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INTRODUCTION

This paper focuses on a pedagogical framework 
that assigns specific attention to making as an inte-
gral experience of design.  This critical reflection on 
curricular and teaching examples focuses primarily 
on educational instances when acts of making are 
combined with early processes of conceptualiza-
tion.  Significant stages of student development, 
from early introductory design studio, to a verti-
cally integrated seminar, to an advanced, compre-
hensive, capstone studio, involve making as an in-
tegral mode of design investigation, experimenta-
tion, and research.  At the core of this pedagogical 
impetus is an emphasis on an essential tenet of 
craftsmanship, “the skill of making things well,”1 as 
a means to exploring questions, problem solving 
and discovering sensibilities at the convergence of 
making and thinking.

“CONSTRUCTION”

My early teaching experience in the area of building 
construction began, like most new instructors, as 
a section leader for a core architecture construc-
tion course, aptly titled ‘Construction.’  This course 
covered fundamental principles of construction 
practices, materials, methods and technologies, 
and presented a majority of the content material to 
students through case studies of well documented 
and researched buildings.  Students were asked to 
perform the requisite analytical orthographic and 
paraline re-drawings of a select group of case stud-
ies in an attempt to gain an understanding of the 
organization and integration of building systems, 
components and details.  At this time, and because 
of the organization of the school’s curriculum, the 
course was distinctly separate from the core archi-
tectural design studio sequence.  In a significant 
way, this initial experience teaching construction 
left an indelible impression on my own teaching 
methods and ideas about how the topic should be 
better integrated in an architecture curriculum.

As the only moment in a curriculum when a student 
is exposed to principles, technical information, and 
skill sets of construction, the comprehension of the 
subject can potentially result as a set of isolated 
lessons engendering a mindset that is based on a 
linear, sequential process – design it first, then de-
vise how to build it.  This is not to suggest that 
construction courses in architecture schools should 
be eliminated or diminished in relevance; on the 
contrary, they should be raised to a level of priority 
interdependent with core design studios.  More in-
tegrative and iterative lessons involving construc-

Figure 1: Collection of work on student’s desk
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tion as part of the initial conceptual design pro-
cess would enable learning experiences based on 
discovery and not solely based the confirmation of 
factual information.  Involving students (especially 
beginning design students) early on in experiences 
of making introduces them to “construction” – or 
the act of building – as an inextricably heuristic 
part of designing.  The underlying pedagogical con-
cept is to take students from concrete experiences 
through to abstract thinking.2

Generally speaking, architectural design studios be-
gin with investigations of a conceptual nature and 
end with a building design project; initial analyses 
of sites – whether actual building sites or abstract 
frameworks – setup a “before-and-after” condition 
whereby the “idea” or “concept” for a project is ul-
timately confirmed by the creation of an artifact or 
representation of a building.  Some argue that this 
process is actually reversed from the order it should 
have.3  In Teaching Students to Think Critically, Chet 
Meyers points out that the generally accepted se-
quence of beginning with abstract lessons and con-
cluding with concrete experiences may result in a 
“stultifying” classroom environment.  Meyers writes:

By presenting abstractions first, teachers rob stu-
dents of the pleasures of discovery, Kinney (1980) 
calls the teaching of abstractions in an artificial con-
text, devoid of any association with the world as 
students know it, “disembedded learning.”4

Meyers argues for a learning environment that in-
volves students in problem-solving and motivates 
an investigative and exploratory mindset which in 
turn promotes a “discovery of abstract thinking.” 5 
		            
If one were to more closely examine the lessons 
learned through construction drawing exercises, one 
could conclude that the assignment focuses a stu-
dent’s attention more intently on effective methods 
of architectural representation rather than on the 
application of purposeful, exploratory constructional 
methods.  The resultant re-drawings are impressive 
accomplishments from the standpoint of composi-
tion, line work, and information management, but 
do not necessarily support the development of a 
nascent understanding of constructional logic and 
manipulations made due to material properties and 
performance.  The set of analytical re-presentations 
of the assigned case study construction documents 
– a provisional proxy for the actual building – result 
in an illusory “site” of investigation.  This pedagogi-

