
Pragmatic Art: Exploring the Potential Symbiosis Between Elegance and 

Engineering in Architectural Education 
 

 

Jerry Hacker 

Azrieli School of Architecture and Urbanism 

Carleton University, Canada 

 

 

Abstract 
 

As master builders the earliest architects 

resembled highly skilled craftspeople replete with 

intimate knowledge of materials and their structural 

potential. Then, as now, the discipline of architecture 

straddled the world of art and science, synthesizing 

and transforming knowledge from these two realms 

into built cultural artefacts; however, current practice 

is significantly more disparate. This paper presents 

the trials and tribulations of a graduate level 

introductory course in structures for architecture 

students designed to cultivate a robust appreciation 

for the possible synergy of material, artistic, and 

scientific aspects of structural design and education. 

The pedagogy hybridizes an empirical, iterative 

learning process with mathematical problem based 

learning and sequential refinement. The exercise 

described within strives to balance objective and 

subjective factors that affect the design of structure 

and explores the fertile ground that exists in the 

pursuit of artistic and scientific synthesis in 

architectural education.  

 

1. Introduction 
 

At the turn of the century, educational programs in 

North America widely adopted the acronym STEM 

(Science, Technology, Engineering, Math) to discuss 

curriculums that “integrated knowledge and skills 

from those fields.” [1] The adoption of the term was 

intent on increasing the presence of the fields that 

were deemed to be at the forefront of future 

employment opportunities as a critical component of 

education and pedagogy. [1] Today, the acronym is 

well understood, but it also provoked a reaction in 

many educators: With the emphasis on science and 

math (and its related counterparts technology and 

engineering), where did the arts fit into the equation? 

With the emphasis now squarely placed on math and 

science, a philosophical conundrum was introduced: 

Should the primary focus of educational curricula aim 

to prepare students for the economy of tomorrow (and 

relatedly, given the pace of change in the world today 

is this an achievable pursuit), or can the focus embrace 

the tradition of opening one’s mind and broadening 

one’s perspective of the world? Traditionally, art took 

on    part   of    the   role   to   broaden   one’s   outlook,  

 

 
introducing more subjective phenomena to 

educational pursuits such as empathy, critique, 

creative thinking and expression, critical observation, 

and generally, cultivating a more nuanced viewpoint 

toward worldly belonging. Although these trajectories 

may seem in contrast to certain objective pursuits of 

the hard sciences, the supposed separation between 

the realm of art and science is a more recent 

phenomenon and deserves further consideration. 

Specifically, are these realms as discrete and 

contained as portrayed? What benefits might one 

realm offer to the other and vice versa? Is there still 

room for the deliberate synthesis of art and science in 

contemporary education, and what benefits might 

students receive by once again considering the 

symbiotic relationship between the two? Along this 

similar line of thinking, the STEM acronym has 

received modification in certain circles. The insertion 

of a strategic letter “A” transforms STEM into 

STEAM (which perhaps fittingly, and maybe 

ironically, was essential in powering the technological 

prowess of the great industrial revolution!). Irony 

aside, the “A” might have more meaning than 

intended though if one sees it as a potential critical 

link gone missing between science, technology, 

engineering, and math.  

The field of architecture is particularly well suited 

to address this potential opportunity of the critical 

missing “A” because it actively straddles art and 

science. Quite fittingly, architecture is a pragmatic art: 

It is where function meets beauty, where poetics meet 

scientific and technical execution. In fact, some of the 

oldest definitions of architecture, put forward by 

thinkers such as Vitruvius two millennia ago, are still 

relevant today: Architecture must be durable and 

withstand the test of time; it must be useful and 

suitable to its utility; and it must delight people 

through its beauty (no doubt a subjective trait but not 

without merit either). 

In terms of etymology, the word architect can be 

traced to the term arkitekton, the closest translation of 

which is “master builder” [2]. As master builders the 

earliest architects were akin to highly skilled 

craftspeople, acquiring an intimate knowledge of 

inherent material potential via hands-on 

experimentation and transforming the findings into 
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endearing and enduring forms of cultural and 

structural expression. Experimentation and a process 

of trial and error were critical in the formulation of the 

master builder’s knowledge and learning about 

materials and structure and how they could be used 

and expressed in design. During this period the 

distinction between the artisan, and eventually the 

architect, and the structural engineer remained 

considerably less distinct than it is today [2].  

With the invention of contemporary mathematics, 

and eventually computer simulation, the two 

disciplines of architecture and structural engineering 

continue down a path toward remote spheres of 

expertise and specialized educational and professional 

pursuits. As such, societal trust in the engineer now 

supersedes that of the artisan [3]. Like beauty, this too 

is not without merit. Reliability is an important 

architectural trait when people are often investing 

millions of dollars to design and construct a project. 

Further, the idea that persons of a society can now 

commission a work of architecture with a reasonably 

high degree of certainty that when it is finally 

constructed it has a very high probability of remaining 

standing until it is no longer of use anymore is no 

small feat. This was not always the case either. 

Countless tales of collapsed cathedrals and buildings 

that had to be rebuilt over hundreds of years through 

a process of trial and error are an established part of 

early architectural history. In other words, even the 

most skilled and knowledgeable craftspeople of 

history did not benefit from the structural engineering 

reliability that science and math, and engineering 

programs, provide architecture in the contemporary 

setting.    

Over time, this increasing specialization, along 

with changing requirements for professional 

responsibility and public safety has led to a 

diminished appreciation for the potential role of the 

artisan (now termed architect) and the pursuit of 

subjective aspects such as elegance in structural 

design. Today, the specialization trend appears to be 

continuing in the same direction. As knowledge 

continues to be parceled out into ever more discrete 

and specialized containers (complete with specialized 

languages and discipline specific professionals of 

record), it is increasingly challenging in the STEM 

based educational environment to find opportunities 

to re-introduce and re-unite themes such as aesthetics 

or elegance and engineering.    
 

