disciplinary partnerships, we utilize students who have 
participated in previous SD Design Challenge Studios to engage the design teams. Sometimes we do this 
by having them give talks or presentations such as when one of our winning teams from 2017 presented a 
strategy for effective Power Point slide organization as the teams prepared for the juried event. Often, we 
enlist students from previous teams to act as jurors at pin-ups and reviews, and these peers provide 
critical feedback that only a student who has gone through the process would be able to provide. 
Peculiarly, it is sometimes the case that students from previous years who have, perhaps, not yet fully 
recovered from the SD Design Challenge process themselves a year or more later are reluctant to engage 
the process. However, it is almost always evident that our studio students appreciate the support and 
encouragement of their peers in this challenging endeavor even if they could lean on them a little more for 
guidance. 

Outcomes 
While the above example provides only one of many ways that SD Design Challenge teams may engage 
issues related to design integration in an academic setting, it nonetheless reveals some inherent 
advantages and disadvantages that inform course development and may provide guidance to other 
programs seeking a framework to guide design integration activities. 
 
There are at least four advantages of simulating an integrated design process in an architecture design 
studio that have emerged from the case study described above. First, students from outside the studio act 
as experts in a specific area (e.g., energy modeling) and perform analysis and provide feedback to the core 
teams on issues that they typically have insufficient time or skills to undertake. Through this exchange, 
the core teams define precise boundaries for investigation and usefulness to the expert consultants. 
Second, requiring students to work in collaborative teams helps students with integrated decision making, 
especially when, within teams, members have roles (e.g., envelope or indoor air quality). Third, the strict 
competition structure and schedule keep students on track and motivated even when the amount of 
information they are processing and the considerations they are addressing is sometimes overwhelming—
at some point, a “failure is not an option” mode of thinking kicks in and keeps teams on task and focused 
on milestones. And, lastly, forcing students to confront technical issues and complex considerations that 
they ordinarily would not have time for results in a feeling of empowerment. Even students with weaker 
technical skills at the onset report at the end of the process that they feel like they learned a lot and that 
they are more confident in their abilities. Also, although group work is rarely preferred by design students 
when given an option, most student end the semester with stronger group collaboration skills and group 
comradery that results from members recognizing the skills and contributions of their teammates. 

 

Figure 3: Student team with a community partner acting as a client on a site visit. This type of close collaboration 
with a party outside the university where students address real-world program and user needs and budgetary 
constraints is not the norm for design studio projects. (by authors) 

While the case study provides clear evidence of the benefits associated with simulating an integrated 
design process in an architecture design studio, there are at least five challenges worth mentioning that 
are revealed through the case study example. First, since the students acting as “experts” are learning 
these skills real-time, this impacts the effectiveness and accuracy of the information they provide to the 
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core design teams. Instructors sometimes hear the teams complain that their peer consultants’ feedback 
or analysis isn’t sufficient for the technical or performance-based development of their schemes. This 
sometimes leads the core teams to take some of this work on themselves, which can be redundant, sap 
available time for other development, and can impeded cross-course collaboration. This issue most often 
occurs when core teams and expert peer consultants are not communicating effectively or meeting 
regularly (e.g. when teams revert to a standard model of passing information off from one group to the 
other). Second, strong community and industry partners can be difficult to find, enlist, and engage in an 
integrated design studio process. Partners seem quick to say “sure, I’ll participate” and then have a hard 
time knowing how to effectively work with the students to improve their processes and designs. This 
problem sometimes results from the fact that the projects are student-driven, and students rarely have the 
skills necessary to inform partners or maintain effective lines of communication. It is important for 
partners to establish expectations or goals that students can use to guide their process, and sometimes 
partners ask for deliverables that are different from the materials required by the competition. Third, 
sometimes the outside experts struggle to engage the technical problems that are in play because the 
competition encourages teams to pursue solutions that are innovative and/or cutting edge. In our case, 
this may result from the fact that, in a rustbelt, post-industrial small city, budgets are tight and non-profit 
organizations are focused on providing basic, simple accommodations for a population with significant 
housing needs. We acknowledge that large metropolitan areas may offer greater choice when it comes to 
community and industry partners to work with. It is essential that partners understand up front that the 
students will employ innovative solutions to meet the intent of the competition. The best partners are 
ones who are interested in pushing the status quo and/or can provide useful feedback and guidance on 
emerging technologies and approaches. However, as previously mentioned, real-word constraints related 
to budgets, construction skills, etc. allow teams to deeply engage local conditions in a specific place. 
Fourth, in a studio the students do not self-select to enter the competition. This can result in some 
students who are very motivated to do well and some students who are ambivalent or less interested. It is 
important to pair ambivalent students with team members who can motivate them and maintain positive 
team morale. To do this, potential teams need to have frank and honest conversations at the onset about 
their skills, weaknesses, interests, work habits, etc. Finally, it is easier to coordinate courses working 
together within a single academic department. When other departments are involved, it can be more 
difficult to ensure student involvement, meet deadlines, conform with curriculum expectations and 
accreditation demands, etc. When teams become large, they also become unwieldy, and this interferes 
with cross-disciplinary collaboration. This is an aspect of our process that we continue to refine.  
 
CONCLUSIONS 
 
Design integration is an emergent approach to architectural practice predicated on achieving better 
synergies between team members and enhancing performance outcomes in completed buildings. 
Architecture programs are now addressing design integration in their curricula to prepare students for 
innovative trends in practice and to meet NAAB accreditation requirements that aim to enhance student 
abilities to integrate complex concerns into a holistic design solution. The DOE’s annual SD Design 
Challenge provides a useful framework for architecture programs and faculty looking for ways to include 
design integration in their coursework. A graduate-level design studio working in small teams and 
coordinating work with elective courses and community/industry partners from outside of the university 
provides one example of a way to address design integration through the SD Design Challenge. This 
approach, engaged in over several academic years and refined over time, provides evidence of enhanced 
student collaboration, improved time management/attention to scheduling, and deeper levels of technical 
development than are ordinarily possible in a semester-long design studio. However, this precedent also 
suggests that academic structures can impede collaboration and/or require more extensive preparation 
beforehand to ensure desired success. In addition, there appears to be a marked difference in what 
students take away from the process based upon their inherent interest in the technical aspects of design. 
We believe in this approach and will use it again with lessons-learned refinements. 
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ABSTRACT 
 
Design Integration can be characterized as a working method that is iterative, continuously collaborative, 
and information-rich, and is targeted at optimizing the environmental, economic, and experiential 
performance of a building. Research, information, and application of digital methods that facilitate multi-
variate analysis are key components of design integration, a demonstrated process in professional practice 
for creating truly deep-green high-performance buildings such as Seattle’s Bullitt Center.  
 
Recognizing the potential for better integration between design and technology in the architecture 
curriculum at the University of Washington (UW), the Master of Architecture program is transitioning to 
a new curriculum model aimed at fostering greater collaboration, integration, and a research-based 
design methodology in design studios and across the curriculum. Underpinning this new curriculum is a 
greater commitment to research and to parametric analysis using computational methods as active 
components of the design studio process. 
 
This paper reports on the third iteration of an academic and professional collaboration to develop, test 
and teach computational, performance-based design methods through a studio + seminar model. In each 
successive version of these courses, methods and technologies have been explored for teaching 
architecture students to create and document multivariate analysis and design synthesis workflows in an 
empirically-based design inquiry to develop design proposals for multi-story high performance buildings 
in downtown Seattle. Here we focus on our most recent studio + seminar course taught during the spring 
2019 quarter. 
 
INTRODUCTION 
 
Contemporary architectural practice employs technology that allow the integration of complex data into 
the design process in real-time, the digital fabrication of building assemblies, and the representation and 
simulation of architectural experience through ever expanding computational means. Digital technologies 
that facilitate performance-based design generation and analysis are key components of design 
integration. As educators, our challenge is to teach the next generation of architects how to use these 
methods and understand how to deploy them most efficiently and effectively. The integration of empirical 
methods of science and technology with the intuitive synthetic process of art and design is a recurrent 
theme that is at the core of architectural practice and the education of architects.  
 
To better teach this kind of 21st Century, evidence-based design process, we needed to re-think both the 
structure and content of our largely 20th Century curriculum model in the Master of Architecture program 
at the University of Washington. We started our discussions with two simple questions: what do we want 
to see in our students when they graduate from our programs; and, what can we do to facilitate their 
achieving this through both our teaching and the organization of our curriculum? After a wide-ranging 
discussion the consensus was that our curriculum should aim to develop highly motivated, creative, 
independent thinkers who value design as a critical contribution to society; and that our curriculum 
should cultivate an understanding of the place of research, technical knowledge, and broad social and 
humanistic knowledge in the realization of meaningful architectural design.  
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We see the necessity of preparing students for a continually changing work environment in which 
architectural knowledge is understood and applied broadly to many different arenas related to the built 
environment. The curriculum should be structured to promote the development of research and design 
skills in students, and to facilitate innovative and creative teaching by faculty. Just as the workplace is in a 
state of constant change and renewal, so too should be the curriculum and teaching in our department. 

Curriculum Context 
 
The curriculum that grew from these discussions is structured to adapt to evolving challenges in the built 
environment and to accommodate emerging design technologies, tools and processes. This new 
curriculum structure will be fully implemented across all three years of the graduate program during the 
2019-20 academic year. It is organized within the 3-year, nine-quarter program (plus summers) into five 
blocks, each with a particular set of objectives, illustrated in Figure 1. Each block has its own identity and 
role in constructing the whole of the program. They contain a progressive sequence of courses and 
experiences, each block supported by the knowledge and skills developed in the previous block(s). 
 
 

 
Figure 1. New UW Master of Architecture Curriculum Structure (2019-20) 

The Foundation terms are instructed in a highly collaborative and coordinated manner, integrating 
content across disciplinary boundaries to support development of a strong, collaborative cadre among the 
entering graduate students. The Transition block is aimed at preparing students for a professional 
internship, made possible by the Department of Architecture’s Professional Advisory Council (PAC), 
during the summer between the first and second year of the program. Year two begins with the 
Integration block, organized around 21st Century grand challenge themes of urbanization and climate 
change. The Advanced block makes more explicit the open-ended opportunities of a less structured 
curriculum with opportunities for special studios, foreign study, and college-wide collaborations.  The 
culminating Capstone block contains the option of either a 2-term independent thesis, two research 
studios with linked research seminars, or potentially a single two-term research studio and linked seminar 
combination.  

Capstone Advanced Research Studios and Research Seminars 
 
After successfully completing a course in research methods and four studios, two Integration and two 
Advanced studios, students are eligible to enter the Capstone block which has two tracks: Advanced 
Research Studios + Seminar track or Independent Thesis track. The prerequisite Research Methods and 
Communication course introduces the students to current research methods. The combination of the 
Advanced Research Studio and Research Seminar allows them to refine and apply these research methods 
in the context of their design work. 
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Starting winter term 2020, Advanced Research Studios will be offered in conjunction with Research 
Seminars, which support the research component of the studio by investigating current interdisciplinary 
topics in the built environment. This combination will encourage students to integrate rigorous, design-
related research with the design of a comprehensive studio project, with faculty support and instruction. 
These studios and seminars can be taught by the same faculty, by a faculty team, or by a team of faculty 
with professional partners. The studio component will focus on the development and representation of a 
comprehensive design project, while the parallel seminar will allow students to advance, document and 
illustrate related research.  
 
PERFORMANCE BASED DESIGN STUDIO + SEMINAR 
 
During the development of this new curriculum, a research studio model was explored through a number 
of advanced design studios having an explicit research component built-in to the studio course. These led 
organically to the idea of a research seminar plus a comprehensive design studio. This model was 
developed and tested over three years through a partnership between the Department of Architecture, the 
Integrated Design Lab, and Perkins+Will’s Seattle and San Francisco offices. In these proof-of-concept 
courses, a research seminar was offered one term, followed by a comprehensive design studio the 
following term, where the results of the seminar were applied to the design project. The third iteration of 
this model occurred Winter and Spring terms, 2019. 

High Performance Building Seminar (Winter 2019) 
 
As in the two previous iterations, the design studio was preceded with a seminar during winter term. The 
subjects of this seminar were framed around a specific project under development in the Seattle office of 
Perkins+Will. In addition to addressing Seattle’s requirements for affordable housing under the citywide 
Mandatory Housing Affordability (MHA) legislation known as HALA, the Housing Affordability and 
Livability Agenda, this project is also aimed at achieving high levels of environmental performance 
through compliance with Seattle’s Living Building Pilot Program (LBPP). The LBPP is based on the Living 
Building Challenge™ (LBC), developed by the International Living Future Institute. 
 
This seminar laid the groundwork for an advanced research design studio, and their development of 
design proposals for a mixed-use tower, by researching precedents, collecting design resources, problem 
definition, cost-comparables, and target setting. Perkins+Will provided their full analysis of the proposed 
site including information about existing conditions, zoning and code requirements, comparable revenue 
expectations, and anticipated construction costs.   
 
This seminar was targeted at students entering the post-professional High-Performance Building program 
but was also open to students in the professional Master of Architecture and Master of Science in Design 
Computing programs, as well as students in allied engineering disciplines. The seminar was instructed 
through guest lectures, discussions, and directed investigations into specific topic areas.  The research 
topic areas assigned to groups and individuals included opportunities and incentives, climate and site 
analysis, energy efficiency, renewable energy, rainwater and waste systems, construction costs and 
revenue comparables.  
 
The seminar deliverables were assembled into a publication that described the objectives for the project 
and identified the key goals and metrics. It included guidance for a performance and evidence-based 
design and decision-making process, along with information and data pertaining to the proposed building 
type and location. The required project evaluation metrics are identified in Table 1.  
 
Students presented an overview of their topic area, a detailed written report, and a shared folder with 
tools, resources, and data sets. They presented this material at the end of the seminar to a jury of 
practitioners, building owners, and developers for feedback; and again, to the students during the first 
week of the following quarter as part of the studio kick-off. 
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Table 1. Required project evaluation metrics 

 
 

Research Studio + Seminar (Spring 2019) 
 
A handful of the students from the research seminar joined the research studio the following term. This 
course was formulated with an aim toward integrating computational and performance-based thinking 
into the building design and representation processes. This faculty-led, team-instructed studio had active 
instructional support from members of Perkins + Will’s Seattle and San Francisco offices, WSP 
(engineering services), and the University of Washington Integrated Design Lab. The approach adopted a 
hybrid consultant-designer model where experts in the field provided hands-on building performance 
simulation tools and problem formulation assistance but allowed the design teams to explore extensive 
alternatives at speed and scale without being encumbered by troubleshooting the tools themselves. 
 
A companion seminar met twice a week between studio days and focused on problem formulation and 
design communication. The working proposition of the course is that a design proposal is an argument for 
a design solution to a problem, and that a compelling argument employs three dimensions to formulate a 
strong case: evidence, images, and a design narrative. Drawing on information from the previous research 
seminar, students used this venue to discuss and develop their argument, particularly their design 
narratives. Through a series of weekly writing assignments, the seminar was used to develop and refine 
the written, oral, and graphic components of their argument. 
 
The overarching studio theme is to investigate and document project performance in attribute categories 
of economy, ecology, and experience; and to interweave empirically based evaluation with design 
synthesis based on value-weighted outcome goals.  The design vehicle is a mixed-use tower on a viaduct-
free Seattle waterfront site. The owners of the “75 Marion Square” site, who are currently working with 
Perkins+Will on conceptual development of a project on this site, served as critics of the student’s design 
proposals.  
 
Students developed proposals for a range of program mixes; however, they were limited in 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 performance baselines and targets.  

GSF ft2 Heating EUI kBTU-ft2/yr Average Lux lux
Height ft Cooling EUI kBTU-ft2/yr % Lux that Meet Target Illuminance %
Floors ft Total Building EUI kBTU-ft2/yr
Enclosure Surface Area 
(Vertical) ft2 Total Energy Use kBTU/yr Zero Energy Petal Y/N

Roof Area ft2
EUI Baseline (Seattle Target 
Performance Path) kBTU-ft2/yr Zero Water Petal Y/N

WWR North ft2 EUI Target (75% STPP) kBTU-ft2/yr Materials Petal Y/N

WWR South ft2 EUI Percent Reduction from Baseline %

WWR East ft2
EUI to meet Zero Energy per Roof/PV 
area kBTU-ft2/yr Affordable Housing Units # #

WWR West ft2 Peak Heating kBTU Affordable Housing Beds # #
Peak Cooling kBTU Fee Paid $

Retail ft2

Office ft2 Rainwater on Site Gal/yr Total Cost $
Residential ft2 Potable Water Demand Gal/yr Cost/ft2 $
Residential Units # of Beds Graywater Produced Gal/yr Enclosure Cost/ft2 $
Other ft2 Graywater re-use Gal/yr Renewables $

Percent Gray Water re-use %
% SF Conc % Gross Revenue $
% SF Steel % PV Area ft2 Revenue/ft2 $
% SF Wood % Production kBTU/yr Residual Value $
Embodied Carbon Estimate (kg/ft2) Other Renewables (e.g. STHW) kBTU/yr

Percent Annual Energy Use Met 
w/Renewables % Simple/Discounted Payback Yrs

RevenueStructure

Water

Renewables

Economics

Building Morphology Energy

Program Distribution

Experience

Living Building Pilot

HALA/Affordability:

Construction Cost:



335 

Project Definition 
 
Students were assigned a partner based on a survey of their skills and experience. Teams were given two 
weeks to develop concept-level building programs and preliminary massing diagrams for the 75 Marion 
Square site around the design parameters of experience, ecology and economy, and developed under the 
site’s zoning guidelines, HALA and Seattle’s LBPP. Using spreadsheet tools containing performance 
criteria for energy targets, revenue expectations, and construction costs, they developed a scheme that 
favored each of the three design parameters, and a fourth that optimized them along the values selected 
by each design team. Teams were free to modify the program mix (office/retail/residential) to maximize 
the building height and leasable area, number and type of dwelling units, sustainability, and qualitative 
concerns. They could also propose alternatives to the current zoning but were required to describe the 
exact code departures requested and provide a compelling rationale. 
 
In graphic, tabular and written form, each team documented performance criteria for three concepts, each 
optimizing either experience, ecology or economy, and a fourth preferred option that offers the best 
overall value for the site by making the most of all attributes, as illustrated in Figure 2.  
 

 
Figure 2. Project Definition summary (student team: Paige Collins and Benny Yeo) 

Each concept’s pro-forma contained a program component analysis benchmarking the typical operational 
energy and water loads, and embodied carbon, for each of the program elements, and an estimate of the 
square foot construction costs and annual net revenue by space type of each concept. They identified the 
compliance path(s) for each concept with Seattle’s LBPP and the key metrics for achieving at least one of 
the three mandatory environmental criteria (energy, water or materials). They were also required to 
demonstrate the pathway for compliance with the Mandatory Housing Affordability (MHA) legislation of 
the City of Seattle’s Housing Affordability and Livability Agenda (HALA). For each concept they described 
any incentives applied, their impact on the program, and an estimate of the scheme’s economic 
performance. Teams were required to do a site resource analysis estimating the total site renewable 
energy and rainwater capture potential. 
 
Teams were compelled to define what counts for the success of each concept proposal by identifying the 
key performance attributes organized in the three attribute categories: experience, ecology and economy. 
They included, but were not limited to the attributes of comfort, views, daylight, connection to nature, 
indoor air quality, productivity, energy use, water use, life cycle performance, longevity, maintenance, and 
embodied carbon. Where possible, teams were urged to reference existing standards to quantify their 
design proposal’s potential performance against these outcome goals. While working quickly at a high 
level of concept development, teams were encouraged to begin thinking about strategies for sun control, 
daylighting, heating, cooling and ventilation.  
 
At the end of the second week of studio, students presented their four concepts to the developer and 
members of the Perkins+Will design team for feedback. In seminar, they reflected on this feedback, 
discussed their positions, and analyzed their preferred options through the evidence from their initial 
analysis, informed by the values of each team member.  
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In the two weeks that followed the first review, teams were charged with developing a single concept-level 
building design using the experience, ecology, economy framework to arrive at a concept to take forward 
into detailed analysis and development. The first of five workshops was used to launch development of 
their concept designs. 

Workshops 
 
The structure of the Seattle LBPP requires that each project achieve full compliance with one of the three 
most technically challenging dimensions (or “petals”) of the Living Building ChallengeÔ (LBC): zero-net 
water, zero-net energy, or compliance with the Materials “Red-List” of prohibited materials and sourcing 
guidelines. These areas, plus a facade design exercise, were the focus of a sequence of weekly technical 
workshops. The structure of these workshops included a Monday guest-lecture and hands-on workshop, 
mid-week desk critiques and simulation assistance, and a Friday pin-up and review with practitioner 
subject-matter experts. During the Friday session students presented their own methods for representing 
performance data for key attributes of their project as well as case studies for information visualization.  
 
Members of Perkins+Will’s Research Lab instructed the first workshop on parametric design and 
simulation using the Design Space Construction (DSC) framework and methods for adapting them to the 
needs of their project. The workshop combined an introduction to the theory and hands-on experience 
with the visual programming-based parametric analysis scripts. This tool was used and adapted 
throughout the studio to quickly output performance data for design scenarios for comparative analysis. 
Students were provided with tutorials for how to apply the scripts to the high-rise context. Students had 
access to members of the Integrated Design Lab to assist with formulating and troubleshooting 
computational tools during studio hours. These resources were made available to enable the studio 
participants to focus on testing design alternatives and conducting synthesis activities rather than 
spending time in the mechanics of the quantification tools. 

 
The second was a water workshop that was structured around three key outcome goals. First was to 
estimate the total annual gallons of harvestable rainwater falling on the building site area. Second was to 
identify the anticipated water use intensity and total consumption for each program component. Third, 
the student teams calculated the potential greywater production and consumption for each program type. 
This exercise allowed students to test-fit their project for achieving the LBC water criteria or “petal,” and 
further to identify synergies between each program typology and potable water consumption, grey water 
production, and greywater recycling. With technical assistance from a building services engineer from the 
global engineering firm WSP, student teams developed water system flow diagrams. The LBC Water Petal 
requires meeting all water use through on-site captured rainwater; however, the Seattle LBPP requires 
that all non-potable water services (e.g. toilet flushing) are met with non-potable water. This requirement 
led several teams to size residential areas, which produce significantly more greywater than they can use, 
to optimally serve office areas, which require significant greywater for toilet flushing. 
At the end of week four students presented their concept designs along with their key project objectives 
and performance targets, and they identified the areas for focused development for the remainder of the 
term. At this point, program mix, and project objectives were solidified and the projects moved into a 
deeper level of concept design. 
 
Following this mid-term review, the next workshop was on energy simulation and renewable energy. This 
workshop was built around identifying the key variables that drive building energy use intensity, peak 
heating and cooling loads, and opportunities for on-site renewable energy generation. Each team was 
expected to build a simplified massing model for thermal analysis in Rhino, link this geometry to 
grasshopper, and manipulate the scrip to test a range of scenarios to understand how choices either 
improve or diminish building energy performance. At this stage of design only architectural components 
such as glazing, massing, and program type were subject to modification. This isolated the energy-effects 
of architectural form decision-making which allowed students to see the interactive impacts of heating, 
cooling and lighting while seeing whether those changes had an overall positive, negative, or neutral 
impact on building energy consumption. 
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Following the energy workshop, the façade development workshop was intended to synthesize energy 
concepts with goal-setting for daylighting, views, passive ventilation, and solar control. It was also 
intended to create a framework for shaping the geometry and location of windows, shading devices, and 
exterior spaces. This used both the Design Space Construction (DSC) parametric analysis tools and the 
quick facade evaluation tool COMFEN (Selkowitz, et al., 2011). Further, students identified facade case 
studies, cladding and detailing methods for potential material choices. These studies were targeted to 
“typical” components of the project such as an office floor and a residential floor and began to shape the 
visual character of the building enclosure. 
 
At the end of week seven, teams presented their design concepts. They were asked to document their 
major decision-making process, their program development process, and their approach to the site zoning 
envelope and the Living Building Ordinance/HALA. They documented their water analysis, energy 
analysis, solar/renewables analysis, façade strategies and identified their key decision points. They 
presented the alternatives explored in either parallel coordinates plot form or other methods graphic 
representation to support the rationale for their current project development. The annotated section in 
Figure 3 illustrates one method of communicating the key design concepts. 

                              
Figure 3. Annotated Systems and Concept Section (Maura Witzel) 

Synthesis and Innovation 
 
The final phase of the studio was aimed at synthesis and innovation. Students used this analysis process 
and information about performance in a creative synthesis process in which they explored the design 
spaces further and added new decisions. 
 
Students were asked to document and illustrate their processes for evaluating spatial, material, and 
formal design decisions based on empirical multidisciplinary performance criteria. Particular emphasis 
included collaborative project development and communication. They were expected to clearly articulate 
their performance targets, document their design and evaluation process, and detail performance 
outcomes and decision-making via graphic and written form. Students were expected to provide high-
quality representations of their design and to show final design data that enabled comparison across 
schemes in terms of the multiple input and output parameters discussed above.  
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Students presented their “design arguments” using slideshows that presented a narrative documentation 
of key decision-points, questions asked and answered, and evidence supporting those choices. They were 
also required to present printed boards that communicated the architectural form and experiential intent. 
Lastly, they were asked to reflect on the process and identify new areas of research and development that 
can improve the financial, environmental, and social impacts of future projects. 
 
 

    
 

            
Figure 5. Student Project Renderings (clockwise from top: Maura Witzel; Aziz Alrumayyan & 

Brian Dow; Paige Collins & Benny Yeo, Nolan Higa & Dan Lindau; Maura Witzel;) 

LESSONS AND OBSERVATIONS 
 
“An un-aimed arrow never misses.” This maxim applies to many academic design studios where the proof 
is in the process and the measure of a project is largely in the eye of the author, defended against the 
opinions of outside reviewers. This research studio + seminar model is an altogether different 
proposition. It begins with a thoroughly researched evaluation of the physical, economic and regulatory 
constraints of the site, and the opportunities to optimize building performance using site resources. The 
design vehicle is assembled by each student team employing a strategic mix from three types of program 
possibilities - any defensible combination of office, retail and housing; and three primary evaluation 
criteria and their corollaries: economy, ecology, and experience.  
 
Students are provided a digital toolkit for testing design alternatives against key performance criteria, 
they’re organized into collaborative teams with expert consultants and outside professionals, they’re 
tasked with finding the best possible design solution within the context of Seattle’s Living Building Pilot 
Program, and they’re required to defend their outcomes with evidence, images, and a clear design 
narrative. 
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What has emerged through both intentional and organic development is a studio curriculum that operates 
in two parallel and interwoven tracks: (1) the creation of design spaces, querying models, and 
quantification of performance; and (2) the synthesis of that information into coherent architectural form. 
Teams that develop the ability to work in these two paths simultaneously seem to arrive at the most 
successful design outcomes.  
 
Over the three iterations of this research studio + seminar model, different models have been used to 
deliver specific subject-based information and design methodology for addressing energy, water, 
materials, building envelope, etc. We’ve concluded that a more prescriptive set of workshops and activities 
results in better outcomes that allowing students more space to develop their own pathways. The most 
successful balance of workshops and application was actually achieved the first year; we didn’t need to re-
invent this wheel in the following iterations.   
 
This studio challenged us to balance the broad, exploratory nature of design studio with the research 
objective of uncovering repeatable, actionable knowledge that is broadly implementable. We sought 
higher-level “research outcomes,” any clear take-aways such as innovative massing schemes or specific 
ideas that could be translated and broadly shared to inform other designers seeking to meet the studio 
objectives. To try to derive such outcomes, during the second year of the studio we created a broader suite 
of metrics (Table 1, page 4) that all students were required to track through the project so that the faculty 
and the researchers at Perkins + Will could deduce commonalities among the most successful projects, or 
identify patterns and themes that were universal to the studio effort. We were hoping for some larger 
lessons to come out of the students’ innovative project-by-project work, but these broad lessons but these 
never really emerged. 
 
Perhaps we’re not looking at it in the right way to generate clear “take-aways,” or perhaps we’re allowing 
for too much self-direction in establishing project goals. This is a double-edged sword in that having some 
individuality and variety in objectives make the studio more interesting, the conversations richer, and the 
studio more exploratory, but the results are less the repeatable outcomes of a research project. This 
subject will inform discussions with our colleagues who are assembling the first round of research studio 
to be offered during winter term 2020.  
 
The compressed timeframe of a 10-week quarter, students didn’t have time to master most of the digital 
tools employed, so we hired facilitators (advanced students and a research assistant from the Integrated 
Design Lab), to provide technical support. This consultant model parallels the use of consulting services 
in professional practice. This service allowed the students to think more about the design questions the 
tools were answering rather than focusing on the tools themselves. The aim was to free-up the students to 
use the results from their digital modeling and parametric analysis in a more synthetic manner to achieve 
the intended design outcomes.   
 
We received a range of feedback from students, from those that enjoyed the quick pace and the broad 
scope of parameters, to others that felt like they were drinking from a firehose. To address this, we hired 
facilitators (advanced students and a research assistant from the Integrated Design Lab), to provide 
technical support. This consultant model parallels the use of consulting services in professional practice. 
This service allowed the students to think more about the design questions the tools were answering 
rather than focusing on the tools themselves. We believe that this freed the students to use the results 
from their digital modeling and parametric analysis in a more synthetic manner to achieve the intended 
design outcomes.   
 
For those overwhelmed by the pace and scope of new design parameters, the biggest challenge was trying 
to address multiple criteria simultaneously using a variety of tools and methods. They would have 
preferred focusing on in a single subject area at a time (e.g. potable water supply), rather than multiple 
subjects simultaneously (water supply, wastewater, renewable energy production, etc.). Finding 
opportunities for synergies between systems is central to the idea of design integration, to this issue may 
be inherent, but having more than one, ten-week term, would provide a more comfortable pace.  
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Students noted that the contributions from outside professionals who instructed some of the workshops, 
provided design consultations, and provided insightful design critique, was deeply appreciated.  The 
studio has benefitted tremendously from the generous support of Perkins+Will and the Seattle design 
community over the three iterations of this model. They also noted that the exposure to a wide range of 
tools from Rhino plug-ins and scrips (Grasshopper, Ladybug, etc.), spreadsheets, and open source tools 
such as COMFEN, was valuable and informative. Several students noted that after each of the three major 
reviews they were compelled to revise and refine their design narrative, and that having the seminar to 
both write and talk-through these revisions was very helpful. 
 
From our own experience and feedback from students, it’s clear that 10 weeks is not enough time to 
develop the holistic process of evidence-based design we hope to achieve in this advanced, comprehensive 
design studio. Our new curriculum structure will allow for either one- or two-term “research studios” in 
the final Capstone block of the graduate program.  In this two-term version, the first term seminar would 
conduct research and document outcomes as a design reference, similar to the seminar that preceded this 
studio. The second seminar would focus design communication, offering a venue to test, revise and refine 
a “design argument” in written and graphic form, much like the seminar that was concurrent with the 
most recent iteration of this studio. 
 
The recurrent theme at the core of architectural practice and design education: the integration of 
empirical methods of science and technology with the intuitive synthetic process of art and design, has 
guided the development of this studio model. Helping students develop the ability to operate 
simultaneously in both realms is the objective of the next iterations of the evidence-based design research 
studio/seminar. 
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ABSTRACT 
 
Globalization and the spread of modernism have led to what critics have described as a standardization of 
the built environment. As architects have turned their attention back to site in recent decades a significant 
discourse surrounding its potential as a generative concern in the production of architecture has emerged.  
 
Despite this recovery, the integration of site into architectural practice remains a work in progress. The 
stalled progress is no doubt related to a tentative engagement with site in architectural education. 
Through an assessment of our curriculum at Cal Poly we have found that by not addressing it explicitly in 
our coursework, we leave site outside the domain of architecture and excluded from meaningful design 
authorship.  
 
In an effort to construct a broad framework for site matters within our curriculum, we have discovered 
potential in incorporating site into Architectural Technology Fundamentals courses. To do so we have 
reorganized these courses into three study areas: Site and Contextual Systems, Materials and 
Construction Systems, and Energy and Environmental Systems. Since site is in constant dialogue with 
each of these within the built environment, we find value in presenting it to students in the same 
interconnected way. This paper discusses our rationale and methods for incorporating site into 
architectural technology courses. 
 
INTRODUCTION 
 
Until three years ago, the Architecture Program at Cal Poly San Luis Obispo addressed site primarily 
through studio projects. In our minds, design instructors regularly encouraged students to engage a site’s 
physical, material and legal conditions as part of the design process, and perhaps went further to explore 
site beyond physical delimitations and consider its cultural, conceptual and ecological potential.  
 
Of course, this wasn’t always the case as site was sometimes addressed in a cursory manner or excluded 
from meaningful authorship by designers altogether. By indirectly addressing site through the design 
studio, we had encouraged an inconsistent and or incomplete understanding of the multilayered aspects 
of site and its role in design thinking. To address this, we set out to bring the study of site directly and 
explicitly into our curriculum. This raised important questions about how to integrate site, where in the 
curriculum to integrate it, and most importantly why to integrate it.  
 
Although there were few options for integrating site into already-existing courses, we saw opportunities in 
integrating site into our sequence Architectural Technology Fundamentals courses. Our reading of site as 
a series of systems (climatic, material, hydrological, legal, social, etc.), encouraged us to seek ways to 
connect site systems to those traditionally discussed within architectural technology, such as materials, 
methods of construction, and environmental control systems. Perhaps most importantly, we challenged 
ourselves innovate and to use site to rethink technology and vice versa, and to ask what if the lines 
between site and object and between nature and technology could find more synthetic convergence? 
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SITE: ABSTRACT, PHYSICAL, AND EXPERIENTIAL HISTORIES 
 
Site is an inevitable condition of buildings: to construct a building means to locate it somewhere. That 
said, the role of site in the formulation of architecture elicits a complex set of concerns about what aspects 
are engaged and to what extent. The potency of these concerns is largely the result of the multiple and 
layered interpretations that are available when considering sites. These include both abstract and 
physical, as well as experiential implications, which can exist simultaneously and often in conflict with 
each other.  
 
The legal definition of site describes an area determined by the often-mathematical division of land. The 
product of which allocates the site a numeric address and places it under the ownership of someone or 
some entity and within the jurisdiction of a local political authority. Along with ownership comes the 
potential for a site to fulfill a desired programmatic function; agriculture, housing, industry, recreation, 
etc. Along with jurisdiction comes a set of regulatory expectations, such as zoning codes, that establish 
allowable uses and outline a potential building envelope through setback requirements, floor-area-ratios, 
lot coverage limitations, and building height and bulk maximums. These conditions of site are abstract, in 
that they are not intrinsic to the site itself but are instead applied as a result of external motivations; 
efficiency, economic, political, or otherwise. Nonetheless, these conditions allow for a very real shaping of 
physical building form and, especially in urban contexts, the creation of a public realm beyond the 
building.  
 
Sites are also the product of a physical and material history. This includes what Carol Burns describes as 
natural constructors such as climate, solar geometry, hydrology, geology, landform morphology, and 
biology. Related are influences from human transformations on the land such as settlement patterns, 
transportation infrastructures, and agricultural and industrial systems (1991). These conditions engender 
a perceived sensitivity for physical landscape processes and suggest that building form develop in 
response to them.  
 
Finally, sites also project a more immediate experiential sensation “…such as the effect of early morning 
light on undulating surfaces [,] or consideration for the emergence of a wildflower color-field that quickly 
disappears into the background of a meadow (Meyer 2005, 110-111).” This more subjective interpretation 
engages site’s temporal qualities and results from the episodic interaction of sun, wind, and climate with 
specific material configurations. Elizabeth Meyer describes these moments as haeceities—individual, 
singular events that intersect with the places and things where they occur (2005). Similarly, an 
experiential interpretation of site may also include the physical suitability of its various spaces for 
accommodating program, and or the cultural association between typological spaces and patterns of use. 
For example, the valley floor is a landscape type that has long been associated with public space and 
activity while the ridge, or promontory, is a typology more often associated with the dwelling of gods and 
the enlightened (Heymann 2010b). William Moorish explores these associations beautifully in Civilizing 
Terrains: Mountains, Mounds, and Mesas.  
 
SITE VERSUS TECHNOLOGY 
 
These histories have not always been understood to be relevant to the formulation of architecture. This 
relevance was especially low within the late 19th and early 20th centuries during the rapid development of 
industry and the subsequent translation of modernist ideals to architecture. In fact, the development of a 
meaningful discourse of site can be understood to be directly at odds with the increasing value placed on 
technical expertise in building construction and systems. 
 
As William Braham describes, the shift from an agrarian to an industrialized economy that occurred in the 
United States after the Civil War, and which coincided with the beginnings of the modernist movement, 
radically altered the role of technological knowledge in architecture (2012). Prior to this, design and 
engineering had been understood to be distinct areas of interest and architectural education could be 
categorized by one of two schools—the École des Beaux-Arts, grounded in the arts and humanities, or the 
École Polytechnique, which is based in the methodologies of science and engineering. The inclusion and 
continual integration of technological knowledge with design, Braham argues, is the result of a discipline 
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attempting to remain relevant in “an industrializing economy—involving new patterns of settlement and 
modes of transportation, new places of work, new forms of communication, and new means and methods 
of construction (2012, 392).” A resolution passed at the 47th Annual Meeting of the Associated Collegiate 
Schools of Architecture (ACSA) in 1961 memorializes this shift in values:  
 
"On integration of Design and Structures:  
A resolution has been adopted: That so-called construction and so-called design are inseparable parts of a 
single unit known as Architectural Design, and so far as it is possible the teaching of these two branches 
should be considered inseparable and coordinated and correlated in the Schools.  
-Prof Laird-1920 (1961)” 
 
At the same time, this preoccupation with technology resulted in a disinterest in site specificity. 
“Motivated by technological developments, the possibility of producing widely available quality goods, 
and a social program with utopian aspirations, the modernist program in conjunction with a developing 
global economy led to standardization of environments and cultures (Burns 1991, 148).” The so-called 
man-made technological environment produced a homogenous architecture that is impartial to the 
specific circumstances of site and program (Moholy-Nagy 1955). 
 
Over the last 50 years, however, and largely in reaction to the widespread homogeneity of architectural 
form, the role of site in the formulation of architecture has evolved through the writing and practice of 
several architects. “As the awareness of the relationship between cultural production and the local 
circumstances of material practice has come to the fore, attention to site has begun to frame the problem 
of making and interpreting architecture (Burns 1991).” 
 
David Heymann summarizes the site’s evolving role during this period as a shift from approaching site as 
merely a setting to engaging it as a source of experience. Within this distinction, works that take the site 
as a setting are “fundamentally about the internal concerns of [the architect], and [have] little to do with 
the qualities of a specific place (Heymann 2010b, 1).” Alternatively, works that position the site as a 
source are “entirely the by-product of certain circumstances true to the site (Heymann 2010b, 1).” To 
place the site as a source into the three histories outlined above, Heymann’s truths tend to reflect those 
physical and experiential conditions that can be found within the site itself or in the larger geo-physical 
systems that influence its formation.  
 
STEPS TO AN INTEGRATION OF SITE 
 
Despite a significant recovery of site as a generative concern in the production of architecture, the 
integration of site’s complex histories into architectural discourse remains a work in progress. Three 
observations can be drawn out of the existing discourse as a guide for future work: that productive 
readings of sites can come from a negotiation of their multiple and conflicting histories; that sites are 
inherently unfinished—in a state of constant iteration in which architecture plays a critical role; and that 
that process of site making exists within the domain of architecture, and architects. 
 
In her essay “On Site: Architectural Preoccupations”, Carol Burns discusses two common conceptions of 
site within architecture: the cleared site and the constructed site. Each suffers from a redaction of the 
other. “The cleared site is based on the assumption that the site as received is unoccupied, lacking any 
prior constructions and empty of content (Burns 1991, 149).” The logic of the cleared site is governed only 
by the abstracted geometry of subdividing land into lots, while natural constructors and human 
transformations are ignored. The constructed site, alternatively, “…emphasizes the visible physicality, 
morphological qualities, and existing conditions of land and architecture (Burns 1991, 153).”  The 
constructed site conception can be understood as respectful to the landscape and immediate context yet 
ignores implications of previous ownership, cultural associations, haecceities, and other invisible or 
ephemeral conditions. Burns’ comparison points out that any history taken in isolation enables only a 
partial engagement with site.   
 
Alternatively, placing a site’s multiple histories in dialogue with each other allows architecture to result 
from their negotiation. Through this negotiation architects exert critical thinking, intention, and 
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authorship in the development of site strategies. David Heymann’s analysis of the Tarlo House, designed 
by Tod Williams Associates in 1978, provides a useful starting point for examining the potential of 
negotiated site histories. Heymann argues that despite occupying what could easily be understood as 
unexceptional land; resulting from the abstract subdivision of a former potato field, “…the Tarlo House is 
construed of formal gestures that are almost without exception site responses, rather than functional 
tactics (Heymann 2010b).” This critique makes sense, given Heymann’s interest in establishing that a 
shift from site as setting to site as source has taken place over the latter half of the 20th Century. 
Compared, by Heymann, to Case Study House #4, by Ralph Rapson, designed in the 1940’s for a similarly 
cleared site condition, The Tarlo House utilizes the site as a source of solar geometry and prevailing winds 
in order to generate the experience of the house. Alternatively, Case Study House #4 avoids a physical 
history and inherits instead the abstract logic that delineated the site’s boundaries as a truth on which to 
base form. Given the lack of engagement with any condition intrinsic to the site, Case Study House #4 
represents, in Heymann’s terms, an example of a site being use merely as setting. However, it could also 
be argued that the form of the Tarlo House results from the relationship between a response to the 
mathematical condition of the site’s abstract setting, on one hand, and the tuning of the house to the site’s 
larger geo-physical sources on the other. As Heymann describes, the Tarlo House is made up of 4 formal 
elements: a screen wall along the north edge of the site provides privacy, a brise-soleil along the south 
edge that shades the house from summer sun, the main volume of the house provides the interior 
program, and a suspended deck that connects the main volume to the northern wall. While the main 
volume of the house is rotated in order to orient its long dimension to the south and maximize solar gain 
during the winter months, the screen wall and the brise-soleil are geometric offsets of the property 
boundary. The misalignment between the two screening elements at the site perimeter and the rotated 
volume lead to the ragged southern edge of the interior, which divides the otherwise open ground floor 
plan into a sequence of three spaces. In addition, a series of outdoor spaces are articulated between the 
volume and its delaminated façade. Like the interior space, these exterior rooms also benefit from the 
shading and privacy produced by the outer walls. While the Tarlo House does respond directly to the 
climatic and solar conditions of its site, its nuanced form and spatial configuration is better characterized 
as a negotiation between layered site histories.     
 
A second observation follows from the notion that sites exist in a state of constant iteration. We have 
chosen here to describe the various conditions that contribute to a sense of site as histories in order to 
promote a sense that each is the result of a continuous and chronological sequence and will give way to an 
equally iterative future. Carol Burns laments, “…site is frequently seen as a synchronic phenomenon, 
irrevocably divorced from other times (1991, 149).” Of course, to understand a site as a result of the 
physical and material forces acting upon it, as is the case in Burns’ constructed site and in Heymann’s site 
as source, assumes the dynamics of change-over-time that must have been behind the form of the site. 
However, Burns suggests that this procedural understanding of site tends to stop at the present visible 
form. Convincingly, she argues that “the exclusive object of site planning is space; the potential to plan or 
“plot” time is not pursued (1991, 149).”    
 
The implication of a temporal and non-hierarchical conception of site is the potential value given to it 
from human and natural interactions. As a site is made as much as it is received, the process of making 
architecture must also be the process of making site. As Burns points out, “adding a new building to a site 
transforms its use as well as its topography, microclimate, and circulation (1991, 164).” This is likely the 
realization that led her to insist that site must be construed as well as constructed. A responsible approach 
therefore is to engage the role of architecture in the making of site toward intentional and informed 
interactions between the two. Doing so requires that site be considered within the domain of architecture 
such that the means and methods of constructing it are an integral part the architect’s vocabulary and 
knowledge set.  
 
SITE IN ARCHITECTURAL EDUCATION 
 
The stalled integration of site into the discourse of architecture is no doubt related to a tentative 
engagement with site in architectural education. In an effort to understand how site is introduced within 
schools of architecture we reviewed a variety of curricula, as they can be understood through their 
programs’ websites. As a way to get started we focused on programs that appear in Design Intelligence’s 
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list of the Most Admired Architecture Schools. It should also be noted that we do not wish to imply that 
these rankings, on their own, give validity to the curriculum of a school. They do provide a sampling of 
schools situated in both private and public institutions, as well as those from both École des Beaux-Arts 
and École Polytechnique traditions. A more exhaustive survey, which we plan to execute in the future, 
would look beyond course catalog descriptions and examine the circumstances in which any particular 
approach to site was born.  
 
Our initial survey concluded that schools tend to address site in 1 of 5 ways: 1) through stand-alone 
courses such as “Site Design” or “Site Analysis and Planning”; 2) through an introduction to topics related 
to the natural environment, such as “Environmental Systems” or “Sustainability”; 3) through courses that 
explore a specific contextual typology, such as “Urban”, or a specific city, such as “New York”, “Chicago”, 
“Houston”, “Paris”, or “Rome”; 4) through a required introductory course to an affiliate discipline, such 
“Landscape Architecture” or “Urban Design”; and 5) through design studio topics.  
 
Aside from those programs that introduce site explicitly in courses on “Site Design”, other approaches 
raise the question: are students provided frameworks for reading sites and or the means and methods for 
manipulating them? Although it can be difficult to gain a clear understanding of how and to what extent 
site is addressed in the courses and curricula surveyed, several suppositions may be made. First, 
positioning site within topics related to the natural environment has the potential to prioritize a reading of 
site based on natural constructors while limiting the value of the abstract and experiential. Likewise, 
positioning site within topics related to the urban has the potential to prioritize a reading of site based on 
the abstract, while limiting the value of those natural constructors that help to make up a site’s physical 
history. Finally, not addressing site explicitly, which is the case in an overwhelming majority of schools, 
has the potential to establish site as other—outside the domain of architecture.  
 
SITE AS ARCHITECTURAL TECHNOLOGY 
 
These concerns have been born from our own experiences at Cal Poly, where until three years ago we 
relied on design studios to introduce students to site related topics. The immersive culture of the design 
studio, as well as the potential to directly apply ideas about site to a student’s individual design project, 
related well to our University’s Learn-by-Doing approach and allowed for productive experiences for 
many students. However, deeper reflection on our curriculum led to the recognition that our large size 
combined with cursory coordination between the many sections offered for each studio had resulted in an 
inconsistent and incomplete student attitude about site. By not addressing it explicitly, we had left site 
outside of the domain of architecture and in doing so had implied that site could be excluded from the 
authorial responsibilities of the architect. The decision was made to address site directly and explicitly 
within our curriculum. 
 
As is common within schools of Architecture, we had little flexibility to add additional course units to the 
already impacted curriculum. In addition, we were resistant to a stand-alone course model—not wanting 
to isolate site from the core of architectural practice. We considered all other non-studio courses and, 
although initially an unlikely vehicle, we discovered opportunities in integrating site into our sequence 
Architectural Technology Fundamentals courses. Logistically, the technology sequence offered several 
benefits. First, our technology courses are the only non-studio courses taken simultaneously by all of our 
students, giving us a consistent platform for site issues. Second, these courses take place over multiple 
academic years, providing a protracted period to introduce and discuss site topics. Third, integration of 
site into technology encouraged us to seek productive relationships between site systems and those 
traditionally discussed within architectural technology, such as materials, methods of construction, and 
environmental control systems. Since site and contextual systems are in constant dialogue with energy, 
environmental, material and construction systems in the built environment, we think there is value in 
presenting it to students in the same interconnected way. Adding site topics to our existing understanding 
of technology also challenged us to rethink technology and vice versa, and to ask whether the lines 
between site and object and between nature and technology could find more synthetic convergence.   
 
The integration of site has become part of a larger effort to rethink architectural technology in our 
curriculum. Prior to 2016, technology was taught through a series of six quarter-long courses over the 
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second and third years of the five-year BArch curriculum. Four of these courses—two at each year-level—
focused on materials and methods of construction, while an additional course in each year focused on 
environmental control systems. Upon close examination, we observed that there were gaps in some areas 
of content and redundancy in others. With this in mind we sought to clarify and distinguish content by 
reorganizing the second-year sequence as Architectural Technology Fundamentals 1 through 3 and the 
third-year sequence as Architectural Systems Integration 1 through 3. Figure 1 shows the six technology 
courses within in the context of the suggested BArch curriculum. 

 

Figure 1. Bachelor of Architecture suggested 5-year academic flowchart from the 2019-20 
course catalogue (Architectural Technology courses highlighted).  

Whereas the tradition at Cal Poly was to expect integration of technology with design in each quarter of 
the sequence, the revised course names reflect our realization that younger students are often not ready to 
meaningfully address the technical implications of their design work. Our focus, therefore, turned toward 
building a stronger grasp of technology fundamentals through specially designed assignments in the 
second year, and shifting the complex task of integration with design to the third year. As second year 
technology instructors, this restructuring of our courses gave us the opportunity to rethink the 
relationship of fundamental technology topics to one another, challenge the notion of discrete courses for 
ECS and Materials and Assemblies, and, most importantly here, introduce site content into the sequence.  
 
For the first iterations of Architectural Technology Fundamentals, the instructors of the former 
Environmental Control Systems and Materials and Methods courses culled content so as to create room to 
address site. The reorganization of the typical technology topics resulted into three study areas: Materials 
and Construction Systems, Energy and Environmental Systems, and Site and Contextual Systems. 
Figure 2 illustrates the re-distribution of the second-year Architectural Technology curriculum to include 
site-related topics. 
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Figure 2. Re-distribution of second-year Architectural Technology curriculum to include 
site-related topics. 

In order to allow the possibility for more productive relationships between site systems and those 
traditionally discussed within architectural technology, content from the three study areas was then 
distributed across the three quarters of the academic year in three 3-week modules each. Figure 3 
diagrams the distribution of Architectural Technology Fundamentals topics across the academic year. The 
distributed content model allows us to tease out the complex and interrelated nature of the three study 
areas while also aligning our course organization with student development as well as recent shifts in 
contemporary practice. In the previous course structure, instruction on material properties, for instance, 
was offered in the fall of the second year of study. While this made material available to students as a 
potential driver for design inquiry early on, it also limited those discussions to the maturity of a first-term 
second-year student. Likewise, this schedule also resulted in the withholding of instruction on solar 
geometry and or principles of passive thermal control until late in the second year. Alternatively, 
returning to topics in shorter modules that are distributed throughout the academic year allows those 
discussions to deepen alongside student development. We have elaborated on these and other benefits, as 
well as some of the difficulties, of the distributed model in a paper titled, “The Kind of Problem 
Technology Is: A Case for Integrated Models of Architectural Technologies Education” in Building 
Technology Educator's Society: Vol. 2019.  
 

 
 

Figure 3. Distribution of second-year Architectural Technology Fundamentals topics. 
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Site and Contextual Systems Module Integration 
 
The Site and Contextual Systems topics are organized into three 3-week modules delivered in the fall, 
winter, and spring quarters of the second year. Each module specifically addresses a distinct situational 
typology, from densely bound urban contexts to more open rural sites with varied landform. The 
distribution of topics across the academic year enables a dialogue between the technology courses and the 
corequisite second-year studios, which are coordinated to address a parallel set of programs and sites 
throughout the year.  
 
For instance, the fall quarter studio explores a small civic program on a local urban site. With the 
potential for dialogue in mind, the Site and Contextual Systems module offers frameworks for 
understanding architectural form as a component of the larger urban fabric. Course topics introduce 
methods of analyzing and responding to the abstract determinants of city form, including those regulated 
by local planning and zoning codes. Course discussions also introduce issues of contemporary public 
space and consider strategies for developing a meaningful architectural interface between a proposed 
building and the public realm. Figure 4 outlines the fall quarter technology topics including those from 
each of the three study areas. 
 
In addition to an open dialogue with design studio, the restructuring of our courses has provided the 
opportunity to rethink the relationship of fundamental technology topics to one another. By positing 
scenarios in which multiple, and often contradictory, parameters must be negotiated, we endeavor for our 
students to have a more synthetic and integrative understanding of each topic area and to put those 
understandings to use toward thoughtful and provocative architectural proposals. 
 
While several interactions exist within each quarter of instruction, one productive example results from 
the adjacency of topics in Site and Contextual Systems with those in Energy and Environmental Systems. 
Through a sequence of fall quarter exercises, students are asked to develop a series of building massing 
alternatives by interpreting the local zoning code. In a subsequent instruction module, students are 
introduced to solar geometry and the human benefits of natural daylight. The pairing deepens 
understandings of each study area by making historical ties between zoning regulations and the provision 
of safe and healthy conditions within dense urban settings. Further, the pairing also asks students to 
negotiate layered site histories including the abstract and the physical. This layering of information leads 
to a more nuanced study of building form in which a sensibility for the surrounding urban fabric must be 
negotiated with the need to shift and shear volumes in order to control solar exposure. Recalling the 
previous discussion of the Tarlo House provides a useful illustration in this context as well. The conflict 
between these two influences has great potential to inspire authorship of both site and building that 
overcomes these challenges while also motivating a greater understanding of the constraints. In this 
example, the urban fabric, the zoning codes, solar geometry, strategies for capturing natural daylight, and 
the ways in which these constraints can be formally addressed through building massing. We are excited 
that these investigations of specific site conditions have the potential to become generative in the 
production of architectural form. 
 

 

 
 

Figure 4. Fall-quarter module integration. 
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During the winter quarter, studio interests shift toward an educational or recreational program on 
unbounded rural or suburban sites including sloped landforms. In response, the Site and Contextual 
Systems module offers introductions to soils and geology, landform and morphology, as well as hydrology. 
Class discussions provide a framework for initiating meaningful relationships between these natural 
constructors and proposed building form. Exercises introduce students to techniques of grading and 
drainage, especially in the context of soft surfaces, through the reading and manipulation of contours. 
Figure 5 outlines the technology topics from each study area that are discussed in the winter quarter. 
 
Here a pairing of topics in Site and Contextual Systems with those in Materials and Construction Systems 
provides an example of how the teaching supports the notion that sites are inherently unfinished. 
Students are asked to consider building siting, orientation, and construction systems in exchange with 
landform and hydrology. As Carol Burns has described, a common preoccupation among architects, and 
especially beginning design students, is to assume that existing physical features, such as topography and 
hydrology, are inherently precious and immutable conditions of site. Instead, considering these features 
in dialogue with Materials and Construction Systems has the potential to establish them as parameters 
that must also be authored toward intended effect. As winter quarter topics turn to building foundation 
and roof systems, students are encouraged to see these human constructs as components of a site’s 
hydrology, akin to the ridges and valleys that may have been formed through natural processes. This 
presents an opportunity for students to see constructed structures as active contributors within natural 
systems, rather than leaning into unproductive binaries that might otherwise separate human and natural 
artifacts. 
 

 

 
 
 

Figure 5. Winter-quarter module integration. 
 
Finally, in the spring, the studio engages a more complex human program, often including a multi-family 
residential component on an urban or suburban site. The Site and Contextual Systems module presents 
concepts of site circulation including the integration of accessibility features into the proposed circulation 
strategy. Course discussions offer frameworks for considering the sequencing of user experiences 
throughout the site, especially related to thresholds between inside and outside. Exercises extend earlier 
techniques for grading and drainage; here with a focus on paved surfaces where a more finely articulated 
ground requires greater control through the manipulation of spot elevations. The final site module also 
introduces methods of constructing landscape assemblies, such as paved surfaces and grade change 
devices, and offers a framework for approaching planted-form in architectural contexts. Figure 6 outlines 
the technology topics discussed in the spring quarter including those from each of the three study areas. 
 
The final quarter culminates with the design of a building threshold that intends to integrate, for the first 
time, architectural technology topics with our students’ design studio projects. Through instruction and 
work on this exercise, site circulation and user experience are paired with issues of civil rights and life 
safety as well as an introduction to the science of building envelopes. Students are challenged to extend 
their architectural ideas from the building into the landscape, while also technically addressing legal and 
regulatory requirements. The exercise challenges students to design building and site circulation as a 
continuum of experience from moments of site arrival to program areas within the building’s interior. In 
doing so, the design of the ground plane, including the provision of accessible routes, as well as the 
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performance of landscape surface materials, or considered alongside the development of building 
structure and envelop assembly. As a result, students are asked to interrogate relationships between 
inside and outside and to make connections between the form and material of building and site features. 
These explorations have the potential to deepen student understanding of the properties of those 
materials, and how they may be used to enhance the experience of an occupant. This exercise promotes 
the design of site as an authorial responsibility of the architect and one that is integrally linked to 
questions of structure and envelope. Having this discussion within the context of architectural technology 
encourages students to extend their thinking beyond the limits of the building and provides them with the 
means and methods required to productively position site matters within the domain of architecture.  
 
 

 
 

Figure 6. Spring-quarter module integration. 

CONCLUSION 
 
While our initial goals were to find ways of addressing site directly and explicitly within our curriculum, 
the larger potential of the pedagogy described here is to offer our students a more complete 
understanding of all of our architectural technology topics.  
 
The ability to synthesize a range of diverse project constraints into thoughtful and provocative strategies 
for architectural design is a trait of many exceptional architects who have honed their sensibilities 
through experience and years of practice. Our responsibility as educators is to establish that type of 
synthetic and integrative thinking as a fundamental skill for second-year students. Doing so requires that 
we challenge the predominant tendency to isolate the topics of study that together contribute to the 
production of architecture.   
 
Now entering our fourth year of course refinement, we continue to make significant alterations. While our 
approach to organizing course topics was initially driven by a point-of-need mentality that strove to 
support the design studio with the intention of integrating technology topics with design, reflection of the 
successes of our teaching, has led us to reconsider the value of that form or integration. Instead, this 
coursework may be at its best when the relationship of fundamental technology topics to one another are 
prioritized. Our current course developments include the tuning of these relationships and the 
development of course exercises that ask students to confront and negotiate them.       
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ABSTRACT 
 
An integrated design process ideally involves close coordination among the professionals designing 
architectural, structural, and mechanical systems, and with the construction team and manufacturers of 
building products; however, this process is not universally followed in practice, nor is it a common model 
for design education, either in architecture or in engineering. New developments in the United States in 
mass timber products present a unique opportunity to advance interdisciplinary integrated design 
processes both in practice and in schools. As architects and engineers explore this field, they are finding 
that in order to understand material possibilities and limitations and better manage project delivery 
schedules they need to work in integrated teams from the start, including close coordination with 
manufacturers, fabricators and construction professionals. Faculty in the University of Oregon (UO)’s 
Department of Architecture have modelled this integrated practice method in a series of design studios 
focused on mass timber systems in which student teams either work with architecture faculty and 
interdisciplinary consultants or with teams of structural engineering students and architecture and 
engineering faculty. To further this integrated practice model, an interdisciplinary MS degree in mass 
timber design is being developed by UO’s Architecture Department and Oregon State University (OSU)’s 
Department of Wood Science and Engineering for architecture, structural engineering and construction 
management students with a professional undergraduate degree. The students will be working on projects 
in interdisciplinary teams with interdisciplinary faculty teams, preparing the next generation of 
professionals to be well equipped for a future of integrated design practice. 
 
INTRODUCTION 
 
Ideally, an integrated design process, involving close coordination among design professionals, should be 
followed in professional practice and in professional design education, but it is far from the norm in either 
case. However, new developments in engineered wood in the United States that are outpacing their 
adoption into the design codes are leading professionals increasingly to embrace a performance-based 
approach to design using alternative means and methods provisions of the codes, which leads to the need 
for a collaborative design approach. This requires early and intentional coordination between design 
professionals, construction teams and manufacturers. In the absence of common codified standards that 
all team members can rely on, the performance-based approach requires the joint development of project 
goals and standards, in which interdisciplinary conflicts are identified and joint design decisions are 
made. This level of collaboration is essential, since designers can’t just make a decision and assume that 
other design professionals will be able to effectively resolve their issues within those parameters.  
 
Design education with an emphasis on interdisciplinary teamwork can play an important role in 
developing future design professionals with integrated design process experience. While this is becoming 
more common in design education, it is generally a very small part of a much larger number of 
disciplinary requirements for accredited architecture and engineering programs. While disciplinary 
competence is a core goal in professional degree programs, this paper will address some methods and 
models for integrating interdisciplinary courses into design curricula and will describe a fully integrated 
post-professional degree program. As in professional practice, wood, and mass timber in particular, can 
serve as an effective material vehicle for this interdisciplinary approach in both architectural and 
engineering education. While the basics of wood design are commonly included in the U.S. in architecture 
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programs and at least half of the U.S. engineering programs include some form of wood design as a 
required element of the curriculum, mass timber is new to both and can provide a path to demonstrating 
the benefits of interdisciplinary education for both disciplines. 
 
INTERDISCIPLINARY INTEGRATED DESIGN STUDIOS 
 
There are a number of models for architecture and structural engineering students and faculty to work 
together on integrated design projects. In all cases, it is useful to recognize that there are differences in 
architectural and engineering education approaches. The central focus of architectural education is the 
design studio, which is a relatively unstructured working environment with an emphasis on artistic vision, 
experimentation and individual creativity. The more technical content is largely provided through 
separate lecture courses, and integration and understanding of technology and building systems is often 
seen as a necessary, but troublesome, aspect of architecture that has to be dealt with to satisfy 
accreditation and licensing requirements. In structural engineering, the classes include both lectures and 
labs that focus on science-based problem solving and cooperative teamwork. Quizzes and tests emphasize 
gaining specific competencies and the focus in undergraduate structural engineering education is on 
components, rather than on systems. See Figure 1 below. 
 

     
Figure 1. Architecture studio on left, lecture class in Engineering on right. 

 
Architecture students are expected to create new solutions to design problems, although they frequently 
start with case studies of previous examples of the building types they are addressing in their studios. 
Engineering students are relatively unfamiliar with the case study method, which is, essentially, a form of 
reverse engineering in which previous built examples are analyzed for their form, systems and design 
approach. Public reviews with external professionals are the norm in architecture but are far less common 
in engineering education. The level of graphic presentation and physical model-making required in 
architecture is quite high compared to that in engineering classes, while the level of analytics and 
numerical modeling requiring precision and accuracy that is expected in engineering reports is directly 
reflected in grading.  
 
The authors have spent over a decade working on various models of integrated studios, with students in 
the middle or last year of their professional programs (both undergraduate and graduate). While Sheine, a 
professor in architecture, and Gershfeld, a professor in civil engineering with a specialization in wood 
design, were both teaching at Cal Poly Pomona (CPP), they taught a series of joint studios with their 
respective students working in interdisciplinary teams designing timber pedestrian bridges. When Sheine 
went to the University of Oregon (UO) in 2013, they developed several models for long-distance 
collaboration, and were joined in 2015 by UO’s Donofrio, who has a background in both architecture and 
engineering. With the development of the TallWood Design Institute (TDI), a collaboration between the 
UO’s College of Design and Oregon State University’s (OSU) Colleges of Forestry and Engineering focused 
on the advancement of timber manufacturing and design through research, testing, outreach and 
education, an opportunity was provided to develop a fully integrated Master’s degree for students with a 



533 

professional degree in architecture, engineering, architectural engineering or construction management, a 
degree focused on mass timber design with an emphasis on interdisciplinary collaboration. 
AE Studios at Cal Poly Pomona 
 
Our explorations in interdisciplinary education began in 2007 when the Dean of the College of 
Engineering (CoE) approached Sheine, the Architecture Department Chair, about teaching a joint studio 
on the design of a timber bridge connecting the two CoE buildings. This project had been approached in 
several senior capstone projects, but the results, while structurally sound, were not very attractive, leading 
Gershfeld to propose to the Dean that the project should be a collaboration with the Architecture 
Department. The choice of timber as the primary material choice was partly dictated by the identification 
of a potential timber donor, and also by the university sustainability goals and Gershfeld’s specialized 
expertise. Sheine volunteered to work with Gershfeld on this project with the first class offered in winter 
2008.  Sheine and Gershfeld experimented with several methods and structures for teaching this studio, 
and by the third one, in 2011, thought a workable model had been developed for the 10-week term.  
 
