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FACADE TECTONICS INSTITUTE

The Facade Tectonics Institute (FTI) is a non-profit member organization, whose
primary mission is to advance the art, science, and technology of the building skin
through research, practice, and education, including:

e Expanding recognition and understanding of the integral role the facade system
plays in resilience, sustainability, energy efficiency, durability, health and
productivity in buildings and urban habitat.

e Building a collaborative, facade-based action-oriented dialogue bridging
industry silos and filling key knowledge gaps.

e  Accelerating innovation and tangible improvements in buildings and urban
habitat through strategic facade-based initiatives.

e  Providing the industry-leading platform for building facade knowledge-sharing,
communication and collaboration.

This report has been prepared by the FTI Eduction Committee. The mission of the
FTI Education Committee is to advance educational programs and opportunities
focusing on the design, engineering and construction of building facades for the FTI
members, professionals and students. The committee is comprised of
representatives from academic institutions and the profession, and as such aims to
bridge the gap between the academia and industry in developing contemporary
educational programs and opportunities.

www.facadetectonics.org
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FACADE TECTONICS INSTITUTE 4

This report outlines the results of a research study conducted by the Facade Tectonics
Institute (FTI) Education Committee, focusing on the state of facades education at
higher-education institutions across the United States. The objective was to identify
coursework focusing on facades (or enclosure systems), and analyze how these courses
relate to the overall curricula, educational content, and teaching methods at various
universities. The study began by identifying universities that offer facade-related
courses, and by administering a survey via the FTI membership, the Society of Building
Science Educators, and the Building Technology Educators’ Society. The survey asked
participants to identify facades-related courses in their institutions, provide the course
names and numbers, indicate course level (graduate or undergraduate), course format
(studio, lecture, seminar) and the relation to the curriculum (elective or required
course). Contact information for instructors was collected as well. Subsequently, syllabi
were requested from instructors for each of the identified courses. Around seventy
facade-related courses were identified in various North American programs. However,
detailed information and course syllabi were collected for thirty-six facade-related
courses offered by the U.S. higher-education institutions.

The next step of the research study involved quantitative and qualitative analysis of the
submitted syllabi. The collected information was classified into different categories,
including geographic regions, program type, course format, whether the courses are
offered as part of a professional program, instructor type, identification of topics that
are covered in various classes, learning outcomes, and course assessment methods.

The results indicate that the majority of the U.S. facade-related courses are offered in
the East region, followed by the Midwest, West and Southeast region. Also, the
majority of the courses are offered at institutions located in major metropolitan areas,
and a slightly higher number of courses are offered by private institutions compared to
public universities. Courses are predominantly graduate-level and elective courses,
indicating that the pool of students who gain exposure and knowledge of facades and
facade systems in the U.S. is significantly smaller than anticipated and alarmingly small
given the importance of this subject matter.

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES



5 EXECUTIVE SUMMARY

The findings also indicate that U.S. architecture programs typically intertwine facade-
related educational content into building technology lecture courses and integrated or
comprehensive architecture design studios.

In order to improve the state of facade education in the U.S., it is necessary to expand
course offerings that offer in-depth study of facade systems, design processes, physical
behavior, structural analysis, technical detailing, materials, building performance
analysis, etc. Courses that introduce emerging materials and facade technologies, new
fabrication methods, as well as rapidly evolving construction techniques would greatly
benefit the architectural/engineering/construction industry.

The recommendation for architectural programs is to carefully consider, especially in
light of changing National Architectural Accrediting Board (NAAB) accreditation
requirements, how technical topics are to be more fully integrated into curricula. For
undergraduate pre-professional programs, introduction to basic principles of facade
design is beneficial since this allows students to understand relationships between
architectural design and building aesthetics, materials and assemblies, and to develop
an understanding of the relationships between enclosure design and building
performance. For NAAB accredited professional programs, deeper understanding
about facades’ design and performance, impact on building systems, integration with
structure and HVAC/lighting systems, technical detailing, and emerging technologies is
critical to prepare students for professional careers. Developing more specialized
graduate programs, such as graduate certificate programs, Master of Science and
Doctoral programs that focus on facades is necessary in order to expand research and
development efforts, as well as the collective “state-of-knowledge” relating to facade
systems.