2. Disciplinary Separation 
 

The reason for disciplinary separation is that  

contemporary structural engineering is perceived as 

part of the hard sciences that deal in relative absolutes. 

Laws of gravity and forces, at least for the macro-

scale purposes of structurally engineering buildings, 

are now well described by physics and mathematics. 

Under this guidance, structure, a necessary 

component of all physical architecture, is readily 

viewed as a technical problem to be addressed and 

solved. This approach to structural engineering is 

clearly not without merit. From the perspective of 

protecting the public interest, structures need to act in 

a reliable manner and remain standing indefinitely 

once constructed. This also has pragmatic and 

economic advantages as well: When a structure can be 

reliably designed using objective, quantifiable 

approaches, it avoids the obvious pitfalls of needless 

and costly experimental losses during and after 

construction (a luxury not afforded to the master 

builder, although contemporary buildings still do 

experience failure at times).  

On first review, this objective lens appears to be a 

highly reasoned position for approaching structural 

design and education: Resisting gravity is a process of 

analyzing and resolving material properties and forces 

through scientific and mathematical analysis, and as 

such encourages objective solutions and processes. 

Although this scientific process is necessarily a 

critical component to ensure safety and reliability, 

what is less clear is the optimal way to impart this 

objective type of knowledge to aspiring architects. In 

architectural professional practice structural 

engineering is necessarily a collaborative effort 

between architects and engineers. In Canada, 

regulatory bodies do not permit architects to provide 

structural engineering services, and as such the 

quantitative aspects of structural engineering 

(calculations, resultant sizing of structural members) 

are rarely, if ever, used or pursued by architects in 

practice (to do so without proper credentials comes 

with such immense risk, possible professional 

misconduct, and negligence as to make the practice a 

now rare occurrence). 

Further, an observational survey of the built 

environment reveals a high degree of latitude and 

aesthetic judgment is also being exercised when 

deciding on a specific structural solution. For 

example, a bridge spanning a finite distance could be 

done with a steel arch and cables, or with steel girders 

and columns. Concrete solutions and wood solutions 

would also present vastly different approaches. 

Within each of these approaches, there are a myriad 

of secondary choices required, all of which have both 

structural, functional, and aesthetic consequences. For 

example, will a concrete solution be cast-in-place, or 

pre-cast construction? How will it be reinforced? Will 

it be used singly or in combination with other 

materials and approaches? Will a wood solution use 

existing lumber profiles and depths? What fastening 

methods will be used? Will a custom wood profile be 

developed? Of course, all the solutions will ideally 

need to remain standing indefinitely in the end.  

Therefore, one might argue these are still ultimately 

objective decisions and, in the end, the associated 
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math and science will dictate the necessary response 

and solution; however, this is only partly the case. 

Because of considerations such as cost, materials that 

come in factory pre-determined sizes, or common and 

accepted methods of fabrication, it is difficult to 

literally deploy materials and assemblies in direct 

response to forces (although this is changing rapidly 

with automated and robotic forms of construction that 

can place materials precisely where required). This 

means that solutions are inevitably exercising 

discretion in this regard. The degree of discretion may 

vary, but design teams are making these types of 

subjective decisions whether it is intentional, or 

intentionally recognized or not. It may be fine line of 

distinction, but nonetheless, a line of distinction 

worthy of further consideration. With this in mind, all 

of the various solutions can address the problem at 

hand and all solutions analyze and resolve the forces 

imposed by gravity, but the resultant aesthetic or 

visual expressions are inevitably dramatically 

different. The question remains, how intentionally, 

subconsciously, or unintentionally are these choices, 

and resultant aesthetic expressions, finding their way 

into supposed objective and scientifically based 

solutions? And if the choices are more explicitly 

recognized as being part of the process, what 

opportunities does this offer to discuss the synthesis 

of art and science? 

Of course, there are limits on the liberties that can 

be taken when designing a reliable structure (there are 

no anti-gravity machines after all), and as such, this is 

not intended to suggest that structural engineering 

solutions are entirely up for debate. Nor is it intended 

to suggest that gravity and forces are a subjective 

phenomenon being responded to in a subjective 

fashion. Rather, it merely suggests there are a myriad 

of options at the designer’s disposal to address a 

structural problem. In other words, trying to correlate 

a given scenario to a definite structural solution 

continues to be an act of interpretation even in 

contemporary times. Whether explicitly intentional or 

not, different ideas about the most important criteria 

to respond to in a design proposal will place emphasis 

on certain elements over others. This is also one area 

where the potential to foster a more robust 

collaboration and dialogue between architects and 

structural engineers can be found both in the 

classroom first, and eventually in professional 

practice.     

 

2.1. Fostering Architectural and Structural  

       Engineering Collaboration 
 

Due to the evolving disciplinary specialization 

previously discussed, architects now tend to 

incorporate structural considerations into designs by 

imagining form, order, scale, spatial and material 

experience, sensory engagement, social agendas, 

history, craft, and the aesthetics or beauty of the 

proposed solution. Conversely, structural engineers 

now tend to prioritize the efficiency of structural 

members and systems and the financial optimization 

of the structure. Since both approaches are valid and 

valuable, rather than seeing this philosophical 

difference as a problem, a more holistic approach 

involves embracing the potential of both frameworks 

working more harmoniously together. This is partly 

desirable and achievable because architects are 

educated to be synthetic thinkers, often tasked with 

bringing together seemingly conflicting agendas into 

a comprehensive whole that is greater than the sum of 

its parts. To be successful in this role though, 

architects need enough scientific and mathematical 

knowledge to engage in productive conversations 

with highly related disciplines such as structural 

engineering. Again, the architects are not necessarily 

being educated to be the primary person responsible 

for the engineering, but rather, to gain a type of highly 

informed intuition based on fundamental scientific 

principles.  