The CPP studios began with a case study project focused on timber bridges. Students worked in small 
teams, generally of two, with the architecture students presenting their work after a week, and with the 
engineering students continuing to study and analyze the structural systems for another week. This one- 
week gap allowed the architecture students to develop individual initial concepts – models and drawings 
– for their bridges and to present them at the beginning of week three. Depending on the size of the 
classes, similar design concepts were combined, with the goal of having eight to ten projects total, which 
were subjected to a competitive process, with only four to five projects proceeding past the midterm 
review. The engineering students were allowed to select the projects, with architecture students having a 
choice of engineering students for high-demand designs. The combined architecture and engineering 
student teams (3-4 students on each) worked together on a preliminary design until the mid-term in the 
sixth week. A series of lectures ran through the first four weeks of the studio, on structural systems for 
bridges, engineered wood types and properties, and structural connections, given by both the faculty and 
guest speakers. The mid-term review was conducted by invited external professional architects and 
engineers who were asked to formally rate the projects, based on structural, aesthetic and constructability 
criteria. The external ratings provided guidance for which projects would continue, with the faculty 
making the final determination based on pedagogic goals, almost always allowing one or two very 
experimental projects to go through if the team appeared to be strongly committed to working it through 
collaboratively. After the midterm, the teams were further combined so that larger groups of students 
would be working on the selected designs until the final review in the tenth week, another public review 
with external reviewers and rankings, and the selection of a “winning” design. 
 
Because the classes were conducted in the architecture design studio, architecture and engineering 
students worked side-by-side in their teams, with consultation from both Sheine and Gershfeld, largely at 
the same time. Engineering students quickly grew comfortable working with their architecture colleagues 
in this messy, noisy space, engaging in energetic dialogue and learning from each other. See Figure 2. 
   

      



54 4 

Figure 2. Gershfeld with engineering student Daniel Mourad (left) and architecture student Nathan 
Houck, (right); engineering student Alex Quinonez (left) and architecture student Eubie Han (right). 

 
The goal was to select a winning project each term, however it was not until the third iteration of the 
studio in 2010, that the designs seemed sufficiently developed that an actual winner was presented to the 
Dean of Engineering (due to changing college priorities, the project was not realized). See Figure 3.  
 

           
Figure 3. Space Truss Bridge (1st Place), Architecture students: Nathan Houck, Greg Sagherian, Robert 
Yamnitz, Elane Yiu, Engineering students: Bethany Lopez, Daniel Mourad, Ryan Turner, Samson Wong. 

Physical models at ¼” and 1”=1’-0”,left; digital structural model in RISA 3D, right. 
 
Following this project, the faculty spent two years focused on designing pedestrian bridges in the nearby 
Los Angeles National Forest, working with a U.S. Forest Service engineer. Although no longer compelled 
to work in timber, the faculty found a number of pedagogic advantages in doing so. First, Gershfeld had a 
special expertise in wood design, not common in engineering academics, and the engineering students in 
the studio were able to take an undergraduate timber design class with him early in their program. 
Secondly, we found that for the architecture students, if they had worked in steel or concrete, they could 
plausibly assume that almost any form they came up with could be built (however inefficiently), but 
timber introduced material form making limitations that required them to work closely with the 
engineering students on their sometimes very adventurous designs. While the challenge of the 
architectural designs required the engineering students to explore and design inventive structural systems 
and connections, far beyond the component level design they had previously experienced, for 
undergraduates with limited exposure to complex systems, the material limitations allowed control of the 
complexity of the projects to the level they were able to analyze. In addition, timber presented an 
opportunity for students to collaborate closely on the design of exposed structural connections, taking 
into consideration both aesthetic and structural issues. This studio project ran in 2011 and 2012 on two 
different sites, with the same format as the previous studios. In 2012, the studio produced some 
particularly sophisticated projects. The 1st place project from 2012 is shown in Figures 4-7.  
 

 
Figure 4. Truss Bridge (1st Place), Architecture students: Richard Delarosa, Candice Myers, Harold 

Ornelas, Leo Rodriguez, Johnny Tran; Engineering students: Kun Chang, Henry Chi, Huong Vu. 
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Figure 5. Connection details: truss web bottom and top, support top view and bottom view. 

 

 
Figure 6. Structural SAP model and vertical loads axial load diagram. 

 

 
Figure 7. Truss Bridge 3”=1’-0”scale model details 

 
University of Oregon Mass Timber Architecture Studios 
 
Sheine and Gershfeld tested several interdisciplinary studio models at UO, all focusing on mass timber as 
the primary structural material. These studios approached projects at a variety of scales and complexity 
and with varied amounts of collaboration.  
 
In 2013 the UO studio took on the first “Timber in the City” Association of Collegiate Schools of 
Architecture (ACSA) competition, focused on mid-rise CLT housing, while Gershfeld worked with a senior 
project group on a mid-rise mixed-use mass timber building in a high-seismicity area. There was one face-
to-face meeting of the student groups, with a joint field trip to wood manufacturing facilities in Oregon, 
and some web-based video consults for the studio with Gershfeld as technical advisor. Even with this 
limited interdisciplinary interaction on a large urban project (almost 200,000 sq. ft.), significant technical 
information was incorporated, with one of the UO teams taking first prize with a proposal for a modular 
CLT housing project, praised by the competition jury for the quality of its technical development. See 
Figure 8. 
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Figure 8. “Grow Your Own City” (First Prize) project renderings. Architecture students: Benjamin Bye, 

Alexander Kenton, Jason Evan Rood. 
In 2016, ACSA ran the “Timber in the City” competition for the second time; this time Sheine co-taught it 
with Donofrio, with Gershfeld acting as technical consultant; Gershfeld was on sabbatical, so no student 
interaction was involved, but he was able to come to the studio in person every other week. With this 
300,000 sq. ft. project, students working in teams, with input from both Donofrio and Gershfeld, were 
able to develop a large and complex program on two city blocks, with fairly significant structural 
development, resulting in one of the UO teams winning second prize. See Figure 9. 
 

            
Figure 9. “Hybrid Domains” (Second Prize) project rendering and detail of market hall. Architecture 

students: Alex Kendle, Michael Meer, Greg Stacy, Ben Wright. 
 
A similar model was followed in a spring 2015 studio, when the city of Springfield, Oregon, asked Sheine 
to teach a studio on the design of a mass timber parking garage for their new Glenwood development. 
Given the lack of precedents and the need for structural knowledge of timber systems in a seismic area, 
Sheine asked UO’s Donofrio to co-teach the studio, with Gershfeld, acting as a technical consultant, 
making several trips to UO as well as giving online consultations. Again, engineering students were not 
involved in the collaboration. The UO students worked in teams and with the assistance of Donofrio and 
Gershfeld, made use of new timber lateral-force resisting systems recently developed in New Zealand for 
the design of the structures. The studio also collaborated with DR Johnson Lumber, in Riddle, OR, which 
had just begun to produce the first structurally certified cross laminated timber (CLT) panels in the U.S. 
Nine team designs were produced and demonstrated sufficient structural development to convince the 
City of Springfield that the project was feasible and to engage architects SRG Partnership and engineers 
KPFF for the actual project. See Figure 10. 
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Figure 10. Student proposal by Krysten Gormly, David Lieberman, and Scott McClelland, left; SRG 

Partnership proposal, right. 
 
Two other studios involved direct, although virtual, collaboration, among architecture and engineering 
students. In 2014, Sheine and Gershfeld paired individual students in a UO studio with individuals in 
Gershfeld’s CPP graduate level Advanced Timber Design class on a project for a small retreat center in 
OSU’s College of Forestry’s McDonald-Dunn Forest. The students communicated remotely, with 
Gershfeld making several visits to UO. The results were mixed, depending on the individuals involved, 
and on the complexity of the architectural proposal. Additionally, increasing the number of projects in the 
studio meant that each had less time with the faculty. Nevertheless, several teams produced elegant and 
structurally sound projects. The most sophisticated project was the only one designed with a team of two 
graduate architecture students, who worked with a very strong undergraduate engineering student; the 
design employed a 48’ cantilever with a timber truss system. A second well-developed design was the 
result of a very effective collaboration between a graduate architecture student and a graduate engineering 
student who were both very strong. See Figure 11. 
 

               
Figure 11. Project by Efrain Vergara and Zach Vacovsky (architecture) and Austin Morgan (engineering), 

left; project by Kelsey McLaughlin (architecture) and Vicki Rogers (engineering), right. 
 
With the spring 2017 UO studio, Sheine and Gershfeld were able to once again have architecture and 
graduate engineering student teams collaborate, this time on the design of a new grandstand structure for 
UO’s Hayward Field. This project was closest in type to the bridge projects of the Cal Poly Pomona 
studios, in which very limited programming or site design was required. Teams communicated virtually, 
with Gershfeld making several in-person visits to UO. Engineering students were able to do structural 
analysis and architecture students developed details, as they did for the bridges. See Figure 12. 
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Figure 12. Folded Plate Team: Addison Estrada, Abe Kelso (architecture); Eric Cheung, Gregory Kato, 

Dana Robertson, Trung Tran (engineering). Section on top, left, detail of column base connection on top, 
right; Loading, Gravity and Bending diagrams, on bottom, left to right. 

 
Three UO studios taught in 2017-18 focused on buildings of very varied sizes, although all followed a 
similar format, with Gershfeld acting as technical consultant, and without involvement from engineering 
students. However, in two of them, the studio included consultants for environmental systems. The fall 
2017 studio, co-taught by Sheine and Donofrio, was focused on the design of a new mass timber 
courthouse for Lane County, a project initiated by the County. This was a 250,000 sq. ft. building with a 
complex program and students worked in teams of three and four. With generous funding from the 
County, the studio was able to include faculty consultants from our UO Energy Studies in Building Lab 
(ESBL) to help integrate natural ventilation and daylighting strategies into the projects. See Figure 13. 
 

   
Figure 13. Renderings of proposals by The Nest team (Spencer Boragine, David Moreno, Josh Rosenthal, 
Zach Sherrod) on left and the Civic Resilience team (Westin Hill, Russell Regulinski, Tim Walsh) on right. 
 
In spring 2018, Sheine’s UO studio focused on modular mass timber classroom design, with Gershfeld 
acting as consultant and with faculty from ESBL consulting on daylight analysis, with the use of the 
Artificial Sky. Students worked in teams of two, developing mass timber classroom modules, and applied 
them to existing school plans, designing long-span timber systems for the larger spaces. See Figure 14. 
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Figure 14. Payton Narancic and Simone O’Halloran. Classroom module for ground floor on left, 

rendering of upper level classroom on right. 
 
In winter 2018, Sheine taught a studio focused on the design of very small mass timber houses, 
coordinated with Alex Olsen, an instructor in a construction vocational program for high school students, 
Freres Lumber, the manufacturer of Mass Plywood Panels (MPP), and with Gershfeld acting as structural 
consultant. This studio mirrored integrated practice, with a team of architect, engineer, contractor and 
manufacturer all working together using the new MPP material. Students were able to explore the 
potential of MPP and develop individual detailed designs in this very small project. See Figure 15. 
 

 
Figure 15. Projects, left to right, by Andrea Li, Hayden Rensch, and Konrad Stuebgen. 

LESSONS LEARNED 
 
Each of these studios and interdisciplinary models taught us something about the various pedagogies and 
project types. Ideally, interdisciplinary integration should be in person, but, as in practice, virtual 
communication can work, although it’s best if the number of projects is limited and close faculty 
supervision is available, which is challenging in a lecture-style engineering class. One note is that all of 
these studios were taught in 10-week terms, which makes them particularly challenging. From the studio 
types discussed here, three primary models can be derived. These models generally have distinct 
advantages when students work in teams, either in interdisciplinary teams or even just in teams of 
architecture students. Clearly, there is an advantage in having a number of students able to produce more 
work than one can, but there is also a benefit to having students work in teams and finding different ways 
each can contribute to support the team and project – as is typical in practice. Additionally, less 
experienced students can work with stronger ones, giving opportunities for both leadership and peer-to-
peer learning. And, critically, the importance of having faculty leading these efforts who have experience 
in hands-on design and can demonstrate productive collaborative interaction cannot be overestimated. 
 
Structurally-driven projects 
 
Projects that have very limited program, such as bridges, grandstands, and parking garages, are best 
suited to a 10-week fully integrated design process with architecture and engineering students working 
together from the beginning of a project. These projects can create interesting new challenges for both 
architecture and engineering students; architecture students rarely address designs that require serious 
structural analysis to establish feasibility and engineering students rarely tackle in-class analysis and 
design of an entire structural system that is not a simple box. The progressive competition format has 
advantages in establishing high standards in both design and collaboration that must be met in order for a 
design to proceed to a further stage of development and in having students work in teams where they 
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learn how to make contributions even when they are not the primary author of the design idea. 
Considerable development and a relatively high level of resolution can be achieved with these kinds of 
projects, with or without the progressive competition model.  
 
Buildings 
 
Depending on the size of the building program, these are generally much more architecturally driven at 
the beginning of the design project. Architecture students take the lead on site design and conceptual 
design, which in a large, complex building can take some weeks. The challenge in these cases is how to 
integrate technical team members early enough to be involved in the entire design process. This applies to 
both structural engineering students and to the integration of environmental systems, whether this input 
is provided by consulting faculty and professionals or also by students. In these projects, case studies can 
form a critical part of the teamwork. Engineering students can analyze past examples of structural 
systems and present alternates to the architecture students as they develop conceptual designs. Similarly, 
standards and systems for analysis of ventilation, cooling, heating and daylighting strategies can be 
investigated and presented for consideration. In general, projects that have some standard, repetitive 
parts – offices, residences, schools –combined with one or two long-span spaces give both architects and 
engineers a good variety of types of spaces to design and learn from, one lending itself to a fairly standard 
solution and one allowing for more creative exploration. Lectures from faculty as well as external design, 
construction and manufacturing professionals, along with field trips, can provide supplemental 
knowledge for students and give them direct insight and understanding of projects.  
 
However, with more complex projects, early integration of technical team members can be particularly 
challenging, especially in a 10-week term. These projects, such as the “Timber in the City” competitions, 
are architecturally driven and are better suited to technical integration provided by faculty and 
professional consultants. Of course, on a small project, a single residence or similar size structure, it is 
possible to have individual students work on projects, as is also typical in practice. Finding a building of 
just the right size and complexity for successful teamwork and interdisciplinary collaboration is part of 
the challenge for faculty instructors. 
 
INTERDISCIPLINARY MASTER’S DEGREE PROGRAM 
 
From the launch of the TallWood Design Institute (TDI) in 2015, an interdisciplinary MS degree was 
envisioned focused on mass timber design, taking advantage of Oregon’s position as the epicenter of mass 
timber manufacture and application in the U.S., the role of  TDI in this development, and the disciplinary 
strengths of UO and OSU faculty in architecture, wood science and engineering. While the goal is to 
eventually offer the MS as a joint degree from both universities (addressing the logistical challenges of 
creating a joint degree from two public universities will take some time and effort to accomplish), we are 
planning to initiate it in fall 2020 as a one-year UO Department of Architecture Master of Science degree, 
with classes taught at both universities. The program is designed for students with a professional degree 
in architecture, structural engineering, architectural engineering, construction management or other 
allied fields.  
 
Based on the experiences described above, Sheine, Gershfeld and Donofrio worked with Eric Hansen, 
Professor and Head of the OSU Department of Wood Science and Engineering (WSE), to develop the MS 
program. All students will be required to take all courses. The fall term will include three courses 
introducing students to forestry, wood markets, wood science, wood manufacturing and structural wood 
design; these will be taught by OSU WSE faculty at OSU. A fourth course, a studio focused on wood design 
with digital tools, will be taught at UO with faculty from Architecture and WSE. In the winter students will 
be offered an option to travel to Europe for the annual Holzbau in Innsbruck, Austria and a tour of 
significant timber structures and wood manufacturing facilities. 
 
The winter and spring terms will be centered on a capstone studio project, in which students will work in 
interdisciplinary teams on the design of a building with repetitive elements and a long-span space. As 
indicated above, the architecture students will begin with brief case-study projects, while the engineering 
and construction students will spend more time on case study analysis for the first four weeks. This will 
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give the architecture students time for site planning and conceptual design while interacting with their 
technical team members, who will be providing feedback on the design approaches. After this initial 
phase, the team members will work together to develop the project, with each team member taking major 
responsibility for the aspects of the project that correspond with their discipline. This studio will be jointly 
led by an architecture faculty member and an engineering faculty member, with guest consultants.  
 
In the winter term, a lecture course will be taught by the lead studio faculty, covering aspects of timber 
design relevant to all disciplines. There will also be a two-term seminar, sponsored by TDI, with guest 
lectures and workshops given by UO and OSU faculty with specialized expertise and by external 
professionals. Topics will include: manufacturing processes, digital fabrication, adhesives, fire resistance, 
durability/moisture protection, LCA, net-zero design/carbon negative design, acoustics, constructability 
and economics, construction methods/design-build, modular and off-site construction, and case studies 
of contemporary mass timber buildings. These guests will also serve as consultants in the studio, advising 
on their particular areas of expertise. In addition, small interdisciplinary teams will be required to take on 
a research project of their choice, working with UO and OSU faculty members. 
 
This degree path is designed to prepare students with a professional degree specifically for integrated 
mass timber practice. However, given that timber buildings require the use of concrete and steel and there 
are a number of models for hybrid structural models, we believe this degree will prepare students for 
integrated practice in general. 
 
CONCLUSION 
 
There are many models for interdisciplinary design education. While virtual interaction is second to in- 
person collaboration, the reality of current practice – and education – sometimes necessitates 
communication at a distance and it can be made to work. The authors are looking forward to expanding 
the scope of their previous interdisciplinary integrated studios to a year-long program with multiple 
courses and multiple faculty and visitors, both in-person and communicating virtually, and to continuing 
to refine and develop the degree and the integrated design process. 
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ABSTRACT 
 
 
Considering the complexity of ecological and social challenges, universities and the teaching of 
architecture offer a unique opportunity to create real-life design problems from their local communities, 
thereby engaging their students in the learning process.  On this context, this paper presents the idea of 
Academic Urban Laboratories as a methodology to enhancing regional development as well as to better-
prepare students for professional careers, exposing them to the benefits of holistic, integrated design 
outcomes. 
 
This paper offers a review of the main challenges that the teaching of architecture currently faces, 
followed by a review of emerging frameworks to improve pedagogical methodologies in this discipline. A 
rubric to assess Academic Urban Labs’ experiences is presented, which has been applied to the analysis of 
three architecture design studios experiences, addressing the following connections: elective course and 
local community, studio and local government, studio and international congress.    
 
Finally, the main reflections are related to examining the link between academic and local stakeholders, 
assessing strategies to increase the efficiency of sustainable outcomes, and reducing the time demand on 
the management processes to support this methodology.  From the results, it is possible to identify an 
increase in social responsibility, as well as a commitment among students towards more sustainable 
development, thus supporting the idea of designing new learning experiences connecting academia with 
real-life problems. 
 
 
Keywords: Academic Urban Labs, Design Studio, Teaching Architecture, Social Responsibility 
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INTRODUCTION 
 
Universities emerge as a space of opportunity for exploring new alternatives for confronting 
contemporary urban problems by reinserting the knowledge produced by these institutions back into 
society (Aldeanueva Fernández, Ignacio; Jimenez Quintero 2013; Pizarro 2015). 
 
During the last three decades, intense urbanization has generated an accelerated depletion of natural 
resources, oftentimes imposing standardized design stereotypes enabled through core knowledge.  This 
model of growth continues spreading today with increasingly negative consequences on the ecology, 
economy, social ties, and quality of life, not only regional but global (Tzonis 2014b).  
 
On this historical context, architecture has a leading role due to its ability to project and modify the built 
environment. Therefore, strategic approaches in the teaching of architecture can define new ways in 
which future architects will impact their natural and social surroundings.    
  
Despite this potential, the teaching of architecture in many universities worldwide still does not take on 
the challenges presented by the current ecological crisis (Altomonte, Rutherford, and Wilson 2014; Ismail, 
Keumala, and Dabdoob 2017). Many architectural studios remain stuck in old practices and 
methodologies, weakening the relationship between academia and its territory. 
 
This research offers a particular opportunity to reflect on new methodologies in the teaching of 
architecture. Its main scope is to present architectural studios as Academic Urban Laboratories and to 
relate pedagogical practices with real-life urban problems involving local stakeholders. This approach 
favors enhancing university social responsibility while reinforcing sustainable contents among 
architecture students. 
 
The paper starts by reviewing the main challenges faced today in the teaching of architecture design. Then 
it follows the descriptions of the new pedagogical methodologies proposed by different authors from a 
literature review.  It continues by defining architectural studios as Academic Urban Laboratories, offering 
a particular framework for its analysis, and by reviewing three different case studies developed in 
University of Concepción, Chile.  Finally, it discusses the theoretical framework with the cases studies 
presented and concludes on a strategic process to implement and improve Academic Urban Laboratories 
as a design studio methodology. 
 
 
CHALLENGES IN THE TEACHING OF ARCHITECTURE 
 
Reflections regarding the quality of teaching in architecture have been present since its 
institutionalization in the academic curriculum, i.e., at the end of the eighteenth century  
(Tzonis 2014a). 
 
Despite the current environmental crisis, the rapid urbanization of the world and the social demands 
emerging from these dynamics, the teaching of architecture has been slow in adapting and responding to 
the new urban challenges.   
 
By reviewing published articles and the available literature, it is possible to identify different problems 
faced by the teaching of architecture nowadays.  The following are some of the challenges hindering the 
development of this discipline in academia:  
 
Identifying the essential criteria in the teaching of architecture 
 
For María Isabel Alba, the main scope behind teaching architecture is to enable the student to learn, 
research, express, and organize (Alba 2016). On the other hand, Alfonso Muñoz Cosme considers that 
learning architecture means to learn to see, learn to think, learn to build, learn to communicate, and 
finally, learn to learn (Muñoz 2008).  Complementarily, Haeger and del Castillo claim that teaching 
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architecture, urbanism, and landscape involves a predisposition to observation, innovation, visualization, 
and theory-practice problem-solving processes (Haeger and del Castillo 2015). 
 
These impressions share similarities, especially regarding observation, research, and expression.  
Although they also evidence different criteria with building and innovation capacities. Finally, it can also 
be argued that the above descriptions lack fundamental concepts which are essential in the teaching of 
architecture, such as creativity, projects, planning, and visualization (Dizdaroglu and Yigitcanlar 2014). 
 
Differentiation and specialization of the architectural knowledge 
 
The historical challenge of the architectural discipline is related to the increasing levels of specialization 
and division of labor in theory and practice (Tzonis 2014a).   This challenge has been enhanced with the 
incorporation of new technologies in the design process, promoting diverse opinions among design 
educators, i.e., to use technology, whereas others are against it (Soliman 2017).   
 
The difficulty emerges from the need to include all of this different architectural knowledge into the same 
curriculum, asking academics to incorporate both traditional and new knowledge into their classes, while 
teaching and producing research simultaneously. The challenge is even higher, considering the limitation 
of hours, space, and budget that most universities currently face (Tzonis 2014a). 
 
Design Studio Integration with the Support Subjects 
 
In the Architecture curriculum, Architectural Design Studios are the main subjects, demanding the 
highest workload of hours per week. Other subjects, such as Construction, History, Environmental 
Control Systems and Social Theory or Communication are supposed to offer context to serve the 
development of Design Studios(Ibrahim and Utaberta 2012). 
 
Unfortunately, in practice this core subject remains often alienated from the supporting subjects.  On this 
context, students are expected to develop design tasks without having been trained on the appropriate 
processes, on how to apply conceptual frameworks, or how to integrate the content acquired from other 
courses (Altomonte, Rutherford, and Wilson 2014). 
 
The integration of all supporting subjects with Architectural Design Studio emerges as a requirement to 
combine both technical and holistic issues of sustainability. 
 
Overloaded architectural curriculum 
 
There has been increasing debate regarding students’ workload in the university environment, as well as 
in the architecture discipline. This condition negatively affects the process of design studios, where 
teaching and learning strategies cannot be adequately implemented, particularly during short semesters 
or quarter systems (Soliman 2017). 
 
Europe, as well as Chile, uses ECTS (European Credit Transfer and Accumulation System). With this 
nomenclature, 1 ECTS means 30 hours of work per semester.  Considering that one semester implies 30 
credits distributed in 16 weeks, the students require 56.25 hours of work per week [(30x30)/16], which 
means 11.25 hours per day, or an extra 3.25 hours over a traditional workday. This extra workload also 
applies to the USA and Middle East countries such as Bahrain or Qatar (Soliman 2017). 
 
The composition of learning hours in architectural schools are 1/3 “contact hours” or direct lesson (in-
class hours), while the other 2/3 of the time is designated for individual or group work outside of class. 
Therefore, teachers may lack time to pursue different teaching methods, while students do not have 
sufficient time to develop holistic designs.  
 
The gap between theory and practice  
 
It has been assumed that the gap between theory and practice originated with the teaching of the “Arti del 
Disegno” in the Academia di San Luca in Rome (Tzonis 2014b).   
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Many schools have tried to break this difference by bringing the studios physically onto the field, inviting 
outside practitioners to consult the students, or introducing a period for the student to work as an 
apprentice inside a professional firm (Tzonis 2014a). 
 
Despite these methods, the gap remains between the theoretical knowledge provided by educators to 
students and the practical capabilities students must acquire for their future professional practice 
(Charalambous and Christou 2016). 
 
      
EMERGING FRAMEWORKS IN THE TEACHING OF ARCHITECTURE 
 
Despite all these historical challenges, new proposals are taking on the architectural agenda today, 
offering alternative methodologies to update the academic dimension of this discipline. 
 
The global environmental crisis is unquestionable. According to the report "Hot Cities: battle-ground for 
climate change" from the United Nations Human Settlement Program (UN-HABITAT), cities contribute 
up to 70% of greenhouse-gas emissions.  Therefore, architects have an enormous responsibility for the 
future of our planet. 
 
In this context, many International Institutions are offering guidance to include the teaching of 
sustainability in the architectural curriculum. Some examples can be found in: The Decade of Education 
for Sustainable Development 2004-2014 (UN), Better Life Index 2010 (OCDE), Sustainable Hub 2011 
(RIBA), Environmental Design in University Curricula and Architectural Training in Europe, 2012 
(EDUCATE), and International Conferences on Sustainable Architecture (Haeger and del Castillo 2015). 
 
Teaching sustainability requires increasing the students’ awareness towards social responsibility. This 
concept of University Social Responsibility (hereafter USR), emerged during the first decade of the 
twenty-first century, evidencing the need to educate professionals with a greater sense of social 
commitment towards their society. 
 
The University Social Responsibility approach has been reinforced by supranational entities, such as 
United Nations Educational, Scientific and Cultural Organization (hereafter UNESCO) and the OEI, 
promoting a space of higher learning to serve the needs of local territories (Martí Noguera, Moncayo, and 
Martí-Vilar 2016).   Other initiatives can be found in The Assessment Instrument for Sustainability in 
Higher Education (AISHE) by the Dutch organization DHO, The Higher Education Partnership for 
Sustainability of the United Kingdom, The New Jersey Higher Education Partnership for Sustainability, 
the Project “Responsible Universities” in Spain (Aldeanueva Fernández, Ignacio; Jimenez Quintero 2013), 
and the “University Builds Country” project in Chile. All of these programs promote the incorporation of 
sustainability and social responsibility approaches in universities (Delpino-Chamy and Rivera 2017). 
 
 
NEW SOCIAL INTEGRATED TOOLS FOR ARCHITECTURAL DESIGN 
STUDIOS 
 
Historically, architecture studios have gone through different phases. From physically centered results 
during the 1960s and 1970s, then passing through a socially centered phase during the 1980s, and finally 
towards a hybrid approach at the beginning of 2000.  This later stage proposes to refocus the architectural 
studios on the practical aspects of the discipline (Grant Long 2012).    
 
This change has allowed taking into consideration not only what is expected to be taught, but also how it 
will be taught (Alba 2016). 
 
Following this approach, some authors have proposed the idea of Social Laboratories as a space of 
experimentation within the architectural studio, where academics and community get together with the 
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purpose of analyzing and resolving local problems through mutual collaboration (Bolaño and Aguilera 
2014). 
    
The idea of Social Laboratories is presented as a Service-Based Learning methodology, associated with the 
University Social Responsibility framework, offering an opportunity to put university knowledge at the 
service of local communities (Univ. de la Frontera, UC Valparaiso, Univ. de Talca & Univ. Concepción 
2010).   
 
Under the Service-Based Learning approach, it is possible to move away from a traditional teaching 
model, in which the educator transmits the knowledge to the student, towards a competency-based 
model, offering students diverse learning experiences in which they become the protagonists of their 
academic training (Alba 2016). 
 
      
DESIGN STUDIOS AS ACADEMIC URBAN LABS 

After reviewing the challenges of the teaching of architecture today, and with the emergence of 
sustainability and university social responsibility frameworks, the need to link more strongly the 
educational sector with parallel initiatives in the professional domain is quite evident (Altomonte et al. 
2014).  
 
To do so, Tzonis proposes to face this challenge by rescuing some methodologies adopted by one of the 
oldest professions: the academic hospital.  Under this approach, "the gap between theory and practice is 
closed by working on real-life cases, real-life design commissions, as in academic hospitals where real 
patients and not dummy patients, are treated” (Tzonis 2014a, 2). 
 
Linking Design Studios with real-life problems has been shared and analyzed by many authors in the 
literature (Bolaño and Aguilera 2014; Tzonis 2014a; Pizarro 2015; Alba 2016; Charalambous and Christou 
2016). The arguments are generally based on the hypothesis that when the challenge involves the 
application of knowledge to a practical and socially useful task, students become more engaged in their 
learning experience and process (Leroy et al. 2001; Kolb and Kolb 2005 in Altomonte, Rutherford, and 
Wilson 2014). 
 
This idea is defined as a Problem-based learning methodology; also associated with University Social 
Responsibility framework (Univ. de la Frontera, UC Valparaiso, Univ. de Talca & Univ. Concepción 2010).  
This methodology involves a pragmatic training possibility for students to develop skills required to solve 
grounded problems. Complementarily, it offers chances to increase university-local stakeholders alliances 
and contributes to the sustainable development of local surroundings. It can be a successful way to 
increase knowledge, contribute to local development, strengthen university networks, and increase the 
level of students’ interest towards new learning experiences that are more connected with real-life 
problems and stakeholders.   
 
This exploration comes aligned with ideas applied in the University of Cyprus, committed to the vision 
that “Students today should be encouraged not only to develop their design thinking, but to develop it 
‘responsibly’ towards others and the environment. They should also be encouraged to develop 
management and collaborative skills, in order to handle all different variables and stakeholders in their 
process of designing” (Charalambous and Christou 2016).   Other similar international examples are 
presented by Pizarro (Pizarro 2015); reviewing master plan proposals produced by Universities–Public 
Institution alliances in Colombia, China, and Germany.   
 
Hence, Academic Urban Labs can be understood as a methodology that relates pedagogical practices with 
real-life urban problems, involving local stakeholders, and contributing to the sustainable development of 
local surroundings.   
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The dynamics emerging from the Urban Labs approach had been described in previous research 
(Delpino-Chamy and Rivera 2017), and consider the following steps:  

● Identify an urban problem. 
● Explore and design proposals at complementary scales: urban-scale and architectural project-scale. 
● Build local alliances between different stakeholders. 
● Strength social capital at local surroundings. 
 
 
DESCRIBING AND ASSESSING URBAN LABS EXPERIENCES 
 
In order to analyze each case study, a methodological framework has been generated based on Bolaño & 
Aguilera (2017) "Analysis of social laboratories,"1 and Dominguez (2009) processes for University Social 
Responsibility2.  Some main considerations regarding the Architectural Design Process, defined by 
Soliman (2017), have also been included. 
      
With these considerations, a rubric is proposed, to describe and assess experiences related to Academic 
Urban Laboratories (see table 1). 
 

Table 1 - Rubric to assess Academic Urban Labs experiences 

 LOW MEDIUM HIGH 
MANAGEMENT    
 Objective Objectives were 

independent of local 
problems 

Objectives were related 
to local problems 

Objectives were aligned 
with local problems 

Stakeholders Local alliances were 
built 

Local alliances were 
built 

Local alliances were 
built 

Institutional 
Strategy 

Plenty of time and 
resources were 
demanded 

Some time and 
resources were 
demanded 

Little time and few 
resources were 
demanded 

TEACHING    
 Methodological 

Implementation 
Requires a lot of 
planning and 
preparation 

Requires moderate 
planning and 
preparation 

Requires low planning 
and preparation 

Architectural 
Design Processes 

Few processes and 
poor pedagogical 
results 

Some processes involved 
and acceptable 
pedagogical results 

Diversity of processes 
and effective 
pedagogical results 

RESEARCH    
 Conferences Not attended  Attend a national 

conference 
Attend an international 
conference 

Publication No documents were 
published 

Low-impact 
publications  

Medium to high-
impact publications 

OUTREACH    
 Media Reach The experience was 

not covered 
Appear in local media Appear in national or 

regional media 
Social Reach No impacts in local 

communities 
The local community 
was engaged.  Life 
standards were not 
improved 

Local communities 
were engaged. Living 
standards improved 

 
 

 
1 Objective - Responsible - Stakeholders – Process and Implementation - Outreach 
2 Management – Teaching – Research - Outreach 

68



7 

Following this rubric, three case studies will be presented and analyzed. The first case study presents a 
local alliance, continuing with a regional partnership, to end up analyzing and presenting an example of 
international academic urban lab.        

Figure 1: Case Study 1 Figure 2: Case Study 2 Figure 3: Case Study 3 

   
 

Case Study 1: elective course & local community 
      
Management 

• Objective: Improve the built environment of local communities by applying sustainable design 
principles. 

• Stakeholders: The request was self-generated.  For its implementation, the national NGO 
"TECHO" incorporated, and a local community got involved in the project.  

• Institutional Strategy: An elective course was created, named "RRR: Recycle, Reinterpret, 
Rehabilitate." The course was open for students coming from Architecture, Geography and 
Environmental Engineering. The implementation of a recycling center was created inside the 
facilities to collect recycled food-related containers as well as other reclaimed construction 
materials (i.e., pallets, automobile wheels, wood). These materials were used to regenerate 
community public spaces. 

Teaching 
• Methodological Implementation: This course was designed based on the University Social 

Responsibility theoretical framework. It began with an introductory theoretical session presenting 
sustainable principles. It considered material exploration, a design process that included: 
defining the problem, brainstorming and analyzing, collecting information and materials, 
developing solutions, participatory design, building, and presenting solutions in an inauguration 
event. The assessment included peer-review and course evaluation.  

• Architectural Design Process: included site visits, experimental learning, interdisciplinary 
teamwork, group discussions, realistic design problem, physical modeling, integration of a 
building into the landscape. 

Research 
• Conferences: The results of this experience were presented in two conferences.  Congress of 

Architecture and Environment (CAA), Conference Who cares for Chilean cities? Academic 
answers from architecture, public space, and urban projects, and ARCC 2017 Architecture of 
Complexity: design, systems, society, and environment. 

• Publication: no paper or book was published from this work. 
Outreach 

• Media: The experience was covered by the university local press, through television, and by local 
radio stations for the community. 

• Social: The public space of the local community was improved for a particular time.  Inhabitants 
participated from the design-build process.  Participatory activities with local communities were 
carried out.   

69
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Case Study 2: design studio & local government  
 
Management 

• Objective: The objective of the assignment was to design a masterplan and a community center 
for two (2) isolated settlements in the south of Chile (Mocha Island and Tirua)  

• Stakeholders: The request came from a regional government agency (SUBDERE). Its 
development involved Municipal technicians and local architecture schools.  

• Institutional Strategy: The Faculty chose to assign the request to medium and advanced 
undergraduate studios (in their third and fourth year), during one semester. Resources were 
made available for field trips. 

Teaching 
• Methodological Implementation: The assignment addressed a multiscale and multidisciplinary 

approach. The work started with a systemic territorial diagnostic evaluation, later verifying on-
site. Students developed a masterplan proposal, including in each a community center. Municipal 
technicians and professionals from other disciplines were invited into the studios to offer 
theoretical and practical knowledge. 

• Architectural Design Process: The design process considered identifying realistic design 
problems, site visits, group discussions, interdisciplinary teamwork, sketching, physical modeling, 
the use of technology, and strategies to integrate the buildings into the landscape.  

Research 
• Conferences: not presented 
• Publication: The book “Alianzas Estratégicas para el desarrollo integrado de territories aislados” 

Was published with the support of regional government (SUBDERE) in 2013. 
Outreach 

• Media: The results of the experience were displayed at the Regional Government Building.  The 
local press covered this presentation. 

• Social: Although local inhabitants were interviewed during the diagnostic stage, the local 
community was not involved in the planning process, and the designed proposals have not been 
built.  

 

Case Study 3: vertical studio & international conference 
      
Management 

• Objective: Was to develop a master plan in collaboration with local stakeholders to regenerate the 
waterfront of Castro3 on the island of Chiloe. 

• Stakeholders: The request came from the organizing committee of the Fifth International 
Conference on Architecture and the Environment, supported by45 several foundations (Spanish 
abbreviation CEPA) as a way to outreach conference participants with the local community 
through post-conference activity. The workshop organizing committee included the Architects 
Association of Chiloe, the Housing and Urbanism Service (SERVIU) and the two undergraduate 
programs of architecture in southern Chile. As a result, the activities included the participation of 
students from two different undergraduate programs, keynote speakers from the international 
conference, and local practitioners from government agencies, as well as the national design 
award winner, architect Edward Rojas.  

• Institutional Strategy: A vertical studio was developed for students for one undergraduate 
program from junior year.  The studio worked under the principals of the Fifth International 
Conference on Architecture and Environment, in an International Workshop for a three-day 
weekend, in the southern island of Chiloe.  
 

 
3 A city in southern Chile 
4 Latin American Faculties of Environmental Science 
5 The Center for Environmental Studies and Projects 
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Teaching 
• Methodological Implementation: The participants on the vertical studio were selected according 

to their academic records and personal motivation. The studio started with the diagnostic of local 
urban problems, followed by the design of a masterplan (urban-scale) proposal, presented and 
improved during the International Workshop conducted in Chiloe.  The masterplan constituted 
the base for each student’s architectural design project (building-scale). For the realization of the 
studio, two field trips were conducted. 

• Architectural Design Process included: practical design problem, site visits, discussion and critical 
reviews from renowned architects, interdisciplinary teamwork, group discussions, experimental 
learning, integrated design strategies to respond to the landscape and local weather conditions, 
use of technology, sketching, and physical modeling. 

Research 
• Conferences: The result of this experience was presented at the PLEA 2017 Conference in 

Edinburgh, Design to Thrive.   
• Publication: The paper was published in the conference proceeding. 

Outreach 
• Media: Regional media covered the experience, both in Concepción and Castro, University press 

and radio, and it was also promoted in the website of the International Conference. 
• Social: Local professionals from the southern part of Chile participated in the International 

Workshop, as well as keynote speakers, practitioners from the local government institution, and 
students from two undergraduate programs.  

 
 
MAIN FINDINGS 
 
Academic methodologies of Urban Labs experiences are compared and evaluated under different factors, 
according to the same rubric previously presented. 
   

Table 2 – Comparative Analysis of three case studies 

 elective course & local 
community 

studio & local government vertical studio & 
international conference 

L M H L M H L M H 
Management          
 Objective          

Stakeholders          
Institutional Strategy          

Teaching          
 Meth Implem          

Arch Design Process          
Research          
 Conferences          

Publication          
Extension          
 Media Reach          

Social Reach          
Key of colors: red is low, yellow is medium and green is high.  
 
From this comparative analysis presented in Table 2, it is possible to identify that:  
   
1. Alliances with governmental institutions guarantee an alignment with local needs and objectives 

while reducing the amount of time and resources needed from the university. 
2. Working with the community demands more time; however, it guarantees better social outcomes.   
3. Working in studios as Urban Labs have proven to be highly effective for architectural design 

outcomes.  
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4. Relation with other academic institutes or international foundations increases the level of 
effectiveness, and eventually it could contribute to enhancing research and learning outcomes, 
particularly for students who generally do not get such experiences in their academic career.  

 
 
CONCLUSIONS 
 
The research has been able to systematize three significant experiences regarding new methodological 
approaches emerging from experiences of the southern Latin-American world, at the University of 
Concepcion, Chile.  These experiences proposed the idea of Academic Urban Labs as an Architectural 
Studio methodology.  The main objective is to relate pedagogical practices with real-life urban problems, 
involving local stakeholders, and contributing to the sustainable development of local surroundings.   
 
The literature reviewed for this paper supports the effectiveness of the Academic Urban Labs approach, 
relating it with new learning experiences (Alba 2016), including diverse, sustainable approaches 
(Altomonte et al. 2014, Haeger & del Castillo 2015), and training student with real-life design problems 
(Bolaños & Aguilera 2014, Tzonis, 2014, Pizarro 2015). 
 
However, the proposed methodology also evidenced some difficulties, particularly regarding the amount 
of time demanded for the planning and implementations of Academic Urban Labs initiatives.  However, 
enhancing alliances with governmental or other universities can contribute to reducing the time 
demanded, while improving the outreach of the project.  
 
Further research is recommended to improve Academic Urban Labs by comparing the results of these 
exploratory methodologies in relation to some traditional studio teaching practices. Also, it should be 
recommended to review other case studies that already exist, such as the Chinese experiences, where 
“design institutes, attached to schools of architecture can deliver products of high professional quality, 
employing professors and several selected students” (Tzonis, 2014, p.3) 
 
As described in previous research, this experience presents as a new strategy to move from the old 
‘University Extension’, to a new holistic model of University for Social Responsibility (Delpino-Chamy & 
Rivera 2017), promoting inter solidarity between citizens, alliances with external actors and the creation 
of new learning communities (Dominguez 2009).   
 
Moreover, even though all the presented design ideas have not been able to get built or materialized yet, it 
can be said that the three projects significantly increased the awareness and knowledge of sustainability 
concepts for both communities and the universities involved, with a similar experience noted by Pizarro 
(2015, p.9). 
 
Academic Urban Labs allow relating different specialization of architectural knowledge as well, since it 
could help to reduce the workload in the architectural curriculum by mainly reducing the gap between 
theory and practice. 
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ABSTRACT 

The challenge of design-for-sustainability is to balance the need to educate about design process as an 
intelligent discipline while using the content of social, economic and environmental factors as the space of 
design decision-making. 

The legacy of studio education as a tutorial enterprise has for decades built upon the service delivery 
sequences used in professional practice; pre-design, programming, site selection and analysis, schematic 
design, design development, construction documentation, construction observation; with only occasional 
post occupancy evaluation. 

Design-for-sustainability, however, must operate on a less sequential delivery model; employing instead a 
“breathing in and breathing out” functionality of parallel processing unique to the trial and error nature of 
the design process itself. 

Fundamentally, design is an inefficient iterative process, an aspirational enterprise, and a willfully 
integrative act. But that integration must have multiple moorings. 

Moreover, we must abandon the charrette model in favor of "building the curve" of inclusion, integrating 
the multiplicities within the design-decision space over time by using a rhythmic sequencing of 
exploration and reflection; namely, the Blue Dot technique of scripting/scheduling the activity of design 
exploration, introduction and application; wherein every design project becomes a form of adaptive reuse. 

This presentation will share student work developed over a decade of application of the Blue Dot 
methodology to show highly integrative design-for-sustainability projects; as products of the intelligent 
balance of process and content education. 

 
 
INTRODUCTION 
 
Studio education is the heart and soul of architecture curricula throughout the world. Those of us teaching 
in this setting have the benefit of unconditional student interest, commitment, and time. But, for too long, 
the practices of studio formatting and execution have relied on the charrette model of engagement and 
production; a practice of “exporting into the future” the needed design decision-making. Most often 
leading to last minute, late night closure of design ideas before they have had time to flourish. 
 
If we are to equip students to function successfully in the quickly-transforming professional practice 
world of design-for-sustainability, we need to abandon the asymptotic engagement/production curve of 
the charrette model and instead build the curve of interactive inclusion of both process and content. 
 
This paper summarizes more than a decade of such approach in reconstituting the tutorial education of 
the studio environment; not only upending the charrette model, but also that of the service delivery 
phasing of professional practice, from pre-design, programming and site analysis to technical 
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representation suitable for construction documents; a sequential phasing that is driven largely by the 
need to communicate clearly with clients regarding the stages of agreement and closure for which billings 
can be issued. But which does not serve the education of process and content in design-for-sustainability. 
 
In fact, that linear sequence of topical focus, is challenged by the 4Es of integrative design: “Everybody, 
Examines, Everything, Early.” From day one: all players are at the table, all content areas are identified, 
and multiple tasks for exploration/research/reporting are laid out in a schedule of blue dot conferencing. 
That format has become the backbone of success for the studio content shared herein. 
 
As shown in the process graphic provided by Bill Reed (Figure 1) the blue dot identifies those many 
recursive opportunities to confer with colleagues, to review work completed and to outline next steps; 
essentially remapping the serial service delivery model as parallel processing activities.  
 

 
Figure 1. Blue dot reviews with task assignments. Courtesy of: Bill Reed/Regenesis Group. 

 
This very idea has been brought into my studio by providing students, always on the front side, with a list 
of expected content deliverables and evaluation criteria. And using the schedule of blue dot reviews every 
two-to-three weeks as a “breathing in/breathing out” rhythm that puts students in control of the interplay 
of differing influences and factors and the recognition that there is no one (right) way of engaging design.  
 
Rather each student works across scales and content areas, as mapped by initial interests and emerging 
understandings; this frees each to choose where to enter the design decision space and how to manage the 
multiple parallel activities needed to achieve design-for-sustainability ideation and development. 
 
In this scenario, the role of the faculty is to keep each student focused on the wholeness of issues to be 
engaged and reward consistent achievement; as students come to realize that: 1) design is, indeed, a 
process of intelligent construct and 2) a process that requires a willingness to “fail early and often”. 
 
Exploration, Discovery, Application 
 
To support this dictum, I have found it helpful to initiate each studio with a Nine Stones assignment to 
invite student exploration, followed by concept introduction, followed by concept application. 
 
 
As shown in a series of transformations (Figure 2) the opening assignment begins with an exploration in 
which students have to find a structure within the material nature of the chosen stones and/or bring 
structure to the organization of those objects in response to an inspiring reference – namely, from Louis 
Kahn: to explore the idea of architecture as the making of a Society of Rooms. 
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Students find organization as either 2-D and/or 3-D manipulations with wide-ranging interpretation of 
form – both as physical aggregation and in the more penetrating sense of Louis Kahn for whom FORM 
was the ‘order’ of architecture; e.g., a library “as an invitation of books”, a firehouse “as a street”. 
 
After having taken the leap with their exploration, and with an introduction of the vector patterns of force 
flows in nature, students are asked then to derive an understanding of how their construct can use those 
environmental factors to shape meaningful qualities of space – individually, or as a Society of Rooms. 
This task usually jumps to conventional representation of opaque/transparent, open/closed built-form. 
 
Students then are asked to conduct, the application of operational performance simulations, using Sefaira 
modeling software as both a desk top app to bound interactions and as a web based tool to analyze the 
sophistication of bundling. At each stage, students are in control of exploration/introduction/application.  

                                    
 

    
 

 
Figure 2. Using nine stones to explore, introduce, and apply the processes and content of 

design-for-sustainability. Third-Year Student: Noah Gaither 
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BUILDING THE CURVE: PROCESS AND CONTENT 
 
With the experience of the Nine Stones assignments, the students then have a shared understanding from 
which to build their language of deductive and inductive thinking during the remaining semester. 
 
As shown in Figure 3, the intent of the studio is to “Build the Curve”. Rather than relying on delayed, 
procrastinated and otherwise wasted time, inherent in the conventional charrette model of last-minute 
production, the upfront clarity of final deliverables and line-item evaluation criteria enable students to 
achieve a far richer and more fully developed application of design process than otherwise would occur. 
The lens-like leaf shape between the two curves “contains the content” that otherwise would have been 
sacrificed for lack of the studio structure presented herein. 

                
Figure 3. “Building the Curve” of Content beyond the Limits of the Charrette Process in the 

Design for-Sustainability Studio. 

Again, this is reinforced with clear, upfront guidelines which are used at each blue dot review on expected 
content and presentation format for the close of the project; always including notation on those topics 
“not yet addressed” and/or “next steps to pursue” as each student works to end-of-semester completion. 
 
As shown in a matrix of assessment (Figure 4) a list of criteria is mandated from day one; everything from 
organizational diagramming to experiential representation. The content and presentation of projects are 
evaluated in balance, and over the course of subsequent blue dot reviews, the students “build” their grade.  
 
 

 

   
Figure 4. Evaluation Matrix and Blue Dot Scheduling in the Design for-Sustainability Studio. 
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This avoids the unfortunate tendency of courses to dampen student enthusiasm by “averaging” early work 
with later work, wherein, if a student performs inadequately early on, she or he is de facto penalized 
thereafter; no matter how hard they work, they remain burdened by an early mistake.  
 
Instead, mistakes are encouraged in this studio and students are not penalized for making them. Rather, 
they are rewarded, in the sense that early missteps and diversions do not “cost” the students in a final 
evaluation for the semester. Mistakes in fact inform the needed next steps. Students control how they 
spend their time to compensate for missing content, misdirected exploration, or poor presentation quality 
– from which they learn and take inspiration. This matrix of grading acknowledges that the design process 
is healthiest when understood as an inefficient journey of discovery and achievement. 
 

And a key impact of the blue dot reviews is to amplify collateral learning. When seeing content in other 
student work, which they themselves have not yet engaged, they each can derive insight on how to do so.  

Students are encouraged to bring additional criteria to the design experience. This has included quite a 
range of citations; some assigned, some discovered. They have ranged from the Malcolm Wells Score 
Sheet, to the Climate Consultant strategic priorities for Psychrometric response, to the AIA COTE Top 10 
measures of sustainability. And numerous precedents of celebrated high performing buildings – all of 
which factor into real-time internet searches during the multiple weekly desk crits. Examples include the 
host of references in the Architecture 2030 Palette, the Annual COTE Top 10 and the many exemplars 
found in the seminal SBSE reference works. 
 
Topical lists and diagrammatic representation from many cited sustainability publications as well as the 
more classic categorization of the “language” of architecture are encouraged. As shown in Figure 5, these 
can “lead” or “follow” the design development with their inclusion in a final presentation. 
 

 
 

Figure 5. Leading Edge Competition 2010 Fifth-Year Students: Team 1: Chris 
Rhoads/Amanda Raymond, and Team 2: Andy Hesterman/Erin Chapman/Jason Klinker 

 
As lead-ins, I have found it helpful to identify symbolic, metaphoric and analogic representation.  
 

• A sun path diagram is only a symbol for the existence of the sun – if not translated into plan, 
section, and transparency/opacity; e.g., “… the building is (not) solar … because of the diagram.” 

• An aspiring image can be a metaphor of gestural intent of spatial organization, material use, 
and/or geometric expression; e.g., “… the building will ‘sit’ on the land as does a bird on its nest”. 

• An operational principle of performance in nature can be an analog of biomimetic performance; 
e.g., “… the building will use stack ventilation modelled on that of a termite mound”. 

 
Any topical diagram can be taken through multiple iterations – as a means of opening opportunity. The 
coincidental alignment/fit then can occur upon reflection; with the indeterminate preceding the resolved.  
As reinforced in Figure 6 topical explorations are best undertaken as free-body variations; initially 
distinguishing all that might be possible for each of several design criteria, such as structural materiality 
and component placement, registration of grid scaling, or wall system opacity, transparency and joinery. 
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Such studies depend on recognizing that time can be a friend. By not rushing to final form or obsessing 
over form alone, these free-body studies assure the chances of finding the logical, complimentary fit of 
systems of constructability. And when produced using 3-D modeling software can be evaluated best with 
experiential views, projected operational performance, and tectonic detailing.  

In time, students achieve ever more comfort working across scales; often enjoying the change of gears as a 
means of liberating insight and/or discovering resolution. Switching scales from the cell, to the organ, to 
the tissue of a construct provides a high order management of design process and content. 

 

 
Figure 6. Iterative Studies of a pavilion replacement for Folie P6 in the Parq de la Villette in 

Paris Third-Year Student: Zack Lensa.     

 
Whether working within a 7-week or 15-week timeframe, the students invoke content areas, and apply 
(often for the first time) performance software in energy modeling, day-lighting assessment and resource 
use to readily increment performance projections in real-time and in longer-term bundled simulations. 
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Students come to understand the distinction of pattern and sizing, the ordering and muscling of a design, 
the hierarchy of passive to active design strategy application, the distinction of green, sustainable and 
generative intervention; i.e., the materiality, sustainability and generative contribution of buildings within 
ecological settings -- the stocks, flows and yields of optimal system-based performance favored over the 
optimized efficiencies of separate parts. In short, a whole systems design. 

     

 
Figure 7. The Rosecrance Transformational Institute, Chicago: Third-Year Student: Sean 

Costello 
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LESSONS LEARNED 

 
The core mission of this Design-for-Sustainability studio – especially appropriate for the third-year in our 
curriculum – is to enable students to discover that design is a process of aspirational construct. And not a 
reductionist, lockstep sequence of information gathering and action; so often couched as an exercise in 
problem-solving.  Rather the design process is presented as one of value-creation. As famously observed 
by the late Louis Kahn, nobody needed Beethoven’s Fifth until it existed; it did not solve a problem.   
 
Moreover, students must be encouraged to avoid the trap of postponing engagement under the guise of a 
“need for more research”. And, faculty must avoid the trap of being merely reactionary. e.g., “…go make a 
thing, bring it back when ready, and I will let you know if I like it – or let me know if/when you do…” 
 
Such traps conspire to yield non-productive wastes of time in which students avoid input from a faculty 
member, meander about for lack of structural/organizational moorings for their work, and are left to 
engage in an end-of-time, last-minute decision-making during a sleep-deprived rush to production; which 
is then presented as a “solution” to the “problem”, all wrapped within a “big idea”. This is a disservice. 
 
Rather faculty must structure the discovery of the design process within the content of the decision space. 
In this studio, an inspiring decision space has been essential; over time, students have designed: 
 

• An Institute for the Study and Application of Biophilic Patterns in Brooklyn, NY 
• A Rosecrance Transformational Institute to be located in downtown Chicago, IL 
• A Folie for the Paris Accord located in the Parq de la Villette 
• An Active learning Center for the Children”s Museum of Indianapolis, IN 
• A Green Workforce Training Center for the City of Indianapolis, IN  
• An Urban Eco-Block for Detroit, MI 
• An Intentional “Tall Building” Community in Vancouver, CA  
• A 21st Century Library for the City of New Orleans, LA  
• A Center for Regenerative Studies for numerous domestic and international locations. 

 
Each of these was loaded with aspirational intent, an invitation to dream; a call for vision. But in every 
case the blue dot structure of the studio setting and faculty/student interaction remained unchanged; 
Wednesdays used for group critique and blue dot reviews and Mondays and Fridays used for one-on-one 
feedback; with reflection on progress made and next steps to take. 
 
Without the clarity of expectation on the front side, the rhythmic breathing in and breathing out exercise 
of frequent reflection, and detailed feedback at the closure of every blue dot review, the level of content 
engagement and development that has been achieved in each of these projects would not have occurred. 
 

Students respond to: 
 

• clarity of purpose 
• high expectations 
• detailed feedback 

Students own process through:  
 
• freedom to initiate 
• recursive focus 
• targeted encouragement 

Students learn from: 
 
• cohorts over the faculty 
• critiquing one another 
• third-party juries 
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CONCLUSION 
 
The tutorial education of mentor/mentee interaction is fundamental to all studio courses, but the full 
impact of studio culture has been found to be best fed by the blue dot technique. As reinforced by Mark 
Edmundson, a professor of English at the University of Virginia, and the author of “Why Read?” 
 

“A truly memorable college class… is a collaboration between teacher and students. It’s a one-time-only event. Learning at 
its best is a collective enterprise, something we’ve known since Socrates. You can get knowledge from an Internet course if 
you’re highly motivated to learn. But in real courses the students and teachers come together and create an immediate and 
vital community of learning...” 

 
The blue dot studio structure accommodates the diversity of interests, skills, knowledge, and commitment 
of students that comprise the typical studio group. It rewards/encourages interaction among the cohorts, 
provides clear anchoring for that engagement, is totally transparent in its assessment technique, and 
enables each student to be in charge of her/his own destiny.  
 
Moreover, this model of studio education inherently supports the opportunity for interdisciplinary 
content integration and could be used in a community setting of multiple instructors working with 
student groups exposed to all manner of professional disciplinary expertise.  
 
A semester is a long time and a lot of content can be built into the curve. In fact, the same method has 
been used successfully in half-semester increments when our curriculum has required two differing 
assignments in a 15 week block of time. 
 
Projects resulting from this studio education have trended toward development of “foreground” signature 
buildings as a logical reflection of the spirited program briefs as well as genuine interest and curiosity of 
each and every student, as they self-organize their respective navigation among the moorings of 
“egocentric” and “eco-centric” interests.1 
 
Each student leaves at the close of the semester with an awareness, understanding and ability to exercise 
deductive and inductive, problem-centered and value-centered methodological structures to frame, engage 
and evaluate design, to use ordering ideas for development and/or refinement and through their unique, 
respective, insights – as active learners – can create insightful architecture, as they continue to build the 
curve of integrated process and content; producing exemplary embodiments of design-for-sustainability, 
as they learn that design is a process of intelligent construct. 
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1 Longer-term replication at later stages of the studio curriculum can embrace the process and content of design-for-sustainability 
at the scale of district systems as a foundational “language” of “background” architecture. 
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ABSTRACT 
 
The Same’ Polytechnic College is a proposed vocational training institution in the United Republic of 
Tanzania to provide educational opportunities which increase human capital, with the goal of reducing 
severe levels of poverty. The college is the pilot project for the Mbesese Initiative for Sustainable Design 
(MISD). MISD has partnered with design firms and the university to develop a framework for campus 
development. The university team established overarching planning principles for buildings and related 
infrastructure to support 1,200 students. 
 
The project provided a platform for collaboration between faculty, students, and design professionals. The 
campus proposal encompasses architecture, planning, and a variety of engineering disciplines. Students 
researched topics that are requisite to building; energy usage and generation, water conservation and 
reclamation, natural ventilation and thermal comfort, day lighting and solar exposure, construction 
materials and structural systems, pedestrian and vehicular traffic patterns, and, site access and 
maintenance. The masterplan recommendations are based on computational analysis and design, results 
from laboratory experiments, and feedback from design professionals. The students then developed 
building strategies for implementing the aforementioned concepts, while learning how those design issues 
are intertwined. 
 
In 2018, students, faculty, and MISD volunteers constructed a micro structure in Tanzania based on the 
master plan recommendations and results from laboratory experiments. The building process allowed the 
team to better understand how cultural, environmental, and technological considerations influence design 
and building in developing areas. The linkage between experimental research, design, and construction is 
a hallmark for the project both at the university and in Tanzania. 
 
 
STUDIO: THE COLLABORATORY 

The studio philosophy 
 
The goal of the academy is to educate future design professionals, prepare individuals for a changing 
world, and provoke thoughtful designs which address environmental and performance criteria while 
exhibiting technical excellence.  In order to do this, the authors have developed a studio which blurs the 
line between structures and architecture using the philosophies embodied in Ove Arup’s Key Speech in 
which he describes the melding of disciplines to create a holistic design; and studio-based learning 
outlined in Donald Schon’s work, Educating the Reflective Practitioner (1987) in which he states: 
“Designing, both in its narrower architectural sense and in the broader sense in which all professional 
practice is design like, must be learned by doing. 

Functioning Teams 
 
The class or “Collaboratory” is similar to other interdisciplinary studios offered within the college with 
students from structures and architecture. But the authors promote a round table approach to design – no 
one person is at the head of the table, but at different phases of design, different individuals take the lead.  
Additionally, a team-based approach to problem solving is stressed to signify the importance of working 
in groups, reinforce the benefits of diverse perspectives, and to highlight the intersections between 
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disciplines.  Students are required to read and reflect on selected chapters from books by Balmond (2010) 
and Olson & McNamara (2014) which discuss the relationships between design professionals and 
alternative approaches to meld structures and architecture.  A key objective for the course is to 
understand the characteristics necessary for strong interdisciplinary collaboration. (Dong, Doerfler 2013) 
 
Intermediate benchmarks are assessed twice weekly with desk critiques or “crits” and short inter-
disciplinary presentations.  All team members are expected to contribute to the conversation to ensure the 
team is working towards the same goal and all members understand the ‘core values’ of the design.  
Occasionally, the roles are switched when the architecture students describe structure and the structural 
engineering students describe the architecture and material palette.  This is a critical piece to the course.  
The role reversal identifies when members do and don’t understand how their discipline is intertwined 
with others.  The frequent crits emulate real world practice in that consultants are continually 
coordinating and integrating the work of others and benchmarking progress based on drawings.  The 
instructors gauge team success on technical merit, but also peer evaluations which utilize a “trust battery” 
model for assessing teamwork, see Figure 1 below.  Frequently the battery rating, one of three metrics 
used for evaluation, often mimics the instructor’s observations and when one or two individuals tend to 
control the desk crits. 
 

 
 
 

INDICATE YOUR TRUST BATTERY RATING FOR YOUR TEAM 
WORK? 
Is it at 50% (average); 30% (needs work), or 80% (in good shape but could 
use some adjustments): 
TEAM TRUST BATTERY PRECENTAGE:  90 % 
INDENTIFY THE TOP 1-2 THINGS TO WORK ON TO INCREASE 
THE “TRUST BATTERY” PERCENTAGE OF YOUR TEAM: 
1. Improve organization. 
2. Improve quality of deliverables. 
INDICATE YOUR “TRUST BATTERY” RATING FOR THE FIRST 
SURVEY HERE: 80% 
“The trust battery percentage has improved during the 2nd survey because 
each of us have better understanding of the strengths and weaknesses of 
every team member.” 

 
 
 

Figure 1. Powering a Team With a “Trust Battery”, Tobi Lütke. 

The success of the team, an individual, or the project proposal is vetted through internal reviews, but 
more importantly through design professional critiques and presentations to users and owners.  Student 
teams interview owners and users plus participate in engineering workshops, so teams are expected to 
incorporate that input and demonstrate how it is addressed during presentations.  The process holds 
teams accountable and makes client and workshop input relevant.  When real world projects are used for 
teaching, the opinions and comments from owners, users, and experienced professionals is vital to the 
success of a project and the Collaboratory tries to simulate this aspect.  The successful student designs 
which address the owners brief or solve engineering challenges, move on to the next stage.  For example, 
student designs for a greenhouse are being used for fund raising at a marine biology research center and 
drawings for the Same Polytechnic test building are used for construction, as shown in Figures 2 and 3 on 
the next page.  

The Current Mode 
 
Over the past three years, the instructors have taken the Collaboratory model a step further and have 
begun to blur the lines between academia and practice.  The studio is part of a team which includes the 
philanthropic arm of a global engineering firm, Arup, a non-profit organization, MISD, working in the 
United States and in Tanzania, Africa.  In addition to defining the campus master plan and developing 
building designs, the studio is engaged in research, experimentation, and on-site construction.  Students 
from structures, mechanical, and electrical engineering have engaged in research to develop strength and 
fabrication recommendations, quantify natural ventilation effects and heat gain within classroom 
buildings (Hoang, Nute, Smith 2018), and propose the best mix of renewable and grid provided energy for 
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cost and reliability (Hua 2018).  The research findings and experimental results help inform both the 
students and the design professionals working on the project, such that more holistic solutions are 
proposed and indigenous building materials may be used in innovative ways. 
 