cal tactic is focused more intently on the graphic dis-
assembly and re-assembly of the construction docu-
ment as a precursor to the physical engagement of 
actual building materials and attempts to momen-
tarily suspend the need to understand the effects of 
gravity on dimensional characteristics and tectonic 
stabilities.  Actually, in a more direct way, the hand-
eye coordination imbedded in penmanship exercises 
taught in early education are more purposeful les-
sons with regard to developing a constructional logic 
in that they help a student learn how to coordinate 
a set of physical relationships influenced by gravity, 
friction, pressure, and speed to affect material.  Eye 
to hand and back to eye harmonization is repeatedly 
reinforced to establish the shape of a letter and then 
improve the physical control of joining one symbol 
seamlessly to another to form a word; these are 
exercises that purposely focus mental attention on 
physical action and stress the mechanics of writing 
not the syntax or meaning of a letter, word or sen-
tence.  Robin Evans makes a strong argument for 
the limited role of drawing and the search for new 
ways of working.  He writes:

The drawing has intrinsic limitations of reference.  
Not all things architectural can be arrived at through 
drawing.  There must also be a penumbra of quali-
ties that might only be seen darkly and with great 
difficulty through it.  If judgment is that these quali-
ties in an around the shadow line are more inter-
esting than those laid forth clearly in drawing, then 
such drawing should be abandoned, and another 
way of working instituted.6

Evans writes of a process steeped in acts of dis-
covery not procedures structured to confirm a set 

Figure 2: Studio work session
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of “references.”  A more meaningful understand-
ing of what is architectural can be better achieved 
through a four-dimensional, constructional act in-
volving space, form, materials, and time.  Engaging 
materials and their inherent properties along with 
employing methods of assembly provide a student 
with the necessary resistances and problem-solv-
ing challenges.  This introduces the potential for a 
dialectical learning process involving formal, spa-
tial, tectonic, material – as well as conceptual – 
transformational operations.

MAKING

Making is a means to inventing design discoveries.  
These discoveries are simultaneously intentional 
and serendipitous; they can be focused or distract-
ed, fortuitous or frustrating and should be allowed 
to occur as an emerging sensibility of an evolving 
design methodology.  This is primarily intended 
to help students realize a set of possible connec-
tions between ideas (and artifacts) emerging out 
of a process of making or ones generated from a 
speculative, representational enterprise7 – both 
are informed and guided by thoughtful and rigor-
ous working methods.  This provocative thought 
by John Rajchman is particularly applicable to the 
challenges faced during beginning design instruc-
tion and the integration of making as an equally 
important component of abstract processes:

Werk [. . .] is rather [. . .] a singular, irregular con-
struction built from many circumstances; … often it 
knows no other logic of development than the crises 
it goes through.  It therefore has a loose, unfinished 
plan before it acquires a recognizable ‘form’ or ‘rep-
resents’ anything …8  

It is at this initial stage of learning how to reconcile 
generative methods of making with abstract gen-
erative processes of thinking that an integrated ap-
proach to teaching design studio is opportune and 
necessary.  The conventional approach emphasizes 
a more linear process defined by an absolute rela-
tionship between abstract concept first then physi-
cal construct, idea then building.  This segregated, 
linear process is often a byproduct of the way the 
design problem is structured; the re-organization 
of the very structure and chronology of expecta-
tions in a design problem is essential for allowing 
a questioning of the design process to be part of 
a student’s initial set of experiences.  Chet Mey-
ers identifies the “learning cycle approach” as an 
effective technique developed by Robert Karplus9 

and how Karplus “experimented with ways to ap-
ply Piaget’s concept of movement from concrete to 
abstract levels of thought in [their] classroom ac-
tivities.”10  Karplus and his associates developed a 
three-stage “learning cycle” that “incorporated ex-
ploration of materials and the introduction of new 
concepts.”11  The framework included three stages 
defined by the exploration of materials, the inven-
tion of concepts, and the application of concepts.

BETWEEN A AND C12

The following design problem taught in an intro-
ductory undergraduate design studio utilizes the 
“learning cycle” as part of iterative, exploratory 
process beginning with concrete materials13 and 
analogous artifacts and cycles back and forth be-
tween manipulating materials and developing a 
conceptual basis for new applications of materials, 
tectonics, and overall formal and spatial strategies.  
The principle14 explored through the design prob-
lem is that of interpreting the act of surrounding 
as an invention of enclosure and asks the student 
to question and describe through constructs the 
essential act of surrounding – or enclosing – as 
a simultaneous act of unification and separation.  