To excel in a collaborative environment with 

structural engineers, architects need a strong 

understanding of structural principles. Because of the 

generalist type of education offered within 

architecture, it is not possible (nor intended) to make 

architecture students engineers without pursuing 

additional specialized education; however, architects 

are uniquely positioned to learn to synthesize the 

objective and subjective considerations mentioned 

previously throughout the process. As such, 

architectural courses can readily explore the fertile 

ground of artistic and scientific synthesis possible in 

structural design. 
 

3. Current Pedagogical Approaches 
 

From a pedagogical perspective, four common 

approaches are often used for introductory structural 

courses in architecture schools:  
 

• Mathematical: Attempted immersion into the 

specialist educational training of the civil engineer 

by way of physics and mathematics-based courses 

and digital simulation. 
 

• Conceptual: Primarily focused on history and 

high-level structural principles and overviews of 

major structural system types.  
 

• Passive Analysis: Involves the use of well-known 

or particularly innovative structures as precedent, 

and through analysis, explores forces, methods of 

construction, and fundamental principles of 

engineering.  
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• Active/Design-Build: Often involves students 

designing and fabricating structures in response to 

a given problem or set of requirements. Common 

examples include building and testing bridges, 

towers, or other like forms.  
 

3.1. Pedagogical Challenges 

 

It has been noted that each pedagogical approach 

has merit, and courses do employ hybridizations, 

intensely mathematical based approaches can quickly 

devolve into a world of abstract numbers and 

formulas. This makes it challenging for architecture 

students to connect the critical ways in which 

structural engineering unfolds within the profession of 

architecture:  

 

– a necessarily collaborative process where each 

discipline brings specific skills and ideas to the design 

process.  

 

In addition, personal experience indicates that 

architecture students do not have equal experience 

(either time has elapsed, or minimal pre-requisite 

courses are required) with mathematically based 

courses and pedagogies. With introductory courses, 

this is important because for the possibility of student 

success, foundational knowledge needs to be imparted 

before advanced concepts can be engaged, and there 

is limited time in a semester.     

Conversely, a predominantly conceptual approach 

can leave students ill equipped to have meaningful 

future conversations when collaborating with 

structural engineers because important foundational 

information has not been adequately imparted. In 

other words, it does not grapple rigorously enough 

with the critically important mathematical 

components. In the world of physics, this is akin to 

understanding the concept that a projectile under the 

influence of gravity follows a parabola (which again, 

is only partly the case if certain assumptions are made 

and certain conditions neglected), versus actually 

having to engage with the mathematical principles 

that can predict how the projectile will actually move. 

The conceptual approach gives a surface level 

explanation, and the mathematical approach gives a 

deeper understanding of how this occurs. In structures 

this might be similar to understanding the concept that 

moment of inertia is the ability of a body to resist 

angular acceleration, which is different than 

understanding the physics and math that allow a 

person to reasonably predict this type of behavior.   

Passive analysis on the other hand takes advantage 

of scale drawings and models to analyze and dissect 

large scale structures that would otherwise be 

impractical to replicate as physical constructions in 

the educational setting. Although scale models can be 

important learning tools, one key challenge is the 

result: Students create models of structures, instead of 

structural models that are dealing with actual forces 

and considered responses. In these instances, projects 

inevitably need to use abstract representations 

(whether physical or digital) and generally need to 

employ substitute materials and inauthentic methods 

of construction (for example, because scale reduces 

the size of the model so significantly compared to 

reality, adhesive becomes a common substitute to 

fasten models together, the behaviour of which is not 

comparable under many circumstances). 

Unfortunately, materials and forces do not scale up or 

down in this way (for example, even if a model of a 

steel structure could be replicated exactly to scale it 

would not necessarily perform the same way because 

of the effects of the square-cube law). As such, like 

any learning tool, scale models of a structure can 

reveal certain aspects of learning about structure but 

not others. 

Alternatively, the creation of active models 

(constructions that need to perform structurally) allow 

for empirical learning and students take personal 

ownership over the process and product, opposed to a 

theoretical study of a precedent which can remain 

abstract, and at times, opaque in terms of how a 

structure performs. These approaches permit a more 

robust exposure to thinking-and-learning-through-

making; however, the challenge with active models 

can lie in undervaluing the objective and 

mathematical underpinnings of the decisions being 

made in the design, and there is a risk the designs 

succumb mainly to creative processes. Further, from 

an equity point of view, there are often limits in terms 

of permissible model size and cost, or access to 

fabrication shop resources or assistance.  

In each of these instances, the influence of the 

objective on the subjective, or the subjective on the 

objective can become neglected, not clear, or biased 

in either direction. This presents an opportunity to 

review the challenges and gaps of the various methods 

described, while also proactively placing emphasis on 

the artistic and scientific synthesis possible in 

structural design.  

 

3.2. Pedagogical Opportunities 
 

Since no one pedagogical approach inherently 

precludes the incorporation of another when learning 

about structures, one latent opportunity is to 

strategically layer approaches together to improve the 

learning value of each method: Abstractions can 

become tangible, and tangible efforts can be re-

abstracted in an informative, cyclical process.  

Further, if active approaches are pursued (structural 

models and not models of structures) it provides the 

possibility for students to incorporate a range of 

objective (scientific) and subjective (artisanal) factors 
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into the critical thinking process. As well, because 

physical constructions use actual resources there is an 

opportunity to open conversations around other 

contemporary issues such as embodied energy and 

environmental footprint which are of paramount 

importance to the discipline and beyond.  