                 
Figure 2.  The Greenhouse Design at CSU    Figure 3. The Same Polytechnic Test Structure Design 

 
THE SAME POLYTECHNIC 

The Tanzania back drop 
 
In 2012, the studio was invited to partner with a non-profit organization to aide in the development of a 
technical college in Same (pronounced Sah-may), Tanzania.  The studio serves as the think tank for 
innovative solutions and out of the box ideas for shifting building design strategies.  The students 
collaborated with a global engineering firm to hone building designs and incorporate feedback from 
practitioners who help mentor the students.  The groups participate in a variety of workshops to learn 
about construction in developing countries, identify key design concepts that address the non-profit’s 
goals, and how socio and economic considerations influence building design. (Dong, Fowler 2016) 
 
Over the years, the project scope has broadened and the building designs have become more detailed.  
This is a natural progression with time, but the primary reason is the experience gained by visiting the site 
and spending time in the Tanzania.  Initial proposals included individual buildings and a master plan 
based on research or shared information from the non-profit client, MISD (Dong, Fowler 2016).   Since 
March 2015, the authors have visited Tanzania on eight separate occasions with construction occurring in 
2017 and 2018.  This is a key aspect to the design progression; it allowed students, instructors, and 
volunteers the ability to connect design with materials and construction.  It also enabled the next 
iterations to translate that information into more realistic and integrated proposals.  The knowledge 
gained from viewing the site, learning about the culture, and being immersed in the local environment 
was invaluable.   As noted previously, it has led to studies regarding power sources, material property 
investigations, thermal comfort studies, and wind tunnel laboratory testing. 

Discover Tanzania! 
 
For the past three years, groups have travelled to Same and become acquainted with local culture, and 
environmental conditions, but also to evaluate building practices and better understand material 
availability.  This has resulted in a number of research projects which involve material testing, structural 
systems modelling, and environmental design concepts for water collection and sustainability.  The 
findings from these quantitative projects have informed the massing and orientations for the campus 
buildings, zoning and adjacencies for public and private areas, and are now incorporated into the design 
principles for the master plan (See Figures 4 and 5 below) 
 
In the past year, student research has enabled the design team to better understand the material 
properties of cement blocks that are manufactured ubiquitously in Tanzania.  A group of architectural 
engineering students replicated the mix design used for blocks in Tanzania to quantify the material 
properties and to develop design parameters for the flexural capacity of block walls subjected to out of 
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plane loading. That work is on-going and two test sets have been completed.  The student investigators 
have established strength and stiffness properties for the blocks, and are developing a predictive model 
for various block wall patterns. 
 

               
                  Figure 4. Schematic master plan            Figure 5. Proposed campus buildings 

Concurrently with the structural block testing, a student group measured the thermal conductivity of the 
blocks and used that data to simulate thermal heat gains in the proposed buildings.  The studies 
reinforced the reasoning for the “double” roof configuration shown in Figure 8 below, but study also 
showed that slight modifications to the roof composition would reduce radiant heat below. (Hoang, Nute, 
Smith 2018).   
 
A third study was completed by the same group which conducted wind tunnel testing in order to measure 
air flow within typical classroom and office spaces.  The architecture students used rules of thumb, 
provided by MISD design professionals, to position and determine wall or window opening sizes and 
locations (Figure 6).  The tests were conducted to validate the opening placements or suggest 
modifications to enhance natural ventilation in the spaces.  The testing, as shown in Figure 7, showed 
adequate ventilation across the space for moderate wind speeds, but also showed how slight modifications 
to the opening sizes or locations would improve ventilation at “dead spots” within the building.  The 
architecture students used this information to refine the design and then the structures students verified 
the opening locations worked for strength.  The architectural elevation is shown in Figure 8. 
 

                         
Figure 6. Rules of thumb for openings   Figure 7. wind tunnel testing        Figure 8. Architectural Elevation 

Build Tanzania 
 
The testing and research re-affirmed the groups decision to create buildings with “double” roofs as shown 
in Figure 5 and Figure 8.  This type of construction is not common in Tanzania, but there are a few 
precedent buildings. The studies showed that the interior heat gains were dramatically decreased with this 
configuration due to the reduction in direct solar radiation.  Additionally, based on lab testing, the 
concrete blocks demonstrated a low compressive strength, so the structural design utilized the blocks as 
non-load bearing exterior walls with the roof supported by steel post and beam construction.   
 
Using the research data from the laboratory tests, and information gathered from site visits, a simple test 
structure was designed and built in the summer of 2018.  The goal was to determine best practices for 
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building in Tanzania and provide a prototypical structure for monitoring wind, rain, and interior 
temperature to validate the assumptions made in studio. 
 
The team worked with local laborers to understand local practices, and purchased all materials from local 
vendors so, a cost model for future construction could be established.  Another goal was Learn by Doing; 
demonstrating the relationship between drawings and construction, the impacts of building tolerances, 
and how to apply building techniques and engineering theory into practice.  The images in Figure 9 show 
the model built in class and the process the team used to construct the final structure which incorporated 
concrete, steel, and wood. 
  

                          
Figure 9.  Trenching for grade beams; roof framing; finished structure; structural model made at University 

The group learned how structures are made using manual techniques and geometry.  The foundation was 
squared using twine, a tape measure, and the Pythagorean Theorem; the foundation was excavated with 
picks, shovels, and wheel barrows; concrete was mixed on the ground using shovels, “pumped” to site in 
wheel barrows, and levelled with a “2x4” and trowels; and framing was plumbed using a level and three 
ropes to form a tripod, etc…  These experiences are invaluable.  The students become informed designers, 
not only for the polytechnic college, but in preparation for their careers.  They now consider challenges 
and considerations related to culture, material availability, building technology and accessibility, and how 
geometry is integrated into construction. 

Lessons Learned 
 
The studio, comprised primarily of structural engineering and architecture students, continues to develop 
the designs for the campus. In the latest studio iteration, the student teams incorporated results from 
tests completed by mechanical engineering students and worked with an electrical engineering student to 
include solar energy requirements, such as a solar farm.  The inclusion of this information has resulted in 
holistic designs and buildings which portray a more accurate representation of the future buildings. 
 
The University’s motto is “Learn By Doing” which places an emphasis on making or which exemplify the 
application of theory to real world problems.  During the past two years, student teams designed, then 
built their design in a developing area, and learned how diverse cultures inform design making decisions.  
Participants become aware of social and economic issues that are not common in most industrialized 
countries, then they learn how structures and architecture can respond to the needs of a developing 
country.  At our school, the opportunity for students to use their gifts, work abroad, and contribute to 
society resonates with our student body.  Projects like the Same Polytechnic are not uncommon, but the 
authors believe the approach, the process, and the experience are unique.  Enabling students to 
participate in service learning projects is impactful and is reflected in the student comments included 
below; 
 
“I traveled to Tanzania with vague expectations to learn about culture and construction.  However, I left 
Tanzania with much more: a tremendous appreciation for people I never knew, lifestyles I didn't know 
existed, labor I hadn't realized was necessary, and a country which has impacted my career and life 
path.” 
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"Traveling and working throughout Tanzania last summer was an amazing experience. I've never felt 
so welcomed into a community so far abroad before. The lessons I learned from people, culture and 
construction will last a lifetime." 
 
"At first, I was really excited about the idea of working on construction and design abroad in Africa. 
However, after spending a few days in Tanzania, I began to fall in love with the community 
surrounding the work we were doing. Traveling and working throughout Tanzania gave me so many 
opportunities to learn about different aspects of culture and construction. The lessons I learned from 
this trip could not have been experienced at my desk in school." 
 
CLOSING THOUGHTS 
 
Conclusions 
 
The success of the Collaboratory is three-fold.  First is availability of projects which require multiple 
disciplines to create holistic solutions.  This allows the student teams to emulate associations across 
professions similar to the real world.  The second is the availability of projects with longer project 
deadlines.  The instructors work with the “clients” to determine the appropriate scope and more 
importantly schedule.  The academic schedule is driven by factors much different than private sector 
schedules, so negotiating phased deliveries and identifying which service match well with student skill 
sets is imperative.  The authors are fortunate to work with clients also in the non-profit world where time 
constraints are more similar to that in academia.  And lastly, the success is based on the teamwork.  The 
willingness of design professionals, owners, and users greatly enhances the learning experience for the 
students and the instructors.  Similarly, they comment that working with students has broadened their 
horizons and they’ve gained an appreciation for the student’s innovative ideas and their energy and 
passion for the project. 
 
And lastly, the authors enjoy working together and is a primary reason they have co-taught this studio for 
almost ten years.  They admire each other’s work, value each other’s ideas,  and respect each other’s 
contributions.  This chemistry has allowed them to freely share ideas with each other, but more 
importantly with students, design professionals, and colleagues . 
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ABSTRACT 
 
There is a gap in architectural education when preparing future architects for leadership roles. To meet 
the needs of integrated design processes that frequently situate architects in leadership roles within 
interdisciplinary teams, more structured, comprehensive, and robust leadership education is needed. 
Fortunately, experiential leadership education can be effectively integrated into the dominant project-
based structure of architectural education using an iterative approach including strategic instruction, 
structured feedback, and reflection. Specific gaps in leadership education are identified including: student 
awareness of current leadership education, competence leading in multiple roles, goal setting and 
management as a leadership skill, judgement and decision-making, and knowledge of contemporary 
leadership theory. Strategies and curricula are proposed to support educators seeking to increase the 
effectiveness of leadership education in their classrooms, studios, and schools of architecture. 
 
INTRODUCTION 
 
In academic and professional literature as well as informal conversation it is recognized that practicing 
architects, and designers more broadly, play leadership roles (Gallant 2014; Posada 2007, 17; O’Donnell 
2017; Morris 2019). Many firms position themselves as a “leader” in a specific area of architecture or 
design. Many architectural contracts codify the architect’s role as the designated leader of a design team 
(AIA 2017). Within multi-person firms, architects and designers work in team structures, which 
necessitates leadership roles to be filled. 
 
However, the following evidence suggests there is generally a gap in architectural education in terms of 
preparing future architects to succeed in leadership roles. The 2014 National Architectural Accrediting 
Board (NAAB) Student Performance Criteria do not include the word “leadership” or any significant 
expectation for students to learn leadership skills or knowledge (NAAB 2014). The Defining Perspectives 
section of the Conditions for Accreditation does include a minimal requirement for architecture schools to 
provide optional “opportunities for leadership roles.” The related concept of “management” is included in 
the Student Performance Criteria, primarily in the context of project management, which encompasses 
only a small subset of leadership skills. Project and practice management is also encompassed in the 
Architectural Experience Program Guidelines, but a broader and more thorough approach to leadership is 
also scantly represented (NCARB 2019). For instance, the word “leadership” only appears in the following 
subset outcome under Practice Management: “Develop professional and leadership skills within firm.” 
Similarly, the word “leadership” does not appear in the context discussed here in the Architect 
Registration Examination Handbook, though project and practice management are similarly included. 
And lastly, while current Architect Registration Examination questions are not available for analysis, the 
author did not encounter questions focused on leadership skills or knowledge in exams taken in 2016-
2018, with the exception of contractual and ethical questions. Taken together, these standards suggests 
that in school students should have the option to gain experience in leadership roles, then as interns they 
are expected to acquire some unspecified leadership skills, but then are not subsequently assessed on 
their knowledge or skills during their registration examination. These standards do not seem to promote a 
comprehensive, coherent, or effective approach to leadership development. 
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Of course, project management does include some key leadership skills. Also, many schools of 
architecture do provide students with more robust leadership education than the required minimum of an 
opportunity for leadership. Though consider for a moment if these standards were describing design 
thinking, not leadership. Imagine the uproar at faculty meetings nationwide if the new NAAB criteria only 
required “opportunities for design thinking” in lieu of the current robust and carefully structured 
curricular requirements. Developing design thinking is irrefutably a core outcome of architectural 
education, as I argue should be leadership development. 
 
Recent graduates often lead teams of consultants within a few years of graduation. Shortly thereafter they 
will be leading teams within their firm. Hopefully they will play leadership roles within professional 
organizations or in their communities. One day they may own their own firm or be a principal. At least 
some in the AIA recognize the gap in leadership development, such as a concession on their website that 
“when people reach that point as a senior leader in their firm, it doesn’t mean that they had addressed the 
people management issues of practice management” (O’Donnell 2017). Furthermore, leadership 
development research indicates that leadership performance is not correlated with job experience (Day et 
al. 2014, 64-66). So when are architects to learn about leadership? Solely through mentorship? It is 
doubtful our colleagues over at the business school would advocate a mentorship-only leadership 
development pedagogy. Architecture schools have the opportunity to play a much larger, more focused, 
and more effective role in preparing graduates for the leadership roles in their future. 
 
Additionally, the ways in which the profession is changing demand higher-quality and more leadership 
from architects. Many design teams now consist of a large group of specialized consultants, ranging from 
the engineers to specialized consultants, and even scientists and policy advocates.  Additionally, some 
specialists, such as waterproofing consultants, perform a scope that used to be the sole responsibility of 
architects. With the increasing scope handled by specialized consultants, the role of the architect is 
increasingly to coordinate and lead the team. This is especially evident with integrated and high-
performance design teams, who often use charrettes to create innovative interdisciplinary design 
solutions. In many instances, architects are the designated leader of integrated design teams. In other 
instances, another entity may be the designated leader, but architects can and should contribute to team 
performance in what is referred to as peer, distributed, or horizontal leadership roles, as well as 
supporting the designated leader as an active follower (Posada 2007, 17; Bouwmans et al. 2019). Research 
looking at the structure of student and professional architecture, engineering, and construction teams 
indicates that barriers between team members leads to reduced collaboration and lower team 
performance, while both distributed and designated leadership plays a key role in facilitating high team 
performance (Korkmaz and Singh 2012). 
 
In integrated design processes, especially when performing the role of a designated leader, an architect’s 
ability to lead and facilitate is as, if not more, important than their design thinking ability. Research 
looking at interdisciplinary collaboration indicates the paramount importance of facilitative leadership, 
which is a leadership model focused on group involvement in decision-making and the formative impact 
of building relationships on high team performance (Edelenbos, Bressers, and Vandenbussche 2017; 
Smith 2003). Furthermore, this research suggests that effective facilitative leadership is especially 
important and challenging at the end of a project, when time pressures push members to revert to 
conventional (siloed) work processes (Edelenbos, Bressers, and Vandenbussche 2017, 462). In a 
designated or peer/distributed leadership role in an integrated design team, an architect’s ability to 
facilitate innovation and catalyze the formation of a high-performance team is essential for the design 
team to reach its full potential, and therein for them to create the highest performing building. 
 
Though interdisciplinary collaboration research asserts the importance of effective leadership in 
integrated design teams, educational texts such as Keeler and Burke’s Fundamentals of Integrated 
Design for Sustainable Building and Kwok and Grondzik’s The Green Studio Handbook, scarcely mention 
leadership and team dynamics (Keeler and Burke 2009, Kwok and Grondzik 2007). Keeler and Burke 
mention the need to clearly define roles in integrated design teams, but little is discussed of how to lead or 
facilitate effective collaboration once roles are defined (Keeler and Burke 2009, 3). David Posada, writing 
in Green Studio, alludes in one sentence to the need for design leadership in integrated teams and 
suggests this leadership requires different skills and competencies, than the centralized leadership 
characteristic of conventional design processes (Posada 2007, 17). While interdisciplinary collaboration 
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research suggests that team performance is about more than just bringing the right people and ideas 
together, there appears to be a lack of strategies, theory, and instruction on effective interdisciplinary 
team leadership in prominent integrated design educational texts. Therefore, increasing leadership 
education for architects participating in integrated design appears to be a critical component of efforts to 
meet the goals of integrated design, including addressing the climate and environmental crises, and 
specifically the movement to meet the 2030 Challenge (Architecture 2030 2019). 
 
To meet this need for high-quality leadership in practice, I argue that schools must do more than provide 
“opportunities for leadership roles.” They would serve their students well by implementing a focused 
experiential leadership curriculum, including developing competence in specific applicable skills and 
building knowledge of current conceptual frameworks and theory, applied in iterative leadership 
experiences for practice and development. 
 
PEDAGOGY AND CURRICULUM 
 
Leadership is taught in many other disciplines in higher education, especially professional degree 
programs, including business, public administration, even dentistry (Revell 2008; Taichman et al. 2012). 
Curricula often focus on a combination of theory and skills, while pedagogy often seeks to provide 
leadership practice to students. This is sometimes accomplished with discussion of case studies or with 
role-playing scenarios (Revell 2008). Research looking at the development of leadership ability, suggests 
that leadership is developed over time and is less about receiving the right curricula in trainings and more 
about an iterative process of experience, reflection, and new information (Day et al. 2014, 67, 80). In 
other words, leadership development happens in the white space between instruction (Day et al. 2014, 
80). Thus, architectural education is well-positioned to implement a more robust leadership pedagogy 
because it is already structured around projects that are crafted to simulate the professional environment 
and is already an iterative cycle of acquiring and applying new knowledge and skills. Thus, an integrated 
tripartite approach is proposed herein for leadership education in schools of architecture: skills, theory, 
and practice. 
 
There are many models and definitions of leadership in the literature on the topic. For instance, Fryer 
(somewhat ironically), suggests that “leadership is basically doing what the leader wants” (Fryer 2011, 26). 
An AIA article on leadership includes definitions such as “be the change you want to see,” and “learning 
how to apply your voice in an authentic way to create change in the world” (O’Donnell 2017). The outdoor 
leadership education forerunner, NOLS, uses an iterative experiential learning process similar to what 
could be implemented in an educational architecture studio. They define leadership as “situationally 
appropriate action that directs or guides a group to set and achieve goals” (Gookin and Leach 2009, 10). 
The body of literature on leadership includes numerous models such as transactional leadership (carrot 
and stick), hybrid leadership (combining designated and distributed leadership), facilitative leadership 
(group decision-making involvement), transformational leadership (motivating and inspiring change), 
leadership development theory (it is how ability is developed over time that matters), and authentic 
leadership (a values-based connection between leaders and the group) (Banks et al. 2016; Bouwmans et 
al. 2019; Day et al. 2014; Fehr 2017; Smith 2003).  
 
This paper does not attempt to propose a new model or definition of leadership. Instead it proposes a 
more robust application of curricula and pedagogy developed in other fields to architectural education. In 
this context, this paper focuses on leadership as a set of skills and abilities that can be learned and applied 
by groups and individuals in a group setting. Lastly, this kind of leadership should be distinguished from 
leadership as a near synonym for innovation, as the term is commonly used in reference to award-winning 
design and Leadership in Energy and Environmental Design (LEED). 
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Table 1. Author’s Assessment of Frequency of Leadership Skills Incorporation into Architectural Education 
Common Partial* Uncommon 
• Competence 
• Communication 
• Tolerance for Adversity 

and Uncertainty 

• Self-Awareness 
• Vision and Action 
• Attitude and Mindset 

• Judgement and Decision-
Making 

• Ability in Varied Roles 

*Often incorporated on the individual level, but not in the team context or as a leadership skill. 

There are components of leadership education which are already incorporated in architectural education. 
Based on the author’s experience in schools of architecture as a faculty member and student, the following 
are likely a component of most architectural educations: developing competence, communication skills, 
and tolerance for adversity and uncertainty. However, many students may not recognize these as 
leadership skills. Specifically with competence, many students may falsely believe that leadership requires 
preeminent competence, which would limit their willingness to take on leadership and their perceived 
ability in leadership roles. To some extent the following set of leadership skills are a component of 
architectural education currently: self-awareness, vision and action, and attitude/mindset. However, in 
many cases, these skills are focused on the individual student rather than on leadership (e.g. self-
awareness around representational strengths as opposed to self-awareness around decision-making 
facilitation skills). There are additional important leadership skills, which in the author’s experience are 
largely absent from architectural education, including judgement and decision-making and an ability to 
lead effectively in a variety of leadership roles.  
 
The following are specific strategies aimed to support architectural educators attempting to bolster the 
quality, depth, and effectiveness of leadership education in their teaching.  

DEBRIEFS AND REFLECTION 
 
Making the transition from providing “opportunities for leadership roles” to providing robust leadership 
education is in many ways about what happens before and after leadership opportunities (Day et al. 2014, 
67, 80). The following chart is an iterative model of leadership learning. The first step consists of 
identifying an upcoming leadership opportunity and providing relevant and applicable knowledge that the 
student can apply during the leadership opportunity. Second, leadership opportunities should be 
structured to provide hands-on experience applying new knowledge and skills, continuing to build 
competence in other dimensions of leadership. Following the experience, self, peer, and instructor 
feedback, known as 360 degree feedback, will maximize the student’s raw material for potential growth 
(Day et al. 2014, 70-72). Finally, structured reflection allows the student to process, consolidate, and 
internalize the experience, feedback, and learning. This process allows educators to structure otherwise 
isolated leadership experiences into a developmental progression infused with strategic relevant 
instruction to catalyze leadership development. 
 

 
Figure 1. Cycle diagraming the proposed iterative model of the leadership learning process. 
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A specific example of reflection being used in an architectural education context is a Chinowsky et al.’s use 
of Social Network Analysis (SNA) to map an interdisciplinary student team competing in an energy-
efficient housing competition (Korkmaz and Singh 2012, 294). SNA is a method to mathematically 
visualize and understand a team’s dynamics (Korkmaz and Singh 2012, 289). High performance 
interdisciplinary teams have more robust and interconnected networks: the opposite of “divide and 
conquer” (Korkmaz and Singh 2012, 290). Mapping a team’s social network and reflecting it back to them 
can help them make modifications to become more effective. 
 
Juroszek has used visualization in a similar way to facilitate reflection (Juroszek 2018). He created a 
visual spider chart (a circular graph like a wind rose) to map and visualize how students use their time 
(Juroszek 2018). The tool allows user-input axis labels and could be tailored specifically to visualize team 
dynamics and leadership, for instance by mapping a group’s time spent working independently, meeting, 
reviewing others’ work, communicating 1:1, and interacting with group members outside of project work. 
 
More depth and specificity of discussion is also warranted on the use of debriefs to structure the feedback 
process. Most American architectural educations use reviews and/or critiques to structure feedback and 
reflection on design. Debriefs are a similar structure used to facilitate feedback and reflection on 
leadership (Revell 2008, 106). Debriefs are facilitated using targeted open-ended questions (e.g. what 
worked, what was challenging, what did you learn, etc.) to provoke student reflection and learning (Revell 
2008, 106). At the end of a leadership experience, for instance a group project, consider leading a debrief 
focused on group effectiveness and leadership. Structuring and conveying intention for leadership growth, 
followed by debrief and reflection can augment group projects and other leadership opportunities to 
achieve specific leadership learning outcomes. 
 
LEADERSHIP ROLES 
 
In the author’s experience teaching leadership to university students, adults, and members of the armed 
services, leadership is often conflated with Designated Leadership. In fact, leadership can be thought of to 
include several roles in addition to Designated Leadership, i.e. those who derive their leadership authority 
from a defined leadership position or role (deans, principles, presidents, etc.). Leadership also includes 
leadership of self, without which an individual levies a net deficit on the performance of a team, and 
Active Followership which includes leadership actions taken by members of a team to support team goals 
(Gookin and Leach 2009, 11). And there is also Peer, Distributed, or Horizontal Leadership, which is the 
challenging task of providing leadership from a horizontal position within a group (Gookin and Leach 
2009, 11; Vocation).  
 
Frequently in core classes and studios students are assigned groups or self-select groups, then are tasked 
with completing a project with little or no group structure. This is placing students in a Peer Leadership 
position. If you have ever heard your students groan when a group project is assigned, their reaction may 
very well be reasonable apprehension to be placed into a very difficult leadership situation (Peer 
Leadership) for which they probably have had little or no instruction or training. However, psychology 
and education research suggests that there are significant benefits to group work in terms of educational 
outcomes (Naidoo  2017). Though in professional practice teams almost always are created with some 
kind of leadership structure, such as a designated leader, in schools assigning designated leaders is quite 
rare. Next time you assign a group project, consider teaching your students about various leadership roles. 
Perhaps assign team leaders on a rotation so each student can experience leadership in a variety of roles 
that are more relevant to their probable experience in practice. If you feel a horizontal Peer Leadership 
structure is important, consider supplementing the project with instruction on applicable decision-
making styles (see the following page). 
 
The relationship and impact of leadership in various roles was well explored in a Michigan State 
University interdisciplinary studio that included construction management, urban planning, interior 
design, and landscape architecture (Korkmaz and Singh 2012, 290). Korkmaz and Singh carefully 
analyzed team dynamics, communication patterns, and performance of the student groups and found that 
the higher performing groups had either robust peer/distributed leadership or a peer-leader who rose to 
an informally designated role (Korkmaz and Singh 2012, 292-93). Unfortunately, the researchers 
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concluded that prescreening should be implement in group work to distribute students with stronger 
leadership abilities among groups (Korkmaz and Singh 2012, 293-94). Alternatively, this study could be 
viewed from the lens of leadership development (leadership aptitude is not innate but is developed over 
time) as opposed to a fixed mindset approach. Then the studio can be seen as a highly commendable 
interdisciplinary learning experience, and could provide a rich environment for development of 
facilitative leadership skills in both designated and peer roles, especially with leadership instruction and 
coaching. 
 
GOAL SETTING AND MANAGEMENT 
 
The authentic and transformational leadership models, both prominent in contemporary leadership 
research, focus on the interpersonal connection between leader and group (Banks et al. 2016). The 
National Outdoor Leadership School defines leadership by specifically connecting the leader and group 
through goal setting and achievement (NOLS 2019). Even a transactional leadership model can be seen as 
using incentives and punishment to achieve goals (Banks et al. 2016). Across these and other leadership 
models, goal setting and management is a core component of leadership. 
 
Consider incorporating goal setting into your class as a leadership skill. The SMART framework for goal 
setting has proven useful and effective for the many groups and organizations as well as this author 
(Specific, Measurable, Attainable, Relevant, Timely) (Leach 2009, 53). To more robustly teach goal setting 
as a leadership skill, teach and assign it as a component of a group project to be completed at least in part 
by the group. 
 
JUDGEMENT AND DECISION MAKING 
 
One of the key skills aiding effective leaders, especially in Peer/Distributed Leadership roles, is an 
understanding of and competence in a variety of decision-making styles. Lacking an understanding of 
how to effectively structure appropriate decision-making processes compounds the challenges students 
face when placed in unstructured teams for group projects. Furthermore, facilitative leadership, which is 
critical to integrated design teams, is highly focused on effective decision facilitation to build group 
capacity and maximize performance (Edelenbos, Bressers, and Vandenbussche 2017, 462). 
 
As depicted below, various decision-making styles can be understood as existing on a plane where one 
axis represents the time taken to make a decision, while the other axis represents both the probable 
quality of a decision reached and the buy-in/investment the team will feel in the decision. This framework 
helps students understand that various ways of making decisions are not interchangeable but have an 
impact on important dimensions of the team. Consider teaching students multiple decision-making styles 
as part of a group project and challenging teams to employ each style at least once over the course of the 
project. 
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Figure 2. Decision-making styles: the process used to make a decision impacts not only the 
deliberation time, but also the quality of the outcome of the decision and team investment and 

buy-in in the outcome. Decision-making itself is a powerful tool to help build a high-
functioning team, but implemented poorly can also lead to low team performance long after 

the decision has been reached. (Adapted from Gookin and Leach 2009, 34). 

 
INDIVIDUAL STYLE 
 
While this paper takes the position that there are universally important learnable leadership skills, it is 
also undeniable that each individual will approach leadership by building on their unique strengths. There 
are many tools available to help explore individual differences, strengths, and areas of growth. These tools 
can be an excellent way to structure a debrief. The author suggests the No-Doze four-quadrant model for 
leadership, which encourages students to reflect on their innate aptitudes, how their aptitudes may align 
with others creating resonance or challenge, and how a leader’s aptitudes and abilities develop as they 
mature as a leader (Doran 2009, 48). Research on personality traits and leadership has not conclusively 
demonstrated that certain traits are necessary as a prerequisite for leadership (Day et al. 2014, 64, 79). 
Thus the author suggests emphasizing specific strengths, weaknesses, and areas for growth related to 
specific traits while minimizing relative comparisons between them. 
 
LEADERSHIP THEORY 
 
Case studies for innovative leadership are far more often focused on tech companies than architecture 
firms. Exposing architecture students to contemporary and innovative management ideas can help 
improve firm leadership and performance and help prepare students for a variety of leadership roles. For 
instance, an understanding of the components of facilitative leadership will help students understand the 
dynamics of leading interdisciplinary teams, such as balancing advocacy and inquiry (contributing and 
active listening) (Smith 2003). There is also a significant body of research in leadership development 
indicating the importance of a growth (learning) mindset as opposed to a fixed mindset (Dweck 2014; 
Heslin and Keating 2017; Yeager and Dweck 2012). Understanding this will help students learn from 
leadership opportunities and develop more quickly as leaders. Furthermore understanding characteristics 
of authentic and transformation leadership, especially compared to transactional leadership models can 
help them understand leadership models they experience and create more effective team dynamics (Banks 
et al. 2016). 
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That said, concentrated leadership trainings don’t have a large impact on leadership development; to be 
effective, leadership experiences, skills, and knowledge must be gained at appropriate times in a leader’s 
development (25 years). In other words, think of leadership theory instruction more as desk critiques and 
nuggets than a lecture or unit. 
 
CONCLUSION 
 
Like design, effective leadership requires a combination of knowledge and skills which must be learned in 
large part by doing. Some important leadership skills are already taught in most American architecture 
schools. But to meet the needs of integrated design processes that increasingly situate architects in 
leadership roles within interdisciplinary teams, more structured, comprehensive, and robust leadership 
education is needed. This paper has asserted that experiential leadership education can be effectively 
integrated into the project-based structure of architectural education using an iterative approach 
consisting of targeted instruction in leadership knowledge, leadership practice, then by feedback and 
reflection. Specific gaps in current leadership development strategies in architectural education include 
student awareness of current leadership education, competence leading in multiple roles, goal setting and 
management as a leadership skill, judgement and decision-making, and knowledge of contemporary 
leadership theory. The proposed strategies, curricula, and ideas have been used by the author and 
colleagues to support leadership growth in the areas identified. The aim is to support educators seeking to 
increase the effectiveness of leadership education in their classrooms, studios, and schools of architecture. 
As strong, competent, and knowledgeable leaders, graduates will be better prepared for an evolving 
profession and more capable of meeting the challenges posed by the climate crisis. 
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ABSTRACT  

Challenges of building resilience and sustainability in the built environment demand collaboration across 
multiple disciplines in both research and practice. Traditional academic settings offer fertile but often 
challenging context in which research faculty can foster interdisciplinary collaboration informed by and 
contributing to new and more integrated knowledge. This paper presents an example of such a cross-
curricular collaboration occurring through qualitative case study research, quantitative analysis, 
comparison, and communication design culminating in the curation of knowledge in a major public 
exhibit. Students studying architecture, engineering, art and design are collaborating across multiple 
courses and semesters to develop the intellectual content, experiential narratives, and physical artifacts 
that reflect the diverse opportunities and influence of education on the sustainable built environment. 
Emerging from the faculty’s broader inquiry into the architecture of persistence, this project posits 
durability of buildings as the ultimate measure of sustainability (and by extension, resilience) in 
architecture .  Using quantitative and qualitative methods, researchers developed a theoretical framework 
for cultural, ecological and technological durability by analyzing interviews and projects. Six architecture 
students—who first engaged in the topic in a comprehensive studio—became research assistants 
documenting and analyzing specific precedents as material assemblies and cultural places. Using the 
resulting documentation, students in an environmental engineering course conducted whole-building Life 
Cycle Assessments. This body of quantitative and qualitative content feeds a representation course, in 
which design students examine the role of exhibitions in architectural discourse and develop narratives 
and objects that communicate material ecologies, assemblies and cultures to a disciplinary, and non-
disciplinary audience.  
 
 

INTRODUCTION 

The challenges of building sustainability and resilience in the built environment demand collaboration 
across multiple disciplines in both research and practice (Laboy and Fannon 2016). Traditional academic 
settings, with disciplines divided across a hierarchy of groups and departments can be ill-suited to tackle 
complex problems or answer questions which do not fit neatly within a category. However, universities 
offer two potential advantages: colocation of diverse expertise and the common activity of teaching. 
Complex problems like sustainability demand multiple forms of knowledge, and the academic context 
offers an unusual concentration of deep expertise spanning a diverse range of topics. As researchers 
typically create and disseminate new knowledge within their own field, areas of overlap with other 
disciplines remain unexplored due to  cultural and pragmatic differences of language, training, funding, 
research methods, and venues for dissemination. Here, the second critical feature of academic settings, 
the universal activity of teaching, offers important common ground to bring together diverse scholars. In 
siloed academic environments, the development of new curricula and courses present unique 
opportunities not only for improving student learning, but also for the creation of new knowledge by 
collaborative teams of research faculty. Degree and accreditation requirements, course credits, and 
schedule differences can still present challenges to the idealized integration of courses from multiple 
disciplines in the same time and space. This research team explored the potential for interdisciplinary 
collaboration across multiple courses, faculty, and semesters; advancing ongoing research on Durability 
as the measure of Sustainability through the integration of topics and methods from different disciplines,  
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and the dissemination of this integrated knowledge to the general public in a major exhibit. In this model, 
the outputs of one course served as the inputs of another, and multiple faculty contributed to each course. 
By democratizing access to the results for a wide audience, the hybridization and integration of knowledge 
becomes the shared goal between disciplines.   This paper evaluates the student learning outcomes and 
the advancement of research through interdisciplinary integration between faculty in a cross-curricular 
model for design education. 

Research as bridge between Teaching and Practice 
Calls for greater interdisciplinary collaboration are something of a perennial subject with an endless sense 
of urgency driven by increasingly complex problems facing future professionals (National Academy of 
Engineering 2005, 150). Research universities offer a fruitful context for meaningful collaboration 
because research faculty can leverage shared resources and connect across disciplines through teaching. 
In spite of this promise, and many efforts and teaching collaborations between architecture and 
engineering, truly transformative pedagogical models are scarce in the scholarship of teaching and 
learning, especially models that employ hybrid methods and engage non-experts, usually labeled 
transdisciplinary (Laboy and Onnis-Hayden 2019). Many limitations occur because teaching seeks to 
emulate practice, which perpetuates the exact absence of collaboration in practice that the experiment 
with greater collaboration in school hopes to avoid! Instead, this paper argues for and provides an 
example of using research as the bridge linking teaching to practice across disciplines while 
simultaneously promoting greater collaboration between research faculty thanks to the shared common 
ground of teaching. Teaching design practice allows research faculty to adopt an integrative model in 
which research informs and is informed by both teaching and practice (Figure 1). The integrated 
relationships advance all three domains by formulating questions in teaching that interrogate practice, 
extracting dispersed knowledge from practice, and reorganizing that knowledge as conceptual frameworks 
and new provocations that advance learning in the academic and professional fields. Just as shared 
teaching bridges between different researchers, research bridges between teaching and practice. 

 

 
 

Figure 1: In this model, research acts as a bridge between teaching and practice by 
formulating questions that can create and disseminate new knowledge in practice, and 

advance learning  
 
 
This paper presents an example of applying this model at Northeastern University in Boston. The 
collaboration between faculty from architecture, engineering, and design emerged from, and advanced 
research about sustainability of the built environment, while challenging established teaching methods for 
students across multiple courses. This reflexive integration of research and teaching incorporated design 
exploration, qualitative case study research, quantitative analysis, and communication design. Students 
studying architecture, engineering, and design are collaborating across three upper-level undergraduate 
courses and three semesters to develop the intellectual content, experiential narratives, and physical 
artifacts that reflect the diverse opportunities and influence of education on the sustainable built 
environment.  
 

BACKGROUND: INTEGRATING TOPICS AND GOALS 

Future Use Architecture: the teaching origins of the research question 
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The research faculty at Northeastern University first conceived of Future-Use Architecture as a way to 
teach Building Science and Integrated Systems in the design studio, by focusing students on the 
environmental and cultural performance of systems as generators of the essential qualities of long-lasting 
and adaptable architecture (Fannon and Laboy 2016). Subsequent revisions expanded the narrow focus 
using the concept of Resilience to broaden the criteria from simple programmatic adaptation to a wider 
conception of architecture over time (Laboy and Fannon 2015).  The pedagogy produced excellent work 
year after year: consistently creative and thoughtful concepts for sustainable buildings and sites developed 
to a high degree of technical resolution.  The apparent success of the teaching model prompted some 
fundamental research questions about architecture beyond the studio, for example, Does thinking about 
architecture as a long-lasting and adaptable frame for human activity—rather than as a mechanistic 
solution responding to program-driven requirements—produce better buildings in practice? The 
researchers hypothesized it might, and as a corollary, wondered if long-lasting buildings are better, what 
attributes make them better, and what makes them persist? 
 

Regenerative Design and Adaptive Reuse: practice seeking answers from research 
 
The College of Fellows of the American Institute of Architects awards the Latrobe Prize every two years to 
a team of researchers with the goal of expanding knowledge on an area of interest to the architecture 
profession. The call for proposals in 2017 had the topic “Regenerative Design and Adaptive Reuse”: 
(American Institute of Architects College of Fellows 2016). By borrowing an early model of ecological 
design that imagines the built environment as a living system (Lyle 1994) and by referencing use 
adaptability, the call expressed the profession’s effort to engage with global issues of resilience and 
sustainability in the face of uncertain change. It also aligned neatly with the questions raised in the 
Comprehensive Design Studio. Winning this grant offered support from the profession, not only in 
financial terms, but through access to practices, and practitioners. Clearly architects in practice had some 
knowledge about issues of long-term building from working on adaptive reuse projects or working with 
clients that care about the adaptability of buildings over time. However, that knowledge was very likely 
dispersed, anecdotal, and specific to each architect’s or project’s context, thus precluding any broader 
discussion within the discipline. The topic that started as a speculation in a studio curriculum was 
formalized using grounded theory methods—a systematic form of qualitative research that interrogates 
practice through interviews and case studies—to produce a theoretical framework for the architecture of 
persistence. (Fannon and Laboy 2019), The framework of twelve themes or design principles that 
emerged over two years, nearly fifty interviews, and analysis of one-hundred projects includes the topic of 
Durability, the subject of the exhibit, teaching, and research collaboration presented in this paper.    
 

Materials and Sustainability: research in the service of the public and society  
 
In the summer of 2018, the Boston Society of Architects issued a call for proposals for exhibits at the BSA 
Space in 2020, including one on the topic of Materials and Sustainability, with the goal of helping a 
diverse audience within and outside architecture learn about how materials in architecture affect 
sustainability. The Latrobe researchers proposed testing the premise of durability as the prerequisite for, 
and ultimate measure of architecture’s ability to sustain human use. The well-known Shearing Layers 
diagram (Brand 1994) describes buildings as composed of multiple, mutually-depended and occasionally 
entangled physical systems with varying life spans. Obviously cycles of construction, repair, replacement, 
and disposal drive resource consumption and waste production for specific materials. However, beyond 
the quantities and lifecycle impacts of the materials themselves, the assembly performance and cultural 
significance of these materials in architecture enable or preclude buildings continued use over time. Thus 
material durability—especially of the structure and enclosure—enables sustained, and therefore 
sustainable, architecture. This exhibit offered an ideal opportunity to integrate the pedagogical roots of 
the research questions, the practice-focused goals of the funders, and the expertise of diverse faculty to 
expand and instrumentalize the research for the education of students, professionals and the public. The 
architectural exhibition has a long history in the discipline, and scholars have shown great interest in the 
medium and process itself, and how the institutions and curators “showcase, mediate, and construct 
public opinion” and “ultimately affect versions of architectural history” (Betsky et al. 2005) But while 
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methods of representation are at the core of architectural education, the exhibition and its curation is 
rarely considered in that context. As a locus for collaboration, the exhibit allowed the research faculty to 
experiment with the notion of translation as a primary goal of a collaborative research, teaching and 
practice. 
 

METHOD: INTEGRATING TEACHING AND RESEARCH METHODOLOGIES 

Examining the cultural, ecological and technological implications of durability demands both quantitative 
and qualitative methods and metrics. As explained earlier, this topic originated in teaching and the 
research began as primarily qualitative, seeking a holistic understanding of the physical and cultural 
phenomena that give rise to long-lasting buildings. The grounded theory method of qualitative research 
traditionally relies primarily on words and themes coded from interview transcripts. In addition, this 
project treated built artifacts with equal weight as interviews—not least because relevant examples often 
emerged from these conversations. As a result, buildings were compared and analyzed through coding of 
spatial patterns and physical attributes in a graphical method analogous to textual coding. While the 
comparison of systematic drawings played an important role, these example projects—much like the 
people interviewed—represent a complex, contingent, and multifarious reality worthy of in-depth 
individual study typically characterized as a case-study. The shift toward case study method marked a 
general shift towards mixed methods, and opened the door to cross-disciplinary collaborations framed 
through the lens of teaching. Figure 2 illustrates the shift from nearly pure qualitative methods to a core 
of case studies, which became a vehicle for mixed methods, including close readings of artifacts, historical 
research, and even modeling and simulation. Particularly relevant to this paper is the modeling of 
material impacts through whole-buiding Life Cycle Assessment. 
 
 

 

Figure 2: Diagram of architectural research methods (adapted from Groat and Wang 2013, 15) 
illustrates that while the project began as primarily qualitative research, the introduction of case 

studies demands and enables further analysis through other research methods, extending the 
boundaries as shown through the dashed lines and the numeric keys tied to the text below.   

In addition to illustrating the range of methods, Figure 2 also provides a helpful frame to discuss the 
chronology and activities in this research, who was involved, and the relationships among them 

1. Grounded Theory: Beginning in summer of 2017, the architecture research faculty conducted 
over 40 interviews with practitioners, owners and academics. A half dozen of the students in the 
Future Use Architecture studio course became research assistants, documenting over 100 
projects, many of which they had seen in the parallel course on Integrated Building Systems, and 
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diagramming them in the same format and scale as case studies. Coding these interviews, and an 
associated set of projects led to a theoretical framework of Persistence. 

2. Qualitative case study research: Faculty and students collaboratively selected four precedent 
projects to illustrate major architectural materials for the exhibit: wood, brick masonry, steel and 
concrete. The faculty expanded the interviews to include clients and users of these projects; while 
students compiled the history of the projects, explored their physical and cultural contexts, 
collected systems data, and documented their material assemblies.  

3. Quantitative analysis: Using the resulting documentation, four teams of students in an 
environmental engineering course quantitatively analyzed the four precedent buildings through 
comprehensive, whole-building Life Cycle Assessment (LCA) of each project. The students used 
the BIM prepared by the architecture students as input for life-cycle inventory. The instructor of 
this course collaborated with the architecture faculty to design the project and analyze the 
progress throughout the semester, and became a consultant to the exhibition. The architecture 
faculty held progress meetings with each team of engineering students to provide input on the 
specific architectural features to examine, and the research questions to students asked. 

4. Comparison, Refinement and standardization of the class data and drawings by a student 
research assistant enabled a correlational-type study. Unlike a controlled experiment, this work 
sought to relate the phenomena to the inherent variation among buildings. The faculty hired one 
engineering student from the LCA class, who worked closely with engineering and architecture 
faculty to ensure that all four projects were using the same parameters and modeling methods. 

5. Logical Argumentation: The body of quantitative and qualitative content became the input for 
an architectural representation and communication course in which yet another group of students 
worked with the architecture, engineering and design faculty—including faculty experts in exhibit 
curation who also joined the exhibition design team—to broadly examine the role of exhibitions in 
expanding architectural discourse. By developing narratives and objects for the specific exhibit, 
the students synthesized and translated the interdisciplinary knowledge from the earlier research 
for a wider audience. The integration and curation of qualitative and quantitative evidence builds 
the argument for durability as the ultimate measure of sustainability. This argument must be 
clear but not reductive, acknowledging of the complexity of decisions about material ecologies, 
assemblies and cultures.  

 
In this curricular experiment colocation and direct interaction between students of different disciplines 
was not essential as it was more important that each student group had access to research faculty from 
their own and from other fields. The expectations in each course included clearly-defined aspect of the 
research problem and specific questions being asked, as well as sufficient context about prior work done 
by other students, and each students’ role in the overall project. The problem was designed as a didactic 
exercise: to develop new knowledge that could be shared with a wide, non-expert audience about the 
impact of material decisions on the sustainability of the built environment.  This paper presents and 
evaluates the learning process and outcomes of this curricular model, describes the ways it facilitated 
interdisciplinary research between faculty, and describes the way it is feeding back into future teaching.  
 

OUTCOMES 

Phasing: Students as novice and expert researchers  
The curricular experiment described here sought to integrate across disciplines, in part by integrating 
students in each phase of this multi-course, multi-discipline, multi-semester project by helping them 
understand their work within a larger theoretical framework for more sustainable architectural practice.  
The staggered schedule allowed faculty to observe students leaving and joining the project at each phase, 
and each exchange of information included students in two roles: “experts” who were knowledgeable 
sharing the work they had done in the prior phase, and “novices” approaching that knowledge for the first 
time.  Faculty’s systematic observations of these exchanges informed the strategies for teaching and for 
dissemination to the wider public, and are the basis for the outcomes reported here. 
 
Student motivation increased when they actively and collectively employed their skills in a shared subject, 
in this case durability. Students building BIM or conducting LCA reported high levels of satisfaction with 
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developing their skills, subject knowledge, and contributing to the larger project. In contrast, although the 
researchers anticipated learning benefits for students transcribing interviews, the solitary, passive, and 
tedious process proved less valuable for the students and the project than the richness of conversations 
suggested. Documentation case studies through standard drawings—while also occasionally tedious—used 
skills linked to students’ professional development like interpreting architectural documents and 
photographs, drawing, and diagramming. Furthermore, the subsequent process of coding drawings as 
diagrams and developing comparative matrices to identify evaluate certain patterns engaged students in a 
collective process where their contribution to the research was directly visible.  
 
An example of students as both expert and novice researchers also occurred with the coding of spatial 
patterns. Student research assistants created base drawings of the case study buildings, a process that 
required much background investigation and made the students the expert in each particular project. The 
researcher faculty then proposed a common graphic language to diagram the circulation, infrastructure 
and human use in relationship to the structural system, which the students deployed. Then, working 
together, the students and faculty arranged the projects to test and reveal the importance of configuration 
of these spaces, an example of which is shown in Figure 3. In this instance, the students were experts in 
specific buildings, but not across arrangements and organization, while the faculty had the broad 
perspective but did not necessarily know the spatial nuances of each project. This collaboration also led to 
the decision to select as precedents the purest possible use of structural material, and to use those 
buildings to reveal material sustainability from ecological, cultural and technological standpoints. 
Furthermore, by coding and comparing buildings this way, it was possible to select four roughly cubical 
projects: a form with sufficient formal clarity and compactness to allow easy comparisons across the 
different material precedents, but containing sufficient differences in spatial strategies, building size and 
assemblies to reveal the importance of materials.  
 

 
Figure 3: Sample matrix of case studies showing structural pattern organized according to formal 

strategies for organizing spaces for circulation, infrastructure and human use. 

 

Language: Misalignments of focus and detail 
Every collaboration presents opportunities to build understanding between disciplines, even, and perhaps 
especially when misunderstandings prompt  and deliberate effort to clarify meaning.  Existing between 
multiple disciplines and methods, this experiment resulted in several learning opportunities. 
 
LCA requires a comprehensive bill of materials with a greater scope of information and level of detail than 
traditional forms of representation in architectural publications and exhibits, but these data seldom arrive 
ready for analysis in neatly tabular form. In one memorable example, the architecture students 
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constructing the Building Information Models of the precedent projects identified the material “Concrete” 
in assemblies as diverse as composite floors, foundations, precast façade components. The architecture 
students passed the models along to the engineering students, who blindly used the BIM to take off the 
quantity of “concrete” for their life cycle inventory without considering the purpose or properties of that 
material. This mismatch led to a mutual-learning conversation about concrete mixes, finishes, material 
sourcing, and test procedures. Unlike traditional siloed courses, all students involved in exchanging 
information between courses benefited from the expanded conversation about the language used to 
describe materials in different field Furthermore, the architecture students not only learned what 
parameters matter to LCA experts, but also the nuanced influence of application on material properties, 
and the need for clear specifications to convey this information. Similarly, the engineering students 
conducing the LCA developed skills in reading drawings not merely as lines and text, but by interpreting 
between the lines based on knowledge of construction, history, techniques and precision.   
 
Not all misalignments cross disciplinary lines. The four groups of engineering students included different 
scope (e.g. foundations or not), used different values for project parameters (e.g. building lifespan), and 
tabulated different impact metrics (e.g. carbon emissions, eutrophication) when conducing their 
assessments, thereby preventing any meaningful comparisons across the four precedents. Students had a 
chance to see and compare results from all four projects in the class presentations, and more than the 
numeric answers, these presentations highlighted the essential step of defining scope and establishing a 
common functional unit to enable life cycle calculations useful for analysis. To that end, an interested 
student from the class was hired as a summer research assistant. She first assembled and standardized the 
for assessments to ensure they were consistently formatted, included the same scope, and treated study 
parameters the same way. Once comparisons were possible, she set out to interpret and present the 
results. In one example, the team tested the effect of treating building lifespan as a variable, rather than as 
a constant. Changing the unit of analysis from the square meter, to the square meter-year obviously 
prompts a trade-of between the initial investment and the operating phase, with connections to issues like 
the time-value of carbon and financial rates of return. More interestingly, this shift prompted additional 
collaboration. The LCA software assumed brick enclosures last 150 years, which caused a big jump in 
impact when all the brick was replaced. However, the architects noted that although the masonry project 
includes brick in the exterior wall assembly, it is covered with a plaster weathering surface which protects 
the brick but itself requires periodic repair.    
 
Preliminary findings suggest that not only do students learn from each other when the curriculum 
engages original research, but also that new forms of knowledge can emerge from the interdisciplinary 
process of data analysis and communication. For example, the concrete floors on the corrugated metal 
deck completely dominate the LCA impacts of the “steel” building, which complicates and enriches the 
didactic clarity of precedent buildings chosen based on a single material. The initial desire to for a clear 
organizational for the exhibit prompted a simple narrative, to which the analysis of quantitative data 
reintroduced layers of nuance and complexity inherent in architectural practice. 
 

Interpretation: Organization and coherence 
From a teaching and a research perspective, the fact that the exhibit design students did not help develop 
the research offered an opportunity for the researchers to evaluate how non-expert audiences receive and 
understand the information.  In this case, perhaps the most striking aspect of the student work was a clear 
interest in the four materials. Many students organized the exhibit content as a series of four independent 
case studies, one for each material. Given the project’s focus on durability, this approach surprised the 
researchers, who conceived of the exhibit topically, with the four precedents serving only to illustrate 
those ideas, not as subjects in their own right.  The divergence might suggest students found the cohesion 
inherent to a single building more compelling than that provided by the topics. This result might also 
suggest a strong material-driven culture in architectural education, at least for these students. Another 
possible explanation for this is expert blind spot, the concept that expert knowledge includes a rich and 
multifarious web of connections, while novices—with relatively sparse networks—may struggle to see 
connections between concepts, and so instead engage them directly and individually. In this case, that 
would mean the researchers (as experts) selected the precedents only as manifestations of larger ideas, 
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but did not make the topical connections sufficiently explicit for non-experts, which has important 
implications for both teaching and the exhibit.   
 
The work to interpret and communicate knowledge by designing an exhibit in this course also reflects how 
much the students know (or learned) about the content. The ecological conception of materials seemed to 
resonate in several alternative organizations. One student chose to arrange the four case studies in a 
linear narrative sorted by carbon emissions (from wood to concrete). While seemingly simple, this 
prompted an important conversation about the difference between embodied and operating carbon, and 
suggests a nuanced narrative is needed however the final exhibit is organized. Working with the products 
of the research not only develops students’ skills in architectural communication, it also introduced them 
to new knowledge in the field.  One student described her exhibit design as “making visible the things you 
never see” and stated that the story of materials was the most important research finding to share with the 
public. To that end, she proposed a chronological organization that showed the materials before, during, 
and after their use in the precedent projects. This arrangement by life cycle stage emphasized the 
continuity of materials.  For all the students, such acts of interpretation represent a higher-level (albeit 
time-consuming) learning outcome not always available in typical classes that simply “cover the material.”  
 

CONCLUSION & FUTURE WORK 

It is something of a banal cliché to find that improving communication is essential to cross/trans/inter 
disciplinary work, and it is true that working across disciplines can be a challenge, especially when the 
different disciplines do not share the same language or research methodologies. Engaging students in 
combining methods of analysis creates space of shared dialog about teaching, which fosters relationships, 
improves communication and informs research: simultaneously training students for future practice and 
expanding the tools and perspectives of the researchers themselves. That said—and without minimizing 
the importance of communication—these findings are more nuanced than merely getting students to talk 
to those in other disciplines and providing teachers a venue to talk to other researchers. In this case, the 
research and teaching process illustrates the importance of the types and format of information 
exchanged, the understanding of the way different people use the same terms, and the influence of how 
external audiences interpret the same information.  The creation of content and the curation of exhibits 
proved to be a powerful medium through which to integrate methods, find common language, and expand 
knowledge. 
 
This cross-curricular model is not the model of ideal integration between students of different disciplines, 
but it is a good and achievable learning model for students interested in expanding their basic knowledge 
of integrated design. It is also a good and achievable model for expanding interdisciplinary research 
among faculty, because it leverages the common ground of teaching, combines knowledge creation and 
communication, and provides multiple opportunities to disseminate and test the impacts of the work 
beyond the fields of the individual researchers. As a professional practice and discipline, architectural 
research is applied research. Translating current architectural research about sustainability into the 
practice of building sustainable and resilient buildings, requires that knowledge reaches and influences 
society, as well as architects.  Beyond educating future generations of architects to understand and 
anticipate the consequences of their design decisions in the built environment, they must also 
communicate outside narrow architectural circles about the value of design research and practice in 
building a more sustainable environment.  The literature repeatedly demonstrates that transdisciplinary 
research bridges theory and practice, potentially influencing societal decision-making and instruction 
(Després, Vachon, and Fortin 2011). In a similar way, the work presented in this paper suggests that 
transdisciplinary teaching—especially if it engages with professionals and the general public—can 
prompt new and better questions, methods and forms of knowledge from researchers.  This paper 
illustrates that teaching offers a locus to create hybrid methods of research and analysis in the quest to 
better educate students, as well as to produce, disseminate and apply new knowledge. Future work will 
need to develop methods to document and analyze the impacts of this work on the audience of the exhibit, 
and whether new questions emerge from researchers engaging the general public more directly. 
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Ultimately, this work closes the cycle or feedback loop between research and teaching, informing ongoing 
revisions to the Comprehensive Studio and Integrated Building Systems (IBS) courses.   In the spring 
2020 semester, the courses will occur concurrently with the opening and duration of the exhibit, and 
several events such as speakers, panels, and reviews will take advantage of the two together. Perhaps most 
visibility, the thorough understanding and documentation of the precedent buildings makes them the 
major organizational and didactic tools for teaching Integrated Building Systems, providing critical 
precedents for each of the four studio phases.  The building Haus 2226 in the first phase is the physical 
manifestation of an argument about the potential of passive systems, of architecture to be structure, 
enclosure, and comfort systems. The Wood Innovation Center building speaks to broader ecological 
systems of the second phase, grounded both physically, and within the forest products industry of British 
Columbia, as it also tries to change that industry, and to slow climate change globally.  The ICTA-ICP 
building, which supports a complex and demanding program of research laboratories and growing spaces 
through zones of conditioned and semi-conditioned spaces, and gracefully accommodates change, will 
serve for the third phase exploration of use and active systems. Finally, the carefully-wrought detail of the 
Salt Lake District Courthouse illustrates the importance of planning and detailing integrated systems of 
structure, envelope and human use for durable buildings.  Naturally no one building contains all aspects 
of a future-use building, nor is any one precedent the perfect example illustration of the theory of 
Persistent Architecture, but the quality of interdisciplinary research provides clear didactic illustrations 
and criteria for effective systems integration, quantitative performance, and qualitative aspects of 
sustainable and resilient design of the built environment.  
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ABSTRACT 
 
This paper describes the pedagogical findings of a class that was developed to evaluate the indoor 
environmental quality (IEQ) and energy performance of Green buildings. The class aimed to establish a 
hands-on experience for students of architecture and engineering in evaluating the physical performance 
of the different building systems. In order to perform the evaluation, conditions were created for the 
students of both programs to work together and assess the performance of buildings in terms of IEQ and 
energy consumption. Students conducted various studies to evaluate the IEQ and energy performance of 
two LEED certified Green buildings on the Montana State University campus in Bozeman Montana. The 
performance of selected buildings was evaluated using established metrics, measurement protocols and 
calibrated instruments. Finally, recommendations were made to reduce energy usage and improve IEQ of 
these buildings. Based on the assessments of these buildings, general guidelines and recommendations 
were compiled in a final report for architects and engineers to design and operate Green buildings. From 
this experience, the students learned about the importance of, as well as the correlation between energy 
efficiency and IEQ in LEED certified buildings. The class was conducted in a flip classroom format, the 
instructional material was delivered online and the students were required to utilize this information to 
conduct relevant activities during class time.  
 
INTRODUCTION 
  
Green buildings address energy reduction by implementing energy efficiency measures and ensuring 
optimal operation of building systems, while also assuring acceptable IEQ. However, many of the 
requirements in such buildings to ensure optimal IEQ often counteract the requirements for energy 
efficiency.  Several studies in the subject of sustainable design, construction, and operation Green 
buildings have focused on validating the conservation and cost savings i.e., energy, water, and natural 
materials. However, the evaluation of resultant IEQ in these buildings is often ignored and very little 
information is available as to how these buildings perform in terms of IEQ after the building has been 
occupied (Lee and Kim 2008). In addition, there are very few studies focusing on the occupants’ 
evaluation on whether these criteria contribute to their satisfaction and performance in the LEED-
certified Green buildings (Lee and Guerin 2010). The above discussion demonstrates a need for a 
combined evaluation of the energy and IEQ performance of Green buildings in order to ensure efficient 
operation of buildings and occupant comfort.  
 
A course developed at the School of Architecture, Montana State University to execute a part of the 14th 
National Student Design Competition focusing on People, Planet and Prosperity sponsored by 
Environmental Protection Agency that aimed to evaluate the IEQ and energy performance of LEED 
certified buildings (Mukhopadhyay et al., 2019). The course highlighted the importance of an 
interdisciplinary approach that utilizes methods and analytical frameworks from the disciplines of both 
architecture and mechanical engineering to examine the issue of building performance, with the intention 
of forming a more wholesome method of analysis that offers a richer understanding of the issue at hand 
(Goldsmith et al., 2018). In order to perform the evaluation, conditions were created for the students of 
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architecture and engineering programs on campus to work together and assess the performance of 
buildings in terms of energy consumption and IEQ.  
 
GOALS AND OBJECTIVES 
 
The objective of this paper is to present the structure and organization of an interdisciplinary class 
consisting of students of architecture and engineering, which provided a hands-on experience to 
evaluating the physical performance of the different building systems in Green buildings. In addition, the 
objective is to present the challenges faced and the lessons learned from the methods used in 
disseminating the material presented in this class. Finally, the paper provides recommendations to 
improve the outcomes of future iterations of this class. 
 
STRUCTURE AND ORGANIZATION OF THE CLASS 
 
The structure and organization of the class was derived from the road map developed towards the 
execution of this research project. The class size was limited to 8 students from the architecture and 
engineering undergraduate and graduate programs. The course goals, objectives and format of the class 
contributed to addressing the different segments of this roadmap. 

Overview of the Research Project: Methodology  
 
In order to conduct the analysis, two buildings with similar functions (dormitories) were selected on the 
MSU campus. These two buildings were selected because of their performance in meeting the criteria for 
LEED certification. More specifically, each building was reviewed in terms of their compliance with 
criteria specified for IEQ and energy as described in the LEED Version 3 certification process. Criteria for 
LEED V4 certification was also used to establish an updated benchmark for LEED certification.  
 
The IEQ analysis was taken up by the architecture students and the energy analysis was performed by the 
engineering students. A preliminary walkthrough was conducted through the buildings during which time 
the strategies to reduce energy consumption and improve IEQ were noted. The students then formulated 
individual hypotheses based on their observations from the initial walkthrough and background 
information including construction drawings provided to them. The formulated hypotheses were 
evaluated using methods and metrics established in the ASHRAE Performance Measurement Protocols 
(2010) and ASHRAE Commercial Building Audits (2011). Energy data was made available from the 
Montana State University Engineering and Utilities. Methods and metrics established in the ASHRAE 
Performance Measurement Protocols that were used in the analysis included: documenting observations 
from the checklists compiled from subsequent walk-throughs, analysis of collected data, measurement of 
various parameters associated with IEQ and post occupancy surveys of the occupants. Metrics established 
in the ASHRAE Commercial Building Audits that were used in this analysis included the use of Energy 
Use Index with comparisons to CBECS data as well as localized campus building comparisons. The results 
from the observations, data and surveys were compiled and evaluated using various statistical and 
graphical methods of analysis. Final recommendations were based from these conclusions. Various 
resources from ASHRAE and EPA were consulted to inform these recommendations. An overview of the 
methodology adopted for this study is presented in Figure 1.  

Overview of the Interdisciplinary Class: Goals, Learning Outcomes and Format 
 
The goals of this course are the following:  

1. Gain a hands-on experience in measuring, documenting and evaluating IEQ and energy 
consumption in Green Buildings  

2. Learn to appreciate the intricate correlation between IEQ and energy efficiency in Green 
Buildings  

3. Recommend appropriate strategies to improve IEQ and energy efficiency in Green Buildings 
4. Have the opportunity to work in an interdisciplinary environment and to actively participate in 

classroom presentations and discussions. 
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When writing the outcomes of this class, it was helpful to create outcomes that are measurable, or that 
describe an observable action through a set of action verbs. Observable actions are often indicated by 
action verbs that correspond to cognitive processes and knowledge categories, as described by Bloom’s 
Taxonomy, which is a multi-tiered model for classifying thinking by six levels of cognitive complexity 
(Bloom 1956, Anderson and Krathwohl 2001). Arranged in order of increasing sophistication, they are: 
Remembering, Understanding, Applying, Analyzing, Evaluating, and Creating. Utilizing variations of the 
above mentioned action verbs, the following learning outcomes were determined in order of the class 
format:  

1. Understand concepts of IEQ and energy performance in buildings  
2. Identify issues with IEQ and energy consumption in Green Buildings  
3. Understand and apply different building performance measurement protocols  
4. Set up experiments to measure variables, and evaluate resultant trends in variables 
5. Conduct post occupancy evaluation survey and evaluate results obtained from these surveys 
6. Evaluate information related to building performance by use various graphical and statistical 

tools 
7. Communicate information related to building performance to engineers and others  
8. Recall the different strategies to improve IEQ and energy efficiency in buildings 

 
The class format focused on walking the student through evaluating building performance using a flipped 
classroom format1. In this format the information was posted online on a learning management system2 
used by the class at the beginning of every week. A new topic was introduced every week in form of lecture 
notes. In addition to the information presented, the lecture notes had a slide each on the objectives 
accomplished by the information presented, required classwork for the week, the weekly assignments, and 
the contribution that the students had to make that week to the ongoing compilation of the report. The 
students got time to process the information, ask questions and have discussions using the online 
message board provided by this online environment. The class then met every Friday for a period of three 
hours. The 15 week long semester was divided into four segments at the end of which major milestones 
were reached. The engineering and architecture students got together every five weeks and presented 
their findings to each other. Conditions were created to encourage questions and facilitate a free exchange 
of ideas. An overview of the class structure and its integration to address the questions of the research 
project is presented in Figure 1. 