Figure 3: Studio work session in woodshop
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The principle is initially explained, as an action 
that separates the inside from the outside while si-
multaneously giving definition to what is between.  
The student is encouraged to argue that the act 
of enclosing can also perform as an extension of 
that which it surrounds and, in turn, maintains or 
compromises its identity.  Through this project, the 
student is asked to analyze and fabricate a series 
of interpretive formal and spatial studies of knots.  
In the context of this design project, the knot – 
or most importantly the physical act of tying a 
knot – is a means of revealing, discovering, and 
instrumentalizing spatial concepts of between, sur-
rounding, and enclosing.  The educational purpose 
of the investigation is for the student to explore 
and develop a series of strategies of defining space 
by involving the use of topological configurations, 
three-dimensional composition, multiple materials, 
assembly methods, and fabrication techniques.  In 
so doing, the project challenges the student to de-
fine and manage relationships and ordering of a set 
of principal elements of space-making and form-
making: volume, mass, frame, and surface.

The parameters of the investigation account for the 
general performance criteria for the design of con-
structs in terms of how materials – formed in spe-
cific shapes and configurations – define space ex-
plicitly or implicitly.  The construct is used to define 
(identify) a location in space by delineating an area 
(or areas) of space and emphasize experiential (vi-
sual) thresholds into and out of space.  How the 
construct affects natural or artificial light and how 
it implies space outside of the physical limitations 
of the artifact are important additional aspects ad-
dressed.

From the outset of the project, the student is asked 
to employ materials effectively and as part of a pro-
cess that is sustainable; they are asked to carefully 
consider a logical assembly system and sequence 
and manage the scale of fasteners, components, 
parts, and sub-assemblies.  This project allows for 
an introductory, albeit cursory, investigation of ef-
fective structural strategies; gravity is part of the 
resistance of the project and is a constant test of 
the viability of the overall assembly.  Tolerances are 
discussed to underscore the importance of preci-
sion and accuracy of craft and how the role friction-
fit connections may play a central role in the overall 
design of the construct.

The overarching objectives15 of the design problem 
is for the student to begin to understand architec-
ture as a four-dimensional, constructional act in-
volving space, form, materials, and time; to de-
velop an understanding of material properties and 
systems of assembly; to understand the potential 
of transformational operations; to recognize the 
performance-based attributes of materials; and to 
be critical of the purpose of the construct, in terms 
of how it works, how it is assembled, and how it 
affects space.  Moreover, as one of the first design 
problems, it lays the groundwork for future inves-
tigations that may serve more conventional archi-
tectural design problems where program may be 
emphasized to a larger extent.

“HOW WOULD YOU BUILD IT?”

At the level of a comprehensive, capstone archi-
tectural studio and advanced seminar in fabrica-
tion, involving students in a design problem that 
effectively integrates constructional investigations 
along with conceptual explorations is equally im-
portant; but this serves a set of different purposes.  
In this context, some of the content and principles 
covered in construction courses can be folded into 
the design development of a project making more 
immediate, instructional links possible.  Research 
and development can now be applied more rigor-
ously to more phases of the design process.  The 
fundamental pedagogical goal for this advanced, 
4th year architecture design studio problem is to 
focus the student’s attention on a real, current, and 
culturally relevant design investigation.  The ques-

Figure 4: Translating drawings
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tion “How would you build it?” is treated seriously 
at every juncture where concept and construction 
need to be synthesized; this question helps a stu-
dent working collaboratively with others to focus on 
the importance of developing a sound design-build 
or build-design strategy that emerges out of the 
careful consideration of performance guidelines set 
by the instructor and influenced by the client, bud-
get, timeline, and end user group.   Other factors 
that help define the design problem and provide a 
set of critical resistances include institutional or-
ganization and interdisciplinary collaboration.  The 
question “How would you build it?” is used to lever-
age a set of ideas out from a purely abstract initial 
conceptual state into an applied, translational set 
of constructions informed by material and tecton-
ic performance.  These provisional constructions, 
which take the form of templates, mockups, and 
prototypes, introduce the student to exploratory 
practices of fabrication which focus on technical 
and manual skill development.  Although technique 
is not the end goal, it is used as means of gaining 
a familiarization with the resistances of materials 
when cut, ground, heated, shaped and re-formed 
to produce a desired configuration and assembly.  
These developmental, skill-building experiences 
associated with manual techniques helps inform 
a base, tacit knowledge as well as abstract con-
structs  - i.e. systems and organizational schema 
of the overall building; these complimentary forms 
of learning about building are used as modes of 
communicating important principles of construc-
tion.  The feedback a student receives from ma-
terial properties and the fundamental physics of 
workmanship is highlighted as an important lesson 
of construction and design.  The manner in which 
one building element is fabricated and joined to, or 
held apart from, another element and made part of 
a hierarchy of integrated subassemblies and sys-
tems of building is at the core of these exercises.  
The goal is to amalgamate multiple states-of-mind 
and ways-of-working that what would otherwise be 
artificially separated into discrete occurrences and 
ultimately result in a design then build mentality.