MAY 2023



FACADE TECTONICS INSTITUTE

The FTI Education Committee initiated
aresearch projectin 2020, with the aim
of identifying current facade-related
coursework and educational
opportunities offered by architecture
programs at North American
institutions of higher education. The
overall objective was to investigate the
current state of facades education in
architecture programs, the types of
courses that are being offered, and the
teaching methods employed within a
geographic context. For the purposes of
this research facades are defined as any
type of exterior wall.

Research questions that were
addressed by the study are listed below:

«  Which universities offer facades-
related courses?

+  Whatisthe geographic
distribution of these universities,
and are these public or private
institutions?

«  Which topics are covered by
facade-related courses? Who
typically teaches these classes? Are
these undergraduate or graduate
courses? Are these pre-
professional or professional degree
programs? And are these required
or elective courses?

+  Whattypes of teaching methods
are utilized by faculty?

The study was initiated by first
identifying universities that offer
courses and programs based on our
personal knowledge and FTI Education
Committee’s input. Then, a survey was
distributed to wider FTI membership
and two organizations (the Society of

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES



Building Science Educators and the
Building Technology Educators’
Society) to reach a broader network of
educators.

The survey asked participants to
identify facades-related courses in
their institutions, and these following
questions:

+  Name and contact information of
instructor(s)

+  Course name and course number
for everyidentified course

«  Courselevel (graduate or

undergraduate)

«  Course type (studio, lecture,
seminar)

+  Relation to curriculum (elective or
required course).

We also asked instructors to share their
course syllabi, if they wished to do so.
Initially, around seventy courses
offered by institutions in the United
States and Canada were identified.

INTRODUCTION, OBJECTIVES AND METHODOLOGY

However, we collected detailed
information and course syllabi for
thirty-six courses offered in U.S.
programs. Then, we proceeded with
the quantitative and qualitative
analysis of each submitted syllabus.
The information that was collected was
classified into different categories,
including regions, instructor type
(tenure-line or adjunct faculty),
program type (pre-professional or
professional), level (undergraduate or
graduate), course format (lecture,
seminar, or design studio),
requirements in terms of the overall
curriculum (required course or an
elective), topics that are covered,
learning outcomes and methods of the
assessment. This data collection and
analysis process are illustrated in
FIGURE1.

This report summarizes the outcomes
of the study, outlines analysis results,
and provides recommendations for
improving educational opportunities
for facades education.
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FIGURE 1: Data collection and analysis diagram.
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2.1 Architecture Programs in
the U.S.

Post-secondary architecture studies
can be undertaken in both
undergraduate and graduate degree
programs. Undergraduate architecture
programs include the five-year
Bachelor of Architecture (B.ARCH)
professional degree, and four-year
pre-professional degrees which may
grant a Bachelor of Arts or a Bachelor of
Science degree. Pre-professional
programs offer entry into Master
programs with advanced standing and
are commonly referred to as 4+2
programs.

Some institutions offer undergraduates
professional and pre-professional
program options but most schools offer
one or the other, not both.

Apart from a single Doctor of
Architecture program (University of

Hawaii at Manoa), the terminal degree
for architecture education is the
professional Master(s) of Architecture
(M.ARCH).

Although not fully represented in this
research report, there are anumber of
non-professional Master of Science
(MSc) in Architecture programs, which
are typically thesis-based and research
intensive. These programs may address
facade design but usually align with
larger program emphases or faculty’s
areas of expertise.

2.2 Curricula

Because undergraduate BA/BS pre-
professional programs are not
accredited by NAAB, their curricula
and specific programs of study vary
widely between institutions. Degree
requirements tend to include a large
share of general education courses,
STEM courses, field of study electives,
free electives, and even minor degrees.
Required architectural design studios,
the curricular heart of U.S.

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES



architectural education, may be a
sequence of as few as five studios, or as
many as eight studios. Architecture-
specific coursework varies widely in
both focus and depth of study. Given
the breadth of curricular scope and
credit hour limits, few of these pre-
professional programs delve deeply
into building construction, systems or
technologies - including facade-related
content.

In contrast, five-year professional B.
ARCH programs are accredited by
NAAB and therefore must satisfy
specific curricular requirements.
These programs tend to be more highly
organized around the architectural
design studio sequence and will
typically require more architecture-
specific coursework and a much wider
range of technical content.