Teaching Topics, Class Activities, and Assignments  
 
Various topics were introduced on a weekly basis to the students of architecture and engineering, which 
would contribute to their understanding of building performance and assist them in conducting an 
evaluation of building performance. The students were required to conduct class and on-site activities 
during the time allotted for the class. Students were also required to complete the assignments that were 
introduced on a weekly basis during this time. The assignments addressed different components of the 
research project and were ultimately integrated into a Final Report submitted by the students as a class at 
the end of the semester. For IEQ, the topics included: 

1. IEQ in LEED rating system 
2. Standards, codes and guidelines for IEQ 
3. Measurement instruments and methods 
4. Performance measurement protocols 
5. Post occupancy surveys 
6. Data analysis and evaluation 
7. Strategies to improve IEQ in buildings 

 
1 Flipped classroom format is an instructional strategy that reverses the traditional learning environment 
by delivering instructional material online and conducts activities which involve synthesizing, analyzing 
and problem-solving in class (Brame 2013). 
2 A learning management system (LMS) is a software application for the administration, documentation, 
tracking, reporting, and delivery of educational courses, training programs, or learning and development 
programs (Ellis 2009). 
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8. Correlation of strategies for IEQ and energy in buildings 
For energy performance assessment, topics included: 

1. Introduction to Building Energy Assessment 
2. EUI and calculations 
3. Overview of MSU resource use, campus meters and utility data 
4. Preliminary Energy Use Analysis 
5. Introduction to deep retrofits 
6. HVAC controls 

 
Class Organization (Week 1 – 4): In the initial stages of the class, the students were asked to conduct 
preliminary evaluations of the case-study buildings by perusing construction drawings and conducting a 
preliminary walk-through. The intention was to compile preliminary observations and to formulate 
hypothesis for the different components of IEQ based off these observations. The students were then 
asked to identify different IEQ categories of compliance with LEED (USGBC 2009, 2013).  
 
Class Organization (Week 5 – 8): Various instruments that are used for measuring different components 
of IEQ were introduced in class. Students were asked to formulate simple hypothesis and conduct short 
exercises proving the established hypothesis. The material for short exercises was adopted from a similar 
class conducted at University of Idaho (Haglund 2019).  The students were then asked to compile 5 
minute presentations of the results from the exercises highlighting the potential capabilities and 
limitations of each instrument. 
 
Class Organization (Week 9 – 12): ASHRAE performance measurement protocols were presented to the 
students (ASHRAE 2010). Based on the description of basic-level performance measurement protocols 
provided in the notes, the students were asked to design and develop experiments that could be used to 
evaluate the different components of IEQ. The protocols would be implemented in the case-study 
buildings to test the hypothesis that was formulated by the students in the first week of class. Post-
occupancy surveys for the case-study buildings were prepared in collaboration with University of 
California Center for Built Environment UC CBE (CBE 2018).  Students were asked to modify and tailor 
the survey based on specific requirements of the buildings. The  
 
Class Organization (Week 13 – 14): Several graphical and statistical methods of data analysis were 
presented to the students. In addition to the different types of graphical formats available in Microsoft 
Excel, information was compiled from several resources, which include excerpts from ‘Elements from 
Graphing Data’ (Cleveland 1994), ‘Exploratory Data Analysis’ (Tukey 1977), and “ASHRAE Guideline-14, 
Measurement of Energy, Demand, and Water Savings” (ASHRAE 2014). Students were encouraged to use 
this information in organizing the data obtained from the experiments conducted and the post occupancy 
evaluation survey. Strategies to improve IEQ in buildings were compiled from several resources, which 
include resources such as: ‘Sound Matters: How to Achieve Acoustic Comfort in the Contemporary Office’ 
(GSA 2011) for acoustics, ‘Guide to setting thermal comfort criteria and minimizing energy use in 
delivering thermal comfort’ for thermal comfort (Regnier 2012), ‘Daylighting Pattern Guide’ for 
daylighting (NBI 2017) and ‘Indoor Air Quality Guide’ (ASHRAE 2009) for IAQ. Sessions were held in 
class where students engaged in discussing and sharing their thoughts on different strategies and the 
potential synergies between these strategies.  Finally, correlating strategies for IEQ and energy 
consumption were compiled from International Performance Measurement and Verification Protocols – 
Concepts and practices for improved indoor environmental quality, Volume II (2001).  Using this 
information students were able to document the correlation between the proposed IEQ strategies with the 
energy consumption profiles for these case-studies.  
 
In addition, strategies for the engineering analysis included the development of utility data into usable 
formats, calculating EUIs and comparing cost and energy consumption collectively and individually per 
utility source type. For example, students were guided in the development of both EUI numbers as well as 
the examination of cost per fuel type and cost per building.  Engineering students relied on classroom 
instruction, assignments and the use of Procedures for Commercial Building Energy Audits (ASHRAE 
2011).  Engineering students also conducted field visits of the buildings and interviewed maintenance 
personnel to obtain actual operating conditions in each building.
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EXCERPTS FROM STUDENT WORK  
 
The following subsections present excerpts of student work that contributed to this research. The excerpts 
present the methodology adopted and the results from evaluating the IAQ component of IEQ.  Similar 
procedures were followed to evaluate energy and other components of IEQ. An edited version of the work 
is presented in the following sections. 

Walk-through Analysis and Hypothesis for IAQ in Case-study Buildings 
 
On conducting a preliminary walkthrough of the two case study buildings, all spaces observed were clean 
and functioning as they should, which indicated that the mechanical equipment is implementing the 
correct air exchanges required for spaces with mechanical ventilation. Based on observations, two 
hypotheses were formulated, which are documented below: 

1. Without a forced air ventilation system, the rooms will become stuffy and malodorous.  
2. The heating system will work overtime to compensate for open windows in cold months. 

Objectives and Methodology Adopted to Evaluate IAQ in Case-study Buildings 
 
In order to evaluate IAQ in the two case-study buildings, the differences between living quarters with a 
forced air system and living quarter without a forced air system were considered. An overview of the 
implementing the ASHRAE PMP by this study to address these objectives is provided in Figure 2 below.  
 

  
Figure 2. Flowchart Indicating the Use of ASHRAE PMP for Evaluating IAQ Conditions. 
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Measurement for IAQ – Logged measurement 
 
Logged measurements were taken in both the case-study buildings during different weeks of the Fall 2018 
semester. For each measurement, the instrument logged the CO2 level in a dorm room every 15 minutes 
for a minimum of 4 days3. Typical exterior CO2 levels range from 300 ppm and 400 ppm (ASHRAE 
2013). For Building A (Figure 3), the majority of CO2 measurements were in the 500 ppm to 600 ppm 
range and nothing higher than 850 ppm or lower than 350 ppm was measured. For Building B (Figure 3), 
the majority of CO2 measurements were in the 350 ppm to 450 ppm range and nothing lower than 350 
ppm, but at some instances CO2 levels as high as 1400 ppm were observed. Based on ASHRAE Standard 
62.1, the limit of acceptable interior CO2 levels are 700 ppm above exterior levels (ASHRAE 2013). Hence, 
based on current CO2 levels, anything above 1100 ppm is an increase in health risks. Out of the 96 hours 
logged for Building B, 3 hours were above acceptable levels. 
 
When considering the correlations between outside air (OA) temperature and CO2 levels in Building A, as 
OA temperature increases, the CO2 levels decrease to a certain point after which spikes in CO2 levels are 
observed. This is because occupants keep their windows closed during periods of very cold and very hot 
OA temperatures, but open during moderate OA temperatures. In addition, the air circulation provided by 
the forced air system to the spaces maintained the CO2 levels within an acceptable range. A different 
trend in CO2 levels was observed for Building B.   The absence of forced air system delivering ventilation 
air to spaces caused spikes in CO2 levels at all instances of OA temperatures, which implies occurences 
when residents entered the room with a closed window and spent some time in an unventilated 
environment before opening the windows. It should be noted that by collecting data in two separate 
weeks, the temperatures are drastically different, which leads us to interpret the data with some 
skepticism. The hypotheses would ideally be tested in cold weather in both buildings where opening a 
window is less likely to be an option. 

 

 
Figure 3. Scatterplot (Top) and Histogram (Bottom) Evaluation of CO2 Levels at Hall A and Hall B Dorm Rooms. 

Post-occupancy Survey for evaluating IAQ 
 

 
3 CO2 concentrations are a good indicator of indicator of occupant odors (odorous bioeffluents). 
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The post occupancy survey (Figure 4) was to provide insight on how the occupants utilize the space and 
how they feel about ventilation in their dorms as well as any specific complaints. The results of the survey 
added to an understanding on how residents with forced air systems view their IAQ compared to how 
residents without forced air systems view their IAQ. The survey shows that 64% of Building B residents 
spend 8-15 hours in the residence hall and 30% spend less than 8 hours. For Building A, 80% spend 8-15 
hours in the residence hall and 7% spend less than 8 hours. The survey also shows that 26% of Building B 
Residents spend little to no time in their bedrooms, while only 19% of Building A Residents spend little to 
no time in theirs. The higher rates of time in Building A over Building B could endorse the notion of 
enhanced comfort in the Building A. In addition, there may be other variables at play given the complexity 
of student occupancy, building type, room layout and a multitude of other factors. 
 
The majority of participants from both buildings reported satisfaction with their air quality in their living 
spaces, however there is a larger percentage that is dissatisfied in Building B than Building A. Also, out of 
the people that were dissatisfied with the IAQ, more people in Building A felt it was detrimental to their 
comfort and productivity. Both buildings declared stuffiness and odor as the major problems with the air 
quality. Odor can be caused by many different things. The leading causes reported by Building A residents 
was determined to be tobacco smoke, furniture and carpet off-gassing and food odors. The leading causes 
reported by Building B residents was determined to be body and food odors. For Building A the main 
concern appears to be that the windows do not open nearly enough to help in regulating heat and air flow. 
Typical complaints about air quality in Building B include stagnant and stuffy air as well as lack of air flow 
and high dust pollution. When asked to “Please describe any other issues related to the ease of using 
operable windows that are important to you.” 50% of Building B stated that they fear opening their 
windows due to threats of harming the heaters and causing costly damages, some even stated that they do 
it regardless because the rooms get so hot and stuffy. The concern about harming the heaters is valid 
when the rooms are unoccupied during extended breaks but is a prime example of how communicating 
one building operations issue can negate a building feature (in this case operable windows) that is integral 
to the original design.  

 

  
 

Figure 4. Snapshots of Survey Results for Indoor Air Quality at the Building  A (left) and B 
(right). 

Recommendations for IAQ 
 
There are several reasons for poor IAQ within built environments, which include tight building 
construction schedules, prioritization of IAQ in the design and construction of buildings, selection and 
type of HVAC system. Some general recommendations to improve IAQ include: inclusion of IAQ along 
with all other IEQ measures when deciding priorities in the design and construction process; correct 
selection and sizing of HVAC equipment in the building to ensure adequate supply of outdoor air and 
regulating humidity levels; design and placement of outdoor air intakes, avoiding placement of near 
potential contaminants (ASHRAE 2009).  
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When considering more specific recommendations, for Building B, during the logged measurements of 
the sample dorm room there were on average an hour a day where the CO2 levels were above acceptable 
limits. While the corridors and bathrooms are mechanically ventilated, the rooms do not have provisions 
for air distribution systems. This is an issue because the dorm rooms have to rely on appropriate weather 
conditions to be able to ventilate their living spaces. On the other hand introducing duct work into each 
dorm room may have its own limitations in terms of cost considerations, spatial limitations and 
appropriate acoustical treatment. A feasible retrofit may include adding louvers to the doors to allow for 
passive ventilation to happen more easily if the door is closed. However, adding louvers to the doors may 
have an adverse effect on acoustics and privacy that needs to be considered. Also, when considering the 
use of transpired solar collectors for preheating ventilation air, the southern part of the building is 
favorable for their location. The southern part of the site is also a great place for parking lots to reduce 
snow build up in the cold months. Parking lots and outdoor air intakes are not favorable to be within the 
same vicinity. One recommendation is to place the parking toward the North West façade if possible and 
the intakes on the south façade, keeping the intakes as far from the contaminants as possible. 
 
LESSONS LEARNED  
 
Several key lessons were learned from evaluating the content and structure of the course, the 
interdisciplinary interactions facilitated by this course, and use of research to innovate educational 
experience of students in this course. Observations of the instructors and student feedback provided 
valuable insights into how this course could be improved in the future.   

Class Content and Structure 
 
For the architectural segment of the class, several engineering concepts such as: diagnostic measurement, 
graphical assessment of data, and basic principles of building physics had to be understood and applied 
into the process of investigation. While it was impossible to cover all these topics within the course of one 
semester, appropriate resources were made available to students to review these concepts. In addition, 
these concepts are introduced to the students in other classes at the School of Architecture such as 
building construction and environmental control systems. Further input of resources is required, which 
provide students an opportunity to draw connections between engineering principles and good practices 
in architectural design. The flipped class format implemented worked well, in creating opportunities for 
class and on-site activities, as well as maximizing one-on-one interactions of instructors with the students. 
The small class size of 4 architecture and 5 engineering students contributed to the effectiveness of this 
format. However, for further engagement of students in the course curriculum especially with larger class 
sizes, the presented information has to be reinforced with tests and quizzes.  It was also noted that the 
preliminary walkthrough could be structured as an opportunity for students to use the documented 
information of building characteristics to inform subsequent tasks such as: experiment setup, 
measurements and survey. A preliminary checklist that would provide such guidance should be prepared 
by the instructor. 
 
The collaboration with UC CBE proved to be helpful in establishing a basic questionnaire for the two case-
study buildings. However, the questionnaire could be customized to the class objectives and goals, which 
would enhance the value of the results and data being collected. For example, the questionnaire had 
numerous questions about the occupants’ use of controls for lighting and temperature, however, the 
survey fell short on reviewing occupant comfort in dorm rooms on a regular basis.  

Integration with Engineering Students 
 
When considering integration with engineering and architecture students, the current interactions 
between students of both disciplines was found to be invigorating, but very limited. More common 
activities involving students from both disciplines would have enhanced the integration approach taken 
by this class. Examples of common activities include: Encouraging students of both disciplines to work in 
teams to examine selection of air distribution system and impact on acoustics in the buildings; selection, 
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sizing and design of HVAC system and the impact of these design decisions on resultant IAQ; and 
assessing the interaction between passive and active systems implemented in the case-study buildings.  
 
For the architectural component of the class the lectures provided information on all components of IEQ. 
However, it was observed that students were inclined to focus on a single IEQ component of their choice.  
It is recommended that synergies between IEQ components and energy consumption need to be explored. 
In addition, more time needs to be allocated towards working on integrated solutions. Class exercises that 
give students an opportunity to engage in such interdisciplinary discussions in order to understand these 
relations and come up with integrated solutions should be encouraged. For example: Direct solar 
radiation entering the building causes issues of glare as well as thermal comfort and can contribute to 
elevated space cooling loads. Acknowledgment of these interrelated issues would lead to architecture and 
engineering design teams to make more informed choices when deciding on facades and interior shading 
systems. 
 
The discrepancy in the expectations between the two classes needs to be addressed. In the current 
scenario, the engineering class was a 1 credit class geared towards undergraduates, on the other hand the 
architecture class was a 3 credit class geared towards graduate students. In the future, similar 
expectations should be established for both groups of students, which could involve removing 
discrepancies in credits and levels. For the engineering students, it would be useful to expand this class to 
a two or three credit hour course. This would enable more robust analyses and more in depth studies of 
building systems as well as more detailed interactions with the architecture students.  One can also 
consider interdisciplinary field visits to facilitate learning and questions from each group. An additional 
observation is that the engineering students, while well-grounded in theory of mechanical operations, 
were not exposed to actual equipment and field conditions.  This was an added bonus of this class and one 
that can be expanded to include more site visits and combined building assessments with architectural 
students and building professionals. 

Use of Research to Innovate Education 
 
Structuring the class around a research project was a good way to involve both undergraduate and 
graduate students in addressing real time issues of building performance. Currently, formulation of 
hypotheses was based on the observations from a preliminary walkthrough. The students then worked 
over the course of the semester to answer the research question posed by a particular hypothesis. 
However, to enhance the appropriation of research in student education, potential areas of collaboration 
between disciplines may need to be identified and appropriate resources need to be provided and 
organized that facilitate such a collaboration. The resultant hypothesis needs to be developed upon with 
gain of understanding and knowledge over the course of the semester. For example, the preliminary 
hypothesis of ‘Without a forced air ventilation system, the rooms will become stuffy and malodorous’ 
formulated during the preliminary walkthrough could have been fine-tuned to ‘A forced air ventilation 
system may not solve the issues of indoor air quality or building design and occupant education play an 
equally important role as do mechanical ventilation systems in assuring indoor air quality while 
mitigating the impacts of environmental pollutants and poor indoor air quality’ or ‘The current state of 
building design often neglects the complex interaction of occupants and building systems’  as and when 
the information became available to the student and potential for collaborating with student from other 
discipline became more evident. 
 
SUMMARY AND CONCLUSIONS 
 
This paper describes the content, and structure of a class developed to address the research project 
sponsored by the EPA, which evaluates the indoor environmental quality and energy performance of 
LEED buildings, with the intent of creating guidelines that can be used by both architects and engineers to 
enhance the IEQ and energy performance of these buildings. The interdisciplinary format of the class 
emphasized the importance of collaboration between several disciplines especially architects and 
mechanical engineers towards optimizing building performance for both IEQ and energy consumption in 
future buildings. The paper also highlighted the importance of conducting research to questions, raised 
for the effective operation of Green buildings.    
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ABSTRACT 
 
Service learning engages students with community partners in creating products for public benefit, 
allowing students to learn field research and design communication methods while contributing their 
time and expertise. From 2017-19, the University of Oregon Passive Heating Seminar has collaborated 
with the Sustainable City Year Program to provide schematic passive heating designs to three climatically 
distinct cities: Mediterranean Albany, sunny semi-arid La Pine, and coastal Dunes City, Oregon. These 
projects have provided specific sites, motivated clients, and authentic problems to students while 
promoting passive heating use in realizable, publicly-visible projects. In 2017, the City of Albany 
requested designs for a senior center sunspace, a community greenhouse, and park restrooms that would 
allow parks to remain open for events during cooler months. Schematic designs and performance 
estimates then allowed Albany to begin fundraising for construction. In 2018, the City of La Pine 
requested designs for a City Center, a community greenhouse, and a balcony sunspace prototype for 
multifamily housing. The City Center is currently under development, and the balcony sunspace projects 
supported acquisition of federal funding for further research. Dunes City, in turn, supported by a JPB 
Foundation grant, worked with students in 2019 to develop passive heating designs for disaster-relief 
shelters in the event of a catastrophic earthquake and tsunami. Together, these projects have allowed 
regional leaders to explore and develop their communities’ interests in passive solar heating as they strive 
to create resilient communities, while simultaneously promoting students’ awareness of their own 
potential as designers to support such efforts. 
 
INTRODUCTION 
 
The desires of advanced students for immediate purpose and applicability in their projects, and the needs 
of communities for imaginative, low-cost expertise, are met well by service-learning projects: those that 
apply student effort to problems in a way that creates public benefit as well as educational and personal 
student development (Bringle and Hatcher 2000). Collaborating with community partners encourages 
students to develop their abilities to listen closely, to ask questions clearly, and to revise their own ideas to 
integrate partner input. Often, students encounter concerns from their partners regarding feasibility, 
appropriateness, appearance, cost, etc. that may seem to resist their efforts but that arise from constraints 
and experiences unfamiliar to the students. Accepting and exploring their collaborators’ concerns, 
incorporating their priorities, and recognizing the influences underlying their own perceptions are 
regarded as some of the most valuable components of service learning for students (Sletto 2010). In 
addition, challenges intrinsic to field projects – difficulties presented by actual sites, weather, and 
instruments; incompleteness or conflicting nature of information provided – develop students’ reliance 
on critical thinking and academic initiative, which help them discern likely truths and make the best 
estimates possible at the time (Astin et al. 2000; Sedlak et al. 2003). 
 
From the community perspective, in turn, service-learning projects provide forums in which to explore 
possibilities with greater freedom than might otherwise be possible. Student input is valued for its 
imagination, idealism, and energy, as well as its graphic quality, and community leaders have reported 
that student efforts can infuse stalled projects with a new sense of possibility (Blouin and Perry 2009; 
Sandy and Holland 2006). Service-learning advocates also value the strengthening of shared purpose 
between universities and nearby communities that can result, writing: “…the academy must become a 
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more vigorous partner in the search for answers to our most pressing social, civic, economic, and moral 
problems, and must reaffirm its historic commitment to…the scholarship of engagement,” (Boyer 1997). 
After graduation, students have accordingly reported that service-learning projects increased their senses 
of civic responsibility as well as of agency, improving the likelihood that they would seek to volunteer 
professional community service in the future (Astin et al. 2000).  
 
At the University of Oregon (UO), the Sustainable Cities Institute (SCI) is an interdisciplinary 
organization that supports education, service, public outreach, and research addressing the design and 
development of sustainable cities. Each year, the SCI forms partnerships with one or more city 
governments through the Sustainable City Year Program (SCYP), in which students and faculty from 
multiple courses collaborate with partner city staff to address ambitious questions and problems of 
sustainability and livability. These collaborations have resulted in tangible solutions and expanded 
conversations for the partner cities, previously including Springfield, Redmond, Gresham, Medford, La 
Pine, Albany, Salem, and others, as well as an expanding group of participating courses in business, 
planning, geography, law, design, journalism, and other schools and colleges across campus (SCI 2019).  
 
From 2017-19, the Passive Heating Seminar at the University of Oregon collaborated with the SCYP to 
explore passive solar heating design options for three climatically distinct partner cities: Albany, in the 
Willamette Valley, with a Mediterranean climate of cool wet winters and warm dry summers; La Pine, in 
the Cascade mountain range, with a sunny cold climate bordering on subarctic; and Dunes City, on the 
coast, with a mild cool oceanic climate throughout the year. As well as realizing the service-learning goals 
above, this effort was intended to promote appreciation in both students and partners of passive solar 
heating as a viable strategy in environmental design. After the enthusiasm of the 1970s and 80s (e.g. 
Mazria 1979), passive solar heating came to be viewed skeptically in the U.S., particularly in the Pacific 
Northwest, because performance of a set of early designs fell far below expectations (Swisher 1984). 
Decades of low energy prices dampened further experimentation, and by the 2000s, both designer 
confidence and buyer awareness were found to be low (Garrett and Koontz 2008). Recent research has 
revealed the underlying causes of the previous performance problems, illuminating the true potential for 
passive solar heating in cloudy climates (Porteous and MacGregor 2005; Rempel et al. 2013; Rempel et al. 
2016; Rempel and Lim 2019), but access to this knowledge and public benefit from it depend on its 
integration into university coursework and on outreach to the broader community. 
 
The projects in Albany, La Pine, and Dunes City resulted in workable, affordable, and often beautiful 
schematic designs; they also fulfilled their purposes of inspiring enthusiasm in our partners as well as 
commitment, imagination, and academic accomplishment in the students. In doing so, they revealed 
valuable lessons for future courses as explained below. 
 
METHODS 

Course structure 
 
Each seminar was conducted over an 11-week term. Solar site surveys and meetings with partners were 
held in Weeks 1-2; climate analysis, thermal comfort and thermal delight discussions, and building 
heating need evaluations in Weeks 3-4; estimation of optimal glazing tilt angles in Week 5; and cycles of 
space configuration, thermal mass calculations, movable insulation detailing, and energy modeling from 
Weeks 6-9, followed by final presentations to partners in Week 11. These were active-learning courses by 
necessity, involving field measurements, drawing, in-class discussion, calculations, modeling, and 
presentations of work in progress to classmates.  
 
By the end of the course, successful students were able to (i) describe the priorities and concerns of their 
community partners; (ii) quantify site and climate conditions; (iii) express design intentions for thermal 
comfort and thermal delight; (iv) estimate optimal glazing tilts, glazing areas, and thermal mass materials 
and configurations using hand calculations and material properties; (v) integrate items i-iv into schematic 
designs and revise them according to partner input; (vi) evaluate performance potential with hand 
calculations and computational (EnergyPlus) models; and (vii) present their final proposals to their 
partners in a clear and compelling form. 
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City partners and projects 
 
Given the brief terms and quantitative content of the Passive Heating course, we asked city partners to 
identify small projects, ideally involving one primary space to be heated. In 2017, the City of Albany 
expressed interest in designs for park restrooms to prevent water pipe freezing; for a community senior 
center sunroom; and for a community greenhouse. Because park rentals provide appreciable revenue to 
the city, and because functional restrooms would allow parks to be reserved for events later in the fall and 
earlier in the spring, the restrooms were a priority. In 2018, the City of La Pine requested exploration of a 
new city transit center as well as a community greenhouse and a balcony sunspace prototype for 
multifamily residences. While the City Center was ambitious programmatically, budget constraints kept it 
small and unconditioned, allowing it to be a feasible project. In 2019, Dunes City, in turn, requested ideas 
for passive heating of disaster-relief shelters after learning that it would become a gathering center for 
refugees following a catastrophic earthquake. The City of Albany supported SCYP staff time and student 
travel for its projects under the typical SCYP arrangement, while staff time for the small cities of La Pine 
and Dunes City were supported in part (La Pine) or entirely (Dunes City) by external grant funds.  
 
RESULTS 

Field trips  
 
Field trips are essential to service learning because students must meet community partners at the sites of 
interest to understand fully the partners’ site-related visions, goals, and concerns, as well as to document 
conditions of the site that will affect design proposals (Fig. 1). In addition, since field trips involved long 
travel times and hours outside in inclement weather, they provided early-course bonding experiences that 
benefited group cohesion and freedom of discussion, supporting structured reflection later in the course. 
For both of these reasons, such trips were required elements. To prepare for this investment of effort, we 
found it valuable to visit our community partners several weeks in advance to discuss their ideas and view 
the sites. These early meetings also established direct rapport between ourselves and our new colleagues, 
avoiding the common problem of perceived faculty absence or inattention reported by some communities 
in service-learning projects (Blouin and Perry, 2009). 
 
The greatest obstacle we encountered in field work involved scheduling the trips themselves, given the 
class, work, and sports commitments of our students. As a result, multiple field trips had to be held each 
year, and even so, a few students were not able to meet their partners initially. Three years of experience, 
combined with student suggestions, have therefore given rise to Lesson 1: Before the course begins, plan 
the field trip with community partners for a weekend day; then, contact students as soon as possible after 
course registration, or about 4-6 weeks in advance, to alert them to the required trip. In addition, plan a 
self-directed makeup trip for those who still cannot attend on the scheduled day. 
 

 
Figure 1. (Dunes City) Solar site surveys include the use of a) solar pathfinders to document site shading; b) 
inclinometers and field tape measures to establish the heights and positions of site shading elements for use in 

computational models; and c) airflow bubbles to document prevailing wind directions on the site. 
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Schematic design 
 
Soon after the field work, students assembled site measurements into plan and section drawings that 
documented significant views, surface materials, topography, and vegetation. These drawings helped 
students appreciate site challenges immediately, such as the desired position of a community sunroom on 
the north side of the senior center in Albany, combined with the need of the sunroom to provide clear 
views to the river on the north side as well (Fig. 2).  
 

 
Figure 2. (Albany) Following site surveys, students documented topography, surface materials, tree heights and 

positions, buildings, views, and preliminary design ideas in site plans and sections. The project above explored 
community center sunspace designs that collected southern sun while providing views of the river on the north. 

These drawings also provided a visual context with which to interpret site shading diagrams, or “masks”, 
acquired with solar pathfinders. A solar pathfinder placed at a position of interest (Fig. 1a, above) reflects 
all horizon objects onto a sun-path diagram for that spot, showing the hours of the year during which it is 
shaded by trees or buildings. For projects with flexibility in positioning, such as the park restrooms and 
greenhouse in Albany and the La Pine City Center, students combined these masks (gray forms in Fig. 3, 
upper panels) with hourly solar radiation intensity data acquired from weather files (colored sectors). The 
resulting diagrams allowed them to identify positions on the site at which the solar resource was least 
obstructed by site shading, as well as to determine whether a non-south orientation might be most 
favorable. In Albany, such an investigation of three positions on the community greenhouse site that were 
expected to have favorable vehicle access resulted in a clear choice of location and orientation (Fig. 3).  
 
Finding the optimal tilt for solar-collecting glass was the next step. To do this, students first estimated 
each building type’s monthly heating energy needs based on expected envelope U-values and infiltration 
rates, expected outdoor temperatures, and desired indoor temperature ranges. Such heating needs are 
shown by a thin line in Fig. 4a and by vertical bars in Figs. 4b and 4c. Because most space types 
(greenhouses, residential spaces, park restrooms, shelters) were expected to be unconditioned, the 
ASHRAE 55-2017 Adaptive Comfort Zone primarily guided choices of indoor temperature ranges. Next, 
students found the solar radiation incident on surfaces of 0-90° tilt, at 10° increments, during each month 
of the heating season, from source data provided by Rempel (in press). Optimal tilts were then selected as 
those that intercepted the greatest solar energy over an area realistic for the building during the heating 
season, up to the level of heating need. This changed two common practices in passive heating education 
that were based on work of the early 1980s (Balcomb 1983): first, it incorporated recent research 
documenting the importance of tilted collector area compared to projected vertical area in cloudy climates 
(Rempel et al. 2013), and second, it emphasized the total quantity of solar energy available to be sought, 
or the “net solar heating resource” (shaded areas in the right panel of Fig. 4a), rather than the fraction of 
heating energy that might be offset by solar energy, or the Solar Savings Fraction.  
 
The glass sizing process then balanced considerations of solar heat gain with the costs of movable 
insulation, since each additional unit area of solar-collecting glazing would meet a smaller proportion of 
the heating need but would require as much movable insulation and shading as any other unit (Fig. 4).  
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Figure 3. (Albany) To find specific sites and orientations for their projects, students used site shading masks 

(upper panels, gray areas in each diagram) obtained from pathfinder photos that showed the hours of the year each 
site would be shaded. Visual combination of these masks with estimates of hourly annual solar radiation intensity 

(yellow, red, and green) from local weather files guided this group in recommending a specific site and orientation for 
a community greenhouse (below), to which they added a proposal for new roads, paths, and outdoor gardens. 
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Figure 4. (a) Albany, (b) La Pine, (c) Dunes City. To find optimal glass tilts and areas, students first evaluated each 
heating season in monthly heating degree-days and estimated their buildings’ heating energy needs, expressing these 
results in monthly heating energy needed (Btu or kWh) per HDD (thin line in the right panel of a); vertical bars in b) 
and c)). Comparison with solar energy received during the heating season by surfaces of 0-90° tilt, at 10° increments, 
then revealed the angle that received the most solar radiation when heat was needed. Use of that tilt revealed the net 
solar heating resource (right panel of a)). Next, comparison of radiation received by various collector areas, and its 
coincidence with need, allowed the final area to be chosen (solid lines in b) and c)). Note the climate- and building-

specific tilts of 23° for the Albany greenhouse, 70° for La Pine residences, and 40° for Dunes City shelters. 
 
Next, students developed conceptual designs that incorporated their partners’ ideas regarding program 
and spatial experience as well as site conditions, solar radiation intensity patterns, building heat loss 
estimates, thermal comfort intents, and preliminary thermal mass calculations. One Albany park 
restroom combined a direct-gain approach, using an optimal tilt and area found by the process above, 
with movable insulation that doubled as summer shading; an elevated ramp accommodated seasonal park 
flooding (Fig. 5a). An Albany community sunroom, in turn, provided views to the north but primarily 
collected solar radiation using steeper glazing on the south, with operable skylights reflecting attention to 
summer cooling (Fig. 5b). In sunnier La Pine, optimal tilts for balcony sunspaces were steep, at 70°, and 
the lower balcony was extended beyond the upper to maintain this optimum (Fig. 5c). Again, movable 
insulation doubled as summer shading and vents provided passive cooling. A City Center scheme in La 
Pine, in contrast, elected all-vertical glazing in a high-mass direct-gain approach (Fig. 5d). In the cloudier, 
forested Dunes City site, solar gain was useful nearly all year, and a row of sunspaces was supported by 
bedrock anchors to ensure that the structure would survive to meet its time of need (Fig. 5e). 
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Figure 5. The work of Figs. 1-4 led to these conceptual designs for Albany (a, b), La Pine (c, d), and Dunes City (e). 
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Figure 6. Movable insulation schemes were added next; above are shown a) durable rigid sliding panels and 

shutters (Albany); b) rolling curtains operated by pulleys and cranks (Dunes City) and (c) rotating slats with anti-
glare utility (Albany). Operability schedules for movable insulation were developed in EnergyPlus. 

Near the end of the term, given the necessity in these climates, movable insulation details and schedules 
were developed as well (Fig. 6), emphasizing operability, convenience, and effectiveness. In most cases, 
the movable insulation was expected to serve as summer shading as well, since virtually all passive solar 
spaces require shading (as well as natural ventilation) for summer de-activation.  
 
Informal discussions with partners were frequent throughout the conceptual design phase, but designs 
were changing too rapidly, in order to meet performance goals, for the partners to receive understandable 
midterm drawings to review. We also found that the brief time available and the desire to create excellent 
proposals led students to focus on specific applications of quantitative elements to the detriment of more 
general understanding. To address this problem, students suggested Lesson 2: Incorporate low-pressure 
activities that investigate course topics beyond the immediate projects. In subsequent years these have 
included problem sets, short collaborative quizzes, and a model competition. Students have since reported 
that the collaborative quizzes, in which pairs discuss and solve problems together, have been most 
effective in developing their fluency with physical concepts (e.g. material properties; heat transfer), while 
monitoring the outdoor performance of competition models was most effective in developing intuition. 
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Performance 
 
Because passive solar heating designs must perform well to support future adoption, and because 
EnergyPlus models are able to simulate this performance well (e.g. Rempel et al. 2013), building energy 
modeling was required (Fig. 7). Fortunately, the modularity of EnergyPlus allowed students to learn a 
limited, well-defined set of skills (creating thermal zones and site shading; specifying material thermal 
and optical properties, constructions, internal heat gains, and infiltration rates; specifying and scheduling 
movable insulation; requesting output variables) without the complexity of simulating mechanical HVAC, 
water, advanced lighting, or control systems. Models were also restricted to one or two thermal zones. To 
accommodate the effort required, we found that instruction needed to begin early in the term with simple 
practice models. Digital tutorials describing program installation and showing command locations, as well 
as small weekly assignments, assisted the learning process greatly, and email support allowed work to 
progress without delays for in-person meetings. Once students were able to graph and interpret output 
data from the practice models, they were ready to modify or add a manageable number of elements each 
week. One assignment, for example, involved (i) graphing window heat gain/loss patterns over a week of 
interest, (ii) describing performance problems found, (iii) proposing two solutions involving only glazing 
materials and movable insulation, (iv) implementing them individually, requiring modification of only six 
objects, and (v) evaluating the results. By the end, as a result, most models had been thoroughly checked 
by the instructor, and their results realistically represented the performance potentials of their projects. 
 

 
Figure 7. Throughout the term, students monitored the performance of their designs with the building energy 

simulator EnergyPlus. Starting with estimates made by hand calculations, they used models to revise tilts and areas of 
solar-collecting glazing; to improve thermal mass performance by varying material, area, and thickness; and to 

improve movable insulation performance by varying materials and schedules. Above, model-predicted indoor vs. 
outdoor temperatures are shown for (a) an Albany park restroom, (b) the Albany community greenhouse, and (c) a 

Dunes City earthquake shelter and its accompanying sunspace, each documenting appreciable solar heating potential. 
In addition, window heat gain/loss patterns used for development of nighttime movable insulation materials and 

schedules are shown for (d) the same Dunes City shelter, illustrating its predicted effectiveness. 
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One challenge students found, as expected, was the temptation to adjust model parameters haphazardly, 
risking their ability to develop reliable intuition. To help them resist this, we emphasized the use of hand 
calculations and physical reasoning to provide starting points for input values (e.g. mass thickness; 
skylight solar heat gain coefficients). We also emphasized the use of output data to reveal thermal 
processes and patterns, and thereby to inform thoughtful modification, by requiring students to interpret 
their results and explain the reasons for their changes at each step. A second challenge we found was that, 
while most students welcomed the chance to learn EnergyPlus, some preferred to rely on others’ work 
where possible. The understandable objections of group members necessitated Lesson 3: Establish 
metrics for group accountability that clearly explain the individual component of each learning outcome. 
In addition, after the first year, all modeling assignments were individually submitted and credited. 
Finally, students found that a third significant challenge was the communication of quantitative graphic 
information. Because clear documentation was so important in explaining results to our partners, we also 
adopted Lesson 4: Plan several cycles of informal peer reviews of quantitative content, in which groups 
explain their graphs to one another, during the last several weeks of the term.  

Structured reflection 
 
Our collaborators each year were energetic, articulate people who were thrilled to be our partners and 
were highly responsive to student ideas, questions, and requests for information. Fortunately, however, 
some realism did arise in student-partner interactions. On occasion, students heard collaborators express 
desires that seemed to contradict earlier positions; received site drawings that seemed incomplete, 
incorrect, or incompatible with other information; and read community stakeholder documents 
suggesting the intent to exclude some citizens from the future designs. Once, students found their 
preliminary drawings merged with those of a city engineer in a way counter to their intent. And often, 
collaborators questioned the students’ final designs closely, expressing concerns and sometimes doubts 
that were not easy to address, and pressing them to explain unclear graphics or statements. These 
moments were disconcerting for the students, they admitted, but most considered them to be important 
indications of the partners’ interest and commitment as well as of broader themes they would encounter 
in the future. The importance of these experiences and time for their processing is recognized by Lesson 
5: Provide time during the course, and after final presentations, for students to discuss and reflect on 
their experiences, their partnerships, and their roles within them, including strategies for future work. 

Epilogue 
 
After each term, the SCYP edits, interprets, and compiles student projects into bound reports for city 
partners. In part, this reflects Lesson 6: At the end, clarify the strengths and weaknesses of each project, 
as well as general recommendations emerging from the group of projects, so that partners can make well-
informed decisions. In addition, we stress Lesson 7: be available for questions and discussion after the 
term. To date, projects for Albany have facilitated fundraising efforts for park restroom replacement; the 
City Center for La Pine is undergoing design development; further research into the balcony sunspaces 
initiated in La Pine has been funded by the National Science Foundation; and Dunes City has recently 
received its final report.   
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ABSTRACT 

As anthropogenic climate change destabilizes a fixed idea of climate, it is also destabilizing a fixed idea of 
comfort. Comfort, like climate, can no longer be understood as a steady index of energetic balance, but is 
now recognized as condition of flux on which human activity has a direct impact. In this new context, 
design with comfort can be an effective extension of earlier directives to design with climate. Design with 
comfort extends architecture’s immaterial and discursive aspects to bring attention to more a flexible (in 
terms of temperature) and inclusive (in terms of populations) concept of comfort. Design with comfort 
seeks to exploit comfort’s latent potential in cultural and aesthetic dimensions. Using comfort to relate 
climate to construction positions it squarely within architecture culture, and suggests a shared project for 
a more inclusive group of academics and practitioners. Design with comfort also adds a new aesthetic 
dimension to creative design practice by actively designing comfort experiences. Today’s dominant 
comfort model holds that comfort is a static state of thermal neutrality that varies little between different 
locations, different seasons, and different people. In the context of an architectural studio, designing with 
comfort asks students to consider how comfort is entangled with more familiar elements of design such as 
form, materials, program and site. Directly addressing comfort as part of design process helps to 
demonstrate its historical legacy, establish its currency as part of today’s environmental reality, and 
encourage students to think creatively about its implications and possibilities. 

I. 

 
Figure 1. Design with Climate diagrams (L to R): “Man as the central measure of 

architecture,” “Relation of human body to the climatic elements,” “Schematic bioclimatic 
index.” 

One of the more enduring aspects of Victor Olgyay’s Design with Climate: Bioclimatic Approach to 
Architectural Regionalism (1963) is its diagrams (Figure 1). These images capture the essence of the 
Olgyay brother’s bioclimatic approach, that is the relationship between climate and people. While climate 
has played a determining role in architectural theory since Vitruvius, Design with Climate addressed 
post-war meteorological, biological and social frameworks for climate to propose a “theoretical approach 
to balanced shelter” (Olgyay 1963, 15). The diagrams present different climate variables—air temperature 
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and movement, radiation, humidity—interacting with different variables of human physiology—heat 
exchange at the skin and metabolism. The bioclimatic approach advocated by the Olgyays, and 
represented in these diagrams, mediated between climatic conditions and the conditions of the body by 
turning climate data into design. “Man as the central measure of architecture” reimagines the dimensional 
perfection of the Vitruvian man as a bioclimatic balance. In “Relation of human body to the climatic 
elements,” the human circulatory system stands at the center of metabolic and meteorological forces. In 
perhaps the best known image, the “Schematic bioclimatic index,” a man reclining on a lounge chair 
occupies a Goldilocks zone where conditions are neither too dry nor too humid, too hot nor too cool. As 
Daniel Barber has argued in the discussing the Olgyays’ work, “the discourse on climate methods hummed 
with an imperative for stasis, uniformity and normativity as the ideal conditions for existence” (Barber 
2016, 318). More specifically, these images represent a fixed idea of human comfort represented by the 
evenly stippled zone around the figure at the center of the bioclimatic chart, and the comfort equation at 
the center of “Relation of human body to the climatic elements.” Bioclimatic architecture balanced 
regionally fixed climate conditions with universally fixed comfort.  

As anthropogenic climate change destabilizes such a fixed idea of climate, it is also destabilizing the fixed 
idea of comfort. It is increasingly difficult to separate stable interior climates from the extremes of 
outdoor ones. Comfort, like climate, can no longer be understood as a stable index of energetic balance, 
but can be understood as condition of flux on which human action has a direct impact. In this new 
context, design with comfort can be an effective extension of earlier directives to design with climate. 
Design with comfort seeks to exploit the latent potential of comfort in two specific dimensions, one 
cultural and the other aesthetic.  

Design with comfort projects the cultural value of addressing climate change as part of architectural 
discourse, specifically as it effects architecture pedagogy. In Barber’s reading of the Olgyay’s work, what 
was at stake was not so much the technological know-how demonstrated in their bioclimatic method, but 
a claim about the relevance of their perspective to modern architecture’s historical narrative. They were 
interested in how best to grow and transmit the lessons of bioclimatic architecture to the profession, and a 
wider public (Barber 2014, 194). Similarly, design with comfort extends architecture’s immaterial and 
discursive aspects to bring attention to more a flexible (in terms of temperature) and inclusive (in terms of 
populations) concept of comfort. Using comfort to relate climate to construction positions it squarely 
within architecture culture, and suggests a shared project for a more inclusive group of academics and 
practitioners. 

Design with comfort adds an aesthetic dimension to architectural design by using comfort as the basis for 
creative design practice. Today’s dominant comfort model holds that comfort is a static state of thermal 
neutrality that varies little between different locations, different seasons, and different people. We are 
bored with thermal modernity, yet seem to have no response to it. Architects’ collective difficulty in 
formulating imaginative design responses to climate change stems in part from our inexperience with 
alternative theories of comfort, and diverse interior climates. In the context of an architectural studio, 
designing with comfort asks students to consider how comfort is entangled with more familiar elements of 
architectural design such as form, materials, program and site. Directly addressing comfort as part of 
design process helps to demonstrate its historical legacy, establish its currency as part of today’s 
environmental reality, and encourage students to think creatively about its implications and possibilities. 

II.  

Destabilizing comfort within a design curriculum first involves seeing it as a sociotechnical phenomenon 
that has developed historically. Increasing exchanges between environmental humanities and 
architectural history are opening new perspectives to this discussion. These bring added relevance to 
architectural history within the context of architectural design (Hochhäusl and Lange 2018).  

The idea of comfort as physical comfort—the self-conscious satisfaction with the relationship between a 
body and its environment—first appeared in 18th century England and America. As the value of physical 
comfort became more explicit and desirable, the technology of its improvement gained intellectual 
prestige (Crowley 2001). Paralleling the increased importance of technology came a decreasing tolerance 
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for different comfort experiences. Temperatures, smells and other sensuous encounters that were once 
welcome were later found to be unacceptable as part of a “civilizing process” (Elias 1978). 

 
Figure 2. ASHVE and ASHRAE comfort charts from (L to R) 1923, 1924, 1932 and 1960. 
Later charts address more variables effecting comfort, and define the “comfort zone” less 

clearly than the 1924 chart. 

The development of air conditioning in the early 20th century consolidated comfort from a set of 
sometimes disparate architectural, technological and cultural practices into a single comfort standard, 
determined using climate chamber studies. These climate, or psychrometric chambers, can be seen as 
microcosms of today’s sealed and air-conditioned buildings. Between the 1920’s and the 1960’s, ASHVE1 
published this data in a series of comfort charts (Figure 2). Although faith in such chart waxed and waned 
during this period, by the early 1970’s mechanical engineers, equipment manufacturers and building 
managers reached a consensus in support of the Predicted Mean Vote (PMV) comfort model (Fanger 
1972). Around this time, ASHRAE stopped its comfort research program, and began to focus on the 
political task having comfort standards accepted into local regulations and codes (Comstock 1995). Today, 
the PMV model underlines major international comfort standards. Its comfort conditions prescribe the 
static, homogeneous indoor environmental conditions that white collar office workers around the world 
experience on a daily basis. As designated by comfort standards, in the highest quality office interiors 
(class ‘A’), temperature can vary only 2° C, despite having no benefit over a looser interior temperature 
range (Arens et al. 2010).  

Starting in the 1930’s, comfort researchers began to recognize and document that occupants of naturally 
ventilated buildings found a wider range of temperatures to be comfortable than was predicted by the 
climate chamber comfort studies. This research continued into the latter half of the century, spurred by 
the energy crisis of the 1970’s and the increased cost associated with PMV-type comfort. By the 1980’s 
academic researchers proposed an adaptive thermal comfort model (de Dear and Brager 1998). This 
model proposed that tying indoor comfort conditions to outdoor climate would provide comfort over a 
wider range of temperatures, and thus reduce building energy use. Researchers also showed that building 
occupants found a wider range of temperatures to be comfortable when they could control their own 
comfort by adjusting environmental conditions such as heat, cooling and ventilation to meet their 
individual needs. Despite significant developments in adaptive thermal comfort research over the past 
decades (de Dear et al. 2013), Richard de Dear, co-author of the initial adaptive comfort standard, 
recently lamented “instead of innovation in indoor environmental design assimilating our incrementally 
expanding knowledge of human thermal comfort, the technology itself is driving our concepts and models 
of thermal comfort” (de Dear 2011) 

This observation highlights the importance of having architecture students learn how to turn comfort 
research into architectural design. An ideal context to explore such a transformation is the architectural 
studio. 

 

 
1 ASHVE is the American Society of heating and Ventilation Engineers, the precursor to ASHRAE, or the 
American Society of Heating, Ventilating and Air Conditioning Engineers. 
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III. 

In the spring of 2018, I taught an undergraduate options studio called “Some Like it Hot” for a new 
athletic club in Columbus, Ohio. As Rem Koolhaas examined the existing Downtown Athletic Club as a 
model for a programmatically-driven metropolitan architecture in Delirious New York (1978), we looked 
at the Athletic Club of Columbus to provide a model of comfort-driven, climatic architecture. This desire 
was guided by a seldom noted paradox of architectural modernism: while new material technologies 
visually connected indoor and outdoor spaces, contemporary environmental technologies have thermally 
separated indoor and outdoor climates. The studio’s goal was for students to unpack the design potential 
for comfort. Its premise was by multiplying viewpoints onto comfort, architecture students can learn to 
design a greater variety of interior experiences for a more diverse user groups in ways that are legible in 
building form. 

The studio began with an exercise to introduce the students to designing with comfort using readymade 
comfort-focused spaces. This exercise was a way to connect the symbolic and experiential aspects of 
comfort with the more familiar aspect of architectural form. Using readymades eliminated any 
expectation of novel form, and instead focused on manipulating existing forms, and the environmental 
conditions associated with those forms. Readymades ranged from small-scale spaces like a four-poster 
bed, a spray booth and a conversation pit, to larger ones like a hammam, an aquarium and a wind tunnel. 
Students combined six such spaces within a 50’ cube based on a comfort narrative that they developed 
and documented their work in physical models and collages (Figure 3). 

 
Figure 3. Final student models for Curating Comforts by (L to R) Guanming Huang, Rachael 

Hill and Mason Johnson. 

The athletic club project was organized around different indoor climates to support multiple and changing 
programs, rather than dimensionally-fixed programmatic areas. The model for this organization was the 
Köppen Climate Classification, the widely used empirical system that defines global climates as they 
correspond to different vegetation zones. For the athletic club, I established seven potential indoor 
climates, with different WB and DB temperatures, wind speeds etc.. These included parameters for a hot, 
humid space, an arid space, a chilled space and a cold space as well as the standard ASHRAE indoor 
climate, and unconditioned outdoor spaces. We began the project by discussing four strategies: thermal 
onions, heat sinks and sources, indoor weather and a contemporary sublime. These were to help students 
relate different climates with their projects’ formal, spatial and material aspects. Thermal onions are 
spatially nested layers of thermal control that can be related to programmatic and spatial organization. 
Heat sinks and heat sources use materials’ thermal capacity to condition interior spaces while also 
providing structural support and spatial enclosure. Indoor weather suggests how excess energy can be 
redistributed around the building to create different kinds of comfort just as outdoor weather is the result 
of the redistribution of energy around the globe. Finally, the contemporary sublime updates the 18th 
century aesthetic notion in the face of climate change. While in its original sense, the sublime resulted 
from a person confronting the seemingly limitless natural environment such as the sea or the mountains, 
the contemporary sublime has building occupants confront the scale of climate change through a 
combination of spatial and climatic conditions. This contemporary sublime introduced discomfort as a 
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positive architectural value. Discomfort’s stimulating potency heighted occupants awareness of the 
dynamic conditions of climate through comfort (Figure 4). 

 

 Figure 4. Diagrams representing (from L to R) Indoor weather, thermal onions, heat sinks 
and sources, contemporary sublime. 

In developing their projects, students also developed comfort narratives describing the affects they 
intended to produce. It is difficult to tell meaningful stories about climate change because of its large scale 
and slow pace of change relative to lived experience. These comfort narratives pressed students to tie the 
experiences of comfort to the spaces of architecture through stories. The narratives served also as a 
starting point for structuring the projects graphic representation. One group abstracted different material 
and spatial conditions of vernacular forms, and combined them to create a microcosm of global climates. 
Another organized their proposal based on indoor weather systems that were in dialogue with the 
changing outdoor seasons (Figure 5). 

                                 
Figure 5. Final student drawings for the New Columbus Athletic Club by Yutong Lu and Tian 

Wang on the left, and Guanming Huang and Zhengda Liu on the right. 

IV. 

Last year I revised our junior year core studio sequence around the themes of constructed form, expanded 
site and environmental entanglement. While they are meant to develop a range of student skills, all three 
touch on design with comfort. In brief, the theme of constructed form is to develop students’ material 
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imagination; expanded site is to address issues of topography, climate and context; and environmental 
entanglement is to highlight how manipulating form creates different environments. During this two 
semester sequence, students design five projects. Projects grew longer and programs more complex 
through the year. They include a three week park shelter, a four week live-work infill building, a six week 
lower school on a sloping wooded site, a six week university research building, and an eight week urban 
co-working tower. Although the sites are different, they are all local so that the students can visit them. 

Unlike an options studio, where a self-selected group of students work with one instructor on a focused 
theme, the core studio involves an entire class of students (here about 90) working with a group of 
instructors. Each instructor has his or her own pedagogical predispositions, some more and some less 
attuned to the studio themes. Ideas of how to design with comfort embedded in the studio are therefore 
less specific than in the options studio in that I tied questions of comfort to more traditional topics taught 
in core studios, such as form, program, material and site. Throughout the projects, there was an emphasis 
on representing different comforts and environments that the buildings created. As visual thinkers, such 
images are essential to thinking with comfort, to debating its possibilities, and to communicating with a 
larger public.  

Each project site presented opportunities to discuss design with comfort, including solar access, and open 
or semi-enclosed exterior spaces. For example the lower school’s sloping, wooded site offered a variety of 
thermal experiences to complement different pedagogical approaches—from teacher-centered classrooms, 
to student-centered spaces for experiential learning. In discussing different pedagogical approaches, we 
looked at important precedent buildings that incorporated a diverse range of climates and environments 
into the learning environment, tracing the legacy of comfort design as part of the modern tradition. One 
student’s project organized the school around a sloping greenhouse-like space that followed the slope. 
This served as circulation and event spaces while relating interior and exterior climates through the 
hybrid landscape/architecture element that complimented her progressive approach to elementary 
education (Figure 6a).  

At the start of each project, studio sections discussed different comfort opportunities offered by the 
program to create environmental conditions between the extremes of fully air conditioned and fully 
exterior. For example, the coworking tower program emphasized how coworking is changing the nature of 
work and work spaces. The brief argued that the modern office interior is inseparable from air 
conditioning, producing comfort conditions set to optimize one idea of worker productivity. The brief 
asked how the programmatic and spatial variety of coworking environments can be used to connect 
indoor climates to exterior ones through windows and ventilation in the curtain wall, as well as naturally 
ventilated spaces, such as balconies, winter gardens and conservatories. Since there are very few purpose 
built coworking buildings (most are interior upfit projects) students were given free range to think about 
the architectural potential of such a work environment. One group of students organized their tower as a 
series of different interior environments, each incorporating a non-work program, such as a day care, 
gym, restaurant and a performance space (Figure 6b).  

We were able to address comfort most directly through the theme of environmental entanglement. While 
students often manipulate light in their design work, other environmental qualities like temperature, air 
movement and sound were less familiar. The non-visual nature of these environmental properties makes 
them difficult to address through standard workflows, which focus almost exclusively on how something 
looks rather than the environments it creates. The university research center required a range of indoor 
climates, from dedicated laboratory spaces, mechanically isolated from the rest of the building, to 
unstructured social spaces that have a direct relationship with the outdoors spaces. Working through plan 
and section, students developed thermal nested and intersecting volumes that translated this 
requirements into formal and spatial opportunities. One student organized research towers that paired 
controlled open-plan laboratories, with adjacent offices with private balconies. The bases of these towers 
were collected in a common ‘forum’ space that included winter gardens and courtyards (Figure 6c). 
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Figure 6. Junior studio projects. a. Diagram for Lower School by Rachel Schmitmeyer 

showing central ‘greenhouse’ space that steps down sloping site. b. Urban coworking model by 
Maryan Warsame and Marley McNeal showing the stacking of different work environments. c. 

University research center axonometric by Kristen Perng with paired laboratory and office 
towers over a shared public ‘forum.’ 

This approach to a undergraduate core studio sequence show how comfort is not only about temperature 
and humidity, but can also inform approaches to programmatic organization, site design and formal 
organization. Exploring such ideas involves engaging not only students, but fellow faculty, some of whom 
reflexively view comfort through the lens of hidden mechanical systems, rather than visible architectural 
design. Here comfort can be a vehicle for shifting typically limiting and often technical discussions had 
around comfort into broader debates about its impact on design decisions and broader social 
consequences. 

V. 

Although they share a similar concern with architecture’s environmental impact, the approaches to design 
with comfort presented here have significant differences from the Olgyay’s approach to design with 
climate. While the Olgyay’s presented a geographically predictable idea of climate and a normative 
approach to comfort, design with comfort addresses a changing climate and a plurality of comforts. While 
their bioclimatic approach is a method to design balanced shelter, design with climate is a more general 
approach overlaying established practices in design studio teaching with environmental values and ideas. 
And while the Olgyays used a quantitative approach to design based on climate data, here I have 
presented a qualitative approach based on designing with and visually representing comfort experiences. 
Although the design with comfort approach would benefit from a quantitative dimension (something I am 
working on now), I believe its integrative, image-based, approach to comfort can be a fruitful way for 
architecture students to address the challenges of climate change in a non-professional undergraduate 
degree program. 

Current events are full of stories demonstrating how climate change is a major front in today’s culture 
wars and political debates. 2  Scientific fact and technological know-how get little purchase on this slippery 

 
2 For a recent example, see the anticipated “climate change elections” in Australia. These was won by 
former prime minister Tony Abbot and his conservative coalition that has long resisted plans to reduce 
carbon emissions. This despite the fact that Australia is one of the economically “developed” nations 
which are most vulnerable to climate change world (Cave 2018). For a larger critique of contemporary 
politics of climate change see Latour 2018.  
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terrain. Rather than consult experts, the general public is more likely to believe in climate change based 
on their experience of the weather. Behavior economists have labeled this visceral fit, that is people 
judging states of the world to be more likely when it matches their own experience (Risen and Critcher 
2011). This emotions connection to climate helps to explain the recent weather wars, where political 
actors have used the weather to deny the harmful impact of climate change (Figure 7). In the context of 
architectural education, it is essential to clearly communicate the political importance of climate change, 
and to integrate it into a design education.  

                                             
Figure 7. Senator James Inhofe (R-OK) bringing a snowball to the Senate floor on February 

26, 2015 to counter the narrative that global warming associated climate change was 
responsible for the record heat of the previous year. Source: 

https://insider.foxnews.com/2015/02/28/sen-jim-inhofe-tosses-snowball-senate-floor-
disprove-global-warming 

Taking a more deliberate and inclusive approach to comfort in architectural education—to directly shape 
the visceral experiences of indoor and outdoor climates—can be an important step in this process. 
Understanding comfort as an historical topic, a design prompt, and a facet of lived experience, helps to 
connect the specificity of individual experience with the vastness of climate. The examples presented here 
show how opportunities exist within architecture studio pedagogy to design with comfort in ways that 
address the political dimension of climate change through the poetic potential of comfort. In doing so, 
design with comfort can be an effective technique for addressing the changing climate around us. 
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ABSTRACT  
 
Cross-laminated timber (CLT) construction is an emerging technology in the Pacific Northwest (PNW). 
New CLT mills are being constructed in Idaho, Oregon, and Washington. We see this use of wood as a 
robust alternative to concrete and steel that sequesters carbon rather than spewing it into the atmosphere. 
Timber can be sustainably harvested in the PNW with local mills, further reducing carbon pollution in the 
supply chain.  
 
In an effort to increase our Architecture Program’s capacity to deliver the highest quality courses and 
improve student learning, we aim to equip our students with the knowledge and skills to include CLT in 
buildings of all scales in their design repertoire. This goal would be accomplished by extending the 
learning experience of the students enrolled in our study abroad program on “Green Architecture” in the 
United Kingdom (UK) to include research and design in the use of CLT. This new approach to focus on 
CLT builds upon insights and contacts made during six previous successful versions of the UK Green 
Architecture course (initiated in 2006).  
 
The UK has a rich inventory of inspiring CLT projects—over 500 of which 100 are highlighted in Waugh 
Thistleton’s 100 Projects UK CLT (2018). Our research studio during the summer of 2019 to Edinburgh 
and London will explore many of these inspirational buildings, engage in interviews with the architects 
and engineers, and participate in a design charrette in CLT-savvy London architectural firms. This unique 
experience will enrich the students’ understanding and appreciation of mass timber construction.  
 
INTRODUCTION 
 
The use of wood in architecture has been a theme explored throughout undergraduate and graduate 
design studios at University of Idaho. Examples of this interest are our Idaho Forests Products 
Commission (IFPC) sponsored architectural design competition in third-year, “Timber in the City” (ACSA 
2019) competitions entries in our fourth-year, and various versions (e.g. Armpriest, Haglund, Manrique) 
of our Integrative Architectural Design studio during the first year of our professional Master of 
Architecture. 

 
Our design studio courses focused on the development of mass timber construction in the Pacific 
Northwest have included field trips to visit innovative buildings and offices working with recent 
developments in wood. An example was the visit by several advanced studios to Albina Yard (Lever 
Architects) “a four-story office building in Portland, Oregon, which was the first U.S. building to use a 
domestically made CLT structural system when it opened in September 2016. The project team chose CLT 
for its ability to store carbon and the smaller environmental footprint the material afforded the project.” 
(Think Wood 2019). 
 
Since 2006 our UK study abroad summer program has focused on providing a first-hand experience and 
research on cultural and urban sustainability and green buildings in the United Kingdom. The UK has 
been the focus of this research studio because London, and later Edinburgh added in 2013 because of the 
unmatched density of projects and practices that exemplify green building and urbanism. It’s our sense 
that the UK has a decade head start on the US addressing these issues that aim to mitigate climate change. 
With the publication of 100 Projects UK CLT (2018) it has become apparent that lead in CLT-centric 
construction is also a decade ahead of the US, even in our wood construction friendly Pacific Northwest.  



2 

There are more CLT projects in London (many with unique and innovative approaches) than in the entire 
US. To prepare them for full immersion in the UK’s rich milieu, students participate in a spring term 
preparation seminar and a summer term studies abroad research studio. During the spring semester, 
prior to the summer experience, students “do basic research on green buildings in the UK” (Haglund 
2019a). Students study the work of prominent British firms and exemplary buildings as well as green 
urbanism. The four-week summer term course allows them to visit architects and buildings as well as 
experience British culture. At the beginning of the summer term, they visit Edinburgh, Dundee, and 
Glasgow. After 17 days in London, the Green Serpentine Pavilion charrette is the capstone event for the 
course, allowing students to explore, through design inquiry, the lessons learned from their studies. 
 

 
 

Fig. 1. Our students were at the CLT and glulam Hope Gateway learning from its architect and engineers in 2017. 
Roddy Langmuir, designer of the building from Cullinan Studio, presented. 

 
Offered as an “Alternative Graduate Design Experience”,1 our UK Study Abroad program this year 
expands the research studio model on green architecture for the first time through learning from CLT 
design in the United Kingdom. Encouraging a material shift through understanding and appreciation of 
mass timber construction has become one of our strategic approaches towards design with (a changing) 
climate. 
 
The initiative of merging sustainability and wood (as a focused theme) provides opportunities to expand 
“exemplary lessons and activities” to inspire our students as “future stewards to shape zero net carbon 
buildings and communities” (University of Oregon 2019). We have organized these exemplary lessons and 
activities as pedagogical strategies implemented in our British Green Architecture Seminar and our UK 
Research Studio (see Table-1 and Table-2): expanding references, expanding activities, and applying and 
developing metrics (passive design). 
 
In spring 2019, students enrolled in Arch 580 British Green Architecture Seminar “do basic research on 
green buildings in the UK and help plan the itinerary for the summer’s studies abroad program” (Haglund 
2019a). The seminar meets one-time each week (Thursdays from 5:30 to 7:00 pm) and is delivered 
through lectures and student presentations on assigned research and analysis topics. Students explore five 
topics throughout the term: Green Cities, London Orientation, Notables, Discoveries, and CLTs in the UK. 
Complementary activities are distributed throughout the class sessions such as English 101 and Sketching 
exercises. The pedagogical goal of the seminar is to form a basis for understanding and experiencing the 
cultural and environmental sustainability of the UK. 
 
In summer 2019, students enrolled in Arch 552 Alternate Graduate Design Experience: UK Research (6 
credits) “will visit sites; interview architects, engineers, and educators; and explore urban sustainability 
issues based on their first-hand experience and research. A design charrette, planned for the end of the 
course, will place student teams in London architectural offices for a one-day design challenge with a 
public presentation the following day” (Haglund 2019a). Pedagogically this is an immersive experience 
that aims to enhance learning. 

 
1 Arch 552 Alternative Graduate Design Experience: UK Research Studio (6 credits) 
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The pedagogical strategies summarized in tables 1 and 2 proposed for our British Green Architecture 
Seminar (spring 2019) and our UK Study Abroad program (summer 2019) are discussed in the following 
two sections. These strategies in Arch 580 are aimed at providing a basis for exploring the rich inventory 
of green and CLT-centric buildings in the UK during the study abroad course. Tables 1 and 2 demonstrate 
how the strategies from Arch 580 are built upon in Arch 552. 
 

Table 1. Pedagogical strategies in Arch 580 British Green Architecture Seminar (2 credits). Spring 2019. 
 

Strategies Topics Types References 
Expanding references General books (Wolfe 2016, 2019);  

web-links (New Video Channel America 2019); (BBC 2019) 
lecture (Wolfe 2019b) 

UK-Architecture books (Allinson 2014) 
web-links (Rybczynkski 2014) 
lecture (Haglund 2019b) 

Green 
buildings/cities 

web-links (Arup 2019a); (Peters 2015); (LETI 2019); (Lopez et al. 
2016); (Greater London Authority 2019) 

web-booklets (Arup 2014; 2016a; 2016b); (ARCADIS 2016) 
web-videos (AECOM 2011) 
books (Beatley 2012); (Speck 2018) 
Articles-other (Haglund and Payne 2016); (Haglund 2019c) 

CLT Web-booklets (Waugh Thistleton Architects 2018) 
Stimulating activities Journaling assignment  

Sketching exercise  
Researching presentations London Orientation  

Notables 
CLT’s in the UK 

Applying & Developing 
metrics (passive design) 

Analyzing  presentations Green Cities 
Discoveries workshop 

 
 
Table 2. Pedagogical strategies in Arch 552 Alternate Graduate Design Experience: UK Research Studio (6 credits). 