 

3.3. Pedagogical Development 
 

It has been previously highlighted, one of the 

challenges in developing the pedagogy for an 

introductory course is students have limited 

understanding of the scientific and mathematical basis 

of structural design. In this particular instance, 

students arrive at the graduate architecture program 

with a diverse set of backgrounds. From 

undergraduate degrees in biochemistry to world 

history, the program deliberately encourages wide 

ranging recruitment due to the creative potential of 

mixing together a broad range of thinking approaches: 

 

- an interdisciplinary approach that is capable of 

opening worlds of possibility instead of narrowing the 

focus.    

 

In this case the issue of prior mathematical and 

structural knowledge is exacerbated for several 

reasons. Despite a commonly held belief that students 

of architecture are competent in mathematics and 

physics the reality is quite different from the 

perception. Firstly, the study of architecture today is 

more akin to the notion of the ‘Renaissance Person’ of 

the past: A well rounded, critical thinker who is 

reasonably informed and knowledgeable in many 

different areas. Consistent with generalists of the past, 

architecture students need to be exposed to a 

multitude of critical subject areas in a relatively 

limited amount of time. As such, architects are not 

trained to be, nor are they expected to be fully 

competent structural engineers. In fact, contemporary 

professional liability requirements exclude architects 

from taking on exactly this type of responsibility. This 

does not mean architects do not require knowledge of 

structural behaviour, but rather it situates the architect 

as an informed ‘master coordinator’ of the structural 

process instead of the primary actor or the previous 

‘master builder’.     

Furthermore, gravity is felt experientially on a 

day-to-day basis, there can be a tendency to assume 

that students are intuitively equipped to engage with 

the subject matter, or that the basic principles are 

generally understood and therefore only require 

efforts toward quantification. Experience gained in 

delivering this pedagogy dictates otherwise: Routine 

misconceptions about how a structure will behave are 

regularly encountered, pointing out that assumptions 

of a priori structural knowledge do not seem to be very 

well founded.  Similarly, since the experience each 

student brings to the course varies widely, relying on 

a posteriori knowledge about structures is not a 

reliable introductory strategy either. 

 

4. The Elegant Span Member in Three  

    Parts 
 

In response to the pedagogical challenges and 

opportunities described, The Elegant Span member 

was used as part of an introductory graduate level 

structures course for architecture students. Simply 

put, the basic premise is to get architecture students to 

design a beam as part of the course, but not a 

conventional beam. Rather, part of the premise is to 

fundamentally challenge the student’s preconception 

of a beam. As such, the term span member is 

deliberately used to remove any premature 

connotation or visualizations that might be associated 

with more conventional structural terms such as beam, 

bridge, joist or other. The term elegant is also used to 

ensure all design proposals are “pleasingly graceful 

and stylish in appearance or manner [4].” When 

referring to a scientific theory or solution to a 

problem, elegant also means “pleasingly ingenious 

and simple [4].” As such, students will need to think 

about what it means for designs to be elegant, and how 

projects might synthesize artistic and scientific 

approaches to structure 

Returning to the master builder’s process of 

experimentation and a learning delivery method that 

embraces trial-and-error, failure and iterative 

learning, students are required to design, fabricate, 

and destructively test a physical span member over the 

course of one semester. Specifically, the span member 

is required to free span 915mm (the width of the 

standard classroom door used as part of a testing 

device) and support a load of twenty-three (23) 

kilograms (50lbs, or rather ten five-pound weights 

applied successively) - both pragmatic considerations 

to ensure students can easily transport the models, use 

the available shop facilities to build the models, and 

to minimize financial hardship in purchasing 

materials that are in many instances expected and 

encouraged to fail in the process. The span member 

may be fixed at both ends, one end, or free to rotate at 

both ends. Finally, since contemporary adhesives can 

now be more resistant to forces than the materials 

themselves, mechanical fastening of components is 

mandatory: No adhesives are permitted.  

Prior to beginning, students are given a pre-

determined list of permissible materials with 

maximum permissible depths and thicknesses. 

Material options include cardboard, plastic, wood, 

metals, fishing line and wire. The intention is twofold:  

 

i. It offers a variety of material types that vary in 

terms of cost, ease of manipulation, size, 

geometry, thickness, depth, embodied energy, 

and compressive and tensile strengths; and  
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ii. Students cannot default to using excessively 

deep or thick materials that would render the 

23kg load largely irrelevant.  

 

Certain permissible materials (such as cardboard) are 

intentionally less costly (financially and 

environmentally) and easier to manipulate with 

common tools, while other materials (such as metal 

tubing or angles) require a larger investment. 

Similarly, metals have a much higher carbon footprint 

per unit area when compared to many of the permitted 

cellulose materials, and a much higher weight (dead 

load), but come with increased material stiffness and 

resistance to forces so less of it is required. Permitted 

sheet plastics on the other hand are light weight, and 

reasonably stiff, but brittle, susceptible to torsional 

forces, and are petroleum based. As explained in the 

following section, these all become important 

considerations for the students to balance in the 

creation of the elegant span member. Students may 

choose to work with any of the permissible materials 

keeping in mind the following six key metrics will 

ultimately be used to guide and evaluate the elegant 

span members.     

 

4.1. Material Property Exploitation 
 

To begin students are asked to return to the 

processes used by the ‘arkitektons’, or master builders 

of the past and through extensive hands-on 

experimentation, rigorously explore the inherent 

structural potentials of the chosen materials. 

Throughout each part, students must demonstrate how 

the potentials of each chosen material are being 

exploited. During creative experimentation, students 

must ask questions such as how do the materials 

behave under different types of force? What happens 

to the materials under compressive (crushing) forces? 

What happens to the materials under tensile (pulling) 

forces? What happens to the materials when twisted? 