Professional M. ARCH programs offer
two degree paths: anominal three-year
path for students entering the field
without an undergraduate degree in
architectural studies, and a two-year
path for students who have completed
the BA or BSin Architecture degree.
These programs are also accredited by

LITERATURE REVIEW

NAAB based on specific educational
outcomes and, like the B.ARCH
programs, typically offer extensive
coursework covering building
technologies and systems.

Finally, the non-professional MSc in
Architecture programs tend to draw
students who have completed a B.ARCH
program and are interested in focused
thesis projects, students interested in
moving into Ph.D. programs, and
international students interested in
advanced studies but not requiring U.S.
credentials for professional practice
abroad.

2.3 National Architectural
Accrediting Board

The NAAB accreditation requirements
concerning educational content and
curriculaare described in a set of
Program Criteria (PC), and Student
Criteria (SC).

The current NAAB 2020 Conditions for
Accreditation and Procedures for
Accreditation are markedly different
from prior versions in the shift from
specific criteria to fewer and much
more general criteria. The immediate
prior 2014 Conditions for Accreditation
had twenty-six Student Performance
Criteria across four topic areas. (The
syllabiincluded in this research project
typically reference the 2014 or 2020
versions as appropriate.)

MAY 2023



FACADE TECTONICS INSTITUTE

The current 2020 requirements are
organized around six SC and eight PC.
2020 requirements that relate, directly
or tangentially, to facades and
enclosure systems are the following:

»  PC.5Research and Innovation:
How the program prepares

10

students to engage and participate
in architectural research to test
and evaluate innovations in the
field.

For comparison, the Student
Performance Criteria from the NAAB
2014 Conditions for Accreditation
related to facades are listed below:

e SC.4 Technical Knowledge:
How the program ensures that
students understand the
established and emerging systems,
technologies, and assemblies of
building construction, and the
methods and criteria architects
use to assess those technologies
againstthe design, economics, and
performance objectives of
projects.

e SC.6Building Integration:
How the program ensures that
students develop the ability to
make design decisions within
architectural projects while
demonstrating integration of
building envelope systems and
assemblies, structural systems,
environmental control systems,
life safety systems, and the
measurable outcomes of building
performance.

B.4 Technical Documentation:
Ability to make technically clear
drawings, prepare outline
specifications, and construct
modelsillustrating and identifying
the assembly of materials,
systems, and components
appropriate for a building design.

B.6 Environmental Systems:
Ability to demonstrate the
principles of environmental
systems’ design, how design
criteria can vary by geographic
region, and the tools used for
performance assessment. This
demonstration mustinclude active
and passive heating and cooling,
solar geometry, daylighting,
natural ventilation, indoor air
quality, solar systems, lighting
systems, and acoustics.

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES



11

B.7 Building Envelope Systems
and Assemblies:

Understanding of the basic
principles involved in the
appropriate selection and
application of building envelope
systems relative to fundamental
performance, aesthetics, moisture
transfer, durability, and energy
and material resources.

B.8 Building Materials and
Assemblies:

Understanding of the basic
principles used in the appropriate
selection of interior and exterior
construction materials, finishes,
products, components, and
assemblies based on their inherent
performance, including
environmental impact and reuse.

B.9 Building Service Systems:
Understanding of the basic
principles and appropriate
application and performance of
building service systems,
including lighting, mechanical,
plumbing, electrical,
communication, vertical
transportation, security, and fire
protection systems.

B.10 Financial Considerations:
Understanding of the
fundamentals of building costs,
which must include project
financing methods and feasibility,
construction cost estimating,

LITERATURE REVIEW

construction scheduling,
operational costs, and life-cycle
costs.

C.1Research:

Understanding of the theoretical
and applied research
methodologies and practices used
during the design process.

C.2 Integrated Evaluations and
Decision-Making Design Process:
Ability to demonstrate the skills
associated with making integrated
decisions across multiple systems
and variables in the completion of
adesign project. This
demonstration includes problem
identification, setting evaluative
criteria, analyzing solutions, and
predicting the effectiveness of
implementation.

C.3 Integrative Design:

Ability to make design decisions
within a complex architectural
project while demonstrating broad
integration and consideration of
environmental stewardship,
technical documentation,
accessibility, site conditions, life
safety, environmental systems,
structural systems, and building
envelope systems and assemblies.