Summer 2019. 
 

Strategies Topics Types References 
Expanding references General Web-links (Seeing Better Cities Group 2019); (Freud 2014) 

visits  
UK-Architecture web-links (The Building Centre Group Ltd. 2019); (RIBA 2019) 

visits  
Green 
buildings/cities 

Web-links (AHMM 2019); (dRMM 2019); (Cullinan Studio 2019); 
(Groupwork 2019); (Waugh Thistleton Architects 2019) 

visits  
Timber Construction web-links (Think Wood 2019); (WoodWorks 2019); (TRADA 2019) 

web-booklets (Arup 2019b) 
visits  

CLT web-booklets (Waugh Thistleton Architects 2018); (Structurlam Mass 
Timber Corporation 2018; 2019); (FPInnovations and 
Binational Softwood Lumber Council 2013) 

visits  
Stimulating activities Journaling assignment  

Sketching assignment  
Building Project Construction project (timber) in Suffolk 
Designing Charrette Serpentine Pavilion; Green Building; CLT 

Applying & Developing 
metrics (passive design) 

Analyzing assignment Discoveries 
Designing Charrette Serpentine Pavilion; Green Building; CLT. (SBSE 1999; 

2009) 
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BRITISH GREEN ARCHITECTURE SEMINAR (SPRING 2019) 
 
During spring 2019, the Arch 580 British Green Architecture Seminar builds the base of references and 
skills students will apply on site visits and discovery exercises during the summer research studio. 

Expanding References 
 
The seminar starts with an introductory overview of the UK Study Abroad Program providing the general 
structure of what the experience has been in previous years and what is planned for summer 2019. 
 
General, UK-Architecture, Green Buildings/Cities and CLT 
Through assigned readings and applied research assignments, references are introduced. Chuck Wolfe’s 
(2016, 2019a) readings on Seeing the Better City aim to provide students with guidelines to document 
their personal experience through text and photographs. The readings were supplemented by a live 
webinar by the author. Allinson and Thornton’s (2014) London’s Contemporary Architecture serves as an 
“explorer’s guide” for navigating London and identifying sites of interest. 
 
In order to expand the green building approach in the UK Study Abroad program, the preparation 
seminar introduced Waugh Thistleton’s (2018) book, which highlights 100 inspiring CLT projects selected 
from over 500 in the UK. 
 
English 101 exercises, at the beginning of some class sessions, aim to familiarize students with terms and 
expressions particular to the UK’s English language usage, and other aspects of the British culture. 
Students are encouraged to read about, watch, and listen to examples categorized as “mind the gap” (in 
New Video Channel America and BBC). 

Stimulating Activities 
 
Journaling and Sketching 
Students are required to keep a critical journal of the seminar activities in spring in preparation for the 
thorough record and analysis assigned while studying abroad during the summer term. 
 
Sketching exercises (10 minutes at the beginning of most class sessions) are aimed to stimulate building 
drawing skills for use during the visits during the summer research studio. 
 
Researching (London Orientation) 
Based on Allinson and Thornton’s London’s Contemporary Architecture: An Explorer’s Guide (2014), 
each student was assigned a specific neighborhood in central London. Their task was to plan a walk 
through the assigned area, citing buildings and environments of interest and planning logistics before, 
during, and after the walk. The intent of this exercise is two-fold, gaining knowledge of the architectural 
richness of the city and appreciation of the robust transit system that allows green transportation via tube, 
bus, bicycle, and walking. 
 
Researching (Notables and CLTs in the UK) 
Students were assigned a notable architect or building to present to the class. Content required included: 
architect's or building's name and photo; educational background and work history for architects, 
construction date for buildings; design philosophy/ design intent; important green building strategies (a 
caption and photo of each); references; office or building location map and transportation options. 
The assigned notable architects or buildings were: ZHA; dRMM; RSH; Herzog & De Meuron; John Soane; 
Mackintosh & McDonald; AHMM; Waugh Thistleton; Vitsoe & US Embassy; Allies & Morrison; Arup; 
Scottish Parliament; Victoria and Albert Museum in Dundee; Cullinan Studio; Norman Foster. 
 
For researching CLT in the UK students were assigned a building to present in class. Most of the assigned 
buildings are presented as a two-page case study in CLT 100 UK Projects (Waugh Thistleton Architects 
2018) and “have been categorized as ‘Pure CLT’ (CLT alone), ‘Pure Timber’ (CLT combined with other 
timber elements such as glulam), or ‘Hybrid’ (CLT combined with other structural materials such as steel 
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or concrete)” (Waugh Thistleton Architects 2018, 99). This multiplicity of CLT strategies demonstrates a 
richness of approach not yet attained in the PNW. 
 

• Education: Open Academy Norwich (p. 115), Arcadia Nursery (p. 139), Essex University Business 
School (p. 153), St. Clare’s College Art Studio (p. 215). 

• Residential: Barrett’s Grove (p. 207). 
• Commercial: Alex Monroe Studio (p. 243); Sky Believe in Better Building (p. 247).  
• Public & Civic: Lumen Reform Church (p. 271); The Garden Museum (p. 273); Regent’s Park 

Open Air Theatre (p. 289); Olympic Park Timber Lodge (p. 295); Maggie’s Centre, Wilkinson 
Eyre, Oxford (p. 299); The Gateway Buildings (p. 309).  

 
Students were required to expand, interpret, and analyze information from the text and corroborating 
sources as well as provide color images of and graphics about the project that explain the use and 
significance of CLTs. In order to familiarize students with the case studies in context, student 
presentations included one slide showing how to get to the project from their dormitory in Edinburgh or 
London with a map (using online sources such as Google.com, openstreetmap.org, and national or local 
transportation websites).2 Similar to the previous discoveries assignments, students reported on how long 
would it take and how much it would cost to get to each location.  

Applying and Developing Metrics (Passive Design) 
 
Analyzing (Green Cities and Discoveries) 
Using the Green Cities Checklist provided to guide the analysis, students (in pairs) were required to 
present comparative analysis of two assigned cities. Each team was assigned a city presented in the 
textbook, Green Cities of Europe (GCE) (Beatley 2012), and a North American city with which to compare 
it. Students were required to distill, interpret, and analyze information from the text and corroborating 
sources that support or argue against the author’s claims and the “National Geographic rating” (if rated) 
(Lopez et al. 2016). The following paired cities were assigned: Paris & Portland; Freiburg & Seattle; 
Vitoria-Gastiez & Vancouver; Helsinki & Boston; Venice & Moscow, ID; Copenhagen & New York; London 
& Edinburgh. Our intent is to engender awareness of how cities address green issues on multiple scales 
that are broader than simply examining green buildings.  
 
Two assignments were required as part of the Discoveries Workshop series (1 & 2). For the Discoveries 
Workshop-1 students were assigned a London Discovery Experience as listed in Table-3 to present to the 
class based on research and analysis using the corresponding Green Cities Scorecard (GCS) provided, plus 
at least one other. For example, the GCS for Culture – Daylighted Museums defines the following 
components for rating (1 through 5): free museum access, pedestrian friendly, local food venues, transit 
connection, and diverse cultural offerings. Students were required to discuss what to look for that 
contributes to London’s green urbanism. During the research studio in summer, students will be required 
to visit, record, analyze, and critique (through dialogue, sketches, still photography, words, and diagrams) 
at least four discovery experiences. 
 
The reading assignments for this exercise were based on two references: Seeing the Better City (Wolfe 
2016) and Walkable City Rules: 101 Steps to Making Better Places (Speck 2018). From Seeing the Better 
City (Wolfe 2016), students were assigned to read Chapter-3 “Seeing the City through Urban Diaries” (p. 
59–88). This chapter summarizes traditional approaches of chronicling urban change made by observers, 
noting the ways cities evolve (written or visual historical descriptions), and “provides hints about taking 
better photographs and using them in urban diaries” (Wolfe 2016, 59). From Walkable City Rules (Speck 
2018) students were assigned to refer their discoveries to selected rules in order to focus on specifics of 
pedestrian-friendly urban environments. 
 
 

 
2 Recommended online transportation resources include https://transportforedinburgh.com/ for 
Edinburgh, https://tfl.gov.uk/ for London, and https://www.nationalrail.co.uk/ for other routes. 
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Table 3. Discoveries in London assigned, and building and sites selected by students 
 

Discovery/Green Cities 
Scorecard 

Buildings and Sites 

1-CLT’s in the UK-
Energy/Carbon 

See “100 Projects UK CLT” (Waugh Thistleton Architects 2018) 

2-Shading Tall Buildings-
Energy/Carbon 

See (Allinson & Thornton 2014). The Shard; Heron Tower; 30 St. Mary Axe, The Gherkin; 
The Leadenhall Building; Bloomberg’s European HQ; US Embassy 

3-Public Squares-Biophilia Russell Square (James Burton); Berkeley Square (William Kent); Grosvenor Square 
4-South Bank of the Thames-
Walkability 

Westminster Bridge; London Eye; Hungerford Bridge; Royal Festival Hall; National Theatre; 
Tate Modern; Millennium Bridge; Shakespeare’s Global Theatre; London City Hall; Tower 
Bridge 

5-Daylighted Museums-Culture British Museum; Design Museum; National Gallery; Natural History Museum; Science 
Museum; Tate Modern; Victoria & Albert Museum 

6-City Markets-Metabolism Borough Market; Leadenhall Market; Smithfield Market; Covent Garden; Camden Market.  
Other markets in the UK: Edinburgh’s Farmers Market; Oxford’s Covered Market. 

7-Pedestrian Zones-Walkability Carnaby Street; Shepherd’s Market; South Moulton Street; St. Christopher’s Place 
8-Rail Connectivity-Mobility Train stations: King’s Cross; St. Pancras International; Euston; Marylebone; Paddington; 

Victoria; Charring Cross; Waterloo; Liverpool Street. 
9-Self-Defined-Your Choice Choose a topic, pertinent site(s), and at least two pages from the GCS for the experience. 

 
For the Discoveries workshop-2, Chuck Wolfe, author of Seeing the Better City (2016) and Urbanism 
without Effort: Reconnecting with First Principles of the City (2019), delivered a live videoconference to 
the class. Students were required to prepare a 24 x 36 black and white poster of their assigned discovery. 
On these posters, students made notes based on their readings, previous week’s presentation and Chuck 
Wolfe’s presentation. Our aim is to refine their sensitivity to green urbanism in preparation for a 
scheduled walking workshop with Chuck Wolfe in London. 
 
ALTERNATE GRADUATE DESIGN EXPERIENCE: UK RESEARCH STUDIO 
(SUMMER 2019) 
 
In summer 2019, Arch 552 Alternate Graduate Design Experience: UK Research Studio is developed 
through a hands-on immersion experience of one month (June 25th to July 22nd). Pedagogical strategies 
implemented during this term aim to build on references introduced during the seminar, stimulate 
opportunities to develop journaling and sketching skills during the visit of selected buildings and sites, 
and engage in hands-on building and designing experiences. Students also are required to apply and 
develop metrics (passive design) in their selected discoveries and assigned design charrette. 

Expanding References 
 
In addition to the resources assigned and used for research and analysis exercises during the preparation 
seminar in spring, the research studio in the UK expands references based on online availability (web-
links) and experiential activities (visits). To stimulate students for the adventure ahead, additional 
readings between the spring and summer courses were recommended, for example Freud’s Mr. Mac and 
Me (2014) on the architect Charles Rennie Mackintosh (1868–1928) protagonist of programmed visits in 
Glasgow, Dundee, and Suffolk. 
 
General, UK-Architecture & Green Buildings/Cities 
In order to follow updates from Chuck Wolf, his online resources through Seeing Better Cities Group 
(2019) were recommended. A guided walking tour is programmed with Chuck Wolfe in King’s Cross 
(London) and Richmond.  A variety of online resources on the Built Environment are available through 
the website of The Building Centre Group Ltd (2019) including exhibits, presentations, courses (e.g. 
townscape sketching), a product directory for specifying projects, and updates on latest and greatest 
building projects.  The RIBA (2019) website provides a variety of resources on architecture, architectural 
firms, events (e.g. exhibits, lectures, festivals, etc.) and awards and competitions such as the prestigious 
RIBA Stirling Prize. Visits are programmed to exemplar UK architecture buildings and sites that feature 
green buildings and urbanism, cultural sustainability, and use of local transit.  
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Visits programmed in Edinburgh include: Bayes Centre at the University of Edinburgh (Bennetts 
Associates 2018) winner of the ‘Large Project’ Award at the 2019 Edinburgh Architectural Association 
Awards (Bennetts Associates 2019; The University of Edinburgh 2019); Royal Botanic Gardens 
Edinburgh’s John Hope Gateway (Cullinan Studio 2009), Scottish Parliament (Enric Miralles 1999-2004) 
the Stirling Prize winner in 2005; Dynamic Earth (Michael Hopkins). Other recommended sites are the 
Edinburgh Castle, the National Museum of Scotland, the National Portrait Gallery, and Arthur’s Seat. 
 
Visits programmed in London include: St. Paul’s Cathedral; Victoria and Albert Museum; Serpentine 
Pavilion and Gallery, and Serpentine Sackler Gallery; Bloomberg Building (Norman Foster 2018 Stirling 
Prize); UCL Bartlett Summer Show at the School of Architecture and Here East facility; Building Centre; 
Architecture Association; British Museum; Sir John Soane’s Museum; Laban Dance Centre (Herzog & de 
Meuron Stirling Prize 2003); Painted Hall; Thames Barrier; The Crystal (Wilkinson Eyre, closed for 
remodel) “one of the world’s most sustainable buildings, achieving Outstanding BREEAM accreditation 
and Platinum LEED accreditation” (Siemens plc 2016); Lily Jencks Studio’s pop-up garden installation 
(“The Quintessential English Garden: what does it mean to be local?”); BedZED “the UK's first large-scale 
eco-village” (Bioregional 1997-2002), Housing Design Award for sustainability from the Royal Institute of 
British Architects in 2001 and was shortlisted for the Stirling Prize in 2003 (Bioregional 2019); and Kew 
Gardens. 
 
Other experiential activities programmed include climbing the dome of St. Paul’s Cathedral, attending “A 
Midsummer Night’s Dream” at the Shakespeare’s Globe Theatre, and viewing the city from the London 
Eye. 
 
Visits programmed in other cities include: The Lighthouse and the House for an Art Lover (Charles 
Rennie Mackintosh), and the Glasgow School of Art in Glasgow; Victoria & Albert Museum (Kengo Kuma 
2007-2018), McManus Gallery and Dundee Contemporary Arts in Dundee; Oxford Eco-House, Keble 
College, St. Clare’s College Art Studio, and Oxford University Museum of Natural History in Oxford. 
 
Timber Construction - CLT 
In addition to Waugh Thistleton Architects (2018) 100 Projects UK CLT used during the spring term and 
available through the Think Wood (2019) website, some of the resources recommended are available as 
online resources in WoodWorks (2019), Structurlam Mass Timber Corporation (2019) and TRADA- 
Timber Research And Development Association (2019). Some recommended resources include the CLT 
Handbook US Edition (FPInnovations and Binational Softwood Lumber Council 2013) and the Crosslam-
CLT US Technical Design Guide (Structurlam Mass Timber Corporation 2018). 
 
Expanding references for learning from wood and innovative CLT Design during the research studio in 
the United Kingdom focuses on organized visits to buildings and architecture offices working with this 
material. Visits organized to explore CLT buildings in the UK include: The John Hope Gateway (Cullinan 
Studio 2009) at the Royal Botanic Garden in Edinburgh; St. Clare’s College Art Studio in Oxford; ARIA 
168 Upper Street (Groupwork 2018), Stadthaus/Murray Grove (Waugh Thistleton 2009) and the Olympic 
Park Timber Lodge (Erect Architects 2013) in London. Visits to other buildings using wood in London 
include: the Dulwich Pavilion 2019 (The Colour Palace 2019 by Pricegore architects and designer Yinka 
Llori); and the Crossrail Place Roof Garden Canary Wharf (Foster + Partners 2019) a diagrid vault of 
glulam and fritted ETFE glazing. 

Stimulating Activities 
 
Journaling, Sketching, Building and Designing will constitute the hands-on activities to be developed for a 
full immersion experience during the summer research studio in the UK. 
 
Journaling  
While studying abroad, students are required to keep a critical journal of their experiences focusing on 
both sustainable architecture and green urbanism—in their three dimensions environmental, cultural, 
and economic. Evaluation of the city's components vis-à-vis the appropriate Green City Scorecards and 
urban diary keeping would be appropriate and useful. The journal is required to include: a calendar 
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(itinerary, sites visited and events attended); documentation and analysis of four discovery experiences; 
Critical analysis of (green) buildings visited (architects identified, commentary, sketches, diagrams, and 
photographs); Review of the (architecture) office visits and body of work presented with comments, 
sketches, and photographs; Critical presentation of the process and results of the charrette; Reviews and 
analyses of  visits to cultural sites (e.g. museums, parks, theatres, and educational facilities); Experience 
and analysis of multiple modes of transportation. Critical review of each conference, lecture, and debate 
presentation (illustrating as appropriate). 
 
Sketching 
Most visits are scheduled requiring students to arrive at the site at least thirty-minutes before in order to 
allow for sketching sessions. A compilation of sketches from programmed visits, independent discovery 
sessions, and design process during the charrette are required as part of the journal submissions. 
 
Building 
Students will participate in a two-day construction project in the Suffolk countryside. In 2017 students 
helped build a heavy timber frame from a kit-of-parts (see figure-2).  
 

  
 

Fig. 2. Students constructing a heavy timber frame in Suffolk, UK (2017) 
 
Designing (Charrette – The Green Serpentine Pavilion) 
The Serpentine Gallery Pavilion commission was conceived by Serpentine Gallery Director, Julia Peyton-
Jones, in 2000. It is an ongoing programme of temporary structures by internationally acclaimed 
architects and designers. It is unique worldwide and presents the work of an international architect or 
design team who, at the time of the Serpentine Gallery’s invitation, had not completed a building in 
England. Each Pavilion is sited on the Gallery’s lawn for three months or more and the immediacy of the 
process―a maximum of six months from invitation to completion―provides a peerless model for 
commissioning architecture. Zaha Hadid also remodeled the 1805 gunpowder storehouse into the new 
Serpentine Sackler and Magazine Cafe just across the Serpentine Bridge to the north of the Serpentine 
Gallery and Pavilion. 
 
The Design Charrette “The Green Serpentine Pavilion,” planned for our research studio in London  
(summer 2019), challenges our architecture graduate students to design an alternative Serpentine 
Pavilion that serves as an exemplar of design ideas crucial to mitigating the specter of global climate 
change. The pavilion, as an annual celebration of fine architecture, will endeavor to educate the public as 
well as the design community about pressing architectural issues. This year’s focus, expanding our green 
building approach in the five previous iterations, is on using CLT’s as the primary structural material. 
 
On the day of the charrette (scheduled for 17 July  2019, all day) three four-person teams of students will 
work in CLT-savvy London architectural firms (The three architectural firms in London selected this year 
are Waugh Thistleton Architects, Cullinan Studio, and Groupwork, all experienced advocates of CLT 
construction) with a member or two of the firm acting as host/mentor. Students present their design 
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proposals on 18 July. Design firm hosts/mentors are welcome to join in the presentations as onlookers, 
presenters, and/or as critics.  
 
Waugh Thistleton Architects (2019) has experience in delivering a wide range of building types 
(residential, commercial, mixed-use and cultural) and has gained international reputation in 
environmentally sustainable architecture and design through their commitment to the use of timber 
construction. In 2003 they built their first CLT building, which began a series of significant timber 
structures. In 2017 this firm built “the first building in the UK to be made entirely of LVL” for the new 
Vitsoe Headquarters (Waugh Thistleton Architects 2018, 261). Other examples include: Curtain Place 
(2015), “a hybrid CLT and steel structure” in London (Waugh Thistleton Architects 2018, 253), Dalston 
Works (2017) in London, “the world’s largest CLT building” with 121 new affordable and private (for rent) 
homes, 38,000 sqft of commercial space, and 10 storeys at its highest point (Waugh Thistleton Architects 
2018, 229); The Stadthaus/Murray Grove (2009) Pure CLT 9-storeys residential project in London, “first 
tall building using engineered timber, and was the tallest timber residential structure in the world at the 
time of completion” (Waugh Thistleton Architects 2018, 179). 
 
Cullinan Studio (2019) are the designers of the John Hope Gateway (2009) at the west entrance to the 
Royal Botanic Garden Edinburgh was the first project using “CLT for a public building in Scotland” 
(Waugh Thistleton Architects 2018, 275). In addition to the development of buildings and masterplans, 
this architectural firm is actively involved in consultant collaborations with organizations such as TRADA 
(2019) to promote engineered timber solutions for buildings. 
 
Groupwork (2019), formerly Amin Taha Architects, are the designers of Barretts Grove (2016), shortlisted 
for the RIBA Stirling Prize in 2017, a six-story residential project in Pure CLT with exposed loadbearing 
structural walls and roof panels (Waugh Thistleton Architects 2018, 207) and 168 Upper Street (2018), 
concrete-formed exterior bearing wall with CLT floor plates and partition walls. Amin Taha Architects and 
Groupwork’s 15 Clerkenwell Close received a RIBA National Award in 2018. 

Applying and Developing Metrics (Passive Design) 
 
Analyzing (Discoveries) 
In addition to the proposed Discoveries developed for the Workshop series (1 & 2) during the preparation 
seminar in spring 2019, other themes for on-site analysis are encouraged such as Historic 
Fabric/Adaptive Reuse (Rule-91: Save Those Buildings in Speck 2018, 216). 
 
Designing (Charrette – Green Serpentine Pavilion) 
Corroborated by the opinion piece, “It’s time for a new Brief at London’s Serpentine” (Building Science 
05/18/2012), which calls for asking a different group of students each year (instead of star-architects) to 
design and build the Serpentine Gallery taking into account “criteria about the provenance of materials, 
sustainability, and reuse,” our students have been required to propose designs for the alternative 
Serpentine Pavilion answering the challenge of Carbon-Neutral Design every other year since 2009. 
 
The teams’ design proposals should, in addition to addressing the spirit of the Serpentine Gallery Pavilion 
Commission, be beautiful, environmentally responsible, and culturally relevant – an educational 
experience. The design should address the issues of green (carbon-neutral, zero net energy) architecture 
including passive heating and cooling, active hot-water and electricity generation, green construction 
materials and methods, reduced energy use, low-carbon cafe menu, public education on green 
architecture, water use and supply, transportation, species equity, demountable design, future use(s), and 
solid waste management. The Regeneration-Based Checklist for Design and Construction (SBSE 1999) is 
used to help evaluate design proposals holistically. An updated version of the checklist addresses carbon 
considerations (SBSE 2009). 
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CONCLUSIONS 
 
Cross-laminated timber (CLT) construction emerging in the Pacific Northwest provides an exciting 
opportunity for developing pedagogical initiatives that enhance our students’ knowledge and skills in in 
increasing the use of timber architectural design. We recognize the development of timber construction as 
an opportunity to increase our Architecture Program’s commitment to environmentally sustainable 
architecture education. The use of CLT reinforces a much needed (material) shift in designing within a 
rapid change in climate.   
 
Our study abroad program in the United Kingdom, offered since 2006 with a focus on Green Architecture, 
is expanding content and pedagogical strategies to include CLT in this immersive experience. The UK 
provides a stimulating context for our students to explore inspirational CLT buildings in Edinburgh, 
Oxford, and London, and engage in interviews with architects and engineers from CLT-savvy London 
architectural firms through programmed visits and participation in the design charrette.  
 
The summer research studio (Arch 552 Alternate Graduate Design Experience, summer 2019) and its 
preparation seminar (Arch 580 British Green Architecture Seminar, spring 2019), offered as a required 
sequence of courses, are developed to enrich students’ understanding and appreciation of mass timber 
construction as a green building approach in architectural design within the contexts of culture, climate, 
and environment. Content and pedagogical strategies implemented include expanding references (UK 
Architecture, Green Building/Cities and CLT), stimulating activities (Journaling, Sketching, Researching, 
Analyzing and Designing), and applying and developing (passive design) metrics in analysis and design 
assignments. Overall results of the summer experience in the UK (25 June to 22 July 2019) will be 
reported at the Reynolds Symposium in fall 2019. 
 
This year’s course has been built on the sequence of six successful iterations. After his experience with the 
students in London Chuck Wolfe commented on Linked-In, “So impressed by your class organization and 
how you have built it up over the years, Bruce.  Really a stellar example for others who are attempting 
similar feats.” 
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ABSTRACT 
 
Alabama’s Blackbelt counties suffer from some of the poorest economic conditions in the country. Thirty-
two percent of all people living there, live in poverty. Affordable and climate appropriate housing that 
contributes to the well-being of this significantly sized group is lacking, and the challenges are many. 
Auburn University’s Rural Studio attempts to address this need through the 20K Home Project. This 
paper focuses on one aspect of this fourteen-year research project: the design strategies of a climate 
appropriate, affordable home and ways to teach students to prioritize options. 
 
Within the larger 20K Home Project, third-year architecture students at Rural Studio build one house a 
year. They start with the plans of a previously designed home from the project. They inherit the strategies 
and details from another group of students. To understand the house, they analyze the conceptual and 
tangible aspects of the design. Learning how to prioritize and select from the ever-growing number of 
ways to structure, enclose, insulate, heat, and cool a home, while minding the climatic characteristics of 
hot-humid Alabama is the objective. Making informed adjustments to the existing strategies and building 
a house to test their selections is the goal. This paper is a case study of the 2017-18 Rural Studio third year 
project house and addresses the pedagogical approach for this process.  
 
INTRODUCTION 
 
Rural Studio is a fully immersive design-build program. Third-year and fifth-year architecture students 
move off main campus to gain hands-on experience designing and constructing projects to meet local 
community needs. In one academic year, two groups of third-year architecture students build one house 
as part of an on-going research project about affordable rural housing. This continuation of their 
education from main campus bolsters the students’ comprehension of materials, light wood-frame 
construction, appropriate enclosure assemblies, and processes of construction management. It also offers 
an iterative research-based experience that allows students to participate in the fourteen-year 20K Home 
Project the Studio endeavors to develop as a way to provide a model for rural affordable housing to the 
region.  

The 20K Home Project 
 
In response to Alabama’s great need for affordable, permanent housing options the 20K Home Project 
developed out of necessity fourteen years ago. The project’s main goal is the design of a beautiful, climate 
appropriate, efficient home that someone living below the national line of poverty can afford to purchase. 
Each year the Studio builds two homes and each one is slightly different. Each version studies a unique 
aspect of housing design, and over fourteen years many versions now exist.   
 
Over twenty-five home models have been designed and built. Of these, three are the most suitable one-
bedroom options for further development as the Product Line Homes - Versions 8, 9, and 10. See figure 1. 
As Rural Studio continues to develop the 20K Home Project, research continues at several levels. Each 
year a group of fifth-year architecture students design and build a new model that addresses a particular 
research topic such as aging in place, alternative storage solutions, or overall improved energy efficiency. 
The third-year students build an iteration of the Product Line Homes. Their iteration incorporates 
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solutions to problems they identify during an analysis of previously built homes with client feedback. 
Their efforts contribute to the body of knowledge Rural Studio is growing on durable, beautiful, and 
efficient construction details for affordable rural housing. 

Product Line Homes 
 
Versions 8, 9, and 10 are all one bedroom, stick frame buildings designed to be replacement housing for 
the large number of individuals who own property but live below the poverty line in the area. They are 
alternatives to the house trailer. In the future the plans, details, and construction specifications will be 
available to non-profit affordable housing developers who need a similar model for people in their service 
area looking to own a home. Version 10 is the model that students studied during the 2017-2018 academic 
year.  
 
These houses use standard stick frame construction and code compliant performance standards. The most 
important goal of the 20K Home Project is affordability balanced with energy efficiency, occupant health, 
beautiful design, and a sense of community. To accomplish this aspiration, most 20K Houses utilize a pier 
and girder foundation, 2x6 stud walls, trussed roof, vinyl widows, metal siding and roof, and fiberglass 
batt insulation. Figure 1 depicts the typical plan and section of 20K v10 Joanne’s Home, the Product Line 
Home selected for further development for the studio project described in this paper. 
   

  
 

Fig. 1. 20K v10 Joanne’s Home plan and section. NTS 
 
 
THIRD YEAR’S PURPOSE 
 
Third-year studio’s task to help develop the Product Line Homes further by testing alternative structural 
systems, enclosure details, plan layouts, and porch to ground connections. The third-year studio design 
program introduces a new set of variables each year; the students refine the design using these variables 
through consensus building, and then build the altered design over the 9-month period. Subsequent 
classes then study the resulting project to further refine the details and construction strategies of the 20K 
Home Project.  
 
The research objectives of the third-year course of study are: Compare and analyze the built details and 
performance of the existing homes in the Product Line Houses, quickly test and improve alternative 
architectural details for the Product Line Homes as the third-year students build a new house every 
academic year, record and catalog alternative systems for future study at Rural Studio. This paper records 
the pedagogical goals, design process, and results of the 2017-18 project house. 
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Variables Studied 
 
The original Version 10 is 2x6 light wood-frame construction on a pier and girder foundation. The roof 
trusses are conventional trusses, and the home has no enclosed closets (with doors) for storage. Although 
there are numerous topics the third-year class could study, the students and faculty determined these 
variables were the most critical to improve in the new home through a systematic review of the Product 
Line Homes, her old home, and the client’s needs. The reasons to study these topics are as follows:  
 
Pier and girder platform framing places the house around thirty-eight inches above grade, making the 
inclusion of a ramp nearly impossible. The client requested a ramp, so an elevated slab provides a lower 
finish floor grade. Without an enclosure around the crawlspace insurance companies will not extend a 
policy. Past 20K homes are open and clients have to enclose the crawlspace themselves. An elevated slab 
provides increased energy efficiency improving the performance of the home and lowering utility bills.  
 
The lack of closets is a conscious decision in the Product Line Homes. The houses include a flexible 
storage zone with a curtain, which saves the cost of doors and additional gypsum corners. This does not 
suit every individual. The floor plan of version 10 was adjusted to include two closets.  
 
Conventional roof trusses compress insulation laid on the ceiling in a cold attic scenario. To increase 
energy efficiency the roof structure is made of heeled trusses so full depth insulation is possible at the 
perimeter of the attic. 

Pedagogical Purpose  
 
The pedagogical purpose of the third year design studio is to first, provide a hand-on construction 
experience to students. Second, the purpose is to engage the students in a methodical analysis of the site 
and the client’s needs to determine which Product Line Home is most appropriate for construction. Third, 
the purpose is to contribute to the larger 20K Home Project research by exploring alternative details, 
assemblies, and construction methods to advance previous efforts. In this last objective, there is room to 
test higher performing alternatives against the baseline standard established over the last fourteen years.   
 
The students also study traditional issues of design, such as analyzing the client’s lifestyle and how it 
overlapped with the features of each Product Line home to select the right one for her. Students 
determined where the client’s new house would rest on the property. The relationship to her sister’s home 
and solar orientation were critical components of the design studio. The students considered context, 
durability, energy efficiency, and client satisfaction in regards to the materials selected for the home.  
 
Narrow design questions in this studio are strategic. To stay on schedule and complete the house by the 
end of April each year, quick yet thorough decisions are necessary. Small design questions allow students 
to fully engage the details of construction and complete the house. The detailed study of materials and 
methods also supports the third-year course of study, which follows required technical coursework taken 
back on main campus before moving to the Studio.  

Design Process 
 
Before redesign happens, students gather information about the Product Line Homes and the client’s 
existing home to make informed group decisions. In groups, students study the construction documents, 
design intent, the performance, and the successes and weaknesses of the existing built versions. Students 
meticulously record the client’s belongings and study her preferences. Beautiful, hand rendered elevations 
pay respect to trailer house she lovingly kept for forty-three years. See figure 2. All of this information 
feeds into the design process of the new home. 
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Fig 3. Rendered elevation of Mrs. Zee’s house trailer by Will Hall. 
 
 
2017-18 PROJECT HOUSE 
 
In the 2017-18 project house, Mrs. Zee’s Home, several aspects of the Product Line Homes were studied: 
accessibility/foundation, storage capacity, roof construction, and flexible interior spaces. Students 
participate in an extensive diagraming and comparison process. This helps them become familiar with 
each home and information necessary to make the right decision for the client. 

Elevated Slab 
 
Typically, houses in the Home Project utilize a pier and girder system with dimensional lumber. This 
foundation system is flexible to site topography, touches the ground lightly, affordable, and constructed 
easily by students. Although effective, the disadvantages of this system warranted an investigation into 
alternative foundation systems that would increase durability, energy performance, and lower the house 
to grade so a ramp is possible. It was determined that an elevated slab is the best alternative and a 
worthwhile endeavor, as Rural Studio has never built with this common system in the past. 
 

 
 

Fig 4. Pier vs. slab spatial porch studies by Will Hall. 
 
 
On a concrete footing, a concrete masonry unit (CMU) perimeter wall outlines the footprint. Figure 5 
shows the construction detail and the foundation backfilled with engineered soil, four inches of gravel, 
and a vapor barrier; a concrete slab rests on top. Better than a slab on grade and raised from the ground, 
Mrs. Zee’s house offers distance from the muddy surroundings in the winter and a good vantage point 
from her porch in the summer. Students studied how different foundations effect the quality of the porch 
through diagram; see fig. 4.   
 
Successfully, this foundation demonstrated an alternative to the pier and girder system. Mrs. Zee’s Home 
is sixteen inches from grade making it possible to incorporate a ramp into the front porch configuration. 
Mrs. Zee’s house has a site-specific porch stair too. Her sister lives next door and quick access from one 
porch to the other was important. Figure 6 shows the wide stair to the south offers seating for family 
members and a short cut for her sister. Other groups at the Studio are already using the elevated slab in 
their designs and improving the details. Two new housing projects, where accessibility is a primary 
concern, are utilizing this system because of its proximity to the ground and performance longevity.  
 

20Kv10 Pier vs Slab
20Kv09 Pier vs Slab

20Kv09 Pier vs Slab
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Fig 5. Elevated slab detail (NTS) and construction photo. Photo by Emily McGlohn 

Storage, Roof Construction, and Flexible Spaces 
 
At the request of Mrs. Zee, her house has closets. Normally simple storage zones that use a curtain to hide 
stored items come in the Product Line Homes. To test the feasibility of a traditional closet, students 
altered the floor plan to include a bedroom and utility closet. In part, this was possible due to an increase 
in footprint size that corresponds to block coursing dimensions.  
 
Although a seemingly simple exercise, the challenge of altering an already efficient floor plan to include 
two new spaces is difficult. The added time and expense of the traditional closets in Mrs. Zee’s Home was 
noticeable. The 2018-19 project house reverted back the closet zones as previous Product Line Homes 
have. This exploration proved inappropriate for future iterations.  
 
 

 
 
Fig 6. Mrs. Zee’s new floor plan (NTS). 
 

KITCHEN
A: 72.5 sq ft

LIVING ROOM
A: 210.5 sq ft

BONUS ROOM
A: 28.5 sq ft

BATHROOM
A: 62.2 sq ft

BEDROOM
A: 115.5 sq ft
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Durability and energy efficiency are important to the 20K House Project. The nature of a concrete slab 
insures it will last much longer than a plywood platform. It will be able to resist normal wear and tear and 
damage by leaks. It also offers the added bonus of being a thermal mass. In this climate, a thermal mass is 
useful in both winter and summer. Lower air infiltration rates are also a product of a slab. The solid 
surface prevents air passage through the floor, a difficult part of the enclosure to air seal and insulate. No 
quantitative data on how well this system works over the baseline system. Blower door tests can be 
preformed in the future and assessed for performance.  
 
Another adjustment to Mrs. Zee’s iteration is the creation of a flexible entry space. Incorporated into an 
earlier two-bedroom model, Version 21, the noted success proved worth using again in Mrs. Zee’s Home. 
Moved to the bathroom, the space for both washer and dryer were reallocated to the entry of the house. 
Mrs. Zee uses this space for a small daybed. An additional window provides daylight in this space and a 
way to peek out to the front porch.  

 
 

Fig 6. Mrs. Zee Home. Photo by Timothy Hursley 

Construction Process 
 
Working efficiently as a group is critical to finishing the house by the end of the academic year. Project 
management is a group activity for the students. There are four teams of students each semester. The 
teams vary from the fall to the spring. Fall teams include: Foundation and Platform, Wall Framing, Roof 
Framing, and Enclosure. The goal is always to be “dried-in” by the winter break.  
 
Spring groups include: Rough Carpentry, Enclosure, MEP, and Interiors. Students in these groups 
become experts in these subjects and handle everything from procuring estimates to managing work on-
site. Faculty oversee each aspect and work with students to teach them how to manage the budget, adjust 
the schedule, acquire material, and develop necessary details. Student expertise groups present to their 
classmates and faculty for feedback before making decisions about the direction of their work. Major 
decisions are always made as a group and client feedback is sought at important aspects of lifestyle choice.  

Moving Forward 
 
Another house is underway for the 2018-19 academic year. New variables are being tested such as 
engineered lumber products, accessibility clearances in the bathroom, and strategies for encouraging 
growth without disturbing passive ventilation. Mrs. Zee is happily living in her home and calls in to report 
feedback on what does not work from time to time. Clients receive their house as a gift from the Studio, 
and it comes with a one-year warranty on construction. Post occupancy evaluations will be performed in 
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the future that formalizes the client’s feelings of comfort (or discomfort) and documents building 
performance. In the future, a strategic approach to identifying quantitative characteristics of the baseline 
could be taken. An energy model of the selected house would provide data on the difference in 
performance for new details.  

Conclusions 
 
In its third year in this form, the third-year studio model was a success in the 2017-18 academic year. 
Ideas for what these students may study are continuously surfacing which promises a rich future for the 
program.  The design of a design-build studio is a process. Creating opportunity for students to engage in 
meaningful investigations that result in successful teaching opportunities is a challenge. The Home 
Project is a unique program that allows iterative design-build projects to contribute to meaningful 
applied-research. As the program develops, third-year architecture students at the Studio will continue to 
participate by critically studying what exists to improve what will be built.  
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ABSTRACT 

 
How might architectural education change to accommodate the opportunity of designing thermodynamic 
systems beyond the building scale? This paper provides an overview of a proposal for a district energy 
system in Tucson, Arizona originally developed for the 2019 Solar Decathlon Design Challenge. The 
proposal was developed over the course of one semester with students in two separate classes: a design 
studio with nine students and an elective with 17 students co-convened during a portion of the scheduled 
studio time. Teams of students developed three projects: a co-working space (a net exporter of heat), a 
retrofit school (with a sizable existing chiller system underutilized in summer), and a retrofit of an 
existing 1950's uninsulated masonry house with the option to add a small additional dwelling unit. The 
design intention is to use photovoltaic energy generation, air-to-water heat pumps, and an existing 
network of backyard utility easements to create and move excess thermal energy within a relatively low-
density superblock in Tucson, Arizona. The long-term goal of the SunBlock project is to make the entire 
neighborhood net-zero or net-positive while reducing stress on the electric grid. 

OVERVIEW 

After introducing the SunBlock concept, this paper begins to explore one way architectural education 
might change in response to the imperative to reduce carbon emissions. Keying the design problem to 
flows of energy between different building types suggests one potential approach—working across the 
building and neighborhood scale while considering thermally complementary building types—to studios 
working on the idea of thermodynamic materialism (Sentkiewicz and Abalos 2015; Moe 2017). 

ORIGIN STORIES 

So much sun 

The SunBlock system stemmed from a simple observation: in the desert Southwest there is an abundance 
of solar energy. Tucson is not hot all year round, but when it is, cooling is a necessity for most buildings. 
The existing building stock — there were 74,000 single-family homes built in the city between 1940 and 
1975, many with no insulation — amplifies the need for cooling, as does the climate crisis, which continues 
to ratchet up temperatures. While there is an abundance of solar energy and an abundance of housing in 
the city, there is not an abundance of money. The median house value is $188,000, and US census data 
indicates that one in four Tucsonans lives in poverty. Although electric energy costs are relatively low, at 
about 12 cents per kilowatt hour, it can be prohibitively expensive for those on a low or fixed income to 
keep their homes comfortable. While the systemic benefits of increasing energy efficiency are clear, the 
pathway to achieving this goal is not, especially in cities such as Tucson, where resources are limited, 
neighborhoods are spread out, and summers will only get hotter. 
 
The underpinnings of the SunBlock system emerged as a response to challenges I faced when designing an 
energy retrofit of a typical 1950's Tucson house. As part of my academic research program I had 
completed the Passive House Institute United States Certified Passive House Consultant training, so I 
used the PHIUS+2015 standard as a target. I quickly realized that without either significantly reducing 
the amount of north-facing glass or using prohibitively expensive triple-glazed windows that any 
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reasonable retrofit strategy would not meet the peak energy limit of 2.8 BTU/sf for heating or 7.0 BTU/sf 
for cooling. Instead, I used WUFI energy modeling software to create a dynamic model of interior 
temperatures, which I evaluated using the principle of passive survivability (Wilson 2018) to determine 
the optimum level of envelope insulation and began to think about ways to offset the additional energy. 
 
The conventional approach would have been to put a bunch of PV panels on the roof and call it done. A 
significant public debate in Arizona and the greater Southwest, however, over grid impact fees for 
residential solar systems, has highlighted the shortsightedness of increasing production without limiting 
demand. I was also reminded of the aesthetic and urban consequences of turning homes into small-scale 
power plants when the widening of a nearby arterial included new, mind-bogglingly large power 
stanchions. Inspired by research on the potential of buildings with significant thermal inertia to function 
as thermal energy stores (Kensby, Trüschel, and Dalenbäck 2015), I began to investigate the potential of 
adding on-site thermal storage. Relatively quickly I worked out a schematic design. A modest PV array 
would provide power to run an air-to-water heat pump. The heat pump would be controlled to operate 
only when the PV array could provide energy, reducing stress on the grid and eliminating the need to 
generate source energy for conditioning the house. The heat pump would be sized so that excess energy 
could be stored in an underground tank. At night, or at other times when the PV array was not generating 
electricity, the compressor would not need to run, and the only loads needed to provide comfort would be 
that of a fan in an air handling unit and a pump to move water through a heat exchanger in the storage 
tank to the coil. 
 
After many Excel spreadsheets and a few headaches—I was trained as a social scientist, not a mechancial 
engineer!—I had determined the size of the tank, specified an exceptionally efficient Chiltrix air-to-water 
heat pump, designed the ductwork, and sized the coil. The prototype system is now under construction. 
When it is completed, I plan to test the efficiency of its operation against my estimates of tank loss and 
auxiliary energy use. 

Ambition 

At the same time construction started on the energy retrofit, I was offered the opportunity to teach a 
fourth-year option studio where the students would form teams and compete in the Solar Decathlon 2019 
Design Challenge. Nine students chose to join the studio, which was taught in conjunction with a separate 
elective that had an enrollment of 17. I dedicated time at the beginning of the semester to team-building 
exercises, knowing that since we were short on time our best strategy was to put forward truly innovative 
ideas. These exercises started with a simple gesture: I took the first class from the design studio to a café, 
where I led a getting-to-know-you discussion about career paths, their interests outside of architecture, 
what they wanted to learn in the class, and individual areas of strength. From there, we did a participatory 
design charette to brainstorm ideas for the project, and ad hoc teams of students formed to research 
potential sites. Another team building element was that students in the design studio course worked to set 
rules for how students in the elective course should communicate with them through the Basecamp 
project management software. While not entirely successful, this did garner better results than my 
previous attempts to integrate the organization and submission of an overwhelming number of 
competition deliverables with this project management tool. In general, this aligns with a pedagogical 
strategy of giving students as much control over the class as possible. I have found that when students 
choose deadlines and set the penalty for late work, I spend significantly less time checking up, sending 
reminders, and doing work that feels more like helicopter parenting than university teaching. 
 
One question the organizers of the Reynolds Symposium put forth is “how does the content and pedagogy 
of a studio shift to integrate issues of climate-related equity, vulnerability, and adaptation in addition to 
traditional integration of building systems?” One way to do this is to listen to our students. Architecture 
students, as are most young people today, are gravely alarmed about the climate crisis, though their 
curriculum to that point in their education had not prepared them to imagine alternative futures. This is 
not a situation unique to our school; around the globe, accreditation requirements and institutional 
pressures have made it difficult for design programs to provide students deep knowledge about climate 
change or the earths’ ecosystem, let alone the critical thinking skills needed to shape policy and market 
systems (O'Rafferty, Curtis, and O'Connor 2014). While the students’ attitude toward climate-related 
equity, vulnerability, and adaptation ranged from fatalistic to wildly optimistic, I found a point of 
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common ground on issues of social equity. We spent most of a four-hour studio class in a deep discussion 
about for whom we should be designing. Our discussion touched on the city's significant population of 
migrants and refugees, Tucson's status as a sanctuary city, and uncovered the students' earnest desire to 
make the city a better place.  
 
That discussion also laid bare the students’ ambition. They wanted to win the competition. As their 
instructor, it was my job to support them. At the same time, I had been the faculty lead for another team 
of students the year before and had first-hand experience of how tough the competition would be, 
especially because many other universities had significantly more resources dedicated to their teams. 
Some had sequences of studios linked with support courses; others had multiple faculty members; many 
had significantly larger teams than ours. I advised that the best way to get one team into the competition 
would be to pool resources and submit four separate, but related ideas into the first phase of the 
competition. If we were lucky, one team would become a finalist, and the competition rules would permit 
us to revise the roster to include the team members now on our unsuccessful submissions. The students 
agreed, split into four teams targeting the Urban Single Family, Suburban Single Family, Mixed Use, and 
Elementary School divisions of the competition, and identified potential sites for their projects. We 
reconvened and collectively decided on a site in central Tucson near the intersection of Grant Road and 
Alvernon Way, near the geographic center of Tucson. The students submitted their first-round proposals 
using the Project Progress Report format required by the competition organizers. 
 
The students were thrilled when they received the news that three of our teams had been named as 
finalists. We had four weeks to complete three full Project Reports. I was equal parts thrilled and terrified. 
I established a list of goals for our projects: 
 

• Significantly reduce the use of refrigerant with a high global warming potential. 
• Reduce stress on the electric grid. 
• Respond to the low-density urban conditions that characterize Tucson and other cities in the 

American west. 
• Be applicable to high performance new construction, existing buildings with energy retrofits, and 

existing historic buildings. 
• Conserve water. 
• Provide building conditioning congruent with dominant market expectations for comfort and 

minimal levels of occupant involvement. The system should not rely on devices such as movable 
shading devices or insulation panels that require regular occupant intervention for performance. 

• Improve the economic and social stability of the existing mixed-income neighborhood. 

 

 Figure 1. Overview of the SunBlock concept. Source: student work. 
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THE SUNBLOCK PROPOSAL 

The three SunBlock proposals link together a retrofit and expanded existing elementary school, a retrofit 
single-family home, and a big box store retrofit to become a co-working space. Each project used a 
combination of on-site PV generation, air-to-water heat pump technology, and thermal storage to bank 
surplus energy. The basic operation of the system is similar between the three projects, though the 
mechanical equipment and direction of heat flow vary. The student teams worked together to develop an 
overview graphic shown in Figure 1. 

Elementary school 

After interviewing the principal of the elementary school, the students decided that the existing building, 
a 1950’s courtyard design, worked well. They proposed adding a new wing to replace existing modular 
classrooms, adding continuous insulation, replacing existing single-glazed steel windows with double-
glazed fiberglass units, significantly increasing airtightness, and adding dedicated outdoor air systems 
ducted in the existing attic spaces. When modeled in WUFI, the improved building exceeded the 
PHIUS+2018 target. After calculating the required size of the energy storage tank, the students realized 
the tank could be placed underneath the new addition, a location that would also mitigate some storage 
losses. As shown in Figure 2, the students proposed turning the tank into an exhibit that would help 
educate the students and community about the SunBlock concept and provide a space where students 
could cool off in hot weather. The students had the idea to place the thermal storage tank in the center of 
the school addition basement enclosed in glass—something like an aquarium. This way, the basement, 
which would be cool in the summer and warm in the winter, could become a place where students and 
community members could experience the temperature difference achieved through the SunBlock 
thermal storage strategy. 

 
Figure 2. Schematic section of elementary school addition showing storage tank. Source: student work. 
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Retrofit single-family home 

This project used an existing home in Tucson’s Garden District neighborhood as a starting point. Faced 
with the significant cost of adding continuous insulation, new windows, and mechanical systems, the 
student team realized that they could justify the retrofit cost by adding an additional dwelling unit, 
typically called a casita in Tucson, in the backyard that could share the mechanical system with the main 
dwelling. The students began to investigate how the existing yard might be divided between the casita and 
retrofit house, as shown in Figure 3. Figure 4 shows how this approach can be applied to a majority of the 
lots in the neighborhood.  
 

 
 

Figure 3. Retrofit house shares mechanical 
systems with new ADU (casita). Source: 
student work. 

Figure 4. Black dots show potential locations for 
ADUs (casitas). Source: student work. 



176

 

6 

Co-working Space 

This project proposed an ambitious program: a co-working space in a former grocery store occupying over 
30,000 square feet. The students obtained original plans and found the existing building included a 
basement space that had been used for refrigeration equipment and storage in the existing building. They 
proposed repurposing this space for thermal storage. Though building would be a net exporter of heat, 
this project raised the possibility of a control and distribution system for the different buildings in the 
SunBlock so that thermal storage could be optimized for distributed and demand-responsive storage of 
both hot and cold water. 

Connecting the SunBlock Projects 

Most residential lots in Tucson include a 5-foot wide utility easement along the back or one side of the lot. 
These easements are typically used for overhead power and telecommunications lines and tend to be 
neglected by property owners (Figure 6). This quirk of Tucson’s city grid created an opening for a cost-
effective way to move energy between the projects while also helping address a lack of pedestrian and 
bicycle connectivity that is a problem in many midcentury neighborhoods (Figure 7). 

Figure 5. Co-working space with thermal storage. Source: student work. 

Figure 6. Typical Tucson backyard utility 
easement. Source: author. 
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Next steps 

I am continuing to develop the SunBlock concept and plan to revisit it in a studio for next year’s Solar 
Decathlon Design Challenge. One area of exploration is how much cooling could be achieved without 
compressors or refrigerants using the NightSky system (Bourne 2018) or other means of passive cooling 
(La Roche 2018).  Previous research has determined that effective integration of microgrids including 
thermal storage can increase self-consumption of energy and reduce peak demands (Verda and Colella 
2011; Comodi et al. 2015). More development and modeling of the SunBlock system is needed to 
understand how these effects may work at the scale of a neighborhood. Another question is how the 
thermal storage tanks, or a series of distributed tanks, might be interconnected to more efficiently extract 
heat (cf Cruickshank and Harrison 2006) or how other modes of thermal storage (Cruickshank and 
Baldwin 2016) or how phase-change material (cf Abdelsalam, Lightstone, and Cotton 2019) might be 
integrated with the SunBlock system. 

REFLECTIONS 

“That doesn't work here”: on being a weird passive building person in the desert 

It may be helpful to know more about several factors that have influenced how I have guided the 
development of the SunBlock concept. My thinking about how to teach high-performance building has 
shifted three times in the past two years. These three shifts in my thinking influenced the way I presented 
lectures and background information to the students. One key resource was a short video on the subject of 
systems thinking (Autodesk Academy 2015). It makes the point that the best way to increase the efficiency 
of a clothes dryer is to increase the effectiveness of the washing machine’s spin cycle.1 I also used a video 
explaining Stockholm’s district energy system (Fortum 2017), and developed variations of Gail Brager’s 
refrigeration cycle dance to help students gain an embodied understanding of thermodynamics. 
 
The first shift in my thinking occurred when I moved to from central Pennsylvania to Tucson for a job at 
the University of Arizona. I had started an immersive study of the passive house movement in the United 
States a few years before, and along the way I became a Certified Passive House Consultant. It is not 
uncommon for people anywhere to consider their city special or unusual, but in the Sonoran Desert, I was 
struck by how often this sense of hometown pride translated into a disregard for the strictures of the 
passive house standard. I have heard visiting critics tell students that insulation is not important because 

 
1 Thanks to Holly Samuelson, who brought this to my attention through the teaching resources section on 
the Society for Building Science Educators website. 

Figure 7. TheSunBlock district loop provides an opportunity to develop 
bicycle and pedestrian paths in auto-oriented neighborhoods.  Source: 
student work. 
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we live in a desert; that thermal bridging isn’t worth worrying about; that building airtightness is 
unnecessary because night flushing could more effectively bring down interior temperatures. (I never 
heard a satisfactory answer as to how this is possible in July, when the average night ambient temperature 
is 76° F.) It was clear that local professionals may be familiar with the German Passivhaus standard, but 
that they were unaware of the American organization's work to adapt the fair-share principle at the heart 
of that standard to different climates, including cooling-dominated ones like Tucson's. 
 
Through other experiences I came to understand that in the greater southwest, the combination of cheap 
energy and climates dominated by cooling, rather than more energy-intensive heating, demand, mean the 
the already-daunting costs of an energy retrofit may never pencil out. Furthermore, in Tucson, low 
property values further limit the economic case for energy upgrades that could, if done at scale, 
significantly reduce the region's contribution to global warming. This is especially unfortunate because 
despite an ample supply of solar energy, the city relies on a relatively dirty power grid fueled by coal-
burning power plants. 
 
The second shift in my thinking occurred at the 2018 Living Future Conference. Karina Hershberg and 
David Mead from PAE presented on the need to pay attention not only to carbon emissions, but also to 
the global warming potential of buildings. This means carefully considering refrigerant use, reflecting the 
the finding from the Drawdown project that refrigerant management is the single most important vector 
to reducing the impact of climate change. This is because R410a, long regarded as an improvement, has a 
global warming potential more than 2,000 times greater than carbon dioxide, and while less damaging 
options are coming to market, there does not appear to be a viable option for cooling-dominated climates 
that is not toxic or flammable. The presenters shared anecdotal evidence that the variable refrigerant flow 
systems favored by many advocates of energy efficient building have an annual leakage rate of 2-3%, and 
pointed out that in places where the energy grid provides mostly renewable energy, such as in Seattle, that 
a catastrophic refrigerant leak could cancel out the effect of years of operational efficiency. The 
presentation made me think carefully about the focus on carbon emissions that underpins the concept of 
EUI and many voluntary standards, including those advocating for passive building. It also made me 
acutely aware of the significant volumes of refrigerant circulating in hot climates such as Tucson’s.  
 
The third shift in my thinking happened as the direct result of the October 2018 release of the 
Intergovernmental Panel on Climate Change Special Report on Global Warming of 1.5°. At the time I was 
teaching an introductory course to students in our Sustainable Built Environments program, which is an 
interdisciplinary undergraduate major that attracts deeply passionate students. The course introduces 
core concepts such as the three pillars of sustainability, environmental racism, and stabilization wedges. I 
saw a distinct shift when the dire predictions from the report took center stage on just about every news 
and social media platform. The students expressed a sense of futility-fueled anger that reflected what they 
saw as a disconnect between their education and the urgency of change. That experience left me more 
determined than ever to help build students' sense of agency. I did not want my role as a teacher to 
reinforce, even inadvertently, the idea that young people are powerless in the face of the climate crisis. 
 
Building agency 
 
One surprise for me was that when I asked students to think about buildings as having agency to share 
energy with their neighbors, the students’ own sense of agency also increased. First, two of the nine 
students in the studio course became highly motivated to learn how to use the WUFI energy modeling 
software. They wanted to have a firsthand understanding of how their design decisions would impact the 
amount of energy the building used so that they could allow more to be shared in the district loop. Other 
students enthusiastically took on the task of connecting with potential community and industry partners. 
One student politely listed to a representative from an energy utility explain that the future would be 
dominated by chemical batteries and solar farms in the desert, which increased her resolve to explain the 
advantages of the SunBlock system of on-site generation and storage over a utility-controlled system that 
consumes land and requires conflict minerals. Another student spent a weekend afternoon on the phone 
with an industry representative sizing and specifying equipment, only to realize at the end of the day that 
the system she had designed would use hundreds of pounds of refrigerant. She removed it in favor of 
another company’s equipment. We learned when the jurors were announced that one of our jurors would 
be from the company whose equipment the student had rejected. The student, determined to make the 



179

 

9 

most of her audience, made a strong case in her presentation that the company’s strategy should move 
away from refrigerant-intensive systems and towards less refrigerant-intensive hydronic equipment. 

CONCLUSION 

On the boundaries of thermodynamic materialism 

If we are to achieving a carbon-neutral future, we think carefully about the boundaries we draw around 
the profession and the way we present studio projects. In addition to an ever-widening array of consultant 
specialties, architecture’s origin and continuing status as a tool of power and domination means that 
issues relating to equity are difficult to address in the classroom because they are considered to exist 
outside the boundaries of the profession. Consider this in contrast to a field such as urban planning, 
which also makes a claim of authority over the built environment, but that has long foregrounded equity 
as a core consideration. Another pragmatic problem is the common-sense understanding of the 
boundaries of the buildings architecture creates. For example, the concept of Energy Use Intensity, or 
EUI, stops at the boundary of the building. As articulated by the National Institute of Building Sciences 
for the Department of Energy, a zero-energy building is defined as "an energy-efficient building where, on 
a source energy basis, the actual annual delivered energy is less than or equal to the on-site renewable 
exported energy." This makes intuitive sense, but with current technology large buildings, even those built 
to aggressive voluntary standards such as the Passive House Institute United States PHIUS+2018, 
outstrip the potential of on-site renewables.  
 
In contrast, advocates of thermodynamic materialism, such as Kiel Moe, view the field's focus on 
sustainability as limiting a broader understanding of architecture's energetic possibilities by inscribing 
artificial boundaries around the building. Though those pushing forward this perspective have not used 
quite this language, the sense one gets is that aiming to make a single building net-zero is a fool's errand 
because any kind of calculation requires an artificial, and highly subjective, bounding of time and 
interconnected systems. The materials we build with today, including wood, steel, and concrete, are the 
results of energy-intensive industrial processes with inescapable carbon impacts. Therefore, say advocates 
for this perspective, we should focus not on energy, but rather on a concept developed by Howard Odum, 
emergy, or Energy Memory, a measurement that aims to capture the quality of energy. While the 
conversations have not necessarily been linked together, a growing quorum is converging on the need for 
a shift away from a primary focus on reducing the energy impacts of building operation to a broader 
consideration of lifetime carbon impacts and global warming potential. 
 
Moe's studio project at Harvard's Graduate School of Design (2017) is one example of how to translate the 
perspective of thermodynamic materialism to an architecture curriculum dominated by aesthetic 
considerations. His project marries the typical studio focus on formal innovation with the requirement 
that students’ designs transform into two opposing thermodynamic states: one that diffuses energy and 
one that collects energy. Students must learn and use energy modeling software to assess their designs. As 
much as I admire the cleverness of how this project inserts, Trojan horse-style, thermodynamics into a 
formally-driven curriculum an understanding of thermal qualities, it does not suggest a framework for 
raising questions of climate-related equity, vulnerability, and adaptation. Nor does it offer an obvious way 
to discuss how traditional, passive, or other building systems might interact with the architecture. 
 
As much as I admire the cleverness of this studio project, there is an element of Moe’s broader body of 
work, in particular his take on sustainability (2007) that gives me pause. His argument for emergy and 
understanding flows is tied to an implicit criticism that Moore, Gelfand, and Whitsett (2015) characterize 
in another context as an irreconcilable schism between two different world views. While it is undeniable 
that rejecting what those authors call a unit-efficiency frame (EUI is a prime example) in favor of a 
system-efficacy model (such as emergy) could lead to designs that are better suited to reduce carbon 
emissions, this move effectively ignores the sociocultural and regulatory contexts, such as building codes 
and energy efficiency programs, that dictate which ideas can enter the realm of possibility. For this 
reason, I contend that a focus on net-zero building is a reasonable, pragmatic response to climate change 
and regulatory regimes such as California's Energy Efficiency Strategic Plan, which set a goal for all new 
residential buildings to be net zero energy by 2020 and all new commercial buildings to be net zero energy 
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by 2030. Although that plan sets a goal for 50% of commercial buildings to be retrofit to net zero energy 
by 2030, the question of how the performance of existing buildings — commercial and residential — can 
be retrofit remains open. Because they mediate between the unit-efficiency frame and the system-efficacy 
model by requiring the explicit consideration of flows of energy, district energy systems such as the 
SunBlock proposal suggest one way this might be explored in the design studio. 
 
SunBlock also suggests a way that equity can be considered as part of the design prompt. The idea that 
established conservation strategies can allow new buildings to share energy with existing buildings 
represents a new way to think about the fair share principle of carbon emissions that has guided the 
development of passive building standards. Depending on how they are implemented, district energy 
systems could also allow the development of a new and potentially more equitable economic model that 
separates building conditioning from other building energy uses. Building conditioning could be provided 
as a subscription service that bundles the equipment, maintenance, and energy costs of a district system 
such as SunBlock into one affordable monthly payment. If run by a public or nonprofit organization, or a 
investor-owned regulated utility, this arrangement could better guarantee the provision of building 
conditioning to vulnerable individuals or households suffering economic distress. 

Toward resolving contradictions 

As has been pointed out before (for example, see Grover, Emmitt, and Copping 2017), we are on the 
potential dawn of a new golden age for architectural education, as architects are the profession best 
situated to respond to the potential to reduce the sizable carbon footprint of new and existing buildings. 
Yet the growing market and regulatory demand for high performance, net zero energy buildings (or 
better) has collided head-on with the inherent conservatism of the architectural profession, the model of 
incremental change embedded in our accreditation standards, and the privileging of the aesthetic 
qualities of architecture over its other aspects. It feels like we are just treading water—or worse. As 
Marinanela D’Aprile put it this way in a recent column for Common Edge: 

Increasingly, the work that architects do is reduced to discrete, easily itemized tasks: put together 
a door schedule, do a facade study, lay out a bathroom. Of course, these tasks have always been 
part of the work of architects, even before global capitalism. The difference now, or at least one of 
them, is that those tasks are divorced from the big-picture work… the siting, massing, 
orientation—that’s all already been decided by the developer. The more broken-down everyone’s 
responsibilities are, the easier it is to put a price tag on them (and to lower the number on that 
tag). 

 
Our students sense this through checklist-style assignment prompts that are well-intentioned responses 
to this new reality. Ever-increasing numbers of students also experience this world first-hand by logging 
significant hours working for low pay in architectural firms at the same time they are in school. The 
problem is that we have been dealing with energy performance as yet one more independent variable that 
can be optimized and delivered by an external consultant. Rather than teaching how energy performance 
is inextricable from the formal, social, and economic aspects of architecture—and here I am firmly aligned 
with Moe—conceptualizing energy performance out as a separate, divisible task implicitly treats it as 
separate from other considerations. The way this is handled in curriculum and in practice sends a clear 
message to our students that making buildings consume less energy involves irreconcilable trade-offs in 
appearance, utility, and cost. We must equip designers with an entirely different toolkit if they are to have 
a positive impact on climate adaptation efforts (Dubois et al. 2016). 
 