How might the material itself suggest certain ideal 

ways of being used? Do the materials act the same 

way in all orientations and on all axes? How might 

they eventually be mechanically fastened together 

since adhesive is not permitted? How do they act 

singly or in combination? How manipulable are the 

materials? Can you remove material and maintain 

structural integrity? Can the materials be layered, 

stacked or drilled? Are there specific geometries that 

make the most sense to provide structural capacity in 

each material? Do materials benefit or suffer from 

external thermal processes, such as heating, steaming, 

or wetting? The permissible questions are nearly 

endless which is an intentional part of the exercise. 

Serendipity is an active part of the learning process 

(students go looking for one thing, find out something 

unexpected and different, and perhaps discover this is 

what was required all along). In a way, the studio 

classroom becomes a makeshift laboratory that harks 

back to the notion of the ‘mad scientist’ and the 

earliest master builders who would experiment and 

work tirelessly through trial and error, trying 

combination after combination, in search of a more 

ideal (and potentially more elegant) solution.     

 

4.2. Environmental Footprint 
 

A building’s structure typically accounts for about 

1/5 of the project’s cost, but unlike the efficiency of 

other building components that can be modified and 

upgraded over time (windows, insulation, heating and 

cooling devices), the structure of a building is nearly 

impossible to change until the building reaches the 

end of its useful service life. Further, the planet’s 

resources are increasingly being depleted. From 

extracting to refining to transporting to installing and 

finishing, materials used for structure, and therefore 

architecture, embody a significant amount of energy 

and carbon at each step in the process. On the one 

hand, architecture-engineering-construction (AEC) 

industries must confront the root concern: Underlying 

processes and materials must fundamentally change. 

On the other hand, AEC paradigm shifts are 

seemingly slow to enact, and materials used for 

structural purposes continue to evolve slowly (wood, 

steel, and concrete have been, and remain, primary 

structural materials for centuries). Taken together, it 

is still important for architects to continually strive to 

do more with less. Materials inevitably have a cost 

environmentally and financially and to engage this 

idea students must choose, combine, and use carbon 

intensive materials carefully and intentionally. 

Throughout, students must work towards a span 

member with the lowest carbon footprint, and as one 

measure of efficiency, span members must calculate 

the total embodied energy of all the materials used in 

its creation.  

 

4.3. Geometric Optimization and Efficiency 
  

Using the least amount of material in a structure to 

support the maximum amount of load is also 

imperative to ensuring structures are using materials 

and structure efficiently. In the design of the elegant 

span member, the ratio of the dead load (the weight of 

the span member itself) to the live load (the stipulated 

load to be resisted) is another metric used to measure 

the span member’s efficiency. For example, a span 

member that ends up weighing 1kg based on the 

team’s material choices will have a live load to dead 

load ratio of 23 (23kgs/1kg). To this end, the span 

members must strive to be as structurally efficient as 

possible. As such, prior to any destructive testing 

there is a public weigh in of the span member and the 

dead load in each phase is recorded in a class ledger. 

Under friendly competition, teams compete with one 

another to see who can design the most lightweight, 

elegant, and least carbon intensive design. In the end, 
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the overarching goal is to just barely support the 

stipulated load without incurring failure. Span 

members that easily support the stipulated load (a 

regular occurrence in early stages) are deemed to have 

been ‘over engineered’ and are therefore not using 

resources as efficiently as possible. Span members 

that fail (also a regular occurrence in early stages) are 

too ambitious for the task at hand and must evaluate 

the reasons for failure and how to prevent them in 

subsequent stages. This imparts several related 

lessons to the students: 

 

• The experimental, ‘master builder’ process is on-

going: Students have access to the weights and can 

“test routinely” prior to the final submission. 
 

• Span members must eventually develop an 

optimal geometry that puts material only where it 

is necessary to perform structural work.    
 

• As materials become thin and light, issues of 

shear, buckling, and torsion become more 

pronounced and must be considered and counter 

acted while maintaining the goal of optimal 

efficiency.  

 

4.4. Scientific + Mathematical Underpinnings 
 

As the course unfolds, students are also gradually 

exposed to the mathematical principles of structural 

design through lecture content, seminar type 

discussion, and small group problem-based learning 

sessions. As this knowledge accrues, students are 

expected to demonstrate how the abstract 

corresponding mathematical principles, formulas, 

laws of physics, and calculations being imparted 

throughout the course are influencing their decisions 

in the span member. This ensures the students are 

connecting concepts across different ways of learning 

about structures, and that they are actively using each 

method to try and refine the end solution. Theoretical 

concepts, whether conceptual or mathematical, are no 

longer abstract ideas, but rather parameters with 

tangible results.    

 

4.5. Elegance 
 

The exercise also requires all proposed solutions 

to be “elegant”, which is inherently and intentionally 

a subjective consideration. The elegance of a proposal 

is therefore evaluated through subjective criteria such 

as proportion, arrangement, craft, hierarchy, and other 

creative and aesthetic parameters. That said, elegance 

in a structural design also implies that there are no 

extraneous elements and a sense that the structure is 

exhibiting the necessary qualities to respond to forces. 

These considerations straddle the objective and 

subjective and attempt to provoke the students into 

thinking about whether or not the designs are 

deploying a type of ‘empty formalism’ (perhaps an 

attractive looking structure that could perform better, 

or even a pragmatic preconception about common 

structural shapes encountered in the profession).  

 

4.6. Critical Thinking and Evolution 
  

To implement a process of critical thinking and 

evolution, three iterations are used, and for each 

iteration students must create a concise dossier 

documenting the process of learning, 

experimentation, and discovery and submit this 

alongside the physical, 1:1 scale span member. The 

span members are drawn with conventional 

architectural methods (another skill introductory 

students need practice with) and annotated to show the 

critical thinking process, rationale, and possible future 

speculations.  