MAY 2023
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2.4 Beyond Graduation: In-
ternship

Internship was not included in this
research study but each state requires
successful completion of a formal
internship/apprenticeship program for
architectural licensure, so this period
should be considered as a critical
component of an architect’s
educational path. The National Council
of Architectural Registration Boards
(NCARB) administers the national
Architecture Experience Program
(AXP), which requires completion of
ninety-six “tasks” spread across six
experience “areas”.

Only a few requirements refer in any
way to facade or enclosure systems and
all are in the Project Planning and
Design area:

«  Select materials, finishes, and
systems based on technical
properties and aesthetic
requirements.

«  Determine design parameters for

12

building engineering systems.
Oversee design integration of
building components and systems.
Understand implications of
evolving sustainable design
strategies and technologies.

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES
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3.1 Quantitative Analysis:

The total number of course syllabi
analyzed that either focus on facades
(asastand-alone course) or integrate
facadesin other courses was thirty-six,
alllocated in the United States. This
accounts for 31% of accredited M.ARCH
programs in the United States; the
authors recognize the limitation of the
data set, and acknowledge that there
may be other courses offered in
different institutions but that were not
identified during the data collection
process.

All of these courses were taught during
the span of fall semester 2019 through
spring semester of 2023. The following
figuresillustrate some of the general,
quantitative patterns regarding the
current state of facades education in
the U.S. The complete table of results is
included in the appendix of this report
(see TABLES 1 and 2).

FIGURE 2 graphs illustrate that
facade-related courses, which were
identified in this study, are taughtin 12
of the 50 U.S. states, of which the
majority are located in the East region
(21 courses), followed by the Midwest
region (7 courses), then the West region

RESULTS

(5 courses), and lastly the Southeast
region (3 courses).

As shown in the following figures,
FIGURES 3 and 4, a higher number of
facade-related courses are taughtin
large, major U.S. cities and
metropolitan areas.

FIGURE 4 also shows that the
distribution of facade-related courses
between private and public universities
is close to equal; however, private
universities are slightly leading, with
53%. Seven of the evaluated facade
course syllabi are taught among four
Ivy League schools (Columbia
University, Harvard University,
Princeton University, and University of
Pennsylvania), accounting for 20% of
results (see TABLE 1 and 2).

MAY 2023
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(12) 24%

(38) 76%

(21) 58%

(3) 8%
5 -7
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KEY:

(# Courses) % Courses of 36 TOTAL

COLOR LEGEND:

U.S. States with Facade Education

. U.S. States without Facade Education

Facade Courses in U.S. EAST

Facade Courses in U.S. SOUTHEAST
’ Facade Courses in U.S. WEST
. Facade Courses in U.S. MIDWEST
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New York
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Massachusetts

- 1
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FIGURE 2: Distribution of facade-related courses in the U.S. by geographic regions.
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KEY:

(# Courses) % Courses of 36 TOTAL

COLOR LEGEND:

REGIONAL U.S. Locations
‘ URBAN U.S. Locations

() PUBLIC UNIVERSITIES
@ PrIVATE UNIVERSITIES

NON-IVY LEAGUE UNIVERSITIES
IVY LEAGUE UNIVERSITIES

RESULTS

(9) 25%

(27) 75%

(17) 47%

(19) 53%

(7) 19%

(29) 81%
o <7/ O- "

FIGURE 3: Distribution of facade-related courses between regional and urban locations, and between
public and private universities in the U.S.

Meanwhile, FIGURE 5 graphs illustrate
that facade-related coursesin the U.S.
are predominantly graduate-level,
elective courses that are taught
primarily within the architectural
discipline departments.

These results show that the
pool of students who gain
exposure and knowledge of
facades and facade systems in
the U.S. is significantly small-
er than anticipated and alarm-
ingly small given the impor-
tance of this subject matter.

MAY 2023
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KEY:
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(# Courses) % Courses of 36 TOTAL

@ Amherst, MA (2) 6%

@ cambridge, MA (1) 3%

. Champaign-Urbana, IL (1) 3%
Charlotte, NC (1) 3%

@ chicago, IL (3) 8%
Clemson, SC (1) 3%

Los Angeles, CA (2) 6%
. Minneapolis, MN (1) 3%

. Princeton, NJ (1) 3%
Salt Lake City, UT (1) 3%
@ s:n Louis Obispo, CA (2) 6%
St. Louis, MO (2) 6%
Starkville, MS (1) 3%
. State College, PA (1) 3%
@ oy NY (1) 3%

UNIVERSITY LOCATION

@D - vork City, NY (9) 25%
@D rhiladelphia, PA (6) 17%

0 6 12 18

24 30 36

NUMBER OF EVALUATED COURSE SYLLABI

FIGURE 4: Distribution of facade-related courses among specific town or city locations in the U.S.