Architecture is also foundering in the public realm. Buildings, and by implication architects, are becoming 
the villains of climate change. The headline of a recent article in The Guardian asks plaintively “What’s 
What’s Wrong With Modern Buildings? Everything, Starting With How They’re Made” (Landberg and 
Hodges 2019). This logic prevails despite a wealth of examples and institutional knowledge that proves 
this need not be the case. In my experience at two different institutions of higher education, I have seen 
the logic that energy efficient buildings are economically futile remove from consideration the mere 
possibility of a better performing building. In the popular press, reports about the dangers of increasingly 
hot summer temperatures often make a causal link between the adoption of air conditioning and the 
carbon emissions that drive climate change. The New York Times regularly publishes articles with 
headlines such as “How bad is your Air-Conditioner for the planet?” that stop just short of a blame-the-
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victim logic. While the articles usually acknowledge that, despite the trade offs, cooling saves lives, the 
message that air conditioning is morally questionable hits home for my students. It does not help that the 
building where they attend studio is a glass box so routinely over-conditioned that several students keep 
blankets at their desks. Many students also report that they have been shamed for living in a place where 
the climate requires air conditioning. In studies of neoliberalism, this process of transferring blame for a 
systems condition to the individual is called responsibilization (Giesler and Veresiu 2014). In the context 
of architectural education, it is especially problematic because students quickly learn that the impact of 
any single building matters little, and that, as D’Aprile points out, someone else is likely to make the big 
decisions. This reinforces the retreat to the comparatively safe realm of aesthetics, further marginalizing 
the role of building performance. Yet, if we take a step back, it is clear that systemic changes are needed to 
achieve the reduction of carbon emissions called for by the Intergovernmental Panel on Climate Change’s 
Special Report on Global Warming of 1.5 °C. In short, we need more educators and students to follow the 
example of John Reynolds and be brave enough to step into the world of politics and policy (Reynolds 
1977). 
 
Despite the headwinds, a primary goal of architectural education, and what I feel should be considered a 
moral imperative, must be to help our students learn how buildings can help mitigate the climate crisis. 
The BEEnow Built Environment Education initiative, Architecture 2030 Zero Tool, Solar Decathlon, and 
other programs are working to ensure that architecture students gain the technical skills and knowledge 
needed. But there remain two missing pieces that are needed to resolve the contradiction between 
architecture’s potential and how the profession has been constrained by capitalism and other neoliberal 
forces. First, it is past time for architectural education to consider how the boundaries we draw around 
buildings, through regulations and standards, and in competition briefs and assignments impact students’ 
sense of agency. Second, we must find a way, even in an already crowded and constrained curriculum, to 
teach students how to engage with public discourse, so that future generations of architects can gain 
control of the narrative to establish buildings—and perhaps even architects!—as heroes of the climate 
crisis. 
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ABSTRACT 

Within a rapidly changing climate, never have humans seen such rampant degradation of their 
environment. From water shortages and over-population to massive flooding and storms, we are 
beginning to test strategies of resilience at the urban and architectural scale. With the scientific evidence 
of our warming climate system being unequivocal, design professionals must be cognizant of the impact of 
these changes on theory, pedagogy, and practice. An integrated and resilient approach to ecological design 
of buildings, landscapes and communities within this changing climate is imperative. Too often we teach 
students to look solely at technological means as the solution to our ailing building design, however it is 
important to understand precise constraints of climate to produce rigorous design solutions. This starts 
with a knowledge of larger environmental systems. 

This paper will outline a three-pronged approach recently employed to ensure undergraduate design 
students grasp larger frameworks impacting the future of architectural practice within the Anthropocene.  
Using varied modes of interrogation, students are required to delve more deeply into a series of analytical 
exercises developed collaboratively to elicit thoughtful, appropriate and responsible massing, orientation 
and material strategies throughout the sequence.  By designing an extensive framework beyond the 
simplistic, superficial separatism of modernism, the designer is enabled to understand architecture as in 
an open-exchange with the larger bioclimatic, social and ecological worlds. 

INTRODUCTION 
 
Beginning in modern history, the architecture school at the dominant École des Beaux-Arts, classical 
architectural orders, proportion and formal systems were the focus. From its founding in 1648, the 
classically-derived educational system established in France reverberated across the globe. In addition to 
the ‘beautiful’ stylistic and representational work, we also see for the first time a clear division between 
architecture and engineering within the professional curricular structure into Beaux Arts and Polytechnic 
schools. This split model was adopted as the basis for architectural education until the early twentieth-
century. Even with the introduction of the German Bauhaus during the 1920’s and 1930’s, this separation 
is still present, if not emphasized within the push for ‘modern’ architectural style. If the Beaux-Arts 
divided technical from the art, the Bauhaus and the search for an International Style of architecture 
derived its language from the modernist frame of separating man from nature while promoting the 
architectural object and international style. As early as the 1940’s and 1950’s more regional approaches to 
adapting these competing international styles to specific geographic and climatically-diverse territories 
exemplified in Aalto’s work in Finland and the Saarinen in the United States, among others. During the 
annual meeting of the Association of Collegiate Schools of Architecture in Grand Rapids during the winter 
of 1949, Buford L. Pickens, then Head of the Department of Architecture at Tulane University wrote of a 
desire for “regional possibilities in design and construction research.” (Pickens 1949, 20) He further 
elaborates on the potentialities of ‘organic’ ways of planning and design that address geographic and 
cultural frameworks that are “especially important for schools of architecture…” in how they could allow a 
“new kind of integration for research in history, design and construction.” (Pickens 1949, 20) This open 
call for an adaptative architectural education recognizes buildings as a part within a larger whole as 
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opposed to the modernist proclivities of ‘sectionalism’ and ‘isolation’ which attempt to divide architectural 
design from its larger context, climate and culture of the place. (Pickens 1949) 
 
Victor Olgay’s ‘Design with Climate’, released in 1963, continues this trend towards a more attuned 
architectural strategy tied to specific regions within the United States. Several schools have grafted on 
more environmental approaches to design, culminating in the addition of sustainable design programs 
throughout the United States and Europe in the 1990’s and early 2000’s. More recently, Alberto Perez-
Gomez’ ‘Attunement’ broadly places the German concept of Stimmung – attunement – at the center of 
architecture’s connection to a specific place, over the more modern conception of space. (Perez-Gomez, 
2016). Sustainability misses the mark by being too anthropologically scaled, as it deals with buildings in 
isolation from their environment and on a case-by-case basis often ignoring larger ecological and 
environmental problems for the technological ‘band-aid’ on the larger axe-wound of material shortages, 
climate-change and ecological degradation. To re-build the world more ‘sustainably’ is simply not an 
option for the fact that the material resources required, coupled with expected population growth would 
require “several planets” (Latour 2018, 5). Common practices in architectural design and building bring 
together materials from across the world to create ‘sustainable’ buildings, but at what cost to the sourcing, 
production and transportation expenditures of global building design. In “The Hierarchy of Energy in 
Architecture: Emergy Analysis,” Ravi Srinivasan and Kiel Moe unpack the ideas of emergy as a way to 
convey the true energy and material costs of constructing a contemporary building (Srinivasan and Moe 
2015). Using an ecological frame to understand both the impacts of architectural design not only on 
human health, but also on the larger landscape and region is essential to design student’s today. As 
Dipesh Chakrabarty so eloquently stated, “The future emerges directly from the objects we design” 
(Graham 2016, 23). We need to raise awareness and curiosity within today’s design students to grapple 
with the very real ramifications of design interventions on our world – beyond the false dichotomy of 
nature and humans. “The image of green supersedes the actual environmental performance of green – 
much the same way that the modernists’ aspirations for buildings as efficient and hygienic machines 
became an alibi for adopting the look of the machine…” (Schafer and Lawrence 2011, 4). 
 
Throughout the history of architectural pedagogy, architecture schools, faculty and even students have 
given rise to new methodologies of architectural thought, instruction which then rippled through the 
discipline. Not as something merely stylistic or eclecticism, but a pedagogy that could truly “Radical 
pedagogies shake foundations, disturbing assumptions rather than reinforcing and disseminating them.” 
(Colomina et al. 2012) The 1968 student revolts of the Unité Pédagogique No 6 in Paris, rejecting 
specifically the Beaux-Arts pedagogy that was “incapable of addressing architecture’s relationship to 
contemporary social and political maladies” was a significant event. (Colomina et al. 2012) Revolts in the 
late sixties happened within architecture schools throughout the world, as students demanded a 
curriculum that more reflected their aspiration for a new social order. Notably was the burning of the 
School of Art and Architecture at Yale in 1969, likely by the students themselves. Within the essay 
“Radical Pedagogies in Architectural Education” by Beatriz Colomina and several others, several varied 
examples of architectural education being used as a platform to reformulate the discipline from it’s very 
foundations to ‘destabilize social, political, economical or technological conventions.” (Colomina el al. 
2012) Can we not use the overwhelming evidence that with CO2 PPM climbing at an unprecedented rate, 
and anthropogenic climate-change becoming a globally as a flashpoint to begin to radically change our 
current architectural models? How can we create a radical pedagogy for our times?  
 
THREE-PRONGED APPROACH 
 
While many of these approaches have honest intentions and significant results both speculative and built, 
more complete, ecological notions of architectural thought and design need to be embedded more deeply 
and thoroughly into the curriculum from first-year onward. As Dipesh Chakrabarty stated in conversation 
with James Graham in Climates, we need to move beyond anthropocentric-minded thinking if we are to 
prosper in the new millennium by not ‘imagining ourselves at the center of things.’ (Graham 2016, 23) 
While architecture is ostensibly for humans, how can educators commence design education to position 
ourselves within the world beyond the walls, considering more open systems that are in actively exchange 
with our environment – as buildings inevitably do? 
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Contextualizing Contexts 
 
Moving beyond a simple insertion of a class or two, a re-writing and re-structuring of the entire 
curriculum to approach design with climate more holistically throughout the undergraduate design 
studies is needed to prepare students for architectural building design in the 21st century as no other time 
in human history has climate change been so relevant to our future on this planet. Beyond our 
anthropomorphic lens which views all non-humans as material and products for our consumption, we 
must adapt a broader scope in which architectural solutions consider an ecological awareness.  

Teaching students to use analytical tools to process complex environmental data to better inform designs 
is imperative for a more holistic education of how architecture places ourselves in the world. In 2009, 
during the Society of Building Science Educators (SBSE) proposed to the National Architectural 
Accrediting Board (NAAB) and the Canadian Architectural Certification Board (CACB/CCCA) set a 
condition for accreditation that every North American architecture school provide both theoretical and 
practical knowledge of design of carbon neutral/ net-zero building within the curricula. Although this 
suggestion was rejected, it is still important for preparing future architects and designers to design 
resilient and climate-tuned projects (La Roche 2018). Each school, especially state-schools whose 
directive is to train future architects for the profession of architecture should develop graduate students 
who understand the fundamentals of bio-climatic design – especially for the region(s) that these future 
architects will design buildings within. One of the important aspects of the Olgyay’s ‘Design with Climate’ 
was how they translated from early modernism a design methodology that first understood the bio-
climatic region to develop designs that were attuned to the place (Olgyay 1961). This attunement should 
begin with the understanding of humanistic qualities of space and place, material and light, environment 
and climate, and build to a more technical, integrated and disciplinary-based curriculum upon 
graduation. Underlying this push is a need for our students to have a more empirical understanding of 
how the world works – from thermodynamics to gravity and the sun – and how these seemingly 
straightforward elements can be quite weighty and lead to deeper architectural ideations that are able to 
adapt and thrive to a changing climate and be tuned to the larger surrounds. 

 

Figure 1. Simplified diagram of design studio sequence as related to climates and ecologies 
Source: Author, 2019. 

This paper will explain the development of the three different sequences; Design Studio Foundation, 
Collaboration between Technology and Design, and finally Integration and Topical Studios. Each section 
will outline a specific example of a project, how it has evolved and the relevant discoveries associated with 
student learning objectives. We can see within Figure 1, how the focus from one semester to the next 
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grades up in scale and inherent complexity. Each course within the year, whether it be History/Theory, 
Representation, Technology or Studio frame the content delivery in relation to these themes. 

Adapt or Deny 
 
A scalar approach to the design studio and technology sequence and how our College is positioning itself 
within the University and territory as a knowledge center to respond to climate change. A changing 
climate will affect ecosystems, built environments and human health in addition to existing social, 
cultural, institutional, and political arrangements. We can adapt, or deny and defer, but more resilient 
methods of education of an architect to adapt to indeterminant futures is imperative. Going beyond the 
walls of the College of Architecture, whilst creating cross-campus links to other disciplines are essential. 
Within the curricular structure, the design studio offers a unique opportunity to synthesize complex and 
disparate subjects through the iterative and speculative process. The sequence is manifold from first-year 
through fourth-year coursework, each building in specificity in notions of material, ecology, and 
sustainability. Using a systems ecology model of looking at the process of construction and “emergy” flows 
to consider materials through the direct (and indirect) energy available to make architectural product as 
outlines a specific thrust of our pedagogy to use thermodynamics as a more efficient design methodology 
to convey heat and coolth from the surrounding environments through material choices, insolation and 
orientation (Srinivasan and Kiel Moe, 2015). We introduce ideas of temporal environments to better 
convey larger frames from which the territory, culture, and ecology effect architectural design. These 
topics are introduced within the first-year and reinforced  through each of the subsequent studio prompts. 
 

 
Figure 2. Current regional trends of a drier south and a wetter north are projected to become 

more pronounced (left) and the number of days with the hottest temperatures project to 
increase dramatically by mid-century, 2041-2070.  Source: NOAA/NCDC/CICS-NC, 2019. 

While it might seem counter-productive to begin an introductory design course in architecture with 
discussions about a changing climate, especially within the current polarized and politicized climate, there 
are ways to more covertly introduced how geographic, atmospheric and climatic tendencies have shifted 
over time. Lubbock’s location on the Ogallala aquifer; one of the world’s largest in the world with an area 
approximately 174,000 square miles in portions of eight states and provides drinking water to 82% of the 
2.3 million people residing above it (Dennehy 2000). With current expectations that the water will run 
out between 15 and 50 years, planning now for an indeterminate future is only sane. As one of the only 
architecture school located within the area of the Dust Bowl, which was the last mass migration event in 
the United States, how can an architecture curriculum address notions of the current climate change, 
desertification of our landscape, the drying of the aquifer, or the distinct possibility of another mass 
migration within this century? “Adaptation actions can be implemented reactively, after changes in 
climate occur, or proactively, to prepare for projected changes…” (NRC 2010).   
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Design Studio Foundation 
 
First year considers several aspects of how to think and represent ideas through drawing, modeling and 
speaking. Stuff matters, and students can combine their perceptual knowledge of the heat, dust and the 
phenomena of different materials within the first year. The first semester mainly deals with foundational  
concepts of ‘why’ and ‘how’ while introducing the premise of architecture through history, theory and 
precedent study with special attention spent on relating time and place of architectural thought and 
practice as it relates to exemplary works. Students work in drawing (project one), plaster (project two) 
and tectonic elements (project three), as they gain an architectural vocabulary. The second semester 
builds on the fundamental knowledge of space-making into a more refined study of making a place. Solar 
geometry and specific site context is offered as a crucible to locate their ideas within the ecological realm. 
This is one semester before the ‘technology sequence’ commences, but solar energy, and how sunlight can 
be used as a material to carve stereotomic form as well as introduce tectonics as a way to form space at a 
fundamental level. The site has a specific orientation along a canyon wall, where students must consider 
views to the west, uneven ground and location of the building in relation to a sloping site – something 
foreign to most of these students of the plains. Regional examples of the Anasazi cliff dwellings, Plains 
Apache tipi and wickiup, and Navajo hogan structures, along with early settlers dugout structures and 
more modern case studies are used to speak of interventions within a variety of climates with a focus on 
local and historic examples while testing the students pre-conceived notions of architectonic necessity. 
Coupled with this studio is the first history class which begins with regional architects that pre-date 
industrialized building processes and products that connect place and culture. Introducing these concepts 
within a heavily coordinated first-year studio structure instigates an understanding of context, climate 
and ecology and primes the more advanced questions that are raised in the subsequent years of the 
undergraduate sequence.  

Second-Year and the Technology Sequence  

Within the second-year, the technology sequence begins with an investigation into materials and matter, 
and traces geographic and ecological footprint of architectural elements brick, wood, steel, concrete and 
glass. Introducing material geography as well as what a localized ecological footprint might look like and 
the importance of carbon sequestration. These larger ideas of matter, material and how diurnal 
temperature swings, thermodynamics and solar energy might are considered when choosing from a 
variety of materials. Instruction of how material assemblies occur in historic and modern times is 
reinforced through a series of hands-on workshops. Essential to the development of this sequence is to go 
beyond insular calculations and details. Three such examples of this more extensive approach to the 
Building Technology Courses Students are noted below.  

 
Figure 3. Final sectional drawings of second-year, fall semester project where students begin 

to employ materiality, thickness, light and shadow within a small, coastal condition where 
resilience, temporality and material/energy flows are synthesized. Brinton Freeze, fall, 2018. 

During the first semester, second-year undergraduate, students are exposed to a range of materials, 
methods of construction and their sources – the ‘why’ always being a precursor underlying the ‘what’ and 
‘how’. Students are asked to purchase a four-foot long ‘2x4’ and bring it to class. From this real 
understanding of the tangible product, students are then asked a series of questions that move from the 
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visible to the invisible as discussion slowly zooms in to the molecular level of the wooden product, 
comparing this wood to others in density and defects, to growth rings, how water moves through the 
cellular structure, lignin and cellulose components and how these might resist water, tension, 
compression or decay. Once the miniscule is discussed, we zoom back out beyond the ‘2x4’ to other milled 
lumber and composite types and backward through the industrialized process to the scope of the forest, 
solar energy, life-cycles, transportation and material geographies and transforming ecologies and 
climates. This conveys a total understanding of the material. As our school of architecture is located 
within a grassland on the American Great Plains, where previous to settlement there were no trees within 
the landscape this lesson is important in understanding where something so ubiquitous today has a long 
history as a building material. Of course, this exploration works out over the course of two weeks, as the 
students are asked to perform operations on a ‘2x4’ by cutting, drilling, bending, breaking, mending and 
testing their stick. These types of explorations are similar when a new material or assembly is introduced 
such as a brick, concrete, mud blocks and metal building up in scale and complexity until the final project 
of creating a diagrammatic wall assembly. These assignments are loosely aligned with the second-year 
studio. The design studio begins to investigate matter and form as questions of site, orientation and 
climate are acclimated through architectural intervention. Questions of tectonics, material (thickness) and 
aperture (sun/wind) and path (orientation) within the site are answered through application of their 
knowledge of material assemblies and reinforce architecturally the student’s ideas from first-year. During 
the second semester, architectonic assemblies begin to gain more sophistication as gravity, tension, 
compression and energetic forces are questioned and applied both within the technological sequence as 
well as the studio. The scale of the architectural project also is enlarged to move the students beyond the 
simple load-bearing and cellular types of construction to move considerations of materials and structures 
for strength and efficiency in addition to their ecological and carbon components.  

Architect and educator Bryan MacKay-Lyons sums up the approach taken to teaching complex and 
technical issues within the College, especially in the undergraduate sequence. “Pragmatism is the best 
teacher. Learning is accelerated by purpose. We learn best when we need to know: technology is best 
understood by making; sequence is best understood when there is little time; teamwork is learned quickly 
when there is too much to do; topography is most apparent when we set the height of the platform” 
(MacKay-Lyons 2008). We can see this demonstrated within the second-year of the technology sequence, 
taking a design-build approach to conveying information.  

 
Figure 4. Example of the full-scaled installation and design process within Building 

Technology II course, where student groups design and install tectonic structures within the 
Architecture Building courtyard.  Source: Various student work, second-year, fall 2017. 

To test these structural capacities, physical models are used to test the limits of materials – moving 
beyond simple mathematics and into testing to failure of specific structural elements and systems, before 
moving into digital modelling of the designed structural elements from their studio to test efficacy of their 
ideas. The final projects, full-scaled installations within the courtyard of the architectural school puts this 
knowledge on display for the entire school and university and serves as a culminating juncture of 
integrating material ecology, fundamental structural knowledge and some aspect of solar mitigation and 
solar collection within a tectonic construct at full scale. A simple requirement of maximum material 
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budget and weight ensures that the students are thoughtful with their designs and premeditated with the 
material and types of assembly that they employ. 

Third-Year and Course Integration 

During the third-year, the curriculum continues to build in complexity and integration while introducing 
two important architectural elective courses that are open to the students. These allow students to focus 
their discovery while beginning to position themselves and their work within the larger architectural 
canon. The reflexive ability for these courses to integrate design directly into lecture courses that teach 
sustainability, history, urban ecology, or theory, students can learn from implementing these ideas into 
their design studios – where things can be integrated and tested. Specifically, within the final Building 
Technology course, students are asked to investigate in full detail an architectural precedent from detail, 
construction, atmospheric qualities and material geographies. Synthesizing this technical knowledge to 
design thermal, atmospheric and climatic mitigating factors on building envelopes while designing 
passive (and massive) design that allow for open exchange with the surrounding environment. Studio 
projects are public and urban in scope to allow this open exchange to occur at a climatic and human level. 
This strives to emphasize that buildings must exchange with the surrounding environs, and allow for 
more nuanced, open systems that incorporate ecological concerns beyond the simplistic anthropocentric 
focus of architecture.  

 
Figure 5. Detailed sectional oblique diagram and material geography diagram of SANAA’s 

New Museum demonstrating the primary architectural materials and sourcing, from the detail 
to the global. Source: G. Livingston + W. Williamson, third-year, spring 2019. 

For example, the design prompt was for a special collections library and archival space within a downtown 
city plot. Studios worked with urban planners, environmental engineers to negotiate the delicate balance 
between environment and intervention. The public program necessitated the control of natural light, 
humidity, and resilience in the event of an extreme weather event that seems to come more frequently 
over the past decade. Questions relevant to our specific area are rising temperatures, productive 
landscapes, desertification, heat-island effects and potential water shortages. These concerns are carefully 
woven into the studio brief, so as not to appear heavy-handed, but to create a climate for addressing these 
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important issues. What it means to design architecture for our precise climate, and a changing one? How 
can material and energy conservation be understood and utilized (this is tied directly to a shared 
assignment within the Environmental Controls class)? How can architects design productive, ecological 
buildings that are performative? Studios are encouraged to increase the audience of these studios by 
inviting at least one outside consultant from beyond the architecture building for design reviews. 

Integrative Studio 

In the final semester of the four-year undergraduate degree students will complete an integrative studio. 
These studios currently occur at the beginning of the graduate sequence, which during the last five years 
we have made efforts to better coordinate the outputs of these studios through the design of the inputs. 
First, these studios are taught by two professors while a second course, integrative building modeling is 
taught by a third professor. Each of these professors has a specific strength which they bring to bear on 
the studio – the integration is not simply in the comprehensive nature of the design resolution, but the 
three professors integrate through a series of joint presentations and exercises. The coordinating design 
instructor sets the programmatic and defines the overall schedule for each of the course components. The 
second design instructor brings more structural and material acumen to the discussion and is involved in 
initial discussions of siting, climate and early schematic iterations. The technical lecture course is brought 
in during three distinct moments within the design process. During the initial massing phase, climate 
analysis is done using computational tools to convey ramifications of the students ideations.  

 
Figure 6. Detailed sectional perspective of integrative design studio exhibiting the ecological  

tuning of spatial, material and detail. Source: A. Gray, integrative studio, spring 2019. 

Instead of allowing loose coordination of the design prompts, the prompts are specifically designed 
around specific performance criteria such as thermal, ventilation or lighting constraints. Projects are 
required to be in open dialogue with their surroundings – both socially and environmentally. One specific 
semester of integrative studio each group was given a specific artist and concept, which they then needed 
to design a building to perform for that specific technological objective.  For example, various groups were 
assigned Olafur Eliasson + House of Light, Nancy Holt + House of Natural Ventilation, Robert Irwin + 
House of Natural Light, Andy Goldsworthy + House of Waterproofing, or Dan Flavin + House of Artificial 
Illumination, and so on. Each student would study the local conditions of a specific site to then tune their 
designs to performative feature. After a series of physical models and programmatic planning ideas, 
preliminary designs are input into Revit where preliminary analytical models are used for specific 
scenarios through parametric comparisons. By the middle of the semester, large scale (1/2”: 1’-0”) models 
are used to test their designs using smoke-tests, heliodons, buckets of water, etc. to assess how gas, light 
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or liquid would interact with the specific envelope, mass or programmatic function to celebrate the 
performance.  

These models continue to be updated, refined and crystallized as the projects are developed. The 
integrated building modelling is used to calculate carbon totals and materials used at the midterm review 
to begin discussing how much concrete, steel, wood, glass is being used, researching the material 
geographies and CO2 balancing to determine the true cost of their design choices. Giving each student a  
carbon budget for the project allows students an opportunity to truly test idealized notions of ecology, 
total life cycle costs of materials, energy usage and environmental ramifications of their designs. Models 
are continually updated and structural, mechanical, plumbing and site information is refined based on 
these midterm calculations as the students finalize their designs for the final presentations.  

The importance of this semester is assimilation of knowledge through a complete project that can be used 
to assess the student’s overall ability to combine several sets of information; from representational tools 
to whole building integration. Due to the scope of the project and the desire for a more comprehensive 
final project the scale of the buildings is kept around 12,000 square feet and projects are developed in 
teams of two. Throughout the semester, local engineers, architects, ecologists, and sustainability 
specialists are brought in from across the University and state to assist in elevating the discussions beyond 
the limited scope of any one professor (or department). Based on feedback that we have received over the 
three semesters that this course has been offered, the students response has mostly been positive. In 
addition, the feedback from employers and graduates is that this course has better prepared them for 
professional practice. Their ability to work through ideas at a variety of different scales and levels of 
complexity and collaborate with a fellow student and a variety of professionals and professors has 
strengthened their aptitude to bring ideas through a full-fledged design processes. 
 
PEDAGOGICAL OUTCOMES 

Previous to the curricular change, the studio sequence was coordinated spuriously. While we have yet to 
see the full effects of this evolving, major curricular overhaul move through the undergraduate, even in 
the five years since implementation students have begun to reap rewards. Students are able to consider 
their design decisions beyond notions of simple objects without consequence or consideration beyond the 
limits of the exterior surface while better understanding extensions of architectural design within specific 
environments. The influence of this tighter curricular structure, with a broader understandings of 
architecture as field of that impact dialectical structures of the universal and particular, social and 
cultural, environmental and cultural, speculation and pragmatism, as well discipline and the profession.  
Initiating real connections beyond the walls of the College of Architecture whilst creating cross-campus 
links to other disciplines are essential. One aspect of this hope to increase interdisciplinary dialogue 
across the University through the addition of a new certificate and Masters of Science program to broaden 
the discussion within the College of Architecture to related fields of Landscape, Interior and Engineering, 
but also Policy, Health, Ecology, Biology and Policy. Creating opportunities for graduate students from 
diverse fields to cross-list and take elective courses and collaboration design studios within the College of 
Architecture has already enlivened the discourse within the College and beyond. One such studio that 
exhibits excellence within this multidisciplinary and ecological framework offered during the spring of 
2016 where graduate students were asked to design projective architectures for the 20[1]6/0 : LA Water 
Tower.   
 
Employing a multi-disciplinary approach from the beginning involved a structural engineer from Ove 
Arup, a façade specialist from Dallas, and an architect from Renzo Piano Building Workshop to several 
design studio critiques throughout the semester. Likewise, a visit to Morphosis Architects and several 
canonical buildings on a research trip to Los Angeles to afford the students an understanding of the 
multiple fronts of Los Angeles’ design pasts and futures. One of these students was awarded First Prize in 
the 2016 ACSA/AISC Steel Tall Building Competition for his studio project VertiCali. The project went 
beyond the notion of simply creating a singular, multi-use building and was rewarded for integrating a 
vertical greenhouse, aquaculture and community farming infrastructure for the citizens of Eastern Los 
Angeles while re-connecting and re-greening the Los Angeles River. An ecological and integrated 
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curricular structure helped him frame these larger questions of what architecture is, and what it can be 
beyond an anthropologically-scaled sustainability.  
 

 

Figure 7. Final submission for the 2016 ASCA/AISC Steel Competition, awarded First Prize 
in the ‘Tall Building Category”, from Texas Tech University Topical studio taught by the author. 

Source: M. Ramos, graduate, spring 2016. 

By tuning buildings to the context and climate, students are able to take control of their design decisions 
more completely. The ability for students to understand the larger issues from the territory down to a 
molecular understanding of the materials that they might employ allow for an enriched design process. 
Fully embracing the technological and more scientific aspects of building design will allow for these future 
architects to drive the design of buildings that will be better tuned to the climates and ecologies they are 
within. With the desire for a more holistic view of the world will lead to richer milieus that endure beyond 
the isolation of modernism. Further shifting of the pedagogical discourse beyond its current stasis could 
truly be radical and offer new possibilities in understanding the larger ecologies in the desire to design 
within a changing climate. 
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ABSTRACT  
 
The Net Positive studio is a 7-week studio in the penultimate year of a professional M. Arch. program at 
the University of Minnesota. This studio focuses on developing, assessing, documenting, and representing 
interaction between architectural form and environmental factors, using energy modeling tools and 
incorporating frequent quantitative feedback. 
 
In the context of existing-building inefficiency as a major contributor to carbon emissions and climate 
change, students were assigned an existing building, and were required to demonstrate that passive and 
active modifications of the building and its envelope could lead to an 80% reduction of its baseline energy 
use. Within this context, students were asked to (a) selectively modify or replace existing envelope 
conditions to create a responsive deep-boundary; (b) establish a dialogue between energy-modeling tools 
and conceptual development; (c) incorporate a Net-Positive contribution beyond energy production; and 
(d) understand variables that develop concinnity between form, occupancy and function, and 
environmental factors. 
 
These goals were established within a cooperative pedagogy, Shifting Allegiances, organized to promote 
cooperative collaboration and shared authorship of projects in graduate-level studios. This is achieved by 
collectivizing the ownership of topical subject areas, to which students variously direct their effort over 
the course of the studio.  
 
The paper discusses the studio’s cooperative structures, the process of establishing an ongoing dialogic 
between quantitative data and conceptual development, the role of energy modeling within the design 
process, and the emerging definition of passive and active envelope systems. The paper concludes with a 
discussion of the studio’s discussion-based, student-led final review. 

1.0 THE NET-POSITIVE DESIGN STUDIO 
 
The Net-Positive Design Studio is offered in the penultimate year of a 3-year professional Master of 
Architecture degree program at the School of Architecture, College of Design, University of Minnesota. 
The Spring semester of the second year in the program is divided into two approximately 7-week long 
modules. The Net-Positive Design Studio, in the first of the two modules, focuses on the integration of 
architectural design, environmental technology, and high-performance regenerative practice. Although 
the three or four sections have an overall alignment in schedule for all-studio lectures, consultant 
workshops, and energy modeling training, each section follows their own projects and emphasis. The brief 
for all sections written by Professors Mary Guzowski and Richard Graves reads, “in the Net Positive 
studio, architectural design integrates design excellence, beauty, and theories of architecture with the 
achievement of performance standards. Historically, these standards have been checklist based and 
focused on the built environment as being less bad rather than having positive effects. The goal of the 
studio is to evolve high performance design strategies, apply processes and techniques to improve 
performance, and redefine architectural beauty from a socioecological perspective.” Furthermore, all 
sections of the Net-Positive studio share the following key topics: first, utilizing design processes and 
methods to explore the form-giving potential of ecological and performance-driven design; second, 
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measuring ecological sustainability with assessment tools, guidelines, metrics and frameworks; and third, 
developing, assessing, documenting, and representing the interaction of architectural form and 
environmental factors and systems. 
 
 
2.0 ACTING ON EXISTING BUILDINGS  
 
This paper discusses the premise and work of the Spring 2019 Net-Positive studio section led by this 
paper’s author. This section of studio augmented the shared objectives with the following key 
components: 
 

1. Acting on existing buildings to make them net-positive contributors to the environment and 
society. 

2. Absenting authorship and focusing on shared, fluid, and cooperative structures to accelerate 
investigative potential of the studio as a whole and focus on peer-teaching. 

3. Defining Net-Positive in response to passive, active, responsive/adaptive, and resilient building 
skins or interfaces. 

4. Proposing larger-scale agency for buildings and architects to provide a Net-Positive impact on the 
environment through the project being designed but beyond the confines of the project. 

 
As climate change accelerates, the need for training architects to respond to these changes at a mass scale 
becomes increasingly urgent and imperative. Elefante (2018) writes that “[e]xisting buildings are a 
resource for tackling climate change ... Retrofitting existing buildings to meet high-performance 
standards is the most effective strategy for reducing near- and mid-term carbon emissions, the most 
important step in limiting climate disruption.” Existing buildings are problematic in that they are large 
energy consumers and carbon emitters while simultaneously being repositories of embodied carbon. 
Elefante projects that over the next 30 years more than twice as many buildings will be renovated than 
newly constructed.  
 
The Net-Positive studio section led by this paper’s author provided two starting conditions. First, based 
on the premise that these wicked problems require cognitive diversity in order to address their 
complexities, the studio positioned the creating of fluid cooperative structures as part of the studio 
process. Second, it positioned the skins of existing buildings, envelope, and surfaces as the interface 
between controlled and uncontrolled environments that have the potential to achieve net-positive and 
resiliency goals.  
 
3.0 BUILDING INTERFACES 
 
The studio section asked students to redesign, transform, and expand the interface of an existing urban 
ice-cream manufacturing and retail facility to achieve two goals in succession. First, students were asked 
to selectively modify or completely replace the building’s existing boundary condition, in order to create a 
passive, high-performing, deep boundary condition reducing the building’s estimated current energy use 
by 70%. Then, students were asked to newly imagine and design an active or adaptive layer for the 
existing building – i. e., a cloak or shield – creating a modulated exterior environment as a responsive, 
resilient, and adaptive building interface for a fast-changing climate. Interfaces were simultaneously 
positioned as the separator and connector of environments within and without, and in this capacity 
shaped not only human experience but also their own surroundings. Students were provided with 
reference materials and key concepts to support their research and design work throughout the course of 
the studio. For the high-performance passive response, Dr Joseph Lstiburek’s Perfect Wall system, 
especially as it relates to Passive House performance, required students to develop an understanding of 
various building envelope layers and their properties (Lstiburek 2007). Students developed their 
strategies through wall sections, in which they detailed, examined, compared, and critiqued the layerings 
of high-performance envelopes. Simultaneously, energy modeling positioned the building envelope as one 
of the variables in overall building performance goals. 
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For the research and design of the adaptive layer or cloak, students were provided with reference 
materials and a taxonomy as defined by Loonen et al. (2010, 2013), supporting the design of climate 
adaptive building shells. For Loonen et al., “a climate adaptive building shell has the ability to repeatedly 
and reversibly change some of its functions, features or behavior over time in response to changing 
performance requirements and variable boundary conditions and does this with the aim of improving 
overall building performance.” Loonen’s taxonomy included thermal, optical, airflow and electrical 
responses in the adaptive skin.  
 
Students were allowed to propose (a) changes in massing that transformed the existing building’s 
orientation, volume-to-surface-area ratio, and opacity-to-transparency ratio for greater passive efficiency; 
(b) changes or modifications in program and occupancy for net-positive impact, especially in the realm of 
socio-economic benefits that supported equity and resiliency; and (c) the addition of active or passive 
means of energy production. 
 
4.0 CREATING CONFLATIONS AND COOPERATIVE STRUCTURES  
 
While the instructor designed the overall structure of the studio including schedules, goals, and evaluation 
criteria, the day-to-day and week-to-week studio structures were developed in partnership by the students 
and instructor through large- and small-group discussions. With a couple of exceptions, the studio day 
started and ended with a large group meeting where instructor and students participated. Key issues of 
discussion were problems encountered, thematic concepts that were being observed and articulated, work 
plan and announcements. Focus is on (a) observing, reading, and articulating the thematic concepts 
emerging in the studio, and combining work generated by various people to strengthen emerging themes; 
(b) what was next, in other words what was being made, researched, or tested in order to advance 
concepts and by whom (Srivastava, Christenson 2018 and Srivastava, Barton, Christenson 2019) 
 
Between the all-studio discussions at the beginning and end of the studio period, the instructor and 
students decided upon the day’s activities and related structures. The most common structures were small 
group discussions and documentations in various permutations and combinations with or without the 
instructor. Sometimes the studio day was spent as a workday by the students working in various 
permutations. Ideally the evolving cooperative structures were based on need and thematic and interest 
overlaps. 
 
At pre-determined points during the semester, during the studio period, the studio would gather together 
for a substantive amount of time to bring all the work together, with the instructor acting as an observer 
rather than as an active participant. For example, early in the Net-Positive studio, each student responded 
to the following variables by producing at least four artifacts (Figure 1 left, Figure 2), each of which 
proposed changes to the existing building’s massing to achieve better performance: 
 

(a) better energy-use performance in terms of volume-to-surface-area ratio and/or opacity-to-
transparency ratio; 

(b) better energy-use performance in terms of orientation and/or envelope section; 
(c) active (energy-powered), and/or adaptive (able to change in response to changing environmental 

conditions), and/or an energy-production strategy; 
(d) one other criterion in addition to energy-efficiency (such as water, biophilia, waste, etc.) so that 

the building can make a net-positive contribution to the surrounding built environment and living 
community (Mang and Reed 2015). 

 
Through discussion, various works were repeatedly moved around the table for thematic overlap (Figure 1 
middle & right, Figure 3). Various works were grouped together based on all-studio agreed upon and 
evolving definitions of thematic adjacencies and overlaps (Figure 3, Figure 4). Depending upon interest 
and need for skill development, students took ownership of groups of artifacts to develop (Figure 5). 
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Figure 1. Fluid conflations and evolving thematic and student groupings in the Net Positive studio, existing building 
section 

 
 

 
 

Figure 2. SETTING THE TABLE: Each student (S) contributes multiple artifacts to the studio for discussion (circles 
circles represent artifacts) 

 

     
 

Figure 3. CONFLATION (left): Through discussion, various works are repeatedly moved around the table for 
thematic overlap; GROUPINGS OF ARTIFACTS (right): Various works are grouped together based on all-studio 

agreed upon and evolving definitions of thematic adjacencies and overlaps (circles represent artifacts; dashed lines 
are thematic groupings) 
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Figure 4. GROUPINGS OF STUDENTS: Depending upon interest and need for skill development, students take on 

groups of artifacts to develop; student groups and individual work expectations are outlined as the last step in this 
discussion (circles represent artifacts, dashed lines are thematic groupings) 

5.0 EXAMPLES OF STUDENT-DEFINED COOPERATIVE 
STRUCTURES 
 
Various thematic groupings of work and people that evolved ranged from 3-person groups to 1-
person efforts. Two examples are described in detail here. 

First, a three-person group formed to share research and testing tasks (Figure 5). Together, they created 
one group design and three individual design solutions. All three shared an interest in double-skin wall 
sections and in making a net-positive contribution by converting waste (generated during the ice cream 
manufacturing, storage, retailing, packaging, and transporting processes) to compost, which is in turn 
converted to energy production. 

   

Figure 5. Ice-Cream compost waste to energy (artifacts by Ashleigh Grizzell, Garrett Hulse, Adam Rosenthal) 
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Second, another student worked individually (Figure 6), researching and creating façade layers that acted 
as air-cleaning filters for the neighborhood, and dynamic wall systems that created a more expansive and 
community-oriented use of the ice-cream retail space. Other students in the group organized in different 
ways. A second three-person group formed to divide research and energy-modeling tasks. They created a 
common massing design with three individual design solutions for passive and adaptive interface 
solutions. Their common interests were equity and job creation in the future green economy, use of algae 
for energy production in urban environments, and creating slow manually-powered responsive skin 
structures. Yet another three-person group, more loosely organized than the other groups, shared some 
background research and energy modeling evaluation techniques based on a common interest in 
biophilia. All three members of this group shared research tasks and produced individual design 
solutions, form transformations, and passive and responsive building interfaces. Finally, two students had 
a small overlap; they worked and championed independent design solutions and had very different 
workflows. They shared an interest in Grasshopper, Ladybug, and other software to evaluate existing 
conditions and iterate design ideas while simultaneously evaluating their performance. They became 
peer-teachers for each other. They both also shared an interest in minimal external change in the existing 
building, creating most of their interventions and layering on the interior of the current envelope. 

   

Figure 6. Building as pollutant filter (Artifacts by Alejandro Loza) 
 

 
6.0 DISCUSSION OF IMPACT 
 
The impacts of approaching the complexity of transforming an existing building to achieve Net-Positive 
results in a short period of time through the Shifting Allegiances pedagogy were observed in a few 
different ways. One of the most important impacts was the establishment of collaborative structures to 
examine design concepts, performance variables, and related results as an all-studio comparative exercise. 
Three observed outcomes of this phenomenon are discussed in the following sections. 
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6.1 AN ONGOING DIALOG BETWEEN CONCEPTUAL DEVELOPMENT AND 
DATA  
 
The Shifting Allegiances approach was essential in addressing the complexity inherent in the Net-Positive 
studio, particularly in the cycle between energy modeling and design. As part of the evidence-driven 
process, the students were required to individually demonstrate mastery of the energy-modeling software. 
To do this, two Friday studios were dedicated to energy-modeling workshops followed by an energy-
modeling related weekend charrette and a Monday review of the findings with the workshop instructors, 
Chris Wingate and Pat Smith). The first workshop (in the second week) included fundamental passive 
design variables such as orientation, massing, opacity and transparency ratios, and surface-area-to-
volume ratios. The second workshop (in the fourth week) introduced mechanical, electrical, and lighting 
systems. It also introduced building envelope performance based on varying R-values. After the first 
workshop, design processes were expected to follow a cyclical, iterative process of making and testing. 
Any drawings or models made to develop design ideas alternated with energy modeling for performance. 
Thus, design and performance were intrinsically tied in a cyclical process each informing the other (Figure 
7). 
 

  

 
 

Figure 7. Cyclical process between ideation and testing (MacKenzie Kusler) 
 

Since they were dealing with an existing building with a very particular and high energy use (associated 
with the refrigeration involved in ice-cream production), and because they were regularly engaged in each 
other’s works through small-group and large-group discussions and work conflations, the students began 
to notice that the energy modeling software they were using was not producing consistent results. 
Students experimenting with the same or similar design concepts were encountering varying results in 
Energy Use Intensity (EUI). In order to investigate this further, they began a systematic group review of 
the software. The whole studio decided to use the same baseline model of the existing building, developed 
by a volunteer student, and they all tested the same series of design iterations. They all recorded their 
results in a shared spreadsheet. It was quickly evident that they all were getting different results. They 
went through this cycle a few times, checking settings in the energy modeler to make sure everyone was 
starting with a consistent baseline. After systems, occupancy patterns, and envelope modeling had been 
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introduced in Week 4, the students requested existing building occupancy patterns, systems information, 
and utility bills from the current owner. They were then able to individually model the same parameters in 
the energy modeler, producing closer results for the predicted energy use (Table 1). This became a cycle of 
consistent and systematic testing where all the students worked cooperatively to develop not just 
familiarity with the modeling process but a deep understanding of the results that the software produced. 
Helping each other by testing multiple iterations together demonstrated their understanding of energy 
modeling and its potential drawbacks. They quickly started to realize that concinnity between variables 
such as form, occupancy, building envelope layers, transparency and opacity ratios, massing, orientation, 
function, and environmental factors lead to determining performance but at the same time, they were able 
to conclude that the software is not flawless. 
 
Table 1. Comparisons of student energy modeling result, using the same baseline model and design iteration after 

several attempts to align results by examining several design variables 
 

Student 
code 

SF EUI Plug 
In 

EUI Web 
App 

kWh Web 
App 

Sketch Up 
Version 

Student 1 8429 51 51 124,907 Make - 2017 

Student 2 8429 51 49 119,418 Make - 2017 
Student 3 8429 51 51 124,907 Make - 2017 
Student 4 8429 51 49 119,418 Make - 2015 
Student 5 8429 51 49 119,418 Make - 2017 

Student 6 8429 51 51 124,541 Make - 2017 

Student 8 8357 51 51 124,907 Pro-2018 

Student 9 8429 51 49 119,418 Make - 2017 

Student 10 8429 51 48 118,170 Make - 2017 
 

If they had worked in the traditional studio format where each person had their own model, and no 
structure or basis for comparison, or peer-learning support, they would not have deepened their 
understanding of energy modeling as this group did. In the end they submitted all their comparative 
result spreadsheets to the local representative of the energy modeling software to get an expert’s 
explanation of the anomalies and variations they had discovered. 
 
6.2 REVIEW FORMATS  
 
As the end of the semester neared, the instructor and students discussed continuing the discussion-based 
format of the studio to the final review. The cooperative structures had created investment in the 
individual and collective work of the studio to various degrees and heightened the opportunities for peer 
learning. In the penultimate week of the studio, the students gathered with an external reviewer and 
practiced a discussion-based review, where the students presented the work in quick succession, outlining 
an issue or question they wanted the studio and external reviewer to respond to. After these quick 
presentations, the entire studio discussed all the work, pointing out thematic similarities and overlaps in 
the work. They spontaneously diagrammed the work of the studio on a three-dimensional spectrum where 
x, y, and z axes represented various common themes in the projects (Figure 8).  
 
Based on this experience, the studio created a shared Google spreadsheet (Table 2) outlining what they 
had learned from the practice review, and several students modified or changed the discussion question 
or issue they wanted to tackle. Two examples of this are shown in Table 2. 
 
Learning from the practice review, the students also proposed a new format where all the work of the 
studio was simultaneously displayed and available for reference. Half of the studio presented work in 
quick succession grouped by thematic overlap, followed by a group discussion where students and 
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external reviewers arranged themselves in a circle (Figure 9). Both the penultimate and final reviews were 
moderated by student volunteers, Megan Lundquist and Robert Pekrul. During the final review, the 
volunteer moderator also added two rules to the group discussion at the halfway point, in order to ensure 
that the discussion stayed related to and referenced the studio’s work while also forwarding larger issues 
of climate change provoked by the work. The discussion-based practice review and final review placed the 
students in a leadership role, empowering them to design the review structure based on the content. 
 

     
 

Figure 8: Practice review and spontaneous diagramming to place all student work on a 3-dimensional spectrum of 
common variables 

 
 

Table 2. Studio-generated spreadsheet outlining practice and final review questions in order to organize a student-
led discussion-based review 

 

 

Practice review 
questions 

Practice review take-away New final review 
questions 

Student 1 How can a focus on 
labor and equitable 
human experience 
contribute to a Net 
Positive strategy? 

I was interested in how the 
questions/discussion generated new questions 
that have implications on our work. For 
instance, the question of a 30-year building vs a 
200-year building was raised. I'm still thinking 
about that question's impact - the materials that 
we have chosen for our passive and active 
strategies are largely biodegradable. These sorts 
of complicated, multi-variable questions that 
act across multiple time scales, could be 
powerful drivers of future projects. 

Should a building last for 
200 years? How do we 
measure our self-interest 
as architects against the 
need to protect and heal 
the environment? A 
binary is meant to be 
questioned - how can we 
evaluate our projects with 
a plurality of criteria? 

Student 
10 

What role does 
human agency have 
to play in the role of 
actively designed 
systems?  

Much of my takeaway from the conversation 
was seeing how the combination of our ideas 
could create a conversation in which no one 
person generated. Going forward I think it 
would be good to understand the topics of 
discussion that may emerge next Friday and 
craft a review schedule in which we may be able 
to explore more deeply on these individual 
concepts rather than jumping from topic to 
topic. 

How do we create an 
architecture that offers 
post-occupancy flexibility 
for adaptive functionality? 
 
What role does human 
agency have to play in the 
role of actively designed 
systems? 

 
 
6.3 PROPOSED EXPANSION OF LOONEN’S TAXONOMY 
 
Loonen’s taxonomy includes includes thermal, optical, airflow, and electrical responses in the adaptive 
skin. The students realized that the various works in the studio needed more defining terminology, and 
consequently they proposed an expansion of Loonen’s taxonomy. Specifically, their concern was the time-
scale frequency of dynamic, adaptive, and active skin transformations. The frequency of transformations 
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ranged from the continuous in response to temperature shifts to seasonal in response to larger changes in 
temperature, humidity and daylight hours. To this they added the question of agency (i. e., what provides 
the power for dynamic skin transformations). Three broad categories emerged through the student work. 
First, active skins may be powered by an energy source (fossil-fueled or renewable). Second, the skin’s 
material may respond to changing temperature conditions by predictable movements, such as the 
laminated metal skins investigated by Sung (2009, 2016) and the bio-laminates investigated by 
Braaksma, Srivastava, & Ulven (2018). Third, skin transformations may be human-powered and 
controlled by manual manipulations, e. g. an insulated panel layer that can be manually added to the 
building envelope, but that is used as site furniture in warmer months when the building is not cooled. A 
three-person group of students led a discussion of the potential for seasonal human-powered 
transformations of this kind to affect the potential for green economy jobs, even as they make buildings 
highly efficient. 
 

   
 

Figure 9: Discussion-based arrangement of the final review (Photo by Mike Christenson). 
 
 
7.0 CONCLUSIONS  
 
The Shifting Allegiances approach was necessary to engage complex topics such as being in a cyclical 
design and evidence loop, learning skills for energy modeling, interpreting results through design 
iterations, and producing net-positive results for an existing building – all in a short 7-week timeline. The 
cooperative structures created in the studio accelerated the learning process in several ways, not only 
because of student successes, but also through their failures. Comparisons in energy modeling for EUI 
results due to in-depth knowledge of, and participation in, their colleagues’ work became second nature to 
the students. Anomalies in results became more apparent since all the students were working on the same 
existing building. Within a 7-week period the existing building was modeled several times, compared, and 
the impact of the variables and inputs was thoroughly understood. In addition, due to the ability to 
compare combinations of net-positive design strategies and multiple iterations, students were able to 
identify key variables that made small or substantive differences to performance results. Based on these 
variables, they were able to comparatively place all their projects on a three-dimensional chart that 
described the variety of design concepts studies by the group (Figure 8). This actively occurred 
spontaneously in a trial run of a student-led, discussion-based review model. Most importantly, due to 
this in-depth knowledge of the work, they were able to design the questions and lead the review 
discussions of the work in a way that was educational and relevant to them, further enhancing the 
learning due to ownership and leadership in various works. The collective exercise to arrange the projects 
by their defining variables also prompted them to realize that the variables provided by Loonen’s 
taxonomy were insufficient to describe the studio’s work. They further deepened their understanding by 
proposing expansions of the taxonomy that discussed the energy source for the dynamic skins. 
 
In the end, the cooperative and comparative structures and the peer-learning and teaching that 
permeated the studio led to a deeper understanding of passive and responsive transformations of an 
existing building, leading in turn to net-positive performance. 
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ABSTRACT 
 
In alignment with the rapid advancement of cyber-physical technologies in an information age, we are faced 
with complex problems that go beyond the kinds of challenges that designers had to deal with in the past. 
For many of these challenges we do not have established theories, methods, or tools to solve the problems. 
Therefore, it is critical for architects to not only have expertise in established design methods, but also to 
be able to rapidly and creatively develop new theories, skills, and technologies. This paper seeks to 
contribute to the core curriculum of architecture programs by exploring opportunities that benefit from 
advancements in computation as an innovative approach to teaching digital tools. The paper explores how 
computational thinking can be used in design as a new way of thinking, making, solving problems, and 
developing techniques and technologies to nurture creative processes, practices, and design outcomes. 
 
The paper presents how advancements in technology and computation may change the process of design. 
Intelligent Design Systems are introduced as a successful example of teaching “Computational Methods” 
by the author in several architecture schools’ core sequences in the United States. Computational Methods 
introduces students to computational thinking and fundamental concepts of computation through 
explorations with generative and analytical technologies. The goal of the course is to explore and elaborate 
the potential of computation and the role it can play as a part of one’s design process; not as a collection of 
specific tools, but as a way of thinking about design. 
 
INTRODUCTION 
 
There is a growing interest in computational thinking (CT) as a novel genre in education for all disciplines 
(Berland and Lee 2011, and Grover, Cooper, and Pea 2014). CT has been defined for different subject 
matters; but in general, CT is considered an approach to understanding and solving problems. More 
precisely, CT is about understanding human behavior, planning and designing systems, and solving 
problems by employing fundamental concepts from computer science (Wing 2006). CT has been 
contextualized as a range of skills useful for successful problem solving in various areas of the STEAM, not 
just computer science. The increasing attention to teaching CT capacities across curricula by the Computer 
Science Teachers Association (CSTA) and the International Society for Technology in Education (ISTE) 
highlights its significance (CSTA 2011). CT is viewed as a way to “magnify problem-solving skills needed to 
address authentic, real-world issues” in order to assist today’s students in meeting “workforce demands of 
the future,” and “to help solve some of the most pressing, complex problems of our time” (CSTA 2011).   
 
The advancement in computing has also become a driving force in contemporary architectural design 
processes. To produce buildings of the future, designers must learn to think and work computationally, 
through the specification of processes, rules, and relationships. Mastering the state-of-the-art requires 
more than knowledge of software commands; it requires developing CT skills such as sketch storming, 
problem solving, and decision-making. CT enhances the ability to solve complex problems and innovate by 
effectively leveraging the strength of computers and people.  
 
This paper presents how advancements in technology and computation may change the process of design. 
Intelligent Design Systems are introduced as the basis for the course entitled “Computational Methods”, 
which has been taught by the author in several architecture schools’ core sequences in the United States. 
Computational Methods introduces students to CT and fundamental concepts of computation through 
explorations with generative and analytical technologies. The goal of the course is to explore and elaborate 
the potential of computation and the role it can play as a part of one’s design process; not as a collection of 
specific tools, but as a way of thinking about design. 
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DEFINING INTELLIGENT DESIGN SYSTEMS 
Embedded in the course of Computational Methods, the discipline of Intelligent Design Systems (IDS) 
concerns people, environments, rules, and things. Such a discipline requires a clear conceptual framework, 
methodologies, and epistemologies. An in-depth definition of Intelligent Design Systems can be achieved 
through a focus on three themes: 1) Computational Thinking; 2) Parametrics; and 3) Digital Fabrication. 
 

 
 

Figure 1. The discipline of Intelligent Design Systems embedded in the course of Computational Methods  
comprised of lecture- and lab-based sessions

 
1. Computational Thinking. the first foundation refers to the importance of taking advantage of the 
computational power of the computer.  Computational tools offer the opportunity to design systems for 
solving problems that no one of us can tackle alone; instead a network of people and machines will replace 
the individual effort. CT reconstructs a seemingly complex problem to the one(s) that we know how to solve 
by decomposition, transformation, reduction, visualization, or simulation. CT is about developing models 
and systems not just for correctness and efficacy but also for aesthetics, simplicity, and elegance. Jeannette 
Wing (2008) introduced two A’s to computational thinking: abstractions and automation. Abstractions are 
our mental tools to understand the surrounding world whereas automation is the mechanization of the 
abstractions. The abstraction process involves choosing the right abstractions as well as simultaneously 
managing at multiple layers of abstraction. For example, when you give driving directions, you would think 
about several steps at different scales such as transportation tools, starting- and end-points, main streets, 
turn-by-turn routes, traffic flows, and weather conditions. You may already know the steps, and then you 
would simply recall the address, or if you do not know the address, you may sketch out a high level map on 
paper and think about several ways to find the best route to the destination. In this example, abstraction is 
how effectively you map out the directions, and automation is how you design a system to be used in similar 
cases such as Waze and Google Maps.  
 
A professional practice cycle that may reiterate through the computational thinking practices includes 
decomposition, pattern recognition, pattern abstraction, and algorithm design (Barr and Stephenson 
2011). This practice cycle starts with breaking down a complex problem or task into smaller and more 
manageable parts (decomposition), which allows for noticing similarities and common differences that will 
help make predictions or lead to shortcuts (pattern recognition). Subsequently, during the problem solving 
process, unnecessary information will be removed making it easier to solve the problem and complete tasks 
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(pattern abstraction). Lastly, a set of step-by-step instructions is developed to complete the problem-solving 
process through creating an algorithmic solution (algorithm design) (Wing 2006). In the driving direction 
example, we thought about the problem at different levels of abstraction; some were recognized and 
recalled, some were intentionally removed, and some were defined in order to develop a step-by-step 
algorithm, which direct us to the destination. The CT practice cycle provides the confidence to reasonably 
use, alter, rearrange, and reconstruct a large complex system without understanding its every details. The 
integration of CT practices into different disciplines can offer new modes of thinking, designing systems, 
and solving problems. 
 
Not very long ago, ubiquitous computing was a dream of living in a cyber-physical world where there is no 
line between the physical and digital worlds in everyday life. In the same way that yesterday’s hope has 
become today’s reality; CT is tomorrow’s reality (Wing 2006). Computational thinking will be integrated 
into everyone’s routine life when words like system, algorithm, decomposition, feedback, and debugging 
are part of people’s everyday vocabulary. This paradigm shift is increasingly ingrained in various disciplines 
such as biology, mathematics, chemistry, physics, and also architecture. For instance, CT’s contribution to 
biology goes beyond the ability to search through big data to find patterns. It is envisioned that 
computational models and algorithms can predict and represent protein structures’ behavior in different 
environmental conditions (i.e., phenotype). In chemistry, CT can improve the optimization and searching 
of algorithms to identify best elements for chemical reactions while enhancing yields. An example of CT in 
geology includes modeling of the earth’s atmosphere and thermal behavior for climatic predictions. 
Similarly, quantum computing is changing the ways physicists think; Nano-computing, the ways material 
scientists think; cloud computing, the ways sociologists and economists think; and associative (parametric) 
computing, the way architects think. Computation has a profound impact on both the perception and 
realization of systems (Wing 2008). Computational design thinking should represent an accumulation of 
multilayered concepts (abstractions) ranging from morphology and developmental biology to system 
theory, machine learning, and cybernetics. Kostas noted that: 
 
“The dominant mode of utilizing computers in architecture today is that of computerization; entities or processes that are 
already conceptualized in the designer’s mind are entered, manipulated, or stored on a computer system. In contrast, 
computation or computing, as a computer-based design tool is generally limited. The problem with this situation is that 
designers do not take advantage of the computational power of the computer.” (Menges and Ahlquist 2011) 
 
The nature of architectural design processes can benefit from CT practices where an iterative design process 
is the core activity for designing systems. Marc Gross’s comparison of the two words of ‘program’ and 
‘design’ demonstrates a cogitable analogy between these two terms. The first part of the words, [pro] and 
[de], means out, off, or forward whereas [gram] and [sign] highlight the act of making a mark or written 
form. “Therefore, design has always been computational.” (Gross 2007) For example, Notre-Dame de 
Chartres Cathedral in France, constructed between 1194-1220, represents ways of thinking computationally 
from a very long time ago. The architect mathematically and computationally calculated the structure to 
increase the size of the windows with external buttressing for enhanced level of illumination (Figure 2, top-
left). For another example, San Galgano Abbey, built around 1218 in Italy, shows an algorithmic design with 
the integration of different levels of abstraction, pattern recognition, and generalization to formulate a 
systematic approach to designing the building (Figure 2, right). As a contemporary example, Frank Gehry’s 
Dancing House (Figure 2, bottom-left) was designed and built with various modern computational tools 
such as NURB surfaces, mass customization of panels, double curvature, and a lot of computational 
techniques. What could be learned from theses precedents is the act of using computation during the 
process of design versus designing a building and then putting it into the computer, which contrarily is 
called computerization (Menges and Ahlquist 2011). 
 
2. Parametrics. the second foundation of Intelligent Design Systems, parametrics, concerns rules 
governing the design process, starting from George Stiny’s Shape Grammars (Stiny 1975) and evolving 
through the newly found interest in parametric design and algorithmic processes. Parametric design is 
increasingly becoming not only a method, but also a design philosophy. It offers a realm of possibilities 
rather than a dictated solution to designers, users, and clients. Parametric design involves a scripted 
association of multiple subsystems (i.e., automated algorithms), where there are correlations between 
subsystems such as the structural, façade, zoning, and circulation systems. An alteration in any subsystem 
results in changes in other systems. In other words, the focus is given to understanding different parameters 
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(abstractions) during the process of design. Taxonomy of parameters may include, but not limited to, 
mathematical, geometric, topological, representational, material, environmental, and human parameters 
(Jabi 2013). Parameters may be given different priorities during the design process in accordance to the 
needs, processes, and desired outcomes. In order to ingrain parametrics within the core curriculum of 
architecture program, I argue that three interrelated approaches (systematic, algorithmic, and 
interdisciplinary approaches) must be considered to advance the parametric paradigm. 
 

 
 

Figure 2. CT examples in architecture: Notre-Dame de Chartres Cathedral (top-left),  
San Galgano Abbey (right), and Dancing House (bottom-left) 

 
a. System-based approach: architecture is an accumulation of several subsystems and in order to 
understand the whole system, we cannot simply study parts in isolation. The goal is to move from an object 
to a complex system comprised of spatial interactions, material parts, social constructs, and structural 
articulations. Such a system is in constant dialogue and exchange with the built and natural environments, 
and it requires some sort of intelligence and adaptiveness to coexist and coevolve. 
 
b. Algorithmic, rule-based approach: an algorithm is a computational procedure including a set of step-by-
step rules to solve a problem through decomposition, abstraction, generalization, deduction, and induction. 
Algorithmic approach is a mode of computational thinking, which operates mechanisms, functions, and 
relationships to create active relationships between the design intent and the design outcome. In other 
words, an algorithmic approach, as a vehicle for exploration, involves an encapsulation of processes and 
subsystems that lead us to alternative design outcomes. 
 
c. Interdisciplinary approach: in today’s world, we are faced with complex challenges and problems that 
might be different from the ones that we had to deal with in the past. For many of these challenges we do 
not have conventional methods and tools to solve them. It is critical to be able to rapidly and creatively 
develop new methods that may root in and benefit from various disciplines. The interdisciplinary approach 
relates to the intellectual foundation of the field of Intelligent Design Systems, which builds upon the 
confluence of different fields ranging from philosophy and biology to mathematics and computer science.  
 
3. Digital Fabrication. the third foundation of Intelligent Design Systems is concerned with the 
relationship of process to product. It advocates the view that design is embedded in the tradition of attention 
to materials, details, and prototyping. As coined by Leach (2004), digital fabrication expands the traditional 
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notion through the use of emerging cyber-physical technologies. Despite earlier computational tools, new 
technologies are not incompatible with traditional understanding of materiality and craft. Instead, they can 
facilitate creative processes by offering parametrically fabricated models. Digital fabrication technologies 
allow precise control over the production of physical artifacts with offering automation, optimization, mass-
customization, and quality control.  
 
In a vibrant school of architecture, one should expect to witness all different approaches and streams of 
design ranging from CT to parametric design and digital fabrication. Pursuing these themes in a 
collaborative atmosphere would further ensure that the discipline of Intelligent Design Systems (IDS) is 
formulated in a rigorous and collective manner.  
 
TEACHING COMPUTATIONAL METHODS 
 
Teaching Methodology. in order to teach and integrate fundamental concepts of the discipline of 
Intelligent Design Systems into the core curriculum of architecture program, the course of “Computational 
Methods” was developed at two levels (Comp Methods I&II). The first class focuses on generative and 
analytical scripting where digital visualization, simulation, and information modeling are integrated in the 
early stages of design using analysis results as inputs of parametric systems. The second class explores the 
integration of cyber-physical technologies in the built environment where things are programmed to be 
adaptive, responsive, and reconfigurable. Both classes are offered twice a week comprised of lab and lecture 
components. The lecture component explores various theories and concepts informing the field of 
architecture such as Johann Wolfgang von Goethe’s Formation and Transformation, Ernst Mayr’s 
Variational Evolution, Christopher Alexander’s Systems Generating Systems, and Gordon Pask’s 
Architectural Relevance of Cybernetics. In each class, Four-corner Discussion is employed where students 
are randomly grouped to discuss their quotes from the readings. The groups will thus share their findings 
with the whole class. A follow-up lecture will be offered for more in-depth elaboration of the subject matter. 
 
Students’ scripting skills are nurtured during the lab sessions once per week. Most students attend Comp 
Methods classes with a basic knowledge of Rhino. The lab pedagogy is in contract with the typical computing 
lab culture, where students have to follow along with passive tutorials. Instead, the lab is comprised of 
several group activities, one-to-one instructions, and in-class assignments. Additionally, each lab session is 
videotaped and becomes available through the university’s digital platform. This allows students to refer 
back to the class content and follow the instructions at their own pace. 
 
