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Pedagogical Bridges: Evaluation of Structural Education and
Syllabi for Engineers and Architects Over Time

Stephanie Bunt and Anjali Mulchandani
ABSTRACT

Classes that teach building structures in engineering and architecture are often separated into
distinct curriculum; however, the rules that govern structural behavior remain the same. While
there are advantages to developing courses that meet the learning outcomes of specific
disciplines, engineers and architects work together towards the same final product: a building.
Understanding how their education in structures topics differs by profession and over time may
be useful in improving their learning outcomes and shared understanding. In this research, we
examine syllabi from engineering structures and architecture structures classes across five
decades from five Universities in the United States. We identify and compare themes in the
syllabi that highlight divergences by discipline and similarities in education. Curriculum models
for integration of engineering and architecture education are suggested.

INTRODUCTION

While the nature of structural behavior has not changed in the last century, the way structural
concepts are taught to designers is often reassessed by new instructors and accommodated for
different disciplines. Not only do new textbooks emerge every few years, but syllabi are
revamped, responding to a variety of new institutional and disciplinary criteria. While
engineering students are expected to perform detailed, theoretical calculations for professional
licensure exams, they may not always understand the application of the theory they learn in
class. In contrast, structural design is only a small part of the knowledge demanded of
architecture students but is nevertheless imperative for effective building design. In addition, the
pre-requirements for many engineering and architecture classes have changed over time and vary
between programs and universities. Although engineers and architects are expected to
collaborate in future practice, their team efforts are often associated with conflict due to their
diverging disciplinary goals [1]. Understanding how these disciplines were prepared to navigate
structural concepts historically compared to current trends in their education may support better
instruction in the future.

In this paper, we evaluate developments in structural education for engineering and architecture
programs, looking at syllabi from the last 40 years at different Universities. We explore
differences in the material included in structures focused classes for both engineers and
architects and discuss the potential implications of these separate trainings on their careers and
collaborations in the respective professions over time. While we acknowledge the reasons for
separating engineering and architecture education, we speculate on ways to integrate aspects of
building structures education. By being critical of past pedagogies, we can make informed
changes in future teaching endeavors



CONTEXT

In our analysis, we consider the contexts of syllabi in coursework and briefly summarize how
engineering and architecture professions split into their own disciplines. The history of these two
topics is vast, but we focus on aspects that explain why curriculum differences exist.

What is a syllabus?

The course syllabus has evolved substantially since its early use in the late 1800s as an outline of
lectures or course dates. The modern syllabus serves as a contract between the instructor and
students, and contains expectations and responsibilities of both parties. It contains information
specifically relevant to the course, such as learning objectives, program accreditation criterion,
grading policies, assignments, exams, and procedures and policies regarding how incidences
such as missed classes or exams will be handled [2]. It also contains standard information and
resources from the University, such as policies for academic dishonesty, accommodations,
mandatory reporting, and most recently guidance towards managing health and safety in the
classroom due to COVID-19.

The split of engineering and architecture professions

While syllabi have been evolving within academia, the professions have entered the university
through their own paths. Prior to the industrial revolution, building design roles were not
differentiated by discipline. With advancements in material and technologies, expertise in
specific design areas became necessary and responsibilities were distributed over time into the
familiar disciplines defined today [1]. At the same time, universities began standardizing
expectations for coursework and processes for earning degrees. As a result, the United States’
system of higher education has face significant shifts in the last century. The Second Industrial
Revolution (1870 — 1914) influenced engineering programs by transitioning from agricultural
and small shop work to a stronger emphasis on specialized, discipline-focused training to meet
the needs of a transforming society and workforce [3]. Events of the mid-1900s such as World
War Il and the Cold War that highlighted the importance of technology led to a larger surge in
engineering and science education. The STEM (Science, Technology, Engineering, and Math)
acronym was introduced by the NSF in 2001 to emphasize the need for more professionals in
these fields [4]. Meanwhile, architecture took on its own narrative in schools of design, such as
the Bauhaus in Europe, which set a model for apprentice-based, theory-heavy schools in the US,
such as Frank Lloyd Wright’s Taliesin. Designing a building was not just a technical skill, but an
ideology on how people should live. Over time, the discipline of architecture found its own
pedological goals separate from engineering within the 4-year university model. However, recent
efforts have been made to re-synthesize disciplines in art and science by the 2018 Carl D.
Perkins Career and Technical Education (CTE) Act in which the United States government
legally recognized architecture as a STEM profession. A primary benefit of this Act is an
increase in federal funding opportunities that architecture education can pursue [5].