Additionally, as the courses are
predominantly graduate-level and
elective courses, the pool of students
who have exposure to these courses is
even smaller. This may also reflect on
the financial ability required to pursue
an advanced graduate degree, which in
the U.S. may range from 2 to 4
additional years of higher education.
Even then, these courses are mostly
optional.

This means that the majority
of university students in the
U.S. may complete their archi-
tectural degrees and pursue
their professional careers
without specific knowledge of
facades.

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES
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(18) 50%

(1) 3%

T
' (4) 11%
(13) 36%

(19) 53%

(17) 47%

(28) 78%

3%
I (3)8%
(%) 11%

RESULTS

KEY:

(# Courses) % Courses of 36 TOTAL

COLOR LEGEND:

GRADUATE
UNDERGRADUATE

@ GRADUATE + UNDERGRADUATE

@ pocroraL

‘ ELECTIVE

. REQUIRED

ARCHITECTURE
. ARCH, PLANNING + PRESERVATION
‘ CIVIL, ARCH + ENV ENGINEERING
ARCH ENGINEERING

FIGURE 5: Distribution of facade-related courses between course level tiers, between elective and
required courses, and between discipline departments in the U.S.

As shown in FIGURE 6, among the
facade-related courses that are taught
inthe U.S., notall of them are
specifically focused on facades or
facade systems. This may include only
asingle ninety-minute lecture on
facade systems. FIGURE 6 also shows
that the majority of the facade-related
courses in the U.S. are taught by
full-time, tenure-line faculty.

For roughly one-third of these
courses (36%), facades educa-
tion is an integrated, partial
component to an overarching
topic of the course.
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However, a very large proportion of
these courses (44%) are taught by
adjunct faculty who are professionals
inthe architectural and related fields
and may teach these courses out of a
passion for these topics. This may be a
reflection of the lack of resources
among some of these universities to
hire full-time faculty with expertise in
facades.

Looking at the course structure chart
in FIGURE 7 and the course evaluation
chartin FIGURE 8, the majority of
facade education courses are
structured as lecture courses (92%) that
include a design project (92%) with
presentations of those results (89%).
Another trend observed in the results
was that courses tended to integrate
workshops (56%), which mostly
involved demonstrations and tutorials
on computational and simulation
software. This was followed by a
significant number of courses that
integrated field visits and tours (36%),
which involved sites for precedent
analysis, sites for the assigned design
projects, and sites of manufacturing
and testing facilities.

Of the evaluated courses, only about
one-third (28%) were structured as
traditional design studios. Additionally,
about half of the courses included
verbal discussions (50%), reading
assignments (58%), writing
assignments (44%), and the production
of drawing assignments (47%).

18

Very few facade-related courses assess
student knowledge through quizzes or
exams; rather, the primary graded
componentincludes design projects,
which may be areflection of the nature
of these courses that focus on real-
world applications and design methods
used in the architectural and
engineering industries.

The course topics chartin FIGURE 9
illustrates a more detailed breakdown
of all the facade-related topics that have
been implemented in the course
descriptions and course assignments of
the evaluated syllabi.

Similarly, 75% of evaluated courses
integrate precedent research and
analysis for either historic or
contemporary facades and facade
systems, and more than half of the
evaluated courses focus on technical
drawing and documentation of facade
systems (58%) and the integration of
facade systems with other building
systems (56%).

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES
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COURSE STRUCTURE

(23) 64%
- ki

(13) 36%

(20) 56%

(16) 44%

RESULTS

KEY:
(# Courses) % Courses of 36 TOTAL

COLOR LEGEND:

PRIMARY FOCUS
INTEGRATED COMPONENT

‘ FULL-TIME, TENURE-LINE FACULTY
ADJUNCT FACULTY

FIGURE 6: Distribution of facade-related courses between a primary focus on facades and an

integrated component on facades, and
faculty an

@D seminar (6) 17%
@D ocsign stud

between courses that are taught by full-time, tenure-line
d adjunct faculty in the U.S.