In Computational Methods, students develop an in-depth understanding of different design parameters 
and the art of orchestrating those parameters into automated algorithms (e.g. developing Grasshopper and 
Dynamo scripts). The algorithms are developed in response to various given conditions such as structural 
systems (e.g. studying modulation and network), environmental control systems (e.g. studying lighting and 
acoustic behavior), and interactive systems (e.g. studying kinetics and programmable structures). During 
the first quarter of the semester, students choose a topic to pursue further research on associated 
terminologies, tools, and methodologies in order to discover how the given condition(s) can be transcribed 
numerically as inputs for an algorithmic design. The goal is to improve students’ skills in translating and 
converting qualitative/quantitative data to readable information for functioning design algorithms. 
 
The projects presented below cover examples of metric-based systems designed and developed in the areas 
of environmental control systems and interactive systems by undergraduate students in different 
architecture schools in the United States. Following the selected topic, each project shows student’s 
articulation of Computational Thinking Practices i.e., Decomposition (D.), Pattern Recognition (PR.), 
Pattern Abstraction (PA.), and Algorithm Design (AD.).  
 
COMP METHODS: RESPONSIVE ENVIRONMENTAL CONTROL SYSTEMS 
Architects’ desire to achieve high performance design is increasingly becoming popular with the 
advancement of digital technologies and environmental analysis tools. The initial step to an environmental 
design approach is to attain a clear understanding of environmental conditions, which can inform the 
design process. This increases the possibility of making environmentally responsive design decisions during 
different phases of design. Parametric tools allow for making informed decisions based on multilayered 
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complex information such as environmental data. The following projects, Shading Analysis and Acoustic 
Analysis, investigate how light and sound, as design parameters, can inform and be integrated into different 
steps of a design process.  
 
Shading Analysis. one obvious change in architectural design processes that has occurred with the 
emergence of the Information Age is using analysis and simulation engines to make architecture more 
responsive to environmental changes and human needs. This project asked students a challenging question: 
“How can a façade system be enhanced in response to the building program and lighting variations?” With 
no prior knowledge of scripting, students developed their parametric understanding of solar behavior and 
its relation to a given site location (a south-facing gallery space with high level of transparency in the 
architecture school). In accordance with the existing program, a responsive, exterior shading device was 
designed with the primary focus of maintaining limited and controlled daylight for the gallery space (Figure 
3). For this reason, much of the current illuminance is negated to allow for a more inward focus for the 
building. Even so, the facade still allows for light to penetrate through the openings based upon the angles 
of the sun during the extreme points of the year in relation to the human proportions and the depth of the 
space (Figure 3, bottom-right). The light penetration becomes smaller during instances that the sun may 
hinder the ability to view artwork and becomes larger in the areas that the sun does not interfere with the 
program inside. Additionally, the penetration becomes larger where the rest of the building potentially 
blocks out the western sun (Figure 3, bottom-left). The dual-rotation of the façade modules, based on 
azimuth and altitude angles, allows the facade to track the sun path. Through sun tracking, the modules can 
be normal to the sunrays, to block out all direct sunlight, or parallel, to allow full light through the 
penetrations. This duality allows the light entering the space to be controlled through an environmentally 
responsive façade system. The design was developed in Rhino’s Grasshopper and DIVA for modeling, 
lighting analysis, simulation, and graphic representations. 
 

CT PRACTICES KEY PARAMETER(S): LIGHT 
D. a 

 
How can a façade system be enhanced in response to the building program and lighting variations? 
Program: gallery requires controlled, indirect sunlight for the visibility of the exhibits. 
Lighting: day and night lighting variations. 

PR. b 
 

Program: gallery is used from 9:00am to 7:00pm. 
Lighting: harsh solar gain happens around noon (south light) and during sunset (west light). 

PA. c N/A 
AD. d 

 
Generate a script, which reads azimuth and altitude angles as input parameters to inform the direction 
(rotation angle) for each façade module. 

a Decomposition(D.), b Pattern Recognition(PR.), c Pattern Abstraction (PA.), d Algorithm Design (AD.) 
 

 
 

Figure 3. Student project: parametric façade system responsive to the solar system 
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Acoustic Analysis. acoustics are important factors for architecture; however, in most cases architects 
rarely consider sound as a driving force for design, except, perhaps, when designing acoustic rooms such as 
concert halls. The acoustic quality of a space can be controlled and enhanced by parametric modeling and 
computer programming techniques. This involves the design of the volumetric geometry of the room as well 
as its surface characteristics. For this project, students were asked to investigate three primary types of 
acoustic surfaces which can enhance the overall room acoustic quality: diffusers, reflectors, and absorbers. 
Digital computing was used as a method for pattern-finding solutions, acoustical simulations, ray tracing, 
and the analysis of multilayered complex sets of information. In particular, Grasshopper and Pachyderm 
plugins were used to first understand sound behavior within the space and then develop ray tracing 
diagrams. The same site location was assigned, the architecture gallery’s south-facing façade, with the 
purpose of enhancing the acoustic quality of the space while accommodating different programs. To design 
an interior skin attached to the south façade, students developed several ray tracing diagrams to understand 
how sound behaves within the gallery with regards to different activities. Diffusers were directly used at the 
center of the acoustic surface to increase the presentation quality. Reflectors adorned the corners to deflect 
sound onto the nearby walls. The gallery’s high ceiling could result in superfluous echoes and excess noise; 
therefore, absorbers were employed moving up the façade. The proposed acoustic system includes a series 
of diffusers at the bottommost sector of the existing building. These are then dissolved into a set of 
reflectors. In addition, the spacing between the reflectors gently allows controlled daylight into the gallery. 
The resultant design creates a balanced harmony of the visual and sonic environments.  
 

CT PRACTICES KEY PARAMETER(S): SOUND (primary) + LIGHT (secondary) 
D. a 

 
How can a façade system be enhanced in response to the building program and acoustic qualities? 
Acoustics: gallery requires a balanced room response that is not too dead or lively. 
Lighting: filtered light is desired. 

PR. b 
 

Program: gallery is used from 9:00am to 7:00pm. 
Acoustics: external distractions happen from 11:00am to 3:00pm. 
Lighting: harsh solar gain happens around noon (south light) and during sunset (west light). 

PA. c 
 

Acoustics: diffuse sound at center, reflect sound at corners, absorb sound on ceiling. 
Lighting: break direct sunlight through a shading mask. 

AD. d 
 

Generate a script for an acoustics surface, which allows reverberation time between 0.8-1.4 second with less 
than 45dB background noise. 

a Decomposition(D.), b Pattern Recognition(PR.), c Pattern Abstraction (PA.), d Algorithm Design (AD.) 
 

 
 

Figure 4. Student project: parametric acoustic surface comprised of diffusers, reflectors, and absorbers 
 
Figure 5 represents the Grasshopper script exploration of the design process were parameters and rules 
define an algorithmic design. In this project, several parameters such as sound absorption coefficients and 
reverberation time as well as daytime, and altitude and azimuth angles were used to develop the design 
algorithm.  
 
Unlike conventional design processes, a computational design supports an infinite range of underlying 
values to facilitate and improve decision-making and problem solving processes. Furthermore, a 
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computational procedure is not a linear, one-directional process; instead it offers non-linear correlations 
between the problem and the solution as they coevolve.  In other words, during a computational procedure, 
the designer analyzes the problem and develops a step-by-step process through a scripting platform in order 
to achieve different architectural solutions. The final outcomes are not the end of the story since the 
designer may revise the initial steps and view the results through a live update. Scripting platforms such as 
Grasshopper facilitate the process through color-changing definitions and pop-up notes for diagnosing 
problems, debugging processes, and replacing constituent parts. 
 

 
 

Figure 5. Student project: acoustic creations and exploration process of an acoustic surface 
through Grasshopper scripting 

 
COMP METHODS: INTERACTIVE SYSTEMS  
Interactive Interface. along with the advancement of computational devices and digital sensors, the 
notion that architecture can physically reconfigure to respond to our needs has influenced the architectural 
thought process. Different concepts from the fields of robotics, mechatronics, and computer science can be 
applied into an architectural context. This involves the integration of cyber-physical technologies such as 
electronics and sensors into the built and natural environments to make spaces more intelligent, 
performative, responsive, and adaptable. This project acquired students to choose a site condition such as 
light, wind, rain, or sound. With no prior knowledge of robotics and computer programing, students were 
instructed on programing sensors, which can detect environmental variations and respond through time-
based systems. One group of students developed an interactive interface with moveable flaps. The project 
began with studying different patterns found in nature and ultimately led to a final parametric pattern, 
which represents the plant cellular structure at a microscopic level (Figure 6, top). Different parametric 
tools were used to create the desired pattern with appropriate aperture ratios and angles. The intention was 
to develop a façade system, which adapts to the sun path over time, harnesses solar energy through 
photovoltaic panels, and provides desired shading during the day. The design was inspired by the flower 
behavior, which opens up to receive solar energy. In order to mimic and create the actuation system, the 
Arduino platform was integrated. Arduino is an open-source, physical-computing platform comprised of a 
microcontroller board (Mellis et al. 2007). In the final prototype (Figure 6, bottom-left), the windows are 
powered by Arduino to open at certain angles when the light sensors receive daylight. Moreover, the 
apertures are equipped with photovoltaic cells to absorb solar energy during the day and power LED lights 
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overnight. In other words, when the photovoltaic cells absorb enough energy, the façade will close and 
illuminate at night through the embedded LED lights (Figure 6, bottom-right). 
 

CT PRACTICES KEY PARAMETER(S): LIGHT 
D. a How can a façade system be programmed to be adaptable and responsive to the sun path? 

Lighting: different façade configurations are desired for controlling solar gain and harnessing energy.  
PR. b Lighting: façade modules should open for solar gain (9:00am-3:00pm) and close for harnessing solar energy. 
PA. c N/A 
AD. d 

 
Generate a script, which reads azimuth and altitude angles as input parameters to inform the aperture size 
for each façade module. 
Write an Arduino code, which actuates façade modules to operate over time based on temperature and light 
variations. 

a Decomposition(D.), b Pattern Recognition(PR.), c Pattern Abstraction (PA.), d Algorithm Design (AD.) 
 

 
 

Figure 6. Student project: pattern development process through parametric tools (top),  
final interactive interface with color changing and movable components (bottom) 
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ASSESSMENT 
 
To study the effectiveness of the course, post-class surveys and university course evaluations have been the 
primary tools for acquiring students’ feedback and assessing their understanding of computational 
methods. Collectively, 153 out of 236 students participated in the surveys. The first concern is whether 
students feel the materials introduced to them such as teaching scripting are not necessary for becoming an 
architect. Studies indicate that if students do not see the application of what they learn, the class can be 
discouraging and demotivating (Pugh and Bergin 2007). However, the course has been successful at 
capturing students’ interest. In response to the question: “How relevant is computational design thinking 
to your future career?”, 91.7% of students positively responded to the question, and 45.4% of students said 
that the course has to remain a requirement in the architecture curriculum. Computational Methods has 
also been well received by the students. In response to the question: “Are you satisfied with what you learned 
in this class?”, 95% of students agreed or strongly agreed with the statement. It has been evidenced in 
students’ feedback that the course has been successful in making a challenging topic approachable for 
design students: 
 
“The content of this course contributed to my knowledge and intellectual skills.” (student feedback, 2017) 
 
“The course content expanded my knowledge of the role of computational thinking in design and taught me important 
programing skills to apply in my design processes for future courses. I would attend another level of this course if it 
is offered in the future.” (student feedback, 2018) 
 
This also shows students’ engagement with the course when they express motivation to keep learning about 
the subject matter after completing the course. In the surveys, more than 80% of students mentioned that 
they would consider taking an advanced version of the class. Based on the feedback and evaluations, the 
course appears to be successful at teaching computational design thinking as another way of thinking about 
design steps. While it is evidenced that the course has raised students’ awareness of computational methods 
in architecture, it is unclear whether students are able to apply the knowledge and skills learned in class to 
other subjects such as structural and environmental systems. In future versions of the course, I hope to 
address this issue by introducing cross-curricular contents and assignments in the course in parallel with 
other classes in the program. 
 
CONCLUSION 
 
Design thinking has always been computational whereas design tools have been evolving over time. For 
instance, to draw a ‘line’, we may use: 1) a pencil and a paper to draw the line by hand, 2) AutoCAD to specify 
the starting- and end-points of the line on the computer screen, or 3) a Grasshopper script and enter 
numbers to generate the line. In all these cases, there is a step-by-step process to develop a logic for 
generating a line, which is called computational thinking. CT refers to the thinking process involved in 
expressing solutions as algorithms, which are developed and performed by a computer (whether a human, 
a machine, or a network of humans and machines). Computation is not inherently about digital tools; it 
instead demands an explicit specification of inputs, formalization of behaviors, and expression of rules and 
relationships within dynamic systems. 
 
With the advancement of computational tools and the emergence of the Information Age, the workflow 
limitations of the past are no longer a barrier for today’s architects. However, the biggest challenge, perhaps, 
is to appropriately choose from an immersive world of information and integrate them into the design 
process for informed decision-makings. This requires an iterative development of Intelligent Design 
Systems, which can accommodate multilayered complex information through computational thinking, 
parametrics, and digital fabrication. 
 
From a pedagogical standpoint, computation should be considered as a thought process, not as a tool. In 
other words, computation is not just about learning computer programs; it is about effectively structuring 
information and developing logics. Therefore, learning to design computationally must gradually evolve 
throughout the core curriculum. From the very beginning of the curricular journey, students should learn 
how to ‘architecture’ information during different stages of design. Students should not only learn how to 



22111 
 

use software; but, more importantly, they should learn how the software functions. This helps them learn 
how to develop logics and structure information in various contexts. This mindset should be ingrained 
within the curriculum with a synergy among design studios, method, theory, technology, and structure 
classes. It is important to provide an environment where students can develop computational design 
thinking skills at different conceptual, developmental, technical, and representational levels.  
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ABSTRACT 
 
Material characteristic and fabrication methodologies informing design processes are a growing focus of 
research and pedagogy. Bio-mimetics, morphogenetics or material computation theories have mostly 
been used as integrative tools within their teaching methods. The authors of this paper have observed that 
these pedagogical models are most successful when they are coupled with a practical understanding of the 
tools and processes that are engaged in architectural production. Without this exchange, a growing 
disconnect emerges between the concept and the crafted artifact, leading to unfounded speculative 
projections rather than true applied understanding. As such, experimentation with tools and materials is 
essential for students to build knowledge on the constraints and possibilities that exist within a material 
or manufacturing technology. This learning process is not meant to be singular – applying to one material 
and one fabrication process – but rather a process that is learned and then can further be applied to other 
design problems.  However, the research and development processes are usually too extensive for 
students to gain in-depth understanding of the methodology - a learning experience that is beyond the 
scope of a single architecture studio.  
 
Through a set of intensive fabrication workshops, carried out by the authors, a targeted pedagogical model 
is aimed at knowledge creation within a compressed framework. Engaging participants to a particular 
point in the building process - that point at which a design is materialized through fabrication processes - 
provides a unique platform to shift from exploratory conceptualization to technically informed hands-on 
implementation. 
 
 

 
 

Figure 1. In shop fabrication of 2019 installation (left) and final outcome (right) 

 



224
2 

 
INTRODUCTION 
 
Architecture schools have always considered making as a critical dimension of learning, particularly 
through the use of model making as a form of representation and design iteration. However, there is a 
growing interest in moving beyond representation and to expand on the learning potential that exists in 
the process of materializing the design itself.  With a growing focus on experiential learning (Kolb 2014; 
explearn 2019), architectural schools are finding ways to focus resources on design-build projects, digital 
fabrication tools, manufacturing technologies, prototype development and material research, both as a 
pedagogical tool but also as a source of academic research (Hinson 2007; Knippers et al. 2018; Prizeman 
2005). The intention of this focus is to bridge the knowledge gap between the conception of a design idea 
and the new processes and technologies that may enable their execution and potential implementation in 
practice. This approach challenges students to consider scales of production, fabrication process selection, 
material performance requirements, sustainable construction, workflow optimization, as well as project 
management and scheduling. These are unique hands-on learning opportunities that increase the fluency 
of the students in the media with which they create and are essential for the changing pace of professional 
practice in architecture (Forbes 2017).  
 
Understanding how materials, processes, performance requirements and economical considerations come 
together to facilitate a design solution can greatly improve design literacy in five fundamental ways: (1) 
Students learn how to translate design ideas across multiple scales – how to build a desired geometry or 
how to achieve a desired material effect at the object, furniture or building scale.  (2) Students learn how 
to creatively consider and evaluate multiple fabrication approaches, materials and methods to realize a 
design intent. (3) Students gain an understanding of assembly and sequencing requirements – how 
different building components come together. (4) Students internalize the impact of material selection 
across multiple design stages: aesthetic and architectural considerations; budget considerations; 
workability of the material during fabrication; the mechanical performance within the structure itself, and 
how to think of material as an active participant in the design process.  (5) Students consciously think 
about fabrication process while designing elements that must be shaped and assembled, potentially 
changing design outcomes but enriching the architectural process. As such, learning through making is an 
essential method for building knowledge that can provide a wide range of pedagogical benefits.  
 
 
 

 
 

Figure 2. Workshop 2: Material and building processes and relationship to computational form 
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Advanced computational design processes bring added complexity to the task – the use of advanced 
parametrics is a developing skill in many architecture schools that can support the investigation of high 
levels of formal complexity and parameter inter-dependence. Learning the necessary skills to develop 
parametrically controlled tectonic systems for architectural applications has become pedagogically 
valuable. However, due to their complexity, the outcome of these investigations is often too easily 
removed from concerns about materialization, component rationalization or assembly sequencing 
(Kolarevic 2005). As a result, there can be a great disconnect between the parametric design process, the 
component fabrication, and the building construction process. This disconnect has led to critique of the 
parametric design methods, as per Kolarevic (2005), “Their successful application requires careful 
articulation of a clear strategy of tectonic resolution, such that a sufficiently clear description of 
interdependences can be achieved; in other words, a well-defined design strategy is essential for the 
effective application of parametrics” (Kolarevic 2005, 26–27). 
 
However, a closer integration between ideation and execution has emerged from several different fronts. 
Interest from manufacturers in optimizing product development (O'Neal 2019a; O'Neal 2019b), 
institutional consumers seeking to develop cost-effective customizable in-house solutions (Wittbrodt et al. 
2013; Pearce, J. M. 2012), small-scale manufacturers and craftsman developing their unique IP (Rael and 
San Fratello 2018; Emerging Objects 2019) as well as specialized research groups (ETH, IaaC, ICD, 
ITKE,etc), have fostered a growing momentum to integrate design and making process at various scales.   
 
While this growing interest provides a promising outlook, this process of integration still requires a high 
level of knowledge and technical skill. As a result, direct engagement with these types of projects and 
research is difficult for most students as it requires a significant amount of skill building, financial 
resources and design time. Assuming that equipment and technical support is available, the amount of 
skill and time it takes to complete a materially based parametric design project, and then fabricate such a 
project at full-scale, does not fit into a studio course framework. One solution is to fit this learning 
experience into an intensive 4-12 weeks summer program or a multi-semester design build project – and 
this has been successfully demonstrated by a number of schools including the University of Stuttgart’s 
ITECH program (Knippers et al. 2018), and the Architectural Association’s (AA) School of Architecture 
programs at Hooke Park (Prizeman 2005; Vercruysse, Mollica, and Devadass 2019) 
 
This approach, however, is primarily afforded within the framework of research-intensive post 
professional or doctoral research and therefore, leaving behind most other graduate or undergraduate 
students. While some degrees may offer specialized electives at the graduate or undergraduate level, time 
constrains greatly affect the students’ capacity to experience the entire process and corresponding 
knowledge that comes with the design and construction of a working prototype at the building scale. This 
is unfortunate because it limits the number of students who truly understand the implications that these 
processes have in our practice as architects. This is a level of fluency with digital tools, materials and 
fabrication processes that will greatly benefit our students today but that is seldomly possible to teach 
within the current academic framework.   
 
 
ACCELERATING AND TARGETING LEARNING OBJECTIVES 
 
The methodology engaged by the authors attempts to accelerate the learning process with regard to 
fabrication, material and machine possibilities and constraints, thus imparting to the students the 
understanding through a focused workshop. The workshop format allows participants to engage state of 
the art integrative research, carry out the entire process of the fabrication and assembly, but accelerates 
the process of design and coding of fabrication methodology by preparing digital tools and methods in 
advance. This technically supported methodology allows participants to gain valuable hands-on 
experience by facilitating their ability to contribute in both design, fabrication and construction.  
 
In preparation for the workshop, a computational design framework is developed and tested, which can 
give participants access to key variables of material behaviour, fabrication and design intent. These pre-
established tools can be prepared to have controlled simulation frameworks for multi-axis robotic 
kinematics, material computation form finding, finite element modelling, computational fluid dynamics 



226
4 

or energy modelling. Thus, giving the students the opportunity to engage state-of-the-art research in an 
accessible and supported environment, suitable for different levels of interest and expertise. The 
workshops conducted by the authors utilize designs that incorporate a high level of tectonic complexity 
and integrate multi-component assemblies using wood’s elastic and hygroscopic properties to form shell, 
grid and stressed skin structures. The workshops used advanced fabrication techniques – 3D printing, 
laser cutting, and 3, 5 and 7 axis milling equipment, including a 6-axis industrial robot with an external 
linear track and a milling spindle.   
 
One example of this process can be provided by the 2017 workshop UBC developed by the authors. The 
design integrates elastic bending of cedar planks to form a structurally stiffening skin over a diagrid 
structure. Computational form finding tools are used to rationalize a doubly curved surface using geodesic 
line principles that guide the positioning of the linear planks and the diagrid connection points. Assembly 
instructions are then also embedded within the components so that assembly can be carried out quickly. 
This last point was emphasized during the assembly of the diagrid (see Figure 2) as it took only 3 hours 
whereas the assembly of the cedar planks – an apparently simpler task (see Figure 3) -  took 8 hours 
because the instructions for placement were not embedded in the planks and instead they had to be 
measured and marked for placement. 
 
 

 
Figure 3. Workshop 2 assembly of diagrid (left) assembly of cedar planks (right) 

The preparation for the workshops is quite extensive and carefully considered. The computational design 
framework always includes a form finding component, an informed assembly strategy and a flexible 
material system, which can be customized and adjusted during the workshop. This involves the creation of 
multiple associative models that address different aspects of the design, stages of fabrication, or that 
provide simplified examples of the geometric design development. The models have step by step 
documentation and can be fully modified and adapted by the participants. These models are needed for 
students to understand the technical limitations and affordances of each step. Furthermore, the entire 
design and fabrication script is fully explained in detail during the workshop and the students are 
encouraged to use the script to design their own version of the project. Laser cutting tools are available for 
rapid prototyping while teaching assistants are available to assist the instructors in providing one on one 
assistance with the design script.  
 
The ability to engage with the fabrication script and, in fact, to have an example of a finalized fabrication 
script, is an unusual experience in an architectural education. These scripts are produced only for complex 
research projects and are not usually accessible to students. The script clarifies exactly how the robot is 
given instructions and explains to students the machine space, a concept that describes the fabrication 
device’s range of kinetic and application-related opportunities and limitations. While many students will 
have this understanding in 2-axis from working with a laser cutter, or 3-axis from working with a CNC 
machine, an industrial robot setup with 7 or more degrees of freedom offers more opportunities and more 
complexity. For example, understanding the limits of the robot arm’s reach, material placement, securing 
of material at different stages, multi-axis milling and opportunities and limitations for undercuts, all 
enhance a students’ understanding of the machine’s fabrication space and its implications for a design 
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solution. This gained access encourages students to understand the potentials of the machines that will be 
fabricating their future projects so that they can design their material systems from the ground up to 
make fabrication efficient and straightforward and therefore, more accessible and affordable to the 
projects they will engage in the future (Figure 4). Furthermore, it teaches students to engage with new 
fabrication technology that might enable different design and material approaches.  
 

 

Figure 4. Understanding the machine space of a robot 

Prior to the workshop, participants are encouraged to familiarize themselves with the visual scripting 
platform as this will enable them to get the most out of the design portion of the workshop. Students who 
come to the workshop with a novice understanding of visual scripting can still work on the design by 
manipulating parameters and some of the base geometric inputs, all using conventional 3D CAD 
modelling tools. Others may choose to team up with more experienced students or focus on other aspects 
of the process that is of more interest to them, such as structural analysis, fabrication, project 
management or assembly. By working with the script, the participants also learn methods of controlling 
an industrial robot’s movement with the visual scripting platform, which offers an unusually close 
connection between design methodology and fabrication methodology. 
 
After the students have experimented with the script and produced their own designs, the workshop 
moves to fabrication; the fabrication involves exporting files from their script, then transferring the files 
onto the robot setup and executing them. These steps give participants the opportunity to understand the 
workflow and operate the fabrication equipment hands on – under supervision. While there is little 
redundancy for each student (all students are encouraged to go through the process at least once), it 
nevertheless develops an understanding and serves to clarifying the ‘black box’ that is usually an 
industrial manufacturing process. 
 
Assembly and construction also provide valuable learning; comprehending the staging and assembly 
process is a valuable part of any design build project. Since the material system is programmed with 
assembly instructions within the cuts – i.e. it can only be put together in one way and the angles and cuts 
direct the correct placement of the material – the students can recognize the value of the approach and 
the efficiency that it can bring to the construction process through hands-on experience. 
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TEACHING FRAMEWORK 
 
The workshop, led by the authors, has run annually for the last three years (2016-2018) and has included 
both practicing professionals, wood industry researchers, as well as students. Professionals include 
architects interested in learning the process, fabricators who are interested in engaging with new 
manufacturing tools, students from disciplines other than architecture such as industrial designers and 
engineers, as well as professors and shop staff from other universities who would like to understand the 
process and technologies involved. 
 

 
 

Figure 5. Teaching environment of workshop classroom (left) and fabrication space (right) 

 
The workshop has also been included as a small part of a specialized architecture studio during the last 
two years. The studios involved were held at the School of Architecture + Landscape Architecture (SALA) 
at UBC and were research studios looking at advanced digital design and robotic fabrication of wood. The 
students in these studios engaged in relatively complex parametric design prior to the workshop, working 
up to a design which would be robotically fabricated if it were to be carried out. They were otherwise 
unrelated to the workshop designs.  
 
The authors have held the last two workshops during mid-term. This time frame during allows the 
students to gain a stronger understanding of the parametric design workflow prior to the workshop. It is 
also very effective at providing students with a great understanding of the equipment possibilities and 
limitations in relation to their studio projects. As a result, their studio projects demonstrated a higher 
degree of constructability, had a higher level of material awareness and had more concrete assembly 
sequencing strategies. Nevertheless, the workshop does encourage students to design with the fabrication 
process and material capabilities in mind, no matter what time in the sequence it happens. 
 
 
THE WORKSHOPS 
 

 
Figure 6. Three pavilions in-situ 
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The methodology has been carried out to date in three annual workshops. Each workshop is 5 days and is 
focused on an experimental installation, which is fabricated and built within that time frame. The 
workshops build and expand on the instructor’s previous fabrication expertise and research including 
robotic wood fabrication (Krieg and Lang 2019; Menges, Schwinn, and Krieg 2016), material informed 
design (Correa, Krieg, and Meyboom 2019; Correa et al. 2013; Correa Zuluaga and Menges 2015) and 
engineering expertise (Meyboom 2012; Neumann et al. 2015). The first workshop, led by David Correa 
and Oliver David Krieg with the support of Annalisa Meyboom at the Center for Advanced Wood 
Processing at UBC engaged wood fabrication concepts of elastic bending and hygroscopic expansion 
through the construction of a self-stabilizing double skin folded plate structure. The second workshop, 
also led by the same team engaged wood fabrication concepts of elastic bending, hygroscopic expansion 
and assembly through the construction of a doubly-curved diagrid stabilized at the joints by a skinning 
layer of linear cladding components. The third workshop, also led by the same team used elastic bending 
and kerfing to build a doubly curved stressed skin structure with an integrated seating element. (Figure 6) 
 
The workshop framework is organized around 2 days of lectures and 3 days of fabrication. The first day is 
a full day of lectures including research context, history of robotics, a review of relevant state-of-the-art 
projects, digital design methods, material research theory and an introduction to the proposed project 
methodology. The first day has been conducted on a Saturday to encourage student and industry 
participation as the event does not interrupt the work week or the student’s class schedule. 
 
The second day introduces the custom script. This includes a detailed description of the components and 
workflow of the design script and then a similar description of the fabrication script. The second day 
expands on the methods through an expanded introduction to robotics and corresponding design scripts. 
This lecture provides a step by step illustration on the geometric rationalization, tool path generation and 
translation into the robotic fabrication script. This is presented through a familiar architectural software – 
in this case a plugin for the visual programming environment Grasshopper in the CAD program 
Rhinoceros. In addition, a discussion of machine space, safety and robot operation is provided. A tour of 
the robot is then carried out and each student can test the positioning configuration of the robot through 
manual control; at this point, a safety demonstration and shop tour are conducted. The students then 
design their own variation of the project using the material system from the script – they can modify it as 
much as they choose. As mentioned, the instructors and some additional TAs are brought in to support 
the students more directly in this phase.  
 
The third to fifth days of the workshop are dedicated to fabrication and assembly (depending on the 
staging and construction sequence of the particular workshop, assembly may begin earlier or later on the 
second day). This work may be carried out in the shop or in the field. The first and last workshop had 
assembly mainly taking place in the shop with relatively little assembly in the field. This allows shelter in 
case of inclement weather but also allows easier access to most tools without extensive equipment 
requirements on site. This section of the workshop is not always possible for all participants, due to 
professional or academic constraints, but every effort is made to facilitate participation (i.e. people can 
take part for portions of the project as possible).  
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Figure 7. Workshop 2: Some prefabrication in shop and more assembly on site  

 

 
Figure 8. Workshop 3: More prefabrication in shop and less assembly on site 

 
CHALLENGES AS LEARNING MOMENTS 
 
Although much of the programming is completed in advance and with the knowledge, skill and experience 
of the instructors, the workshops are experimental research structures and as such, they are pushing the 
limits of what is currently possible to make with this technology. Therefore, during the workshop there are 
still many details to be resolved, adjusted or to be completely developed on the spot in order to respond to 
unforeseen circumstances. During the last three years, various unforeseen issues had been encountered in 
regards to equipment calibration, tolerances, assembly, and material behaviour or irregularities. These 
are common issues that are encountered on projects and job sites as well. The associative models make it 
relatively easy to adjust certain variables, however, working with very advanced robotic fabrication also 
bring their own set of unique challenges. The high level of precision required for the complex assemblies 
leads to the requirement of very tight tolerances that are required for structural performance, but at times 
also need to be calibrated when tolerances are too tight. The discussions regarding these challenges are 
extremely valuable to participants, many of which were actively involved in their successful resolution. 
The participants are fully engaged in the process and thereby are exposed to a wide range of learning 
opportunities, particularly if unexpected issues arise, allowing them again to take this back to their own 
design research and practice.  
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FOLLOWING UP WITH LEARNING  
 
One of the intentions of the workshop is to spark interest in the participants to continue further training 
into advanced design-to-fabrication processes and their architectural potential. This may include further 
training in integrative computational tools, training in wood technology and fabrication, advance joinery, 
or further post-professional studies in the field. For the students taking part on the workshop as part of 
the studio, this process is already in place, as each student can directly take the experience and knowledge 
from the workshop to develop a design of their own, as part of the studio curriculum. The understanding 
of the process, machine space, and material limitations bring a new level of understanding to their 
projects. In some instances, the learning may not manifest in the formal or conceptual positioning of their 
work but can serve to transform their understanding of detailing, constructability and assembly.  
 
 
 
DESIGN PROCESS APPLICABILITY 
 
The design process and methodology presented during the workshop are focused on timber fabrication, 
but it provides learning outcomes that are not specific to a particular material or a particular piece of 
equipment. The method is intended to demonstrate a design approach that is highly informed by the 
process of materialization. In other words, the workshop demonstrates the role of fabrication and 
material engagement as a critical design component in the execution of a larger design intent. This is a 
learning outcome that participants can apply to other materials and other fabrication technologies in their 
design practice. Knowledge of tools, techniques and materials in building construction are critical to the 
design practice, as is the understanding that any of these aspects can undergo innovation that will change 
their relationship. As such, the experience is broader and engages more aspects of architectural 
production than may be apparent at the outset. 
 

 
Figure 9. Working with the industrial robot 

CONCLUSION 
 
The intensive workshop format provides an opportunity to jump to the stage in a design process where 
design becomes material. This critical stage can be a pedagogical tool to help participants fully understand 
the roles that material and fabrication have in informing the design process. The presented workshops 
have demonstrated the ability to incorporate advanced concepts, in a hands-on experimental 
environment, such as: bio-mimetics, morphogenetics, material computation theories, advanced digital 
fabrication workflow and machine space. This format has been presented to be uniquely positioned to 
provide accelerated learning experience in the advanced fabrication tool machine space, material 
knowledge, construction assembly sequencing, scheduling, project management and tolerances. The 
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learning outcomes are structured towards applied knowledge that can be easily taken back to the design 
environment and used, not only in the design of the same material, but in other materials, with other 
processes and even to enrich importance of understanding material assemblies and fabrication spaces in 
any architectural design.  
 
Moreover, the workshop also addresses the gap between ‘design idea’ and materialization using methods 
and technologies that are not commonly engaged in practice. In the case of the free-form geometries 
presented in this paper, this is even more critical as such geometries can either be very efficient in their 
functional performance and material use or exceptionally wasteful. This presents unique learning 
opportunities into component optimization, component nesting, material selection and use - all critical 
components for design practice and sustainability. Moreover, without a direct understanding of how our 
production technologies (new or old) engage material use, it is not possible to design sustainably, 
optimize the way we use resources or gain an appreciation for the amount of waste that is generated in 
construction. The presented workshops provide students first-hand experience in how to address these 
challenges directly. 
 
Lastly, the workshops have demonstrated the ability to engage state-of-the-art wood research in a 
controlled pedagogical framework. The developed prototype and their installation in public setting are 
both, a source of pride for the workshop participants and a source of inspiration for passersby.  It is not 
possible to quantitatively validate the impact that these workshops had on the participants but the 
authors are aware that several participants have moved on to undertake further studies in the fields, 
develop their own teaching workshops (as learning tools for their students) or have implemented 
advanced integrative processes within practice (Hasan, Reddy, and Tsayjacobs 2019). It is speculated that 
this experiential learning framework, through intensive workshops, will play a larger role in the way 
research and teaching institutions engage applied learning for advanced integrative technologies.  
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ABSTRACT 
 
This paper describes a series of research seminars investigating the contemporary capacities of 
architectural ornamentation in the context of computational design and digital fabrication technologies. 
The pedagogy explores potential overlaps between ornamental systems and logics of performance-driven 
design, challenging students to formulate a critical agenda vis-à-vis the relationship between the two. 
How can material assemblies produce innovative, symbolic, or communicative visual effects while also 
addressing specific performance criteria? What kinds of new aesthetic, figural, representational, 
expressive, and spatial qualities can emerge from such a synthetic approach? 
 
The material focus of this research is on processes of casting and forming—workflows that allow for the 
production of difference within repetitive systems. Parallel to the material research, students develop 
robust digital, parametric models that enable iteration and evaluation of the work both qualitatively and 
quantitatively. Within this hybrid workflow, students develop wall systems of modular yet variable 
components that respond to specific performance criteria, such as daylighting, visibility, or acoustics.  
 
By cultivating a fluency across analog, digital, material, and virtual modes of working, the pedagogy 
suggests one way to meld computational thinking with architectural design. The projects demonstrate an 
understanding of how to correlate larger-scale performance criteria with design decisions at the scale of 
the individual component. The emphasis on proof-of-concept prototyping insists that students grapple 
with material realities of tolerance and assembly. And the positioning of the research within the historical 
discourse on ornament encourages students to think strategically, intentionally, and critically about how 
they integrate computational processes into their work.  
 
INTRODUCTION 
 
Design computation is a contested topic within architectural pedagogy. Nearly thirty years into 
architecture’s digital turn, the computer’s disruptive role persists, as increasingly accessible software and 
hardware continue to recalibrate the discipline’s paradigms of design, fabrication, construction, 
authorship, labor, and liability. In the academic setting, debates abound as to how to teach tools like 
parametric modeling and digital fabrication. Are these computational methods simply a vocational 
component of architectural education, taught via tutorials as a skill-building exercise? Should they be 
integrated into studio pedagogy as subject of primary research and focus? How do we negotiate the virtual 
artifacts of design computation with the physical matter of the real world? And how can computational 
methods interface with established disciplinary practices of architecture? 
 
This paper discusses a pedagogical agenda for merging computational thinking with architectural 
practices, developed in a research seminar called Performative Ornament, taught at California College of 
the Arts from 2014 to 2017. The focus of the seminar—the renewed role of ornament in the context of new 
technologies of computational design and digital fabrication—challenges students to employ digital tools 
in the production of modular wall prototypes that articulate a relationship between ornament and 
architectural performance. The hybrid structure of the course encourages students to work across media 
and technique, merging seminar and studio formats, virtual and material methods of design 
experimentation, and digital and analog forms of making. As a case study of applied research through 
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critical inquiry and proof-of-concept prototyping, the seminar offers one possibility for a synthetic 
approach to design computation in architectural education. 
 
THEORETICAL CONTEXT 

Computing Form and Performance 
 
Although computational logics have always been latent within architectural thinking, digital technology 
(and the vast computational power it brings) did not achieve widespread adoption in the architectural 
profession until the 1980s and 1990s. Within this relatively brief history, one can identify several 
divergent attitudes towards the technology and its integration into architectural practice. These often 
skew towards one of two poles: the form-driven project and the performance-driven project. On the one 
hand, there is the impulse to leverage computational power to pursue ambitious formal experimentation 
and expand architecture’s geometric and spatial possibilities. Much of this work germinated in academia 
in the 1990s, in pedagogical experiments such as the “Paperless Studio” at Columbia (Allen 2012); it 
continues today with the ever-increasing virtuosity of digital formalists like Zaha Hadid Architects, whose 
current principal Patrik Schumacher advocates for a totalizing stylistic regime predicated on 
computational form (2010; 2012). On the other hand, there is the more technocratic desire to use 
computational tools to optimize designs for efficiency or other performance metrics. Examples of this 
tendency include the increasingly common workflows of energy modeling and daylighting simulation 
employed to optimize aspects of buildings such as massing and facade design (Marble 2012). 
 
This binary can be particularly acute in academia, where formal experimentation is often pursued in 
design studios or courses focused on representation, while the more technically-focused topics of 
optimization and performance-driven logics are typically confined to building technology curricula. 
Furthermore, it is rare for any of these techniques or processes to be studied in history/theory courses, 
which would allow for the interrogation of such practices in comparison with previous paradigms of 
designing and making architecture. The Performative Ornament seminar attempts to bridge these 
disparate realms by introducing techniques of parametric design and fabrication in a synthetic way that is 
informed by aesthetic, technical, and theoretical discourse. 

Tectonics and Variation 
 
The study of parts, commonly referred to as tectonics, is an opportune means for critically positioning 
computational practices within architectural design. Described by Adolf Heinrich Borbein (1982) as “the 
art of joinings,” the term tectonics refers to how architecture is actually made: the parts that constitute a 
building, and the relationship between those parts, each other, and the overall whole. On a fundamental 
level, the architect’s role in materializing a concept into a building can be understood as one of selection, 
specification, articulation, and mediation of parts such that they cohere into a functional and compelling 
whole. The tectonic encompasses structural concepts and construction processes, but it also reflects more 
intangible qualities and decisions made by the architect in formulating the whole (Sekler 1965).  
 
By focusing on tectonics, specifically the logics of scale, repetition, and variation of parts, the Performative 
Ornament seminar seeks to mediate the divergent tendencies that characterize design computation—the 
pedagogies of form and performance. The computer’s primary advantage in the context of architectural 
design is its ability to process information with great precision and speed. When extended to tectonics, 
computation enables the calculation of large quantities of parts, and the deployment of variable behaviors 
across those parts with great ease (Carpo 2014). This parametric capacity presents an opportunity for 
considering logics of variation: how difference takes form through material and geometric properties, and 
how performance criteria can drive such difference. Is parametric variation produced merely for its own 
sake? Or can it be driven and optimized by performative metrics such as light, air, sound, energy? 

Ornament and Craft 
 
Layered onto this operative emphasis of tectonic logics is a discursive engagement with histories and 
theories of architectural ornament. In addition to their performative potential, building components can 



237

 

3 

possess expressive capacities that transcend the technical and the quantitative to take on communicative 
agency. The role and legitimacy of ornament has played a pivotal and contentious role in architectural 
history, particularly in the wake of modernism’s dogmatic rejection of ornament and decoration as taboo, 
superfluous, and excessive (Loos 1929). Farshid Moussavi has noted how Adolf Loos’s disavowal of 
ornament was fueled by the modernist bias for the universal over the individual, for standardized 
repetition over the differentiated qualities of traditional ornamentation (2006). But the advent of 
computational design and digital fabrication in architecture, particularly its profusion of intricately 
patterned facade systems and variable componentry, has undeniably revitalized ornament as a site for 
contemporary architectural research. By juxtaposing questions of ornament and performance, the course 
charts potential resonances between the two, interrogating how ornament might be newly relevant. Is 
ornament a secondary, independent layer, merely applied to architecture? Is it integral and embedded 
within the expression of a building’s structure and material logic? Or is it, as critic Robert Levit (2008) 
has written, “the condition of architecture itself”? 
 
If the tectonic relates to the logic of a building’s parts, and the ornamental pertains to the communicative 
and expressive capacity of those parts, then it is craft that governs how those parts are made, who makes 
then, and how they are assembled. An irony of architecture’s digital turn is that the proliferation of 
technologies of variation and customization (in realms of both design and manufacturing) has revived the 
bespoke, which modernist logics of standardized mass production had supposedly eliminated (Carpo 
2011). The computational paradigm and its economies of variation have upended traditional 
contingencies between labor, automation, standardization, and customization (Maxwell and Pigram 
2012). Mass customization, ushered in by access to computational power and machines that can easily 
process variable components, echo pre-digital notions of craft, which valued the uniqueness of handmade 
artifacts as superior to that of the standardized and machine-made (Pye 1968). It is in this strange 
sympathy between the pre-modern and the computational that there exists the potential to reposition 
craft as a negotiation of the complex entanglement of tectonics, ornament, and architectural performance.   
 
PEDAGOGICAL STRUCTURE 
 
Although nominally an elective seminar in the Design Media curricular sequence, the Performative 
Ornament course is structured in a hybrid manner to incorporate aspects of both studio and seminar. The 
majority of time is dedicated to conducting design research through drawing and making, but this work is 
supplemented with regular readings, case study presentations, and discussions sessions that seek to foster 
a broad, critical understanding of the rich history of ornament in architecture. This aspect of the class, 
which includes readings by Adolf Loos, Robert Venturi and Denise Scott Brown, Farshid Moussavi, John 
Ruskin, and others, fosters a critical awareness that helps the students better position their own design 
work within broader architectural discourse.   
 
The design research agenda is pursued through two projects. The first, a three-week drawing exercise, 
uses the work of 19th century designer and polymath William Morris as a platform for rigorously 
understanding logics of standardization and variation. Morris’s famous wallpaper patterns, produced by 
standardized printing presses in his factory at Merton Abbey, are notable for their uncanny ability to 
conceal the repetitive tile through a sophisticated mastery of geometry, form, and ornament. This project 
challenged students to reverse engineer Morris’s patterns by carefully discerning the repetitive tile and 
then identifying opportunities to introduce variation across the field. The intent is to explore the latent 
tension between standardization and variation in Morris’s work, and to build upon this tension by subtly 
introducing variable behaviors that produce compelling visual effects. 
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Figure 1. Diagram of tiling logics derived from William Morris wallpaper pattern (at left) 

informs reinterpretation of the pattern (at right). 

 

 
Figure 2. Catalog of reverse engineered wallpaper patterns derived from the work of William 

Morris. 
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The second project, which occupies the majority of the semester-long course, asks students to design and 
build full-scale wall prototypes that demonstrate innovative and critical approaches to the notion of 
architectural ornament. Working in teams, students are expected to formulate a clear agenda vis-à-vis the 
role of ornament in contemporary architecture, and to address the following provocations:  
 

• What exactly is the communicative role of ornament? Is it representational (or figural, or literal)? 
Does ornament communicate information that is legible and recognizable? Or is it driven by more 
abstract notions of affect and non-representational sensation?  

• How can the relationship between performance and aesthetics be designed, and not prescribed? 
Is it possible to overlay logics of optimization and logics of sensation in a synthetic manner, such 
that one does not command the other? How can computational design and digital fabrication 
tools assist in this endeavor?  

• Can we design the relationship between standardization and variation in a way that advances an 
argument about performance and ornament? How can we negotiate material and dimensional 
constraints, which typically mandate some form of modularity, with the possibilities of mass-
customization?  

• What is the role of computation in the design of this system? What is computed digitally? What is 
computed physically? What is fabricated by a machine? What is fabricated by hand? What are the 
implications on conventional understandings of labor, craft, production, and assembly?  

 
The material focus of the research is on processes of casting and forming—workflows that allow for the 
production of difference within repetitive systems. Techniques and devices such as jigs, molds, dies, and 
stencils become the locus for merging analog material processes with advanced methods of digital 
fabrication. The intent here is to revisit traditional notions of craft—perhaps best articulated by David Pye 
as the “workmanship of risk,” in which “the quality of the result is continually at risk during the process of 
making” (1968, 20)—in the context of contemporary methods of design and production. By negotiating 
processes of standardization and repetition with the introduction of variation or “risk,” students develop 
sophisticated understandings of how and when such behaviors can and should be introduced. 
 
Parallel to the material research, students develop robust digital, parametric models that enable iteration 
and evaluation of the work both qualitatively and quantitatively across larger extents. The ambition is to 
develop a system that can produce novel effects, but in a controlled way, calibrated to respond to demands 
of architectural performance. Within this hybrid workflow, students develop wall systems of modular yet 
variable components that address specific performance criteria, such as daylighting, visual privacy, or 
acoustics. The projects culminate in a full-scale wall prototype accompanied by drawings that speculate on 
performance at a systemic scale. 
 
CASE STUDIES 
 
An examination of student projects from the course demonstrates the range of outcomes and responses to 
the pedagogical brief. Several teams focused primarily on designing reconfigurable and adjustable molds 
as a way to embed as much potential for variation as possible into a device of mass production. Concrete 
Veil (Figure 3) utilizes thermoformed plastic to capture the dynamic behaviors of melting and drooping 
plastic into static molds that can be switched in and out of a larger jig that casts two-sided concrete 
modules. The geometry employed in the thermoforming process is calibrated across module types such 
that the resultant grooves produce continuities across the disparate modules, producing a kind of global 
musculature throughout the suspended wall. Similarly, Ornamental Bipolarity (Figure 4) uses a mold 
comprised of reconfigurable, laser cut wood parts that can be rearranged in order to produce modules 
with different qualities of figuration and fenestration. The mold yields modules that are different on each 
side; one side is crisp and sharp in its definition, while the other side is smooth and bulbous as a result of 
a fabric formwork liner.  
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Figure 3. Concrete Veil. 

 
 

 
Figure 4. Ornamental Bipolarity. 
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A number of students experimented with tooling and material processes as a locus for invention and 
production of new ornamental effects. Hide & Ink employs fabric-formed variable modules that are 
silkscreened with a “tattoo” that is produced with a variable laser cut stencil. Wind Wall utilizes CNC 
routed molds to translate the toolpath in both positive and negative reliefs, creating highly tactile modules 
designed to modulate airflow in different ways. And Perceptual Gradients relies on a complex process of 
CNC routed positives and slip-casting to produce a set of lightweight, hollow ceramic modules intended to 
evoke bunches of grapes. The translations across materials and media imbue the modules with a dual 
reading that is dependent upon proximity. Each of these examples demonstrates the productive territory 
of working amongst and between various modes of design and production: analog, digital, manual, 
automated.  
 

 
Figures 5, 6, 7. Hide & Ink, Wind Wall, Perceptual Gradients. 

 
Several projects integrate additive manufacturing into the mold design as a way to embed additional 
complexity, resolution, and variation into the module. Volatile Mutations (Figure 8) employs 3D printed 
positives to construct reconfigurable molds that can be adjusted by shifting the sequence and 
arrangement of the mold components. The cast modules capture the unique geometries of the original 3D 
printed positives, and their organization at an architectural scale is coordinated with a digital model that 
deploys modules according to degree of transparency of the interstitial apertures. Importantly, the 
parametric model allows for iteration and visualization of different wall iterations, and it also outputs 
mold assembly instructions to ensure that the cast components correspond the global logics of variation. 
Transfidelity (Figure 9) makes similar use of 3d printed components in the design of a composite mold. 
But unlike the previous example, which focused on transparency and light transmission as the primary 
performance criteria, this project explored notions of graphic performance in its visual and material 
translation of a pattern sourced from William Morris. The composite mold produces two-sided modules 
in which the precision of the 3d printed components conditions one side, and a fabric liner introduces risk 
and the loss of resolution on the other.   
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Figure 8. Volatile Mutations. 

 

 
Figure 9. Transfidelity. 
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CONCLUSIONS 
 
Three semesters of the Performative Ornament seminar provide a critical mass of student work that 
demonstrates several important pedagogical lessons. The hybrid studio/seminar format that integrates 
readings and historical case studies has been an effective means to foster a critical sensibility among the 
students, who were able to articulate the goals of their projects with confidence and knowledge grounded 
in discourse of ornament, craft, and computation. Asking students to articulate the relationship of 
standardization and variation in their work—and to materialize this relationship through iterative testing 
of molding and casting processes in conjunction with techniques of digital fabrication—resulted in a fairly 
rigorous and sophisticated understanding of the possibilities and limits of variability in architectural 
tectonics. And requiring that projects reach proof-of-concept stage through full-scale wall prototypes 
provided valuable and essential lessons in tectonic questions of tolerance and assembly, as well as the 
hands-on experience necessary to formulate attitudes toward craft in contemporary practice. 
 
In regard to the work’s depth in developing techniques of performance-driven design, most of the 
students took an intuitive approach to understanding the relationship between variable componentry and 
performance objectives. This was largely due to the lack of bandwidth in a one-semester elective for a 
deep foray into advanced optimization and simulation software packages, particularly as much of the 
energy and labor efforts in the course were directed towards the production of large-scale material 
artifacts. While the digital models were instrumental in quantifying metrics such as overall percentage 
open, or material volume and weight, the time constraints of a single semester did not allow for a more 
robust phase of analysis or optimization. This is certainly one area of improvement for future iterations of 
the course, which could perhaps emphasize optimization workflows by focusing on one specific technique 
or performance criteria to drive the work. For example, evolutionary solvers linked with a daylighting or 
thermal analysis package could be used to iterate through the parametric model to find the optimal 
solution for variable apertures in a wall, relative to environmental performance.   
 
Nevertheless, in its cultivation of a fluency across analog, digital, material, and virtual modes of working, 
the pedagogy of the Performative Ornament course suggests one way to meld computational thinking with 
architectural design. The projects demonstrate an understanding of how to correlate larger-scale ideas 
about performance with design decisions at the scale of the individual component. The emphasis on full-
scale, proof-of-concept prototyping insists that students grapple with material realities of tolerance and 
assembly. And the positioning of the research within the historical discourse on ornament in architecture 
encourages students to think strategically, intentionally, and critically about how they integrate 
computational processes into their work.  
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ABSTRACT 
 
It is clear that building energy performance plays an essential role in architecture and in architectural 
practice, not only for reasons of occupant comfort and energy efficiency but also for minimal code 
compliance. While achieving energy compliance is essential and even laudable, our current definition of 
“building performance” is somewhat limited.1 Energy performance analyses are often performed solely for 
code compliance with a minimal feedback loop during the design process. In the instances when analyses 
are completed as part of design, a growing array of simulation tools allow designers to make more 
informed decisions during the design process. There is tremendous potential in this trajectory. 
 
The use of parametric and other performance analysis tools to help design professionals simultaneously 
achieve superior performance as well as delightful aesthetics represents an emerging chapter in the design 
professions. This paper will highlight a handful of sample undergraduate thesis and design/build projects 
which focused on the investigation of performative material systems as part of a larger design challenge. 
In each of these examples, “performance” went beyond the prosaic. Instead, these projects identified a 
particular environmental necessity based on the project situation (the need for water, the need for cleaner 
air; and so on). Inspired by natural systems or by emerging materials engineering, the students used 
multi-modal methods to explore their design ideas (parametric digital models; physical models at 
multiple scales; simple as well as complex math; and so on), ultimately resulting in an enhanced 
performative system that in turn influenced overall building form. In each case, it was performance that 
informed design, while simultaneously striving to appeal to the senses through an exploration of beauty. 
 
THE SITUATION 
 
Historically, there is no question that the essential relationship between vernacular architecture and 
building performance was necessary for survival, particularly in more extreme environments. One needs 
only to study traditional building methodologies around the world to appreciate the practical yet profound 
manipulation of building form and available materials designed to work symbiotically with local climate. 
 
With the coincident rise of modernism and the technologies that supported multi-story buildings 
(elevators, mechanical comfort systems, electric lighting), building design in general failed to incorporate 
aspects of the essential collective wisdom inherent in vernacular design, particularly lessons related to 
building performance (in particular, thermal and luminous comfort). One distinct example of this shift is 
revealed through an investigation of Le Corbusier’s Cité de Refuge. In the 1933 construction of the project, 
the multiple story building included a single-glazed southern facing façade designed with a purist 
aesthetic. The result was intense overheating and occupant discomfort that ultimately required a 1952 
addition of an external shading device (brise soleil) and operable windows (Diaz and Southall 2015). 
While scholars speculate whether the inspiration for Le Corbusier’s brise soleil may have come from 
vernacular Brasilian architecture (an argument beyond the scope of this paper), the original as-built Cité 
de Refuge highlights the preferencing of design aesthetics over thermal performance. This might lead us 
to consider a generalized question in the area of architectural design thinking: does form and aesthetic 
decision-making take precedence over performance considerations, or is it possible that performance 

 
1 For the duration of this paper, the term “building performance” or simply “performance” will be used, 
with the intended focus on building energy performance and resource use. 
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might inform design? And if performance can more overtly inform design, can it be achieved in a manner 
that is also delightful to the human user? 
 
This is a question explored by a handful of undergraduate architecture thesis projects and one 
design|build example at the California Polytechnic State University. A required undergraduate 
architectural thesis course is offered in the fifth year of Cal Poly’s five year BArch program; students 
conceive of independent design projects and work on these proposals over three consecutive quarters. 
Students enter the course with varying degrees of expertise with digital tools. As the individual projects 
are distinct, tool selection and use is tailored to the respective challenge (at times resulting in group 
workshops and/or independent learning). The author works with 18-20 thesis students each year, under 
the topical umbrella of “Architecture + Nature.” Each student proposal is unique and presents its own 
particular set of design challenges. 
 
The method of how performance might inform or inspire design decision-making requires clarification. In 
this case, the method described here is more exploratory than the industry term of “performance based 
design [“PBD,” which is the iterative process of testing design performance. It should be noted that each 
of the examples illustrated here also included iterative whole building energy analyses as part of the 
design process; this part of the design process will not be presented in detail here.  
 
In the cases presented in this paper, performance led the design process. The first step in this process was 
identifying the primary issue or issues at the core of the project situation; the examples here revolved 
around particular environmental challenges. In each case, the environmental issues represented a 
challenge that could benefit from mitigation or maximization. In this way, the method these students used 
is more akin to what Ken Yeang identifies as an “ecological approach:” 
 
There are fundamental differences between an engineering approach to green or ecodesign and the 
ecological approach. In the engineering approach, the designer begins with the end, a picture of the 
desired outcome governed by the process of efficiency, and ends with the goal of production. In contrast, 
the ecological design approach begins with environmental discernment (ie, seeing what there is) and is 
governed by the process of achieving environmental harmony (Yeang 2006, 24). 
 
The students then employed their investigative and design sensibilities through the use of a multiplicity of 
tools, from the digital to the analog. This multi-modal workflow allowed students to explore their chosen 
environmental issue(s); these explorations in turn informed micro as well as macro design decision-
making. The use of parametric tools in particular fueled this method. These tools can help designers 
simultaneously achieve superior performance as well as delightful aesthetics. 
 
While providing the initial inspiration for decision-making, performance was not the only goal of these 
projects. Creating simultaneously functional as well as beautiful responses remained at the core of each 
proposal, responding to the charge of Sim van der Ryn (among others):  
 
Where has beauty gone? Since our emergence as a species, humans have been making places and space. 
We’ve been designing them for the last thirty thousand years. All that practice has made us better at 
producing more material things, and doing it faster and cheaper. Our advancements in science and 
technology have provided the knowledge and tools that have allowed us to shape the material world in 
utterly fantastic ways. But we have lost our ability to create places of beauty, comfort, and durability 
that fit both the natural world and our own human nature (Van der Ryn 2005, 7).2 
 
With these goals in mind, each student example will be presented in turn. 

 
2 While pursuing “beauty” was a goal for each of the examples in this paper, beauty is not a metric that 
can be measured in a scientific way. As designers, we aspire to beauty; the beholder ultimately decides if it 
was achieved.  
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Issue: Air Quality 
 
Andrew chose a project site in Fresno, California, a city that has among the worst air quality in the nation. 
For Andrew, the question in this case revolved around how an architectural intervention might begin to 
mitigate poor air quality. The bottom line was a design that did not add to the problem. Then began an 
investigation into the potential for the building to demonstrate an alternative way forward (an active 
rather than passive approach). 
 
Andrew began studying the potential for the building skin to act as a purifying device. 
He researched the experimental use of titanium dioxide as a coating (a product called ProSolve 370e), 
which, in the presence of ambient daylight, reduces NOx (combined nitrogen dioxide and nitric oxide) 
and VOC (volatile organic compound) pollutants to harmless amounts of carbon dioxide and water 
(Prosolve370e, n.d.). Given this choice of material as a design response, Andrew thus focused on the NOx 
and ozone (of which VOCs are a precursor) data for Fresno.3  He quickly realized that maximizing the 
surface area of the exterior building skin was critical for his design response.4 He looked to nature for 
sources of inspiration for the design of that skin, keeping in mind that he also needed to simultaneously 
maintain ventilation and views. 
 

 
Figure 1. Air pollution mitigation skin studies. Student: Andrew Valles, 2017 

Andrew’s investigations led him to study plant cells, snake skin and lung cells, along with pure geometric 
formations (perforations, spirals; see Figure 1). While the snake skin provided him the most surface area, 
it provided no opportunity for light and air. Instead, he ultimately chose a combination of his test systems, 
somewhere between the lung and plant cell inspirations. Throughout his design process, he worked back 
and forth from digital to physical, using Rhino and Grasshopper to parametrically optimize the surface 
area while also maintaining critical openings and of course continually seeking beauty. 

 
3 Measured ozone in Fresno ranges from .108 - .135 ppm, exceeding the maximum .070 ppm (CA) and 
.075 ppm (U.S.) over an 8 hour period. Measured NO2 in Fresno ranges from .034-.077 ppm over a 1 hour 
period (compared .18 ppm (CA) and 0.1 ppm (U.S.) over a 1 hour period (City of Fresno). 
4 Given the proprietary nature of the Prosolve material, Andrew was unable to precisely calculate the 
magnitude of his mitigation proposal, apart from maximizing surface area and exposure to daylight. 
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Issue: Water 
 
As a native of Jordan, Shereen was intimately aware of the issue of water scarcity. The natural supply of 
Jordanian fresh water does not match the demand, leading to the extraction of water from unsustainable 
sources. In addition, in Shereen’s project site in Aqaba, ninety-five percent of the city’s rainwater is lost to 
evaporation due to the climate. She chose to investigate how the exterior skin of her design project could 
act as a water collector for atmospheric water. Like Andrew, Shereen drew inspiration from nature for her 
design investigations. Spider webs, cacti, beetles, mosses: all collect water in resourceful and inspiring 
ways. Her studies revealed the following collection methods: the desert moss uses leaf tip “awns;” the 
cactus utilizes cone shaped spines; the spider silk employs hydrophilic nanofibrils; and the beetle 
capitalizes on hydrophilic bumps. Through translating then modeling each of these systems discreetly at 
human and building scales, Shereen 3d modeled, printed and calculated the surface area for each study. 
She then hybridized the desert moss and beetle inspired studies to create a skin designed to capture and 
collect atmospheric water (Figure 2).5 

 
Figure 2. Water collection skin studies. Student: Shereen Ghishan, 2017 

Issue: Clean Power 
 
Eric chose a project site in Guangzhou, China, which has a serious air pollution problem. His site 
demanded a high-rise response and yet (similar to Andrew) he did not want the project to compound to 
the city’s air pollution challenges. Rather, Eric aimed his response at the source of the air pollution: power 
production, which is predominantly coal-based in Guangzhou. Eric aimed to provide an emblematic 
solution through an alternative form of power generation. After completing an intensive analysis of this 
very wet climate (66 inches/year of rainfall) and the electric potential embodied in that falling water, Eric 
chose to employ the use of piezoelectric technology to generate power for the project. He intended for the 
building to generate electricity from the vibrational energy of raindrops striking an array of piezoelectric 
films integrated into the building’s skin. He calculated that this technology would generate about one 
third of the energy of his 50-story project. He further proposed that the water could then be re-purposed 
for use on site. 

 
5 Due to the complexity of the proposal (and the undergraduate nature of the thesis), Shereen was unable 
to calculate precisely how much water her building skin design proposal might collect. 



2495 

 
Figure 3. Piezoelectric power skin studies. Student: Eric Burford, 2017 

In addition to the use of Rhino for general design studies; hand calculations to confirm overall capacity; 
and 3d printing as well as other physical models for proof of concept (Figure 3), some of the more unusual 
tools that Eric used to develop his design solution included: 

 
• APC Piezo Calculator: to calculate the piezoelectric potential of the individual pieces (APC 

International, Ltd, n.d.).  
• WUFI for studying the maximization of a drop of rainwater (Oakridge National Laboratory, n.d.). 
• Autodesk’s Flow Design to create a surface that would funnel rain at an appropriate angle without 

crowding any neighboring collectors.  
• Grasshopper for structural iterations, balancing the necessities of securing the piezoelectric 

screen, carrying necessary building loads and eliciting delight. 
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Figure 4. Water and Electricity Calculations. Student: Eric Burford, 2017 

By employing a multiplicity of tools, both analog and digital, Eric was able to transcend the hypothetical, 
producing a robust design proposal demonstrating how harnessing the energy potential of a raindrop can 
inform a full-scale building design while simultaneously appealing to the senses (Figure 4). 

Issue: Thermal Control and Comfort 
 
We also used similar methodologies in our work on Cal Poly’s Solar Decathlon 2015 project, INhouse.6 
Without exhaustively describing the entire project, this paper will highlight a handful of design responses 
relating to thermal control and thermal comfort.   

 
Figure 5. INhouse climatically responsive redwood screen design. Solar Cal Poly, 2015 

 
6 Additional information about INhouse can be found at these two sites: 
http://www.calpolysolardecathlon.org/; https://www.solardecathlon.gov/2015/index.html 
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electrical potential = [ 1/2 (Deformation of Film * Gravity) ] * (Build-
ing Footprint/Plate Area)

u = [ 1/2 (.001m * 9.81m/s) ] * (24,000sqm/.01sqm)
=11,880w/s

1w/s = 2.77777e^-6
11,880 * ( 2.77777e^-6 )= .0033kwh/s

.0033kwh/s *60sec * 60min * 24hours * 197 days = kwh/year
kwh/year/floor =  56,168.6 kwh

kwh/year/floor * [floors * cos (buidling angle) ] = potential energy

56,168.6 * [50 floors * cos (80) ] = 

533,596 kwh/year generated
average of comparable sized building usage: 6kwh/sqft/year

24,000 sqm = 258,333 sqft
6 kwh/sqft/year * 258,333 sqft = 

1,549,998 kwh/year consumed

34% 
of Building Usage Generated

EUI Reduction 
Target: 71%

1,549,998 kwh * .29=
449,499.42 kwh

533,596 kwh / 449,499 kwh=

117%
of Building Usage Generated
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Understanding the intense climate of the Irvine competition site, we knew that shading was an essential 
climatic design response, including shading the building skin. While cladding and skin design are part of 
any architectural project, deploying the skin in a deliberate, tuned, responsive manner (that could also 
serve as an educational vehicle) was our goal. We created a composite map of incident solar radiation on 
each of the building’s faces. With this information, we then “tuned” the redwood screen that was part of 
the skin design to precisely shade the envelope during the most extreme conditions. Such tuning also 
ensured the maximized use of the redwood; in this case the screen was not only aesthetic but also 
performative. In addition, the screen also represented a “heat map” of the environmental forces acting on 
the building skin (Figure 5). Thus, the climate data directly informed our design response: performance 
informing design. 