Creating professional standards through accreditation

Moreover, in recognizing a need for professional recognition, the disciplines have defined their
own expectations for education through program accreditation. Accreditation has become a
driving force in university curriculum over time and is both similar and different for architect
and engineering disciplines. For engineering programs, the Engineers’ Council for Professional
Development, originally founded in 1932, evolved to the Accreditation Board for Engineering
and Technology (ABET) in 1980 [6]. However, they shortened their name to just ABET in 2005
to more accurately reflect their expanded scope, which included more fields in STEM. In 1997,
they adopted Engineering Criteria 2000, which shifted evaluation from a “what is taught”
mentality to a “learning outcomes” mentality through an outcome-based assessment. In addition,
evaluation of programs is done by ABET Experts, including leaders from industry, academia,
and government professionals, who visit campuses and review program materials.

Although it has its own separate accrediting body and disciplinary goals, the process for
accreditation of programs in architecture follows a similar approach to evaluation. The National
Architecture Accreditation Board (NAAB) oversees accreditation for Architecture programs in
the US. Licensing architects was first introduced at the end of 19" century and an attempt to
establish national standards in architecture education was made through the Association of
Collegiate Schools of Architecture (ACSA) in 1912 [7]. After adopting and abandoning the use
of standard minima, the NAAB was established in 1940. The most recent change to NAAB was
in 2020 at new conditions for accreditation, emphasizing outcome-based assessment. Both
engineering and architecture accreditation agencies have shifted to an outcome-based
assessment, and they use a field of educators and practitioners to evaluate programs for their
efficacy in their disciplines.

From briefly reviewing the histories and evolutions of engineering and architecture programs, it
is evident that the relationship between the disciplines is regularly evolving. Advancements in
technology, changes in the needs of society, and developments in the standards of the professions
prompt revision of disciplinary education, thus making it important to assess the overlap of
topics in their education.

METHODS AND RESULTS

For this pedagogical investigation into structures-based curriculum, we considered differences
and similarities between disciplinary programs and changes in the syllabi over time. We
examined the instructor syllabi from both engineering and architecture structures classes from
different Universities in the United States. For this research 14 syllabi were reviewed from 6
universities across 5 decades from 7 engineering and 7 architecture structures courses. The
syllabi were grouped and evaluated by discipline, not sub topic material (for example structural
analysis or statics in engineering) as we are interested in surveying their approaches as
disciplines, rather than specific courses. As a research team, we examined the syllabi for their
content, depth of detail, and tactile characteristics. The syllabi, as artifacts, provide brief insight
to how structures education has evolved over time. Table 1 provides an overview of the syllabi
reviewed.



Table 1. Summary of the syllabi reviewed, outlining their discipline, title, year, and institution.

ENGINEERING ARCHITECTURE

Institution 1 Structural Analysis, 2010 Architecture Structures |, 2023

University of New Mexico Engineering Statics, 2022
Structural Analysis, 2023

Reinforced Concrete Design, 2024

Institution 2 Structures in Wood and Steel, 1983
University of Michigan Architecture Structures |, 1982
Architecture Structures I, 2023
Institution 3 Introduction to Principals of Structures, 1970’s
Nebraska
Institution 4 Statics, 2010 Building Technology 11, 2020
Texas Tech Structural Analysis, 2011
Institution 5 Structural Design Il, 1982
U of Tennessee
Institution 6 Advanced Structural Analysis, 2014

Colorado School of Mines

There is also a difference in the use of documentation tools used to generate the syllabi over time
as reflected in the medium of the syllabi. The earlier syllabi were written by hand and produced
on typewriter while recent syllabi were typed on computers and were rarely printed out for
distribution. Figure 1 shows a sample of 3 syllabi.

SYLLABUS - CE 308
Structural Analysis
Spring 2023

Professor Emeritus Walter Gerstle, Phoae: 505-382-2328; e-mail gerstie@uam edu
Office 2:15 PM - 2:00 PM T, Th, Centennial Engincering Center Room 3044,
Other ointment

Prerequisites: CE 302 Mechanics of Materials, and CE305 Infrastructure Matesials Science
Meeting Times and Location® T, Th 11:00AM - 12:15 PM. Dane Smith Hall Room 225
ictural Analysis, R C. Hibbeler, Pearson. 7* Edition, or later edition

Introdhuction; types of stractures, and loads
Analysis of Statically Determinate Structures
Statically Dete sses

I F

Deflections; energy methods and virtual work
Flexibility method of analysis — Force Method

‘Spring Break (Masch 13-17)

Wesk9 10 e analysis of
Week10 11 Approximate analysis of indeterminate structures: Moment Distribution
Week1l 12 Approximate Analysis of Statically Indeterminate Structures

e, (ot S, b Vi §

Handwritten Typewriter Typed on computer

1982 1970's 2023
for architects for architects for engineers

Figure 1. Sample of 3 syllabi used in the assessment.