Lectures (33) 92%

io (10) 28%
- Comprehensive / Final Design Studio (6) 17%

@R workshop (20) 56%

Field V

isits / Tours (13) 36%

0 6 12 18 24 30 36
NUMBER OF EVALUATED COURSE SYLLABI

FIGURE 7: Course structure chart for facade-related courses in the U.S.
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— Discussions (18) 50%
— Reading Assignments (21) 58%

Writing Assignments (16) 44%
— Drawing Assignments / Sketches (17) 47%
G Design Projects (33) 92%

Labs (3) 8%
Presentations (32) 89%
- Quizzes (6) 17%
Exams (12) 33%

0 6 12 18 24 30 36
NUMBER OF EVALUATED COURSE SYLLABI

EVALUATION METHODS

FIGURE 8: Course evaluation methods chart for facade-related courses in the U.S.

Abouthalf of the evaluated courses contemporary buildings and new

focus on computational modeling construction design.

(50%). Meanwhile, less than half of the

evaluated courses integrate Results also show that topics of cultural
performance simulations (42%), sensitivity, inclusive design and
sustainability and mitigation of the accessibility, and waste reduction or
effects of climate change (47%), and recycling were only covered in 1 of all
building codes and standards, evaluated course syllabi (3%).
including fire safety (42%).

Less than half of the evaluat-
ed courses focused on facade
system detailing or tectonics
(44%).

Limited integrated course topics were
topics related to historic facades such
as facade history (22%), retrofit facade
design (19%), vernacular techniques
(8%), and ornamentation (3%), which
shows that the focus on current facades
education inthe U.S.ison

THE STATE OF FACADES EDUCATION IN ACADEMIC INSTITUTIONS: U.S.-BASED PERSPECTIVES
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IMPLEMENTED COURSE TOPICS

RESULTS

Facade History / Archival Research (8) 22%
Facade Systems + Design (29) 81%
— Retrofit Facade Design (7) 19%
— Precedent Research (27) 75%
@D site / Context Analysis (10) 28%

Environmental Analysis (29) 81%
— Interior Environment / Occupant Comfort (16) 44%
Energy Efficiency (20) 56%
— Heat Transfer (26) 72%
— Moisture / Air Infiltration / Ventilation (19) 53%

Natural / Artificial Lighting (23) 64%
- Acoustics (8) 22%
— Passive Systems + Design Strategies (13) 36%
Active Systems + Design Strategies (10) 28%
Materials + Assembly (32) 89%
Detailing / Tectonics (16) 44%
Ornament (1) 3%

- Vernacular Techniques (3) 8%
@ cultural Sensitivity (1) 3%
- Embodied Carbon (3) 8%

Life Cycle Assessment (6) 17%
. Waste Reduction / Recycling (1) 3%

Renewable Energy Sources + Technologies (6) 17%

— Sustainability / Climate Change (17) 47%
@R suilding Systems Integration (20) 56%

Building Codes / Standards + Fire Safety (15) 42%
- Building Physics, Movement, Safety (3) 8%
- Cost Effectiveness / Economic Sensitivity (4) 11%
Inclusive Design + Accessibility (1) 3%
Technical Drawing / Documentation (21) 58%
Physical Modeling / Fabrication (13) 36%

Construction Process / Manufacturing / Administration (8) 22%

@R computational Modeling (18) 50%
— Performance Simulations (15) 42%
@D visualization / Rendering (5) 14%

0 6 12 18 24 30 36
NUMBER OF EVALUATED COURSE SYLLABI

FIGURE 9: Implemented course topics for facade-related courses in the U.S.
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3.2 Qualitative Analysis:

The analyzed courses fall into four
major categories:

1. Buildingtechnologylecture
course:
Thisis typically a required lecture
course (2-4 credit hours) in which
enclosure materials and systems
are presented as a module within a
broader technology course. These
courses are often organized
around building materials
(concrete, masonry, earth, metals,
stone, glass) or building systems
(structural systems, enclosure
systems, mechanical systems).
Enclosures may be addressed via
their materials (concrete, brick,
terracotta, glazing, metal panel,
GFRC, etc.) or their system
typologies (mass wall, barrier
wall, rainscreen, window wall,
curtain wall).