 

5. The Three Parts 
 

The design of the elegant span member occurs in 

three iterations which allows approximately one 

month of the semester to be devoted to the 

development of each iteration. Given the criteria of 

evaluation, coupled with the learning curve of the 

course, the different emphases placed on each 

iteration, and the pace at which knowledge is being 

accrued, it is expected that significant design 

deviations will occur between iterations. In fact, it is 

encouraged. Overall, the course attempts to embrace 

failure as a legitimate form of learning, as opposed to 

polished results occurring in the first iteration.   

 

5.1. Part One: Material Experimentation and  

       Architecture/Structural Engineering in  

       Reverse 
 

During the development of the first iteration, the 

class is being introduced to the most basic scientific 

principles, and as such the primary goal is not to create 

a span member based on this type of knowledge, nor 

is the goal to create a concept for the span member or 

follow the lead of an existing structure or biomimetic 

process. Instead, the focus is on being a ‘mad 

scientist’ of sorts, again returning to the idea of the 

master builder, and learning how to exploit the 

materials and their inherent strengths and weaknesses.  

After exploring the materials and keeping in mind 

all the other evaluation criteria (with the exception of 

mathematical underpinnings at this point), students 

must use what they learned about the materials and 

attempt to build the first version of their elegant span 

member, at 1:1 scale, suitable for public weigh in and 

destructive testing. At this point students are making 

a lot of assumptions and are using a lot of intuitive 

feedback from the experimentation to determine how 

to make a span member that might support the 

stipulated 23kg live load.  
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Inevitably, the results are quite varied. Students are 

making selections from the pre-determined list of 

materials (once the selections are made students must 

continue forward for the next two iterations using the 

same materials) but are not yet comfortable with the 

idea of the first iteration potentially failing. Even 

though the assignment makes it clear that critical 

thinking, experimentation, and demonstration of a 

process are the relevant criteria, students are fighting 

against institutional norms that success in the course 

is coordinated to having a project that does not fail 

under the loading). This is an important iteration 

though for thinking about what it means to span, or 

what a span member means. The notion of working in 

reverse helps break down preconceived notions of 

what might be possible in subsequent iterations.     

 

5.2. Part Two: Science, Math, and Physics 
 

By the time of the second iteration, students have 

been concurrently engaged in lecture-based and 

problem-based modes of learning focused on 

developing the preliminary abstract mathematical 

skills required for structural design. Following the 

completion and destructive testing of part one, 

students are asked to reflect on how the span member 

might be improved under the guidance of the abstract 

mathematical and scientific principles, without 

sacrificing the material knowledge gained. This 

presents a series of conundrums to be addressed: 

Materials are physical tangible things, and math is not. 

Math suggests certain ideas, and materials may or may 

not be able to embrace the ideas wholeheartedly. 

Compromises occur; making becomes a more tangible 

component of creating architecture and structure; and 

there is a confluence of competing interests the 

students must navigate.    

In the second iteration of the span member, 

students are expected to use this newfound (or 

refreshed and refurbished) mathematical knowledge 

to influence the design scientifically (improve 

efficiency, reduce the carbon footprint), all the while 

searching for an elegant solution that continues to 

exploit the inherent potentials of the chosen materials. 

Students then build the span member again, at 1:1 

scale, complete the public weigh-in (ideally with 

reductions to the weight, although failures in part one 

can and do lead to increases in weight out of 

necessity), and document the efforts in a concise 

dossier. 

 

5.3. Part Three: Science and Art Collide 
 

On completion of the third iteration of the span 

member, students have attended an entire semester of 

lecture-based learning that revolves around 

mathematics related to structural engineering and 

design. In part 03, students are expected to apply as 

many of the relevant mathematical concepts learned 

in the lecture-based setting, and as much material 

learning as possible from the experimentation to the 

final design of the span member. Students then build 

the span member again, at 1:1 scale, complete the 

public weigh-in (the span member is now presumably 

optimized and as lightweight as possible compared to 

their peers and to part 01), and document the efforts 

in a concise dossier. 

 

6. Results: A Sample of Student Efforts 
 

The following sample projects are used to 

demonstrate some of the results of The Elegant Span 

Member exercise.  

 

6.1. Plywood Arches 
 

In this project, the students were interested in 

exploring the material potential of thin layers of 

plywood. An experimental design is created whereby 

the material properties are enhanced through the 

complementary interaction of a series of arch-like 

structures. Excerpts from the Part 01 submission 

below (refer to Figure 01) show the ‘mad scientists’ 

hard at work in the school’s shop and fabrication lab, 

trying to learn how to exploit the inherent material 

potentials of thin layers of plywood by using steam 

and laminations to try and improve the material’s 

structural potential and response. The exploratory 

process leads to the discovery that materials can lock 

in forces while being manipulated. In this case, the 

laminations result in a spring-like structural behaviour 

for the thin plywood. The discovery of this spring 

behaviour helps the students develop an elegant 

double arch structural solution that aims to transfer the 

forces into the side of the testing device (the door 

frame) which will push back and help the span 

member resist the applied load.  

It is an interesting exploration, with many relevant 

discoveries; however, the sketches also show how the 

students gravitated to a visual idea of how the double 

arch structure might ideally work. In the end, although 

the solution is able to support the applied loading, it 

also serves to undermine the result in two main ways: 
 

• The structure ends up being unstable laterally; 

and, 
 

• The span member is not yet capable of 

supporting the applied load without the aid of 

human intervention (another related 

requirement of the assignment).  

 

     In the second iteration (see Figure 2) the students 

return to the drawing board to address the 

shortcomings discovered in part one. The students are 

also looking for opportunities to apply the 

mathematical lessons about statics from the 

classroom. There is both a clear evolution and yet 
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continuity from part one to part two. The span 

member is becoming more refined as it strives to 

incorporate all of the evaluation criteria.  