Engineering and architecture curriculum have distinct disciplinary goals, requiring differences of
instruction in their structural classes, however, some aspects of the structural courses, such as
key concepts covered, are consistent regardless of profession. Table 2 shows a summary of the
similarities and differences of characteristics from the syllabi. Themes from the syllabi were
identified (including topics, depth, evaluation criteria, tools, and texts) and two dimensions of
evaluation were considered: comparisons between the disciplines for each theme and changes
over time in the syllabi that existed regardless of the profession.

Table 2. Elements of structures focused classes organized by differences and similarities over
time and by discipline

THEMES SIMILAR DIFFERENT
content disciplinsi - \/eng. more; arch. less
time v
evaluation | discipline tost . el
criteria tme | / | + ‘leaming outcomes" not just topics
discipline --- V different rigor of struct. analysis tools
tools , .
time - s/ by-hand to digital
texts dlsc:|p!|ne - \/ varies
time - /' no standard book

*in the table, “time” refers to changes over time

Content

Within the category of content, we identify the topics discussed and depth of their instruction.
When teaching structural behavior to beginning design students, the basic ideas that support
building mechanics have not changed over time. From a content analysis of topics mentioned on
both the engineering and architecture syllabi across time, the terms “stress,” “bending” (or
“flexure”), and “beams” are used regularly used. In addition, the topics do not change by
discipline, but the depth of each topic varies. Engineering curriculum has entire courses that
focus on specifics of structural behavior, whereas architecture curriculum may address topics
more broadly over 2-3 courses. It is generally assumed that the architecture classes use less math,
but these conditions vary by instructor and program.

Evaluation Criteria

The forms of evaluation have not changed dramatically for either profession. Syllabi indicate a
mixture of tests, homework, participation, and sometimes a project. However, stating the
learning or performance objectives or outcomes in syllabi is evident in the last two decades. The
older syllabi from before 2000 list the topics covered but are not phrased as active statements for
what students should be able to do at the end of the semester. The active statements allow for
clearer assessment of evaluation criteria, particularly in addressing accreditation criteria. One of



the architecture syllabi lists the accreditation criteria being addressed in the class in order to meet
accreditation requirements.

Tools

The evolution of tools and technologies has influenced the professions as both a means to solve
complex problems and as information delivery methods. Structural analysis computer programs
have provided simulation feedback for engineering that exceeds limitations of hand calculations.
Digital tools such as SAP2000 and RISA2D were sometimes mentioned in the syllabi, however,
they do not explain structural behavior and are not indicated as the primary teaching tools in the
engineering structures courses. Similarly, the architecture structures class have their own
structural analysis tool for their computer interface and they are sometimes mentioned in syllabi,
but are not primary teaching tools. Karamba3D [8] is a structural analysis plug-in to
Grasshopper, a parametric coding tool in the 3D modeling program Rhinoceros. Learning how to
use tools in addition to learning the content of the class often exceeds the learning objectives
listed on a syllabi.

There is also a difference in the use of documentation tools used to generate the syllabi over time
as reflected in the medium of the syllabi. The earlier syllabi were written by hand and produced
on typewriter while recent syllabi were typed on computers and were rarely printed out for
distribution.

Texts

No class has used the same text as a required or suggested textbook. In the syllabi, they are often
just listed as required or suggested with either no or limited information about expected reading
assignments. Historically, textbooks were the primary resource for information outside of class
lectures. Today, however, a multitude of online resources can also supplement course lectures.
Future research can explore what influences the selection of a textbook and how they are utilized
in teaching.

DISCUSSION

After reviewing the similarities and differences of syllabi characteristics from structures courses
in engineering and architecture over time, we identify three themes that support their continued
independence while also proposing opportunities for more integration.

e The current common standard in structures education is to teach the material to
engineers and architectures separately, which allows the same concepts to be
discussed with varying depth to support disciplinary differences. However, this
method also reinforces traditional mindsets about the two fields that perpetuate into
professional careers. We acknowledge that there are grounding reasons for why the two
programs are taught separately as their design expertise varies. External influences from
the education system in both disciplines (e.g., accreditation, credit hours) create
unexpected challenges arbitrary to the topic material. While differentiating the
disciplines’ structures classes has its advantages, there are potential deficiencies in



collaborative understanding that become more apparent outside of the education system
in professional settings.

If the disciplines more consistently blended engineering and architecture education, at
least in structures focused classes, the disciplines may benefit from sharing their
pedagogical diversities. For example, architects commonly utilize precedent (the use of
existing projects as items of study) in teaching [9], [10] which links design ideas to
applications. Engineering education requires thorough coursework but often emphasizes
theory absent application in real world example. As a corollary, architecture education
generally de-emphasizes rigorously structured problem solving, such as stating given
variables, required findings, and explicitly correct solutions. While there is evidence that
open ended problem solving is valuable [11], when teaching basic structural behavior,
establishing a strong understanding of the theory is necessary to develop the design. A
class that blended the advantages of both disciplines may include multiple precedent
examples to illustrate structural behavior and emphasize the application and value of all
concepts introduced. By sowing the seeds in their education, there is the potential to
establish an appreciation for each other’s design complexity.