Typically, these courses introduce
common building materials and
their origins, and explore how
materials are combined into
assemblies that achieve specific
performance criteria, including
structural and environmental
performance. Materials and
detailing of building assemblies
are explored through case studies,
orthographic drawing, and
modeling. These courses are
fact-based and may use quizzes

22

and exams as methods of
assessment. The required building
technology lecture course in B.
ARCH and M.ARCH programs
typically addresses technical
NAAB criteria and is often
designed to complement and
reinforce the content of the
integration studio.

Integration studio + Technical
course:

The terminal architectural design
studio, also known as a capstone or
comprehensive studio, addresses
comprehensive building design
with a focus on the technical
resolution of building systems and
their integration into a functional
whole. Enclosure systems are
typically one of many building
systems that may be addressed in a
comprehensive studio, such as
structural/HVAC/lighting systems,
accessibility, and life safety.

These studios treat systems and
assemblies as a studio module so
enclosures material might be
delivered in concert with the
project development phase. A
co-requisite technical lecture
course may be offered
concurrently with the
comprehensive design studio. Case
study research and analysis help
develop the studio design and
technical detailing at the same
time, or students may revisit a
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design project from a previous
semester with a technical lens.
Instructors are often subject
matter experts drawn from the
adjunct faculty pool, which may
include practicing facade
specialists depending on the
location of the school. The
deliverable is typically a set of
“construction documents”
modeled on a drawing set from a
professional environment. The
integration studio (with or without
a co-requisite technical course) has
typically satisfied a number of the
NAAB Student Performance
Criteria.

Facade elective:

The last, and most diverse category
of courses are the facade electives.
These optional courses (2-3 credit
hours) cover a wide range of topics
related to the building enclosure,
including history and theory of
facade design, environmental
simulation, parametric design,
architectonics, technical detailing,
and building science.

These courses may be taught by
either tenure-line or adjunct
faculty, but typically reflect the
professional and/or research
interests of the instructor. And
they may be offered in various
formats, such as lecture, seminar,
or workshops. For this reason, the
course contentis highly variable

RESULTS

and subject to frequent change.
While elective courses may offer a
comprehensive introduction to
building enclosure systems and
design, they are only taken by a
small fraction of students in any
graduating class. As elective
courses they typically do not
address the NAAB criteria for
professional degree programs.

Other courses:

Content on enclosure systems may
be found outside the course types
noted above, for example within
lecture courses on environmental
control systems, within core or
advanced studios, or in courses
offered by other university
departments. This “distributed”
contentis more difficult to identify
based on course syllabi alone, and
therefore may be under-
represented in our dataset.
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4. Conclusion and
Recommendations

The findings of this research study
indicate that architectural programsin
the United States typically integrate
educational materials on exterior wall
systems into building technology
lecture courses and integrated design
studios.

Undergraduate students in B.ARCH
programs have many more options for
facade-related courses than those
undergraduates studying in pre-
professional programs. There are very
few stand-alone elective courses
focusing on facades. Those that exist
are likely offered in professional
programs (B.ARCH and M.ARCH)
located at urban sites with ready access
to active professionals having specific
technical backgrounds in facade
systems. Moreover, graduate programs
that solely focus on facades (such as
specialized MSc programs or graduate
certificates) are very rare.

In order to improve the state
of facade education in the
U.S. it is necessary to expand
course offerings that offer

in-depth study of facade
systems, design processes,
physical behavior, structural
analysis, technical detailing,
materials, building perfor-
mance analysis, etc.

Courses thatintroduce emerging
materials and facade technologies, new
fabrication methods, as well as rapidly
evolving construction techniques
would greatly benefit the architectural/
engineering/construction industry.

The recommendation for
architectural programs is to
carefully consider, especial-
ly in light of changing NAAB
accreditation requirements,
how technical topics are to
be more fully integrated into
curricula.

For undergraduate pre-professional
programs, introduction to basic
principles of facade design is beneficial
since this allows students to
understand relationships between
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architectural design and building
aesthetics, materials and assemblies,
and to develop an understanding of the
relationships between enclosure
design and building performance.

For NAAB accredited professional
programs, deeper understanding of
facades’ design and performance,
impact on building systems,
integration with structure and HVAC/
lighting systems, technical detailing,
and emerging technologies is critical to
prepare students for professional
careers.

Developing more specialized graduate
programs, such as graduate certificate
programs, Master of Science and
Doctoral programs, that focus on
facadesis necessaryin order to expand
research and development efforts, as
well as the collective “state-of-
knowledge” relating to facade systems.
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