THE EDUCATION OF AN ARCHITECT

In his writings on the education of the architect, 
Vitruvius calls for a form of knowledge “that is the 
child of practice and theory,” he emphasizes that 
“practice is the continuous and regular exercise of 
employment where manual work is done with any 

necessary materials according to the design of a 
drawing.”16  This describes a linear process from 
drawing to construction, and a hierarchical order 
from higher level conceptualization (theory) down 
to lower-level, manual effort.  Vitruvius only ac-
counts for a portion of the process and implies a 
unidirectional sequence from ideation to materi-
alization and does not describe the potential of a 
reversed process of learning from materials and 
construction to the conception of ideas.17 

Alberti’s influence on the separation between de-
sign and building is widely known and has been 
undeniably part of the architectural profession’s 
decree for centuries.  In his book On the Art of 
Building in Ten Books, Alberti goes to great length 
to define the appropriate parameters for the edu-
cation of an architect and the critical hierarchies to 
be maintained as part of the professional conduct 
of architectural practice.  Alberti distinguishes be-
tween buildings that are “convenient for use” and 
can be realized by “workman” from those edific-
es that require a “perfect and complete” process 
of preconception, determination, and judgment; 
these buildings could only be designed by those in-
dividuals in the profession.18 

Alberti also describes a phenomenon he himself ex-
periences when developing the design of a building 
from concept to drawing and finally to a represen-
tational model; he recalls: 

I have often conceived of projects in the mind that 
seemed quite commendable at the time; but when I 
translated them into drawings, I found several errors 
in the very parts that delighted me most, and quite 
serious ones; again, when I return to drawings, and 
measure the dimensions, I recognize and lament my 
carelessness; finally, when I pass from drawings to 
the model, I sometimes notice further mistakes in 
the individual parts, even over the numbers.19  

In this self-critique, Alberti focuses on what he calls 
“errors” or “mistakes” that point to an incorrectness 
of dimensional properties, proportions, and size.  
The miscalculation, or perhaps misrepresentation, 
occurs during the process of translating concept 
into drawing and drawing into model.  One could 
reasonably assume that a similar set of inaccura-
cies might then occur from model to construction of 
the actual building. One is also left to wonder how 
these faults may have had an effect on subsequent 
iterations of concepts, drawings, and models.
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Embedded in our history of architectural education 
and practice is the reinforcement of this procedural 
segregation of thinking then making which is ex-
tended into a professional framework where roles 
and responsibilities are delineated by hierarchies 
and legal boundaries.  As Alberti points out, build-
ings of utilitarian use need not even be considered 
by the profession and can be sufficiently built by 
others outside of the profession – further distin-
guishing and separating the roles of professional 
architects from builders and craftsmen.  This is not 
to suggest that specializations defined by a body of 
technical knowledge, know-how, and expertise in 
the profession should be subsumed into an over-
arching generalists mindset and practice.  Instead 
the argument is that a preparation, from general 
to highly specialized knowledge, would stand to 
benefit further from an education which reinforces 
a dialectical interdependence between ideas emer-
gent out of processes of making with ones gen-
erated from highly abstract generative constructs.  
The instructional approach in design studio cours-
es should emphasize an inter-reliant relationship 
between concepts and constructions and strive to 
form equilibriums between abstract representa-
tions and full-scale, material constructs; a con-
struct can be equally effective when emphasized as 
theoretical framework and a physical artifact.