Allowing for options in blending the classes may be a way to overcome deficiencies
when differentiating the disciplines. We suggest a variety of types of programming that
may facilitate cross-disciplinary integration of engineering and architecture across the
university. We discuss these solutions as possibilities between two extremes: one of full
administration integration in which the two disciplines are so blended that a third
program emerges, and the other in which expertise in either discipline excludes
consideration of the other. At this time, the authors do not think either extreme exist in
the United States. Our list of solutions is not exhaustive but serves as a starting point for
consideration.

o Combined departments: Many universities have several sub-disciplines of
building design housed in a single college (e.g., civil engineering with
architectural engineering, architecture with construction management). One
example includes Cal Poly’s College of Architecture and Environmental Design
which houses departments in both architecture and architectural engineering,
allowing for the more fluid blending of students in structures-based classes [12].
This model for combining students in structures classes is close to ideal, however
the departments are still distinct with different mission statements. We propose a
department that produces students with aptitudes in both architecture and
engineering that fully combines their education, not differentiating learning goals
by discipline. Understanding the impact of such a program would require
intensive study and broader changes to curriculum, accreditation requirements,
and practitioner outcomes. We acknowledge the immensity of these limitations
and consider more alternatives.

o Outsourcing Instruction: Architecture students can be sent across campus to take
lecture classes in an engineering department (or an instructor from engineering
may come to architecture). This solution has been used historically as Mario
Salvadori criticizes it in his 1958 lecture describing “the engineer who is a teacher
of engineering very condescendingly accepts the horrible job of walking across



the campus, of entering the School of Architecture and of teaching Architects.”
and continues to suggest that this solution is not a favorable one [13]. While
outsourcing instruction may reduce curriculum complexity and is one of the
easiest to implement administratively, it still caters to the home discipline of the
instructor, potentially limiting education of the architect.

o Integrated Design Class: Offering an integrated design class in which students
from several disciplines work on a building design project over the semester
prompts cross disciplinary collaboration. There has been discussion of
interdisciplinary design thinking in architectural education, with many case
studies suggesting the benefits and barriers in mixed design teams [13]. Primarily,
the blending of diverse perspectives. Scaffolding shared disciplinary
communication and design goals, from students and faculty, requires effort that
must come first before working on the problem. One semester may not be enough
time to achieve all of these objectives.

o Instructor workshop: Cross-campus discussion between educators of both
engineering and architecture courses to discuss similarities and differences in
curriculum and determine some alignment and shared goals. The American
Institute for Steel Construction offers workshops for educators in architecture that
teach structural steel [14] and workshops for engineers that teach structural
systems [15]. While these workshops are valuable for the instructors and allow for
overlap of ideas, the audience is still separated and we imagine a workshop that
intends to overcome disciplinary barriers.

o Cooperative experiences, student design organizations, and fellowships: Design-
oriented out-of-classroom experiences enable integration of students from
different disciplinary areas to work on a shared design challenge, with mentors
from different departments (e.g., NASA Minds Challenge).

Limitations

Although the authors attempted to acquire syllabi from a variety of teaching sources, this
assessment is limited by the content found in selected syllabi. Review of additional syllabi may
provide additional insight, In addition, this paper does not explore the efficacy of the classes on
student learning outcomes, such as passing rate, rate of licensure, or job efficacy once in the
profession. It also does not account for student or faculty perspective on syllabi. However, this
work identified several topics for deeper investigation and serves as a starting point for exploring
additional themes in structures education and syllabi development. Future work can expand on
these ideas by seeking perspectives from students and faculty on the syllabi, whether the content
knowledge is useful within professional work, and the effectiveness of a proposed hybrid course,
department or degree.

CONCLUSION

This paper reports on syllabi from instructors of structural engineering and design from both civil
engineering and architecture courses. We find that while the two fields share similarities in terms
of the topics taught (e.g., stress, bending, beams), differences emerge in terms of the depth of
instruction, the learning outcomes, tools and textbooks utilized. These differences may have



grown over time due to the differing curriculum pathways, requirements for accreditation and
professional licensure, and definitions of the roles of engineers and architects. We remark that
while these differences have a positive role in aiding students within their discipline to learn and
master a topic as needed, they lead to a divergence when both reach professional career states
where they must learn to work with one another and communicate. A future education system
which integrates designers and engineers within courses and programs may produce a workplace
where shared language around structures can be built.
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