 
An additional issue to meet our climatic responsive design goals for INhouse was providing adequate 
thermal mass to dampen internal diurnal temperature swings. Thermal mass is generally heavy; we 
needed to be weight conscious in the transportation of the project to and from the competition site. For 
this project, we chose to work with phase change material (PCM), some invisible inside a “phase change 
duct” running through the core of the house and some visible in an artistic screen. As an interactive piece, 
the visible PCM was designed as a decorative screen in order to make visible the performance of the 
building: the PCM tiles “freeze” and “melt” at roughly 70ºF, making visible the heat exchange capabilities 
of the bio-based oil inside the tiles (Figure 6). 

 
Figure 6. INhouse phase change material (PCM) screen design. Solar Cal Poly, 2015 

MAKING AN ECOLOGICAL U-TURN  
(inspired by environmentalist David Brower) 
 
This shifts the complexity of architecture from its frequently belabored preoccupation with the visual 
composition of a shape alone, to the actual behaviors and outcomes of a particular architectural 
formation. Both are as interesting and compelling as ever, especially when developed together. 
Therefore, an architect’s consideration of formation might begin finally to reflect the degree to which its 
performance engenders complex adaptive effects of its formation (Moe 2013, 291). 
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The aim of the examples offered in this paper is to demonstrate a methodology: identifying an ecological 
issue and then using contemporary tools (particularly parametric analyses) to help us discover responsive 
design solutions. In this way, perhaps we can learn how performance can inform design in a way that is 
not just solving a problem but that also strives to appeal to the senses through an exploration of beauty.  
 
The examples described here are relatively modest in scope and are predominantly speculative (with the 
exception of the design|build example). However, the method of “performance informing design” is 
repeatable and scalable. In an unselfconscious way, a version of this method is visible in many examples 
of vernacular architecture. In contemporary architectural practice, design firms dedicated to investigating 
ecologically responsive design solutions inspire us with performative design approaches. In the examples 
illustrated here, from larger issues (such as the air, water, and power examples), ecologically-minded 
performative design thinking can be at the scale of a building or a building skin. As demonstrated with the 
INhouse example, the method can be employed in a more discreet manner, focusing on particular design 
components (such as the thermally responsive PCM screen) within the scope of a larger project.  
 
As thoughtful, educated designers, we are the stewards not only of creating meaningful spaces for people 
but also for respecting the environmental setting of these places. We have the opportunity to employ 
contemporary design tools and methods to fully explore the potential for performative interdependent 
relationships between a given situation and its inhabitants. Using this methodology, we might reach the 
goal of achieving a fitting co-existence, a symbiotic relationship that does not impoverish and perhaps 
even enhances the planet as well as our human experience. 
 
While the human animal is the most polluting one in nature, it is also the only species that has the 
capability to plan and manage its own future. It is this capability…..that must be effectively exercised 
now (Yeang 2006, 18). 
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ABSTRACT 
 
The internet not only has changed a vast spectrum of the world’s operations, but also the ways teaching 
can deal with information and strategies for learning. While this trend has naturally led to the flexibility of 
time and location, it is crucial to focus on understanding effective pedagogical strategies with the use of 
this technology. This paper establishes the thesis that an online setting was effective in teaching both the 
fundamentals of regenerative studies, while focusing on how undergraduate students learned in this 
online learning setting. The online coursework and its challenges are discussed along with the structure 
and methods set to achieve the comprehension of the contents. The urgency for the search of a clear plan 
and actions to address climate change was the main goal of the class, which was explained in the current 
political and social context. Consecutively, critical topics of energy, water, shelter, and waste were 
explored individually, from the main challenges to the design solutions for regeneration. The paper also 
explains how surveys were a vital tool and an essential instance for feedback. Lessons learned from 
creating a virtual learning environment that allows for both the grasp of everyone’s role in climate change 
and the generation of action/plans/solutions for regeneration are discussed, aiming to inform colleagues 
using a teaching tool that is here to stay.  
 
INTRODUCTION 
 
Online education has become an essential platform for learning in higher education, which has been in 
the process of transition in the last decades (Howell, Williams, and Lindsay 2002). No difference in 
performance has been found on some fields (Summers, Waigandt, and Whittaker 2005). However, it has 
been less explorative in the areas of design, due in part to the practical nature that evolves from a master-
apprentice, face-to-face contact that defines studio classes. However, online courses allow for new 
methods of teaching and dynamics between students that are worth exploring in areas that complement 
the design and provide the fundamentals of sustainability so much needed to be taught to students across 
all fields of study, including those from design majors.   
 
California State Polytechnic University (CPP) is taking this lead and has incorporated online instruction 
into its curricula. Within the institution, an increasing number of programs are being offered through the 
College of Extended University in partnership with ed2go for professional development via certifications. 
Those courses are web-based learning programs designed by professionals and faculty  from each 
respective field of study. At the same time, the University is increasing the applicability of this technology 
into platforms for hybrid and fully online courses to undergraduate levels as an alternative to a traditional 
classroom setting. 
 
This paper describes the experience on transitioning to online-mode from a traditional presence-mode 
(classroom) course at the Lyle Center for Regenerative Studies. The two main goals of this academic 
experience were to set the urgency for teaching theoretical concepts, while at the time encouraging real 
action to address climate change. This paper describes first the structure that was set up to achieve the 
comprehension of the contents of the course. It follows by describing the activities developed by the 
students that allowed them to become aware of their role as agents of change. Finally, instances for 
feedback are explained through their role that allowed detecting any improvement during the 
development of the new course. The final evaluation done by the students of the course is also described.  
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THE COURSE 
 
The Introduction to Regenerative Studies is a course that is part of the general education curriculum 
available to undergrad students from all majors in the University and taught at the Lyle Center for 
Regenerative Studies which is part of the College of Environmental Design at CPP. Within its curricula, 
the course is aimed at providing students with a joint commitment towards the discovery of workable 
solutions to complex environmental and cultural concerns. In specific, this course is described as a survey 
of interactions between physical, biological, and social systems essential for human life, including food, 
water, energy, shelter, and waste management (CalPoly Pomona Catalog 2019). The main goal of the 
course is to develop in students a conscious understanding of the relationship between people and their 
social and physical environments, through an examination of systems that sustain future generations 
through the regeneration of critical resources and ecosystem processes.  
 
The course contemplated the following learning objectives: 
 

• Gain awareness of environmental challenges at the global, national, regional, and local levels. 
• Understand the primary resources and processes that support life: food, water, shelter, energy, 

and waste management. 
• Develop a conscious understanding of the relationship between people and their social and 

physical environment. 
• Acquire a more extensive understanding of the foundations of regenerative practices from 

theoretical and practical perspectives.  
• Examine systems that sustain future generations through the regeneration of critical resources 

and ecosystems.  
• Develop a sense of responsibility for sustainability and promoting sustainable practices through 

individual and collective action. 
 
A total of 39 students enrolled in the course. Figure 1 illustrates the majors. There are students from many 
majors and most come from architecture (18%) and landscape architecture (18%). 
 

 
Figure 1. Diagram with students’ majors. Labeled those of 5% and more. 
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Course primary approach: From theory to application 
 
As mentioned, the goal set for the course was to deliver the fundamentals while incubating action. For 
doing so, the course was structured in three parts: awareness, exploration, and application, as illustrated 
in Figure 2.  The intent was moving from a conscious understanding of climate change, the anthropogenic 
causes, and the importance of regenerative studies to implement practical solutions at the end of the 
course.  

 
Figure 2. Main structure of the course 

The course was developed for 15 weeks of instruction during the Fall semester. Various online teaching 
activities were useful for recreating classroom activities. An online module platform (Blackboard) was 
facilitated and supported by the institution and the Information Technology team at Cal Poly.   
 

• Lectures. Pre-recorded lectures of about 15 min were developed through video editing software 
(Camtasia) and delivered weekly in a video format (.mp4). 

• Readings: Mandatory and recommended readings to complement the topics covered in the 
lecture. 

• Audiovisual material: Short audiovisuals (with a relevant number of TED talks) were organized 
according to the relevance of the week’s topic.  

• Short quizzes: A weekly 3-question quiz was required of the students. This instance was graded 
and asked to be completed at the end of the lectures to allow a full understanding of the covered 
concepts.  

• Assignments: Short assignments consisted of calculations (i.e., footprints) and essays. 
• Discussion Forum: A discussion board available on the platform was used for discussion among 

students about topics approached in lectures. It provided an opportunity to engage with other 
students and agree or disagree with each other’s ideas and opinions.   

• Final project: the full understanding of the concepts covered during the semester were applied to 
a project that was proposed by the students to demonstrate their regenerative thinking approach.  
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This course was intended to have a balanced combination of theoretical content linked to practical 
exercises. It also found useful information and feedback about the background and acknowledgment of 
the students in the topics covered.  

Awareness 
 
The stage defined as “awareness” was intended to make students reflect on their knowledge about climate 
change and their role in it. For this, the primary definition of concepts was delivered to provide a basic 
understanding of climate change and global warming, ecological footprint, and regeneration.  
 
It was initiated with a diagnostic that was inspired in an article by Maree Brown titled “The Green 
Generation” (Maree Brown 2007), which documented the perceptions and opinions of young people as 
crucial protagonists on the coming decades in view of climate change. Maree’s exercise was intended not 
only to knowing what they understand, but what they are doing about it. Sharing the same objectives and 
similarly to Maree’s use, a diagnostic was applied to the students as the first activity to the online course. 
This diagnostic exercise consisted of five open-ended questions:  

• Please provide your definition of Global Warming.  
• How did you learn about global warming?  
• Do you think you will see the effects of global warming in your lifetime?  
• Is your generation doing enough?  
• Are you engaged in some actions to address our planet’s environmental, social, or economic 

pressures that call for regenerative actions? If so, which? 
 
A total of 32 diagnostic surveys were submitted, answering all five questions. It resulted in accurate and 
well-developed descriptions, including half of the answers explicitly referring to human activities as one of 
the leading causes. Regarding how they learned about Global Warming, the majority of responses 
describedthe media as one of the primary sources. Despite the important role that media has in this 
generation, it is vital to notice that classroom settings have been a significant scenario in learning about 
global warming (Figure 3). Although covered in the curricula of high-school and higher education, it was 
noticed that only 3 answers explicitly indicated that they learned about global warming in primary school. 
 

 
Figure 3. Number of responses referring to different sources of introduction to Global Warming 

Although expected, all students indicated they would see the effects of global warming in their lives, 
reflecting their awareness not only of the phenomenon but also about the many manifestations. In fact, 
94% of them recognized that they think they are experiencing the effects of global warming already.  
However, when they were asked if they are doing enough to stop global warming, 84% of the answers 
were definite to indicate that their generation is not doing enough. Despite the fact that the majority 
recognized there is still much to do, 19% of the students reported that they are doing what is possible for 
them. They also realized that it takes not only them, but other generations and big industry to take real 
action. Yet, even though they felt that they are not doing enough, the students taking this course seem to 
be already taking some concrete steps to address our planet’s environmental, social or economic pressures 
that call for regenerative measures. As illustrated in Figure 4, a portion of the students recognized not 
being part of a concrete action (8/32), while slightly over half of them indicated they are involved in some 
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activity. Among those involved, they described actions at a personal level (12/32), whereas a smaller 
portion reported involvement through some organizations and volunteering (6/32).   
 

 
Figure 4. Number of responses referring to engagement in actions to address our planet’s environmental, social or 

economic pressures that call for regenerative actions  

 
While many of them recognize themselves as agents of change, some of them visualize their commitment 
in the near future as professionals. Students from architecture and landscape majors visualize themselves 
as agents, developing an environmentally conscious design, changing the approach to building, being part 
of the movement towards a cleaner architecture, and educating clients. They also reported actions such as 
drought-tolerant planting, volunteering at institutions (aquariums, wetlands), educating visitors about 
climate change, and restoring natural areas.  

Exploration 
 
The stage defined as “exploration” was intended as a transition to an action. It was set as a series of paired 
sessions by the topics included in the course: energy, water, food, shelter, and waste. Of the two sessions, 
the first was focused on the problem, while the second session focused on exploring examples of 
successful strategies and concrete solutions. Those sessions were complemented by audiovisual material, 
while the second session generally contemplated activities where the students could work on personal 
footprints to be discussed on the forum. Table 1 summarizes how those sessions were supported by 
different formats, in relation to the areas explored by each activity.   

Table 1. Assignments and Topics on exploration phase  
Topic Assignment: 

Brief TedTalk + Documentary 
Discussion Forum 
Calculating personal footprints 

Energy Energy and global warming Ecological footprint using a web calculator 
Water Water crisis Water footprint using web calculator 
Food Food industry Food footprint using a web calculator 
Shelter Homelessness and net-zero housing Costs of living, estimates 
Waste Waste, plastic pollution Waste footprint 

 
Those activities were considered successful because of the high submission rate within the deadlines. As 
mentioned before, students expressed likeability of audiovisual formats. Similarly, interactive websites for 
calculating footprints were well received because of their use on realizing the impacts of their actions on 
the broader context.  Footprints for ecological, food, water were included within the exercises. As an 
example, figure 5 compiles the results of the ecological footprints activity, on which students calculated 
how many Earth would be necessary based on their consumption pattern.  
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Figure 5. Ecological footprints explored through the discussion forum 

Application 
 
The stage defined as “application” encouraged the students to develop a plan or report a concrete action 
that could be achieved in a short period of time. Those projects were reported in research paper format. 
As shown in Figure 6, students’ proposals ranged from small activities such as recycling to bigger plans 
such as education plans for women, or the development of community learning sessions about climate 
change. 

 
Public Transportation in the City of Los Angeles  
Eliminating the Dryer 
An Assessment on the Impacts of Media Surrounding the Issues of 
Climate Change Education and Calls for Action 
Benefits of biomass and plants 
Ecofeminism in Los Angeles 
Air drying clothing in the sun  
Reduce waste  
Composting for Regeneration 
Community involved on climate change action and adaptation 
Food Choices Survey 
Regenerative Thinking Approach in Practice 
Indoor composting using Bokashi 
Student Run Café 
afforestation and slowing the 
rate of deforestation 
Educating the Young Women of Today 
Research for alternative 
energies to power our transportation. 
Household environmentally friendly actions 
Driving more efficiently by reducing speed 
The New Age Greenhouse With Fish 
Reusable Produce Bags 
Composting to A Cleaner Living 
Moving from car to an Electric scooter 
Campaign solar energy 
Control of textile waste  
Recycling paper 

 

   

  

 

 
Figure 6. Summary of some of the topics of final projects 
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THE PROCESS OF FEEDBACK 

Students’ feedback 
 
Halfway through the semester, the students were asked to fill a short survey for providing feedback about 
the development of the course. The survey consisted of three open-ended questions. The first was to ask 
what the students liked about the course. A second question asked what they disliked. A third question 
requested feedback on any suggestion or idea on how to improve the course. A total of 23 surveys were 
answered, from which exciting and handy ideas arose that helped to improve the second part of the 
course.  
 
What students liked: All of the students (23/23) responded to this question, manifesting they were glad 
about different aspects and activities included in the course. Those aspects refer to the format of the 
course, content, and specific exercises. Regarding the structure of the course, the students highlighted the 
proposed format (21/23), indicating that they liked the variety of sources and mix of activities. In fact, 
they valued the brevity of the material, such as lectures, discussion boards, quizzes, and audiovisual. The 
length of activities and accessibility was noted on lectures, indicating that those went to the point and 
were easily accessible from their many electronic devices. Audiovisuals (videos) were gladly received and 
considered more attractive than readings. Also, students explicitly recognized that one of the significant 
missing components in an online class is the human interaction in a classroom; however, they indicated 
that discussion boards were a reasonable substitute, which was motivated by the need to reply to 
classmates’ posts. In terms of dynamics, students reported enjoying the consistency of the class towards 
building a routine, which allowed them quickly to keep track of what assignment was due (either essay or 
Discussion Board post because of the alternating of the two), and it was not monotonous. Finally, quizzes 
were found to be useful as they focused on the topic of the session, and they were also brief and gauged 
their understanding of the material specific to the session.  

 
Regarding the topic and the material of the class, students manifested likeability of the content (19/23), 
finding the covered material not only inspiring, but also precise and concise for easy comprehension. The 
content was described as attractive, fun, balanced, and credible. They valued the delivery of the material 
in brief pieces of audiovisual format by leading experts on the topics. Figure 5 illustrates the different 
activities. As mentioned, short audiovisual formats such as TED Talks, were quite popular (15/19). Also, 
discussion boards were considered a useful resource for the online setting. Regarding that, students 
indicated that they found it an excellent way to interact with the other students in the virtual 
environment. 

 
Figure 5. Some of the specific aspects more likable by students 

 
What they disliked: Almost all students (21/23) responded to this question. Figure 6 illustrates some of 
the aspects students suggested for review. A group of students (9/21) explicitly manifested they liked the 
course as it was set, and no significant issues bothered them. Among those students providing feedback to 
this question, they mentioned that some readings were considered too hard for an introductory class. 
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Another problem for the students were the deadlines. Though Fridays were set by the instructor with the 
intent of freeing the students from this class during weekends, a group of students (5/19) indicated that 
their week was too busy for that setting. A few students (2/19) mentioned that the course was too time-
consuming for a 100-level class, while only one student suggested considering a different organization of 
the material within the online platform (organized by week instead of by activity).    

 
Figure 6. Some of the specific aspects students dislike 

 
What they suggested: Almost all students (22/23) responded to this question. A significant portion replied 
not having primary suggestions; however, among those providing them, they included the need for 
interaction with other students, site visits, volunteering, and hands-on activities. Among those, group 
presentations were mentioned as part of potential projects. They also suggested interaction with other 
people such as their family, friends, or the public about the topics covered in the course, in order to 
analyze the level of awareness of the changes occurring in their community.  

Adoption of feedback  
 
Based on the input from the students, it was good to hear that the class was, useful and well received to 
students. Some adjustments were possible to the second half of the course; yet, others not likely due to the 
existing setting. Among those easy to apply, were those concerning deadlines and readings. Deadlines 
were quickly modified (from Fridays to Sundays), while special care was put into the selection of texts in 
order to restrict papers that were too scientific or technical.  
 
While some changes were incorporated into the course, such as a site visit to the Lyle Center for 
Regenerative Studies (which was set as an optional activity for students), other changes were challenging 
to incorporate into the course, such as in-person interactions. However, some degree of personal meetings 
or activities would be recommended for future versions of the course. Consequently, adjustments like this 
would take this asynchronous mode to synchronous mode or even a possibility of a hybrid mode. Other 
suggested activities, such as volunteering, or some other hands-on activities could also be considered and 
highly recommended. Especially, if set as complementary activities, those alternatives would allow 
students the right to choose to take them on based on their flexibility and possibilities.  

Final evaluation of the course 
 
At the end of the semester, an academic evaluation is carried by the University on all their courses. For 
this course, a total of 22 student responses were submitted. The positive assessment of the course is 
illustrated in the matrix of 10 points, shown in Figure 7.  It was gratifying to see that not only the structure 
for the course, but the content and the activities were well rated by all students.  
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Figure 7. Students evaluation of the online course (source: CPP) 

 
CONCLUSION 
 
This paper describes the experience of implementing an online version of a traditionally classroom-mode 
course about regenerative studies. The design of the course, methods, and challenges of this 
implementation were discussed. While the methods used in the class were proven to be effective in 
achieving the comprehension of the contents, a number of lessons were learned during its development. 
Surveys were proven to be a vital tool for evaluation of the students’ knowledge and as an instance for 
feedback. As a diagnostic exercise, it allowed for a better understanding of the topic by all the students, 
from all majors. The development of the course confirmed the important role of media for this generation 
of students, used here as a platform for learning. As a tool for feedback, surveys were key for validating 
the effectiveness of the primary sources and format being used. But most importantly, it allowed 
identifying those areas of improvement and allowing for the implementation of some of them during the 
second half of the semester. It was interesting to observe students suggesting more interaction, which 
could have been quite counterintuitive to the motivations for taking an online course. Despite the fact that 
a virtual environment allows for a totally free and individual experience, a desire for teamwork, classroom 
discussions, and collective site visits were still present. Lessons learned from creating a virtual learning 
environment allowed for both the grasp of everyone’s role in climate change and for thinking concretely 
about achievable actions/plans/solutions. It is hoped that this experience could inform colleagues who are 
not only using online settings, but also those who are using pedagogical tools responding to the demands 
of a new generation of students. 
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ABSTRACT 
 
Educators and practitioners have come to the consensus that Building Information Modeling (BIM) has 
radically transformed how the architecture, engineering, and construction (AEC) industry practices and 
operates. The move from using traditional Drafting-based Modeling(DM) to BIM constitutes a new 
methodology rather than the simple introduction of a new tool. BIM has already become mainstream in 
practice. But there is limited number of publications that addressed how this critical development can be 
used effectively in higher education. The critical research goal of this study is to document a method of 
using BIM as an effective pedagogy to teach a large, mixed- level technology course. A BIM-enabled 
pedagogy (BEP) was developed and tested in a “Building Materials and Construction Methods” (BMCM) 
class to compare with traditional Drafting-based Modeling pedagogy (DMP). The preliminary results 
demonstrated that BEP is more effective than DMP for teaching technology courses in an architecture 
curriculum. The aims of this research are as follows: 1) introduce an integrated, BIM-enabled pedagogy in 
the BMCM course; 2) identify applicable BIM-based techniques useful in architectural education; and 3) 
present some interesting findings regarding the effectiveness of this pedagogy for students at different 
levels. In the end, the pedagogical approach is discussed, and further research tasks are identified. 
 
INTRODUCTION 
 
Design education and technology education continue to be viewed as the separate domain of learning, 
separated by pedagogical gaps and teaching tradition, and such separation has been reflected in most 
curriculum (Doyle et al. 2016). In most architecture programs, technology courses are taught separately 
from the studio, technology courses are typically taught in a lecture setting with the instructor to student 
ratio of 1:60-140, in the studio the instructor and studio ratio is 1:10-12. This difference reflects and leads 
to different teaching pedagogy, teaching techniques, learning outcome evaluation and teacher- student 
interaction. Historically, students find it is difficult to translate the technological knowledge learned in the 
lecture to design process, meanwhile, technology courses are viewed as less motivating and interesting.  
 
The Building Materials and Construction Methods (BMCM) course is a foundational and required 
technology course for most accredited architectural curriculums, construction management curriculums, 
and engineering programs. It has been traditionally taught in lecture settings. In addressing the changed 
building design and construction technologies, many programs have tried various methods for integrating 
emerging technologies into their curricula, such as variety Drafting-based Modeling  design and 
documentation tools including Autodesk Revit. BIM is a complex design and construction technology and 
methodology that has been adopted widely by industry. But, BIM has not been widely adopted as a 
pedagogical method in AEC-related curriculums yet.  
 
This research compares traditional Drafting-based Modeling  pedagogy (DMP) to BIM-enable pedagogy 
(BEP) in technology courses in architecture program to evaluate the effectiveness of the proposed 
pedagogy. Within the existing architecture programs in United States that integrate DMP, most courses 
are computer courses focusing on Drafting-based Modeling  technical skills or project-based design 
courses that use computer programs as modeling or representation tools. Very rarely it has been adopted 
in large lecture courses that cover a wide range of topics as a new pedagogical approach and teaching 
platform. DMP focuses on skills, topics and techniques, and BEP aims at providing a holistic and 
challenging learning platform by integrating traditional design thinking used in studio teaching in 
technology courses. Research showed DMP is less successful to lower level students because of the 
increased complexity may hinder students learning rather than help (Denzer 2008). In a BEP 
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environment, BIM is incorporated as a process instead of a standalone tool or several standalone tools. 
DMP was applied in the first offering of BMCM (2016 fall semester) and BEP was tested in the second 
offering (2017 fall semester). 
 

The role of and challenges for BIM education in technology courses and studio 
 
Educators and practitioners have already built a consensus regarding how BIM has radically transformed 
the way the AEC industry practices and operates (Simon & Hu 2017). The move from traditional CAD to 
BIM constitutes a new methodology rather than the simple introduction of a new tool (Denzer et al. 
2008). In comparison to the industry transformation, the incursion of BIM seems to have encountered 
more obstacles in education. BIM is “parameter-defined” and “inherently answer-driven,” while 
traditional design thinking is “question-driven” (Denzer et al. 2008). The new BIM approach could be 
seen by traditional studio teachers as a threat to critical design thinking. Therefore, the implementation of 
the BIM pedagogical shift needs to respect traditional design thinking to be successful. Previous 
experiments of BIM course had mixed results and showed not all attempts are successful.  
 
The course taught at Montana State University was a 400-level construction documentation course. The 
instructor, Livingston thinks the placement of BIM-based investigation in technical courses addresses 
larger issues of architectural representation (Livingston 2008). BIM has been primarily used a tool to help 
students to gain a greater understanding of building materials and systems. Students are required to 
create a schematic design information model and then develop details illustrating materials and 
connections based on the initial model. The way in which BIM played an important role is through the 
formulation and construction of details that integrate into the larger information model, forming a critical 
relationship between the role of 2D and 3D information. However, they also documented that there was a 
disjunctive relationship between the details and overall project (Livingston 2008) as BIM approach was 
focusing on details instead of overall process.  
 
The University of Wyoming tested the method using BIM in junior and senior studios for six semesters 
and reached several conclusions—for example, BIM prompts students to think about architecture, 
structure, and mechanical systems in an integrated manner and to consider issues of materiality and 
construction at an earlier stage of design compared to traditional 2D design (Denzer et al. 2008). They 
also observed that students using BIM often were able to develop more complicated designs since building 
in 3D helped them resolve problems earlier than when using 2D. The shortcoming is that BIM was once 
again used as a tool and students were not fully immersed in BIM environment as what is happening in 
the industry. According to Hedegs and Denzer’s experiment, only fifty percent of students thought that 
BIM improved their understanding of how construction materials are assembled (Hedegs & Denzer 
2007). Based on previous study and program experiments, the challenge to using BIM as a pedagogical 
approach in technology courses include the followings: 1) a higher requirement for students’ knowledge 
base and skill sets ((Hedegs & Denzer 2007), 2) the disconnection from traditional studio training(Doyle 
& Senske 2016)., and 3) the conflict between lecture setting and hands-on requirement of using BIM 
programs (Livingston 2008). In this research project, the focus is on challenge two and three, challenge 
one poses more significant curriculum questions that are needed for broader discussion. 
 
BEP COURSE DESIGN  
The course developed by the author is derived from a traditional BMCM lecture course that is a required 
course for the Bachelor of Art in Architecture, Bachelor of Science in Architecture, and Master of 
Architecture degrees. It is offered as a mixed graduate/undergraduate technical prerequisite course in an 
Architecture curriculum (refer to Figure 1). The course is designed for a large student body, around 108 to 
120, with a clear goal of not only teaching students fundamental knowledge about building materials and 
methods but also exposing students to BIM process and using BIM as a teaching platform to enhance and 
deepen their understanding. The assumption was that BIM-enable pedagogy (BEP) could provide a more 
challenge yet inviting learning environment so the students will be more self-motivated. And also, BEP 
could bridge the traditional gap exists in studio teaching and technology courses in architecture school.  
The course contents are divided into three integrated categories: 1) major building materials: wood, 
concrete, and steel; 2) major building assemblies: wall, roof, and other enclosure systems; and 3) 
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integrated design thinking (construction methods and modern technology). One critical learning 
objectives for the students completing the course is to able to understand the complicated and multi-
disciplinary construction activity and the integrated process in the building industry, which is very 
different from traditional learning objective in BMCM courses. This outcome requires students not only to 
understand materials properties and construction methods, but also to establish a framework to 
understand the different players in the building industry. This has been a challenge for a large lecture 
course taught in a single-discipline school in a traditional education curriculum. Also this has been a 
constant struggle for architecture students with only one or two semesters years in school to comprehend 
such complicated and collaborative nature of design and construction procedures.  

 

Figure 1."BIM-enabled pedagogy approach "

 
This course had two offerings since 2016, in 2016 fall semester and 2017 fall semester. In the first offering, 
the instructor applied the convention Computed-aided pedagogy (DMP) of integrating Autodesk Revit in 
the core course as a stand-alone tool. And in the second offering a proposed BIM-enabled pedagogy (BEP) 
was created and tested to provide immerse BIM-enabled learning environment. In the BEP environment, 
BIM is used as a platform/process to help students understand and interweave the different pieces of 
knowledges and skills. A total of 118 students in Fall 2016 and 106 students in Fall 2017 enrolled in the 
class. The first student group (118 students) was used as a control and comparative group to assess the 
effectiveness of the new pedagogical approach. The second students’ group included 4.6% freshmen, 
59.4% sophomores, 14.2% juniors, 15.1% seniors, and 6.4% graduates. Of these, 51.9% were female 
students and 48.1% male students. And 58.5% knew nothing about BIM at the beginning of the class, 16% 
had never used a 3D program, and 33% had learned Autodesk Revit to certain degree as a drafting tool in 
a community college or high school but never realized that Revit is one type of BIM software.  
Course assignments are organized into three different areas. First, BIM exercises are composed of 
modeling assignments and research components. Students are required to learn and model particular 
building components or assemblies that are covered intensively in lectures. Also, during the same period, 
they are required to conduct research on BIM use in the industry related to particular construction 
methods. Second, exams are composed of two parts: an in-class exam and a take-home portion. The take-
home portions are observation assignments that ask students to observe a construction site or particular 
building materials on their own. The in-class exam tests their in-depth understanding of those topics. The 
third component is case studies and building tours (refer to Figure 1).  
 
The BIM content was divided into three major parts: 1) what BIM is and what BIM can do in design and 
construction; 2) what building component/assembly is and how to use the “Revit family” to represent and 
simulate the materials and construction process; and 3) how to translate the knowledge about materials 
and constructions to their design projects, particularly brick and stone. The technical details of how to use 
the software were taught using in-class tutorials, exercises, assignments, and multiple outside-class 
workshops conducted by the instructor and three teaching assistants. Altogether, 24 hours (roughly 16 
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hours of course time) of the workshop and in-class hours are offered to teach software. Beyond the 
workshops, students are required to enroll in the online comprehensive Revit tutorial offered by 
Linda.com. Altogether, 72 hours of online training are available to students on Linda at any time without 
charge.  

Evaluation Methodology   
This research project used a mixed method to evaluate students’ learning outcome including a series of 
the online survey, student self-reports and course evaluations, student homework/test score were also 
compared and evaluated.  The effectiveness of the proposed BEP is measured by four factors: 1) students’ 
understanding of course topics/contents; 2) students’ ability to connect construction knowledge to other 
courses (integration); 3) students’ self-evaluation and competency building (critical thinking); 4) 
students’ course evaluation (teachers’ effectiveness).  Assignments, graded homework, and exams were 
used to provide frequent assessments of students’ learning outcomes. To answer the question of whether 
BEP is effective in a topic-based lecture course, the author designed an assessment framework to measure 
the learning results and students’ progress through the entire semester. Since this is a large class with 118 
in the first offering and 106 students in the second offering, the conclusion of this paper could provide a 
meaningful and helpful reference. The data generated by this research was a mix of qualitative and 
quantitative information. Quantitative data were from online surveys conducted after each major exam to 
collect students’ self-assessments and feedback on the effectiveness of the BEP approach. Qualitative data 
were collected from students’ course-learning portfolios and used to measure the students’ self-
assessments of their critical thinking skills. By overlaying quantitative and qualitative data, the author was 
able to find the trend and pattern and draw some preliminary conclusions. The measurements, values, 
and descriptive statics are discussed in findings and results. The software chosen to implement BIM was 
Revit due to its rich data and information on building materials and constructions. 

Sample assignments  
The second and third homework assignments have portions of modeling concrete floor systems and 
masonry walls. As shown in Figures 2 and 3, almost half of the students felt strongly about the knowledge 
gained in learning brick walls.  

 

Figure 2. Homework 2 – Concrete   
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Figure 3. Homework 3 – Masonry Wall  

FINDINGS AND RESULTS 

Does BEP deepen student’s understanding of course contents?   
Five graded homework were given in each of the offering, and the assignments were similar in the way 
could be used as direct measurement to compare the effectiveness of BDP. The difference is that in the 
first offering students were asked to complete homework by hand drafting, and in the second offering 
students were asked to build BIM model, grading rubrics are the same in the two offerings.  Figure 4 
shows results of homework 2.  In first offering (fall 2016), 32.5% of students got 90-100 points, 13.3% of 
students got 80-90 points, 8% of students got 70-80 points, 6% of students got 60-70 points, while 40% 
got lower than 60 points. In the second offering (fall 2017), 82.5% of students got 90-100 points, 10.7% of 
students got 80-90 points,  2.9% of students got 70-80 points, 2% of students got 60-70 points, while  2% 
got lower than 60 points. It shows clearly there was dramatic improvement of student score.  
 

 
Figure 4 Homework 2 Grade comparison (x-axis represent the actual student numbers) 
 
Figure 5 shows results of homework 3.  In first offering (fall 2016), 55.8% of students got 90-100 points, 
20% of students got 80-90 points, 5.8% of students got 70-80 points, 1.7% of students got 60-70 points, 
while  16.7% got lower than 60 points. In the second offering (fall 2017), 68.6% of students got 90-100 
points, 13.7% of students got 80-90 points,  6.9% of students got 70-80 points, 2.9% of students got 60-70 
points, while  7.8% got lower than 60 points. It shows clearly there was dramatic improvement of student 
score. The results also shows there were largely improvement of student grade, particularly the number of 
students who got lower than 60points has been decreased by close to 10%.  
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Figure 5 Homework 3 Grade comparison (x-axis represent the actual student numbers) 

Does BDP provides an effective learning environment?  
 
10 online surveys were conducted through the two semesters and the survey results showed BEP is very 
effective in compared to DMP: In first offering (fall 2016), 20% of students agreed that “creating BIM 
models helped you to better understand architectural systems (wall, foundation, floor, roof, etc.) and 15% 
strongly agreed; in the second offering (fall 2017), 35.5% of students agreed and 22.9% strongly agreed. 
From 2016 to 2017, there was 23% increase in effectiveness based on student self-report. The more 
dramatic change is the students’ dissatisfaction rate: In the first offering (fall 2016), 25% students found 
BDP was less effective and probably even hindered their learning and in the second offering only 9% 
student found BEP is not effective for them.   (refer to Figure 6). 

 

Figure 6 BIM’s effectiveness  (x-axis represent the actual student numbers) 

Establishing the understanding of BIM in a qualitative way is the foundation of the BEP approach which 
set it apart from DMP. Overall, BIM is not an easy concept to grasp. In the second offering (2017), at the 
first half semester mark, after lectures, guest lectures, and multiple BIM lab sessions, the majority of 
students (36%) felt neutral about the difficulty of learning BIM at a conceptual level. An equal number of 
students disagreed and agreed that the BIM concept is easy to understand (22.5%), and 17% of students 
strongly disagreed that BIM concept is easy to understand (refer to Figure 9). It’s been proven that 
grasping the BIM concept demands a more in-depth understanding of the building industry than typically 
provided in overall architectural curriculums since the current curriculum is heavily focusing on design 
thinking. The lack of preparedness of students was compensated for by self-guided research into this 
topic. Through several research assignments, a much larger portion of students started to grasp the BIM 
concept and understand the difference between BEP and DMP approach. 
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Does BEP promote integration between technology course and design studio? 
BEP is proven to be more effective to help students to comprehend the importance of technological 
integration in design and construction. Also BEP encourages visualize the different construction method 
and thinks about architecture from different perspectives. This is the type of soft technological skills and 
outlook is typically lacks in traditional DMP approach. In the DMP environment (first offering), since 
BIM software Revit was taught as stand-alone tool, by the end of 2016 semester, 39% students felt neutral 
about “BIM helps me to connect construction knowledge to design ideas”, 36% students felt negative and 
only 25% students felt positive about BIM help them to link construction knowledge to other courses. In 
the BEP environment of 2017 semester, 78% students reported positive outcomes about “BIM helps me to 
connect construction knowledge to design ideas” and demonstrate the results in their final projects and 
course learning portfolio. (refer to Figure 7). This is the second effective impact of the BEP approach: help 
students on connecting technical information to design.  

 
Figure 7 Students’ ability to integrate technical knowledge in design  (x-axis represent the actual student numbers)   
Self-motivated learning and positive learning outcome could promote life-long learning habits. At the end 
of the 2017 fall semester, 36.4% of students strongly agreed that they “want to learn more about BIM,” 
39.4% agreed, and only 3% disagreed.  
 
CONCLUSION  
The survey studies showed that industry professionals believe that BIM concepts, collaborative 
implementation processes, and skills in BIM tools are critical and complementary to each other in 
practice and that these should be integrated into ACE core topics to achieve the best learning outcome 
(Abdirad and Dossick 2016). The current BIM implementation approaches have not addressed the 
systematic need to change the curriculum and create a pedagogical shift. In the past decade, different 
experimental BIM pedagogies have been implemented in AEC programs. Some programs developed new 
stand-alone BIM courses to cover the techniques of BIM use. Some programs modified existing core 
courses to integrate particular BIM topics. Previous studies suggest that offering stand-alone BIM courses 
without any follow-ups in other courses do not support student long-term learning because students 
rarely find an opportunity to re-use BIM skills in different courses (Ghosh and Chasey 2013; Clevenger et 
al. 2010; Abdirad and Dossick.2016). Updating existing course modules has had limited effect since BIM 
was used as a secondary technical tool, and the combination of the steep learning curve and limited course 
time hinders the effectiveness of the BIM pedagogy.  
 
This paper shares the author’s experiment of proposed BEP approach in a traditional large lecture course 
and to start a conversation on how technology course could be taught more effectively.  The aim is to 
promote further discussion on and investigation of this important topic. The preliminary results from this 
large, mixed, lecture-based course indicated that BIM, when integrated as a teaching platform, provided a 
novel pedagogical approach for teaching technology courses such as BMCM. The project results provide 
very positive evidence of the effectiveness of using BEP approach. Also, students at the end of the 
semester indicated a pronounced preference for continuing to use this learning platform versus the more 
traditional DMP. The weakness of the past two offerings is that students were only exposed to a BIM 
authoring tool (Revit): they were not exposed to other BIM-related concepts, such as 4D modeling. The 
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author is planning to integrate 4D modeling into a higher-level course (a graduate course) with a smaller 
class size.  
Another limitation of this study is the limited sample size – two course offerings; one representing DMP 
and one representing BEP only provide the preliminary observations, it may be it may be premature to 
draw solid conclusion until a broader sample set including other DMP vs BEP courses, taught by different 
faculty, are recorded and assessed. However, The challenge is that, in order to effectively deliver course 
topics (material and methods) with this BEP approach, students are required to have had basic training in 
3D programs in any kind of format. As the learning curve for most BIM programs is steeper than for 
conventional modeling programs, the BEP is more effective when students have had basic software 
training before taking the class, since the course focuses on building materials and methods instead of 
learning software. There are several barriers to promoting BEP in the existing program, one of which is 
that the National Architecture Accreditation Board (NAAB) does not require an architectural curriculum 
to offer such computation design/modeling training. This could partially explain why most BEP is 
currently used in a non-systematic way. However, without a systematic change, the full advantage and 
benefits of BEP cannot be realized. 
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Abstract:

Revisiting a Passive Building Design Education by Observation
Niyati S. Naik, University of Oregon

Observations from existing passive buildings can provide indications on new approaches that are required to design 
with “a changing climate”. Jaalis are perforated façade shading screens which are one of the most suitable climate-
responsive design strategies for buildings in the Indian subcontinent. This work reports on the  eld study observations 
from a passive, Jaali shaded tomb chamber at Sarkhej Friday mosque in Ahmedabad, India (figure 5). The 1600 sq.ft. 
tomb chamber was designed to be entirely shaded by Jaalis on its north, south and west facades (figure 2).

Indoor environmental thermal data consisting of dry bulb temperature, relative hu- midity and surface temperature; was 
recorded for the duration of two days in late January (2019). Moreover, activities of visitors who spent more than two-
three hours of their time in the tomb chamber were captured. The thermal data recorded at three levels (6”, 3’, 6’ from  
oor) from SE, SW, NW and NE corners of the building was analyzed for PMV-PPD metrics and surface temperature 
comfort range (ASHRAE Standard 55 recommendations) (figure 3). The PMV values at all the locations were within 
neutral (0) to slightly cool (-1) range and the PPD values were within the 20% acceptable limits; which predicted the 
Jaali shaded zones to be thermally comfortable. Visitor activities, however, were concentrated in areas that received 
solar radiation from the screen-less parts (where broken Jaali was replaced by grilles) of the façade (figure 4). Floor 
temperature of these areas suggested local thermal discomfort. These observations suggest requirement of “thermally 
dynamic and nonuniform” environments, as advocated by Brager et.al (2015) and Parkinson and de Dear (2015).
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ABSTRACT
Observations from existing passive buildings can provide indications on new approaches that 
are required to design with “a changing climate”. Jaalis are perforated façade shading screens 
which are one of the most suitable climate-responsive design strategies for buildings in the 
Indian subcontinent. This work reports on the field study observations from a passive, Jaali 
shaded tomb chamber at Sarkhej Friday mosque in Ahmedabad, India (figure5). The 1600 
sq.ft. tomb chamber was designed to be entirely shaded by Jaalis on its north, south and west 
facades (figure 2). 
 Indoor environmental thermal data consisting of dry bulb temperature, relative hu-
midity and surface temperature; was recorded for the duration of two days in late January 
(2019). Moreover, activities of visitors who spent more than two-three hours of their time in 
the tomb chamber were captured. The thermal data recorded at three levels (6”, 3’, 6’ from 
floor) from SE, SW, NW and NE corners of the building was analyzed for PMV-PPD metrics and 
surface temperature comfort range (ASHRAE Standard 55 recommendations) (figure 3). The 
PMV values at all the locations were within neutral (0) to slightly cool (-1) range and the PPD 
values were within the 20% acceptable limits; which predicted the Jaali shaded zones to be 
thermally comfortable. Visitor activities, however, were concentrated in areas that received 
solar radiation from the screen-less parts (where broken Jaali was replaced by grilles) of the 
façade (figure 4). Floor temperature of these areas suggested local thermal discomfort. These 
observations suggest requirement of “thermally dynamic and nonuniform” environments, as 
advocated by Brager et.al (2015) and Parkinson and de Dear (2015). 

INTRODUCTION
Jaalis are pattered perforated shading screens used extensively across historic, vernacular 
and contemporary buildings in India. Most of the tombs built from 14th to 17th century in 
India were shaded by Jaalis. The tombs in India were designed to be dynamic spaces; where 
it was intended to permit controlled daylight and ventilation inside using Jaalis (Kamath & 
Daketi, 2016). The dynamic character was achieved when there was a unique play of light and 
shadow created for different times of a day and year. The tombs at the Sarkhej Friday mosque 
complex are one of the best surviving examples of Jaali shaded historic buildings in India.
 The environmental significance of Jaali and similar shading screens as a passive build-
ing cooling design strategy has been widely accepted. Jaali with thicknesses of 1-3 inches and 
perforation ratios (PR= % of void area) of 30-50% are suggested for optimum building perfor-
mance in Ahmedabad, India (Gandhi et.al, 2014). More than 22 studies in the past decade have 
proved the environmental importance of Jaali like lattice screens in several climates globally. 
Majority of these studies carried out sensitivity analysis of the screen geometric parameters 
for optimized building energy and visual comfort performance. Moreover, they were execut-
ed using computational simulations and the impact of screens on thermal comfort remains 
under-researched. 
 Through the current work, the researcher attempted to address this gap by performing 
a field study in a 40’ x 40’ x 15’ (I x w x h) tomb building in the Sarkhej mosque complex. Jaali 
panels in this building had thicknesses of 2.5-4 inches and 30-50% PR (figure 1, left). Metal 
grilles were installed at the locations where Jaali panels were broken (figure 1, right).

METHODS/APPLICATIONS
The field study exploration consisted of research activities like indoor thermal environmental 
data logging, visitor behavior observation, architectural documentation and archival research. 
 Indoor air temperature (DBT) and relative humidity (RH) were recorded at 15-minute in-
tervals. The data loggers were kept at five feet distance from the Jaali envelope at SE, SW, NW 
and NE corners of the building and were placed at three levels; six inches, three and six feet; 
from the building floor. Outdoor DBT and RH were also logged at 15-minute intervals. Besides 
DBT and RH; surface temperatures of the SE - SW - NW - NE corners, south and west facades 
were recorded during morning (9:00 to 10:30 AM), afternoon (12:00 to 3:00 PM) and evening 
(5:00 to 6:00 PM) on both the days.
 Visitors activities, specifically of those people who spent two-three hours in the space 
were recorded using photographs and infrared images. Besides the quantitative and qualita-
tive data recording; architectural documentation of the geometric parameters of the building 
and Jaali was performed through on-site physical measurements and search from Center for 
Environmental Planning and Technology (CEPT) library archives.

FINDINGS
The diurnal range of outdoor DBT  was  68°- 82 °F. Indoor thermal comfort analysis was con-
ducted against the predicted mean vote (PMV) and predicted percentage of dissatisfied (PPD) 
thermal comfort metrics (ASHRAE standard-55, 2017). Besides the DBT and RH values, the 
mean radiant temperature (MRT), airspeed, occupant clothing and metabolic rates were pre-
sumed. The DBT values were used as MRT values. Based on researcher’s experience in the 
space, airspeed of 0.2 m/s was assumed at three feet height from and the floor, and that of 0.3 
m/s was assumed at six feet. Based on researcher’s observations on visitor clothing and activ-
ities, “clo” values of 0.75 and metabolic rate of 1 met were assumed.  
 The PMV values derived at the SE, SW, NW and NE corners indicated predicted thermal 
environment between neutral to (0) to slightly cool (-1); with the median values being around 
(-0.5) (figure 3). The PPD values were less than 20% for all the corners. Though the PMV values 
predicted the building corner spaces to be thermally comfortable, visitor activities were not 
concentrated in these areas. The visitors were mostly found lying down or sitting on the floor 
close to south façade between noon to 4:00 PM during the day. These were the areas that 
received solar radiation from parts of the façade where the metal grilles were installed. The 
maximum surface temperatures in these patches were between 82°– 92°F. Visitors were ob-
served to expose their appendages to the patches with sun and kept their heads in shade. The 
outdoors during these hours were mostly sunny and air temperatures were within 76°-82°F.

CONCLUSIONS
The feeling of thermal pleasure perceived due to difference in skin temperature across the 
body is termed as spatial alliesthesia (Brager et.al, 2015). Visitor activities indicate that it might 
be a possible that they were experiencing  spatial alliesthesia in the south facing areas of 
the building. This work shows a means to communicate the idea of designing for thermal 
pleasure to students in architectural academia. The Jaali application in architectural studio 
projects is mainly preferred due to its aesthetical and cultural significance. Using the Jaali as a 
tool to design thermal experience can be a learning from this study.  Buildings for a changing 
climate need to be designed for both; comfort and pleasure. Unlike optimized passive strat-
egies, buildings for a changing climate require strategies that offer personal control and/or 
indoor zones with varying/non-uniform thermal environments for occupant resilience.
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Revisiting a Passive Building Design
Education by Observation

Niyati S. Naik 1, University of Oregon 1

Figure 1.  Typical Jaali facades with 30%-50% PR (left & center); Metal grilles installed at locations where Jaali is removed (right)

Figure 2.  The tomb space with Jaali on north, south and west facades. Panoramic views from the SE corner (left @ morning) and SW corner (right @ evening)

Figure 3.  Caption or Description Figure 4.  Caption or Description

Figure 5.  Exterior view of the tomp space (viewpoint marked by blue arrow) from the sourthern portion of the Sarkhej Roja complex (illustrated in the plan)

Figure 3.  Predicted Mean Vote (PMV plots) for; SE corner (left), SW corner (center) and NE corner (right)

Figure 4.  Visitor activities between noon and 4:00 PM near the south facade
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Abstract:

Embracing Errors: Exploring Deviations in 3d Clay Printing as 
Design Generators
Meghan Taylor, Ye Sul Cho, Ji Shi, David Correa, University of Waterloo 
(presented by AnnaLisa Meyboom)

As advancement of 3D printing materials expands, materials with more unstable tendencies are being explored that 
require higher understandings of material and fabrication relationships. Clay is one of the materials of interest due to its 
local availability, sustainable properties, and quick prototyping, but it is yet to be widely used as it carries unpredictable 
deviations and behaviors that present challenges in the manufacturing process. However, these ‘errors’caused by natural 
material tendencies, once embraced, can become opportunities rather than obstacles in generating new design forms 
and fabrication strategies more in tune with the material. Therefore, the presented paper explores 3D printing as a 
medium to examine deviations of clay FFF between the digital and physical outcome as the inspiration of design for an 
architectural masonry facade system. For precise  nding of results, an iterative craft based method of documenting and 
analyzing was crucial in  nding ‘errors’ between the digital and analog, as currently there is no applicable strategy to 
predict the deviations of clay. The precision of new manufacturing methods like 3D printing and associative modelling, 
combined with an inquisitive engagement of material processes presents opportunities for learning, material expression 
and authenticity beyond purely traditional or digital methods.
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Embracing Errors:
Exploring deviations in 3d clay printing as design generators
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Figure 1.  Prototype section of interlocking architectural facade, measuring1000mm x 300mm x 175mm. See aperture opening modulation from fully closed (left) to maximum aperture opening (right).

Figure 8.  Interlocking architectural facade section.

Figure 4.  Section cut through 2 masonry units,  demonstrating matching geometry between two different components based  
on orientation and slump during printing. 

Figure 3.  Diagram of interlocking units and toolpaths parameter controls in Grasshopper.

Figure 5.  Diagram Showing Print Orientation

Figure 7.  Diagram showing counterloop method for anchoring    
the clay and preventing wall miss alignment 

Figure 2.  Detail of interlocking architectural facade system.

Figure 6.  Loop configuration tests.

Loop layer every 4 layers

Staggered loops every 4 layers Staggered loops every 3 layers

Loop layer every 2 layers

Precision and Control in Paste-Based Additive Manufacturing.” In ACADIA 2018: Recalibration. 
On Imprecision and Infidelity. - Proceedings of the 38th Annual Conference of the Association 
for Computer Aided Design in Architecture, Mexico City, Mexico, October 2018, 350–57.

ABSTRACT
As  advancement of  3D printing  materials  expands,  materials with more unstable tendencies 
are being  explored  that require higher understandings of material and  fabrication  
relationships. Clay is one of the materials of interest due to its local availability, sustainable 
properties, and quick prototyping, but it is yet to be widely used as it carries unpredictable 
deviations and behaviors that present challenges in the manufacturing process. However, 
these  ‘errors’ caused by natural material tendencies, once embraced, can become opportunities 
rather than obstacles in generating new design forms and fabrication strategies more in 
tune with the material. Therefore, the presented paper explores 3D printing as a medium to 
examine deviations of clay FFF between the digital and physical outcome as the inspiration of 
design for an architectural masonry facade system. For precise finding of results, an iterative 
craft based method of documenting and analyzing was crucial in finding ‘errors’ between the 
digital and analog, as currently there is no applicable strategy to predict the deviations of 
clay. The precision of new manufacturing methods like 3D printing and associative modelling, 
combined with an inquisitive engagement of material processes presents opportunities for 
learning, material expression and authenticity beyond purely traditional or digital methods.

INTRODUCTION
The use of clay as a material for 3D printing processes presents unique advantages for 
large-scale prototyping and production applications over more conventional materials 
and processes (e.g. thermoplastics, photopolymer resins, and metals). It is a material easily 
found locally, is low cost which allows for relatively large-scale prints, has a low embodied 
energy in terms of processing and sourcing, and has certain desirable material properties 
(such as porosity and durability) for architectural components. Additionally, its long and rich 
use in building applications positions it as an ideal material for digital fabrication processes 
on an architectural scale. However, similar to other natural materials with inherent material 
irregularities or non-linear behaviours (e.g. wood), its use is currently limited in large-scale 
3D printing applications due to the unpredictable and malleable nature of clay while wet. As 
such, 3D printing clay via Fused Filament Fabrication (FFF) currently presents many challenges 
in accurately reproducing digital forms. ‘Errors’ are introduced into the print due to multiple 
internal and external factors e.g., clay viscosity, print-head movement, self-weight, internal 
stresses, drying, slumping, and mechanical deformation (Gursoy 2018; Seibold et al. 2017).  
The conventional 3D printing paradigm of a linear digital to physical reproduction of imposed 
form is difficult to implement here while maintaining an acceptable degree of tolerance (if 
not print failure). Alternatively, this error prone nature of clay in FFF processes has recently 
been explored and embraced by designers and artists to produce and reveal emergent effects 
as a result of the printing process. (Gursoy 2018; van Herpt and van Broekhoven 2015; Rael 
and Fratello 2018). These explorations provoke—through a comprehensive and an active 
engagement with the material—an approach where material agency and expression become 
integral to the final outcome and where these unstable properties become design generators. 
Our current research, as presented in this poster, highlights early findings on the methods 
used to instrumentalize “errors” as material expression in the 3D printing process. These early 
findings are demonstrated through the design and fabrication of an interlocking architectural 
masonry facade system (Figure 1-2).

METHODS/APPLICATIONS
A 32-piece interlocking masonry system with parametrically controlled aperture openings, 
was produced using a Potterbot Scara XLS-2, with a 3600ml extruder. The digital model 
was created using Rhinoceros and Grasshopper, enabling quick changes to the model’s 
parametric geometries and Simplify3D translated the model to a G-code toolpath (Figure 
3). As the natural deviations of clay were unpredictable, the final resultant of the prints was 
analyzed to calibrate the final digital model. Therefore, an iterative method of evaluating was 
taken to analyze between analog properties such as slump deformation and nozzle diameter 
compared to the digital properties of nozzle movement speed, extrusion rate, extrusion 
height, and tool path. Rigorous documentation and observation allowed the final form to 
emerge in affordance to clay’s natural behaviors and deviations. Two key material behaviours 
and corresponding design methods have been categorized under either (1) “slump” for global 
self-weight deformation and (2) localized tool-path deviations as “loops”.   

FINDINGS
Controlling and understanding the slumping behavior was crucial for the final outcome of the 
final form for the masonry unit. Due to the slanted angled exterior surfaces of the masonry 
unit’s geometry, the clay had a habit to deviate from its intended digital model. Composed of an 
interlocking system, the fit of the masonry units were jeopardized due to this deviation leading 
to a failure. However, through recognition of the slumping error due to gravity, it was found 
that if the counter locking masonry unit were to be printed upside down, the counteracting 
slumpage will be computed naturally creating a matching fit (Figure 4-5). Concurrently, the 
flipping of masonry unit resulted in alternating sag direction of the loops, making a unique 
aesthetics to the polarizing sides of the masonry facade.  The loops were designed as cantilevers 
to showcase clay’s malleability and to analyze the sag deviations from the digital model. The 
narrower the nozzle size, created more flexible clay beads resulting in exaggerated loops, but 
the global strength of the masonry unit was compromised. While, if the nozzle width became 
too thick to mitigate the global strength deficiency, the thick bead of clay created more subtle 
loops due to increase of rigidity in the clay. Therefore, a thorough adjustment of the digital 
model in effect of the physical resultant was crucial in achieving the right loop appearance 
and strength. Series of loop patterns were also tested to determine the appropriate pattern 
dependent on the behaviour of the clay, and desired surface quality (Figure  6). The malleability 
of the clay also presented deviations during printing, where the movement of the print head 
would shift the geometry of the print. The loops’ tool path action increasingly pulled on the 
exterior wall of the masonry unit until the digital model’s tool path misaligned to the physical 
print, resulting in a failure. Therefore, a small counterloop action was incorporated to the 
toolpath to counter-pull the exterior wall back to its right location after each loop (Figure 7). 

CONCLUSIONS
Clay FFF processes provides new opportunities for sustainable architectural design due to its 
use of locally sourced materials, fast scalability, and low embodied energy. Therefore, deeper 
understanding between the relationship of the material and fabrication process is needed to 
mitigate the challenges of its deviations. Rather than looking at deviations of unstable materials  
as obstacles in reproducing the digital form, embracing the ‘errors’ opened up opportunities 
for uncharted properties and design generators to emerge. With a method based on craft and 
an iterative strategy, reaching an authenticity true to material behaviours surpassing previous 
manufacturing processes is possible. New found accuracy of the 3D printing technology with 
closer interaction of material affordances can produce methodologies that can deepen the 
relationship between the analog and digital  processes. As our 3D printing capability with more 
unstable materials expands, further research and deeper understanding of material deviations 
can act as key education tools that can further the possibilities of sustainable manufacturing.
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Abstract:

Environmental Humanities: Evaluating the Theory-Practice Gap
Liz Martin-Malikian, Kennesaw State University (presented by Arash Soleimani)

‘Environmental Humanities’ has emerged as an umbrella term to describe the work of humanistic scholars, architects, 
and ecologists that are broadly motivated by concerns about the environment. Rather than focusing solely on scientic 
and technological solutions to problems, the environmental humanities address these complex issues through the 
multiple lenses of history, philosophy, literature, language, culture, and the built environment (Buell 2005). According to 
cultural theorist Joni Adamson, multiple fields must be brought together because our problems with sustainability not 
only emerges out of nature, but also out of human cultures and ways of being. Sustainability experts working in the built 
realm and humanists can, therefore, come together to think about the ways in which our world is rapidly changing to 
examine what is it about humans and the ways we live that can help evaluate the theory practice gap in the built realm.

To this end, this investigation argues that we are at an important juncture between the de- clared intended goals of 
sustainable projects realized to date, and the results on the ground, and in turn how this reality in uences education. 
To analyze this discrepancy, I have identified a common theory practice gap as an evaluation tool to learn how to plan 
for sustainable development to help resolve economic and ethical con icts without risking the creation of socio-spatial 
utopias. This conceptual framework has two purposes:  first, it helps to systematize the existing literature on three levels: 
ontological, methodological, and epistemological; and second, it offers a project evaluation framework, useful for the 
management of resources, the planning of urban space, and the need for an integrated practice through the lens of 
environmental humanities. To pinpoint these challenges, this investigation seeks to bridge the divide between sustainable 

assessment tools and environmental discourse to adopt a more integrated and relevant sustainability framework. (fig.1)
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ABSTRACT
“But man is a part of nature, and his war against  nature

is inevitably a war against himself.”_Rachel Carson

‘Environmental Humanities’ has emerged as an umbrella term to describe the work of human-
istic scholars, architects, and ecologists that are broadly motivated by concerns about the   en-
vironment. Rather than focusing solely on scientific and technological solutions to problems, 
the environmental humanities address these complex issues through the multiple lenses of 
history, philosophy, literature, language, culture, and the built environment (Buell 2005). Ac-
cording to cultural theorist Joni Adamson, multiple fields must be brought together because 
our problems with sustainability not only emerges out of nature, but also out of human cul-
tures and ways of being. Sustainability experts working in the built realm and humanists can, 
therefore, come together to think about the ways in which our world is rapidly changing to 
examine what is it about humans and the ways we live that can help evaluate the theory prac-
tice gap in the built realm.

To this end, this investigation argues that we are at an important juncture between the de-
clared intended goals of sustainable projects realized to date, and the results on the ground, 
and in turn how this reality influences education. To analyze this discrepancy, I have identi-
fied a common theory practice gap as an evaluation tool to learn how to plan for sustainable 
development to help resolve economic and ethical conflicts without risking the creation of 
socio-spatial utopias. This conceptual framework has two purposes: first, it helps to system-
atize the existing literature on three levels: ontological, methodological, and epistemological; 
and second, it offers a project evaluation framework, useful for the management of resources, 
the planning of urban space, and the need for an integrated practice through the lens of en-
vironmental humanities. To pinpoint these challenges, this investigation seeks to bridge the 
divide between sustainable assessment tools and environmental discourse to adopt a more 
integrated  and relevant sustainability framework. (fig. 1)

INTRODUCTION
In attempt to open up scientific or evidence based research and make it more accessible and 
understandable to the public, I argue that a case should be made for environmental human-
ities to be a theoretical foundation for inquiry based research and environmental discourse. 
Climate fiction might be considered significant for a number of reasons. As ecocritic Antonia 
Mehnert argues, literature explicitly focused on climate change “gives insight into the ethical 
and social ramifications of this unparalleled environmental crisis, reflects on current political con-
ditions that impede action on climate change, explores how risk materializes and affects society, 
and finally plays an active part in shaping our conception of climate change.”(2016, 4)  In all of 
these ways, it “serves as a cultural political attempt and innovative alternative of communicating 
climate change.” (2016, 4) This investigation aims to address the issue why the humanities and 
sustainability should inform one another and be studied not separately, but concurrently. 

METHODS/APPLICATIONS
This research utilizes concepts from environmental humanism, ecocriticism, and cognitive 
psychology. In particular, ideas from construal level theory arguing that psychological dis-
tance influences “how people represent mental objects and what information they consider when 
making judgments and decisions.” (Brügger 2016, 125)  In order to alleviate feelings of helpless-
ness, and instead, encourage behaviors that mitigate climate change, the work examines five 
major characteristics—customization, adaptation, affordability, community, and sustainabili-
ty—that distance the scientific from the inquiry, or the psychologically proximate. (fig. 4)

FINDINGS
The research suggests that literature can be effective at enabling or compelling readers and/
or the public to imagine potential futures and consider the fragility of human societies and 
vulnerable ecosystems. (fig. 5) While it may not play a significant role in convincing skeptics 
and deniers to reconsider their positions (partially because they are less likely to read these 
works of fiction), it might effectively nudge moderates and remind concerned liberals and 
leftists of the severity and urgency of climate change. 

CONCLUSIONS
The goal of this approach—environmental humanities—is not to displace other modes of 
analysis but to complement them through methodologies that can ground and refine com-
mon claims about readership, influence, and impact. (fig. 2 &3) To the extent that many au-
thors, publishers, ecocritics, and environmental humanists hope to contribute to the ongoing 
struggle to maintain a livable planet, which would represent a valuable step forward to not 
just bridging but connecting the theory practice gap. (fig. 5)
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Figure 1.  Caption or Description

Figure 2.  Smog-cleaning Facade in Mexico City. Source: Karen Rios, KSU Thesis Project (2019).

Figure 3.  Monach Buttery fly    Source: Terreform ONE (2018).

Figure 4.  Caption or Description

Figure 4. Atlas of Sustainabile Strategies. By Brandon Aultman, KSU Thesis Student.   Adapted from Inhabitant: WeWork and WeLive. Resilient Design Institute, 2015.
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Figure 2. Migration Patterns of the Monarch Butterfly. Courtesy of Terreform ONE

 

Figure 3. Integrated Biodiversity Dbl. Skin. Courtesy of Terreform ONE

Figure 1. Scalar Resiliency. By KSU         
.....Thesis Student Brandon 

Figure 5. Fiction writing informs knowledge of ecology.
[left to right] Barbara Kingsolver on global warming and the high costs to society of grossly inadequate pub-
lic school education, especially in the sciences in Flight Behavior; Charles Dickens on children and poverty in 
Oliver Twist; Toni Morrison on the tolls of slavery in Beloved; E.L. Doctorow on the collateral damage of war in 
The March; and, Upton Sinclair on the meat-processing industry in The Jungle.
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