At this juncture it is important to identify the 
potential for translational connections in the form 
of technique (manual skill), workmanship, and 
craftsmanship20 as influential precursors to abstract 
thinking. These translational connections can allow 
for a constructive cycle, a reflection-in-action21, 
or an action-then-reflection between material 
experimentation, then conceptualization and back 
to manual manipulation.  Hand, eye, and mind 
coordination works to reinforce how material effects 
can affect the direction of an idea.  Manual dexterity 
and mental flexibility are exercised in unison in a 
concerted iterative process comprised of actual 
fabrication (manual and computer numerically 
controlled), three-dimensional modeling (analog 
and digital), and two-dimensional drawings (hand 
and computer aided design) to exercise mutually 
supporting roles between construction and concept.  
A critical teaching tactic involves avoiding privileging 
one mode of working and thinking over another; 
technique (the development of manual skill) is 
employed as part of an investigation and a concept 
is questioned as a further development of a skill 

set – one is not made prominent over the other.  
Throughout this process, it is important to explain 
the reciprocities and focus the student’s attention 
on the relevant coordination between technique, 
workmanship, and craftsmanship and overall 
relationship to conceptual, abstract thinking.  For 
example, creating (or making) an edge while cutting 
a material requires a student to account for the 
effectiveness of the technique (manual proficiency) 
used to cut. The workmanship of the cut and its 
effects of an edge (or multiple edges) of a plane, 
in turn, affect the overall craftsmanship (balancing 
of all factors and qualities) and leads to a potential 
awareness of a symbiosis between construct and 
concept.	   

The separation or the order of a linear sequence 
between designing and making extends into philo-
sophical and pragmatic debates over the relation-
ships between design and workmanship.  David 
Pye takes an ardent position in his book The Nature 
and Art of Workmanship and reverses the linear re-
lationship between design and workmanship.  Pye 
explains that it is the inventiveness of the workman 
that has historically enabled the existence of the 
designer:

Figure 5: Full scale testing and evaluating
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Our environment in its visible aspect owes far more 
to workmanship than we realize.  There is in the 
manmade world a whole domain of quality which 
is not the result of design and owes little to the 
designer.  On the contrary, indeed, the designer is 
deep in its debt, for every card in his hand was put 
there originally by the workman.22  

Pye goes on to underscore this point by further dif-
ferentiating the non-physical act of design and the 
physical actions of workmanship by distinguishing 
design as rhetorical endeavor explicable through 
“words and drawing” while workmanship, in the 
practical sense, accounts for everything else in our 
physical world.23

In his book A Theory of Craft: Function and Aes-
thetic Expression, Howard Risatti makes a clear 
distinction between ideation and construction as a 
“kind of Cartesian dualism” 24 and explains that de-
signing as an activity takes the form of an “abstract 
notation” and thusly can “never be the same as 
the thing intended to be made from it.” 25   Risatti 
makes an interesting point as he further distin-
guishes a two-part process of the making of an ob-
ject into a “design-man-ship” and “workmanship”26 
and argues one can “judge the quality of the design 
conception separately from the quality of the fin-
ished product.”27  

Richard Sennett, on the other hand, describes a 
dialogue that can be achieved between making 
and thinking as an indicator of reaching a level of 
craftsmanship.  He writes: 

Every good craftsman conducts a dialogue be-
tween concrete practices and thinking; this dialogue 
evolves into sustaining habits, and these habits es-
tablish a rhythm between problem solving and prob-
lem finding. 28 

This argument strives to close the gap between 
efforts of the mind and those of making; similar 
gaps can be narrowed in architectural education by 
helping a student reframe the relationship between 
concept and construction and emphasizing the 
equal importance and dialectical interdependency 
of “design-man-ship” and “workmanship.”  These 
pedagogical strategies foreground experience as 
a central act to learning about how to manipulate 
the material world; this concept of experience de-
scribed by Sennett as a two-part German term – 
erlebnis and erfahrung highlights the importance 
of cultivating an interdependency between human 

response to the physical world in the form of an 
emotion (and a thought) and, in turn, the reaction 
to the physical world through an act of manipula-
tion requiring some degree of skill. 29

This form of experience does not privilege singular 
techniques or skills, but balances a set of interde-
pendent actions to support a process of discovering 
one’s sensibilities toward the built environment.  It 
is a potential, however ephemeral, means of ex-
ploring design at the moment of convergence of 
physical actions in making and abstract discoveries 
through thinking.

CONCLUSION

From introductory courses to advanced architectur-
al design studios, integrating lessons of making and 
conceptualizing are an essential part of a sound ar-
chitectural design education.  Critical to integrative 
instructions are frequent constructive opportunities 
for a student to act on “images of matter”30 and 
experience the real and the imaginary as reciprocal 
sensations of the hand and the mind.  The separa-
tion of these experiences creates an artificial divide 
between constructing and designing, a divergence 
detrimental to the potential for discovering one’s 
own innate sensibility and awareness of imagined 
and built environments – making is an essential 
means to experiencing these discoveries.
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