 
 

 
 

Figure 1. Student experimentation with thin layers of 

plywood. Heat, steam, and lamination are explored 

to learn about and exploit the material’s inherent 

structural potential 

 

 
 

Figure 2. During Part 2, the design is refined based 

on scientific influences, further material 

experimenta- tion, and reflection on Part 1 

 

By the third iteration (see Figure 3), the team is back 

in the shop continuing to remove excess material that 

is not being used structurally, while evolving the 

design under the influence of artisan and scientific 

principles. The final iteration supports the entirety of 

the applied load, while remaining laterally stable.  

 

 
 

Figure 3. During Part 3, science and art collide in a 

final version that is elegant and responds to structural 

and environmental issues 

 

6.2. Corrugated Cardboard 
 

In this project, students tackle one of the readily 

available and economical materials that is permitted: 

cardboard. At the outset, the students are unsure of 

whether or not cardboard is even capable of 

supporting 23kgs in any configuration, but again a 

robust and rigorous experimentation phase leads to 

valuable discoveries about how the material 

properties might be exploited. That said, in the first 

iteration the students do not yet appreciate don’t yet 

appreciate the mathematical concepts of moment of 

inertia, or the impact of depth in resisting bending 

forces. As such, the students propose a very shallow 

span member constructed of cardboard (refer to 

Figure 4) and    the span member fails at less than 

4.5kgs. 

 

 
 

Figure 4. Emulating the master builder tradition, 

students rely on empirical studies of the material’s 

reaction to various forces to reveal the structural 

potential of cardboard 

 

     But very quickly after taking the lessons learned 

from iteration one, and combining them with the 

scientific lessons, the students develop a much more 

structurally responsive solution, that is also 

significantly more elegant than the first iteration. The 

structural model required more attention to detail, 

craft, and connections to make it perform. It has also 

imparted a type of wisdom about the discipline 

required to work with cardboard (which can be a 

miserable material to work with at times!).  In the end, 

by further exploring the axial characteristics of the 

cardboard, and combining it with a strategic tension 

member, the students produce a span member capable 

of supporting the necessary applied load.  
 

 
 

Figure 5. After near immediate failure of the span 

member under loading in Part 1, students re-visit the 

material experimentation work and use scientific 

lessons to help devise a second iteration capable of 

supporting the full load 

 

The model’s form is now clearly based on a 

heightened appreciation of moment of inertia. This 

results in significantly more material being located 

where it is absolutely required to resist the resultant 

forces. With the model able to support the required 
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loading in the second iteration, the challenge now is 

to reduce the material use as much as possible and 

further optimize the form and efficiency.   
Finally, in the 3rd iteration (refer to Figure 6) the 

students present a final attempt that eliminates as 

much redundancy in the model as possible.  Using 

cardboard as the primary material, the students have 

created a span member that is efficient, 

environmentally responsible in terms of carbon 

footprint, and still capable of supporting the 23 kgs. 

With a final weigh of 189 grams, the solution achieves 

an applied load to dead load ratio of approximately 

122 (quite a remarkable feat all things considered!) 

 

 
 

Figure 6. In Part 3, the students achieve a significant 

landmark in the synthesis of science and art: A 

structural model weighing 189g, made of cardboard 

and wire, supports approximately 121 times its own 

weight 

 

6.3. An Aluminum Arch 
 

     In another example (see Figure 7) students have 

chosen to work with metal (aluminum). Metal tends 

to have a higher modulars of elasticity (stiffness) 

compared to wood or cardboard which makes it more 

resistant to bending forces, but it comes with a much 

bigger environmental footprint, and a corresponding 

heavier initial mass.  

     Following the same process of initial material 

investigation, the students search for ways to exploit 

the different types and profiles of metal, including 

metal wires. Although the first iteration of the model 

easily supports the required loading, it is arguably not 

elegantly resolved, nor well-crafted at this point. The 

solution is complicated (opposed to complex) and a 

lot of materials are being deployed without actually 

performing structural work in the way the students 

intuitively thought or imagined.  

 
 

Figure 7. Direct material experimentation forms the 

basis of an all-metal design in Part 1 

The second iteration (see Figure 8) incorporates 

thinking and analysis through drawing along with 

thinking through making. This is a much simpler 

version, with fewer parts, but ends up being a little too 

ambitious in terms of how little metal is required to 

support the required load. This puts the metal into the 

‘plastic zone’, a state where the material permanently 

deforms instead of springing back into its original 

shape when the load is removed. It provides an 

important lesson though about the sectional profile of 

materials and the contribution this makes to resisting 

applied forces.    

 

 
 

Figure 8. In Part 2, science begins to influence the 

design, but the second proposal is slightly too 

ambitious to support the load 
 

In the final iteration (see Figure 9), taking all the 

various learning methods mentioned previously into 

account, the students create a much more refined, 

much simpler, extremely lightweight, and stable 

solution. 

 

 

 

Figure 9. In Part 3 an efficient and elegant solution is 

created that can support the applied load 

 

6.4. Partial Online Learning 
 

Like many classrooms around the world, the 

course was eventually impacted by the Covid-19 

pandemic which required an abrupt shift to online 

learning. Given the timing of the requirement to 

switch to online learning (essentially at the end of Part 

2 in 2020), the course experimented with Part 3 being 

a virtual simulation. The following project (refer to 

Figure 10) exemplifies how the course combined two 

in-person, physical iterations of the span member, 
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with a third simulated digital version of the span 

member created remotely.  
 

 
Figure 10. With the onset of the Covid 19 pandemic, 

Part 03 of the exercise had to be undertaken virtually 

   

The process and desired outcomes remained 

similar, the use of digital simulation unexpectedly 

offered another pedagogical opportunity and another 

method for students to learn about structures. 

Computer modeling allowed for new ways of thinking 

about the flow of forces through the span members, 

while also providing a level of precision in the design 

of the model that was more challenging to achieve 

when working primarily by hand.  

 

 
 
Figure 11. Not physically created a digital version of 

the final proposed span member is modeled, 

complete with the necessary design information 

required for fabrication 

 

6.5. Fully Online Learning 
 

With the continuation of the Covid-19 pandemic it 

became apparent there would be another version of 

the course that would be undertaken entirely online. 

Based on the results of the partial online course, it 

became apparent that doing the exercise digitally 

opened new ways of thinking about the work, but it 

also significantly impacted the value of the empirical 

learning that was occurring in the physical world. As 

such, a decision was made to try and find ways to 

maintain the original intentions of the span member 

exercise. Since all the students could still get access to 

cardboard and cutting knives regardless of their 

location or financial situation, this became the 

primary material of the exercise. Students could 

supplement the cardboard with the other permitted 

materials if desired, but in the interest of student 

equity a single available and economical material 

became the basis of the exercise. The following is a 

sampling of student work that was completed during 

the fully online delivery of the course. 

     Impressively, the students showed a lot of 

resilience working on these structural models in their 

bedrooms, kitchens, and bathrooms. Working online 

together in the course, the students found creative 

ways to weigh the materials, and eventually load the 

models with 23kgs (books, water bottles, and pretty 

much any household item with mass was transformed 

into a makeshift testing device).  

 

 
 

Figure 12. An example of a span member developed 

under online instruction using cardboard and tested 

with impromptu articles around the home in this case 

books 

 

 

 

Figure 13. Further examples of the span members 

developed and tested during online learning and 

delivery of the course 

 

7. Discussion 
 

Attempting to synthesize art and science in this 

way required several concurrent learning methods to 

be deployed in the classroom. These included but 

were not necessarily limited to content-specific based 

lectures, mathematical problem based small group 

learning, seminar discussion, empirical learning, 

deliberate and distributed practice, and calibrated and 

coordinated evaluation. One important take-away 

from the exercise is the effectiveness this had in 

imparting the desired knowledge. For example, since 

many students are enrolled in their first structures 

course, the experience provided by the empirical 

learning process provided an opportunity to augment 

the more traditional approach of abstract 

mathematical concepts and problems. Similarly, the 
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use of deliberate and distributed practice was 

important because unlike traditional learning 

environments, where a large emphasis is placed on 

end results, the exercise was evaluated as three 

equally weighted components that gave as much 

importance to trial-and-error and failure as it did to 

polished results and success. This was critical in 

fostering a constructive atmosphere whereby students 

with comparatively less proficiency in mathematics at 

the outset of the course could still embrace and 

succeed under the defined learning objectives. 

Further, it is worth noting that many of the results 

achieved by the students were thoroughly impressive 

when viewed from the perspective of the stipulated 

evaluation criteria. In one instance, a team was able to 

successfully create a span member, made primarily 

from recycled cardboard, that weighed 189g and 

could support the full 23kgs. In other words, the span 

member achieved a live (applied) load to dead load 

ratio of 121 (not to mention the design became 

increasingly more elegant over the three iterations and 

minimized its carbon footprint through careful 

material choice and deployment). Other examples 

displayed immense creativity in the pursuit of 

“elegance” without compromising structural integrity, 

and by the third iteration, proposed incredibly simple, 

clever, and ingenious solutions to the defined problem 

that were lightweight and structurally adequate.        

Lastly, given the emphasis on incorporating 

subjective design influences throughout the exercise, 

there was one qualitative metric that underscored the 

value of The Elegant Span Member exercise: Student 

ownership, investment, and engagement in learning 

about structural principles from a myriad of 

perspectives. Architecture is a creative discipline with 

a lot of room for subjective interpretation. At times, 

this can make students feel as though quantitative 

evaluation metrics are hard to come by in architecture 

school. In this case, the merging of the scientific 

process with the artisanal process allowed for 

objective approaches and responses, without 

removing the highly creative aspects of the design 

process. The cumulative effort displayed during each 

iteration, from material experimentation to scientific 

refinement, evidenced a will and desire on the 

student’s behalf to embrace a highly synthetic 

approach to creating an elegant span member. By 

incorporating friendly competition among classmates 

into the exercise (who spend significant amounts of 

time with one another in architecture school), it 

fostered a sense of camaraderie and improved student 

well-being – always a critical result in architectural 

education.   

 

8. Conclusion 
 

One of the most critically obvious concerns of 

architecture, at least for physical projects intended for 

physical occupation, is projects must resist gravity to 

remain in existence. Despite a reflexive action to 

assume this is a scientific pursuit centered around 

mathematics and physics, the issue is more complex 

and there is often artistic or aesthetic latitude being 

exercised throughout the process. In practice, 

structural solutions occur at the confluence of a 

myriad of factors, including but not necessarily 

limited to economics, material property exploitation, 

carbon and environmental footprint, geometric 

optimization and efficiency, scientific and 

mathematical underpinnings, and even discretionary 

aesthetic judgments. Over time though, a once 

synthetic act of looking at these principles together 

has evolved into increasingly separate streams of 

expertise: Architects now taking a central role in the 

assessment of qualitative aspects and structural 

engineers taking responsibility for quantitative 

aspects. But this division makes for a fraught 

relationship between two disciplines that benefit from 

a robust and reciprocal dialogue with one another.  

Fostering the requisite skill sets within 

architecture students to promote meaningful and 

constructive collaboration with structural engineers 

remains of paramount importance. The challenge in 

educating the next generation of architects is always 

where to place the emphasis on the spectrum between 

art and science. The Elegant Span Member attempted 

to find a pedagogical ‘sweet spot’ of sorts, whereby 

students had to master both the scientific and 

mathematical principles of structural design, without 

forgetting that the act of resisting gravity is not 

entirely free of value-based decision making either. 

Instead, the exercise asked students to focus on being 

synthetic thinkers, blending artistic and scientific 

concerns together to make more synergistic and 

inspirational contributions to the built environment